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ABSTRACT

The w orsening  f u e l  and energy  su p p ly  s i t u a t i o n ,  e .g .  grow ing 

dependence on im p o rts , s h o r t  te rm  problem s and long term  dependence on 

a  d e p le t in g  re so u rc e  b a s e , h a s  been  met w ith  grave concern . S u f f ic i e n t  

energy  i s  e s s e n t i a l  to  p r o te c t in g  th e  economic s tre n g th  o f th e  U n ited  

S ta te s  s in c e  alm ost every  m easure o f  w e ll-b e in g  depends upon th e  energy  

a v a i la b le  p e r  c a p i ta .

T o ta l  energy req u irem en ts  r e f l e c t  p o p u la tio n  and l i f e  s t y l e ,  and 

change in  l i f e  s ty l e  has acco u n ted  f o r  a  m ajor sh a re  o f th e  in c re a s e  in  

energy  re q u ire m e n ts . C o n se rv a tio n  p r a c t ic e s  must be im plem ented, a t  

l e a s t  in  th e  s h o r t  te rm , to  g a in  tim e f o r  p r a c t i c a l  s o lu t io n s  to  r e 

e s t a b l i s h  a  b a lan ce  betw een in c re a s in g  energy  needs and re so u rc e  dev elo p 

m ent, and to  absorb  th e  im pact o f  th e  N a tio n a l Environm ental P o lic y  A ct.

There i s  needed , among o th e r  th in g s ,  a " to o l"  th a t  lo o k s a t  la rg e  

sy s tem s , o r  a g g reg a te  system s in  th e  demands fo r  energy , i d e n t i f i e s  u se s  

f o r  energy  in  term s o f  ty p es  and lo c a le ,  and su g g es ts  methods o f  govern

ment in te r v e n t io n  d ir e c te d  tow ard th e  r e d u c t io n  o f  energy a l t e r n a t i v e s .

A to o l  t h a t  w i l l  ex p lo re  th e  so u rc e s  o f  energy  in  term s o f  p r ic e s  and 

make a  com parison o f supp ly  v e rsu s  demand so th a t  p o lic y  i n d i c a to r s ,  in 

c e n t iv e s  re s e a rc h  and r a t io n in g  p la n s , e t c .  may be developed.

I t  i s  proposed to  app ly  th e s e  m odeling tech n iq u es  to  develop  an

iii



a g g re g a te  l e v e l  m a th em a tica l model ( to o l )  to  a s s i s t  i n  p u b lic  d e c is io n s  

r e l a t i v e  to  th e  energy  s i t u a t i o n .  T h is model shou ld  p ro v id e  a  means of 

id e n t i f y in g  even b e t t e r  m odels f o r  fo r e c a s t in g  energy  re q u ire m e n ts , 

id e n t i f y in g  d a ta  n eed s , and p ro v id in g  a co a rse  look  a t  th e  e f f e c t  o f 

c u r r e n t  tre n d s  and p o s s ib le  a l t e r n a t i v e s .  I t  i s  a n t ic ip a te d  th a t  fo re 

c a s t in g  by t h i s  model w i l l  be a b le  to  answer a t  a g g re g a te  le v e l s  quan

t i t a t i v e l y  and a c c u ra te ly  th e  fo llo w in g  q u e s tio n s :  How much energy  w i l l

we need in  th e  y e a rs  to  come? How can we supply  i t ?  What energy  p o lic y  

sh o u ld  we ado p t fo r  th e  f u tu r e :  What en v ironm en ta l im pacts  would we

s u f f e r ?  What a re  th e  c o s ts  to  a b a te  them? What new techno logy  i s  l i k e ly  

to  be  developed? W ill we need to  change our p a t t e r n  o f  l iv in g ?  What a re  

our a l te r n a t iv e s ?
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CHAPTER I  

INTRODUCTION

For th e  f i r s t  tim e In  h i s t o r i c a l  e x p e r ie n c e , f a c to r s  a r e  e v id e n t 

which c l e a r ly  s u g g e s t th e  f i n i t e  n a tu re  o f  th e  e a r th  a s  a  h a b i ta b le  

e n t i t y .  These f a c to r s  c e n te r  around th e  e x t r a c t io n  o f  f u e ls  and th e  

p ro d u c tio n  and d i s t r i b u t i o n  o f  energy  a t  e v e r -s te e p e n in g  grow th curve 

r a t e s  f o r  th e  U. S. as w e ll  as th e  w o rld . The U. S. energy system  I s  

c u r r e n t ly  p ro d u c in g  som ething on th e  o rd e r  o f  70 x 10^^ BTU*s. (F ig . I - l  & 2)

To s u s t a in  an  annual n in e  p e rc e n t  grow th r a t e  o f  e l e c t r i c i t y  In

th e  U. S . ,  th e  F e d e ra l Power Commission has p ro je c te d  a  need f o r  300

new g e n e ra tin g  s t a t io n s  over th e  n e x t 20 y e a rs  w ith  an av erag e  c a p a c ity

o f 3000M^ each . S tu d ie s  o f  t o t a l  w a te r  c o o lin g  needs f o r  such  a  m assive

14power p la n t  o u tla y  have In d ic a te d  a w a te r req u ire m en t o f  some 5 x 10 

g a llo n s  p e r  y e a r .

T here ap p ea rs  to  be  a  s t r i k i n g  agreem ent on th e  g r a v i ty  o f  th e  f u e l  

and energy  su p p ly  s i t u a t i o n ,  grow ing dependence on Im p o rts , s h o r t  term  

p rob lem s, and long  term  dependence on a  d e p le t in g  re so u rc e  b a s e .  S u f f ic i e n t  

energy  I s  e s s e n t i a l  to  p r o te c t  o u r economic s t r e n g th .  In  f a c t  a lm o st any 

m easure o f  w e ll-b e in g  In c re a s e s  as  does th e  energy  a v a i la b le  p e r  c a p i t a .

T o ta l  energy  req u irem en ts  r e f l e c t  p o p u la tio n  and l i f e  s t y l e ,  w ith  

l i f e  s t y l e  b e in g  re s p o n s ib le  f o r  a  " l i o n 's  sh a re "  o f  th e  In c r e a s e ;  and 

c o n se rv a tio n  p r a c t ic e s  m ust be  lug)lam ented. In  th e  s h o r t  te rm , to  g a in
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tim e f o r  p r a c t i c a l  s o lu t io n s ,  r e e s ta b l i s h  a  b a la n c e  betw een u se  grow th 

and re so u rc e  developm ent, and abso rb  im pacts o f  th e  N a tio n a l E nviron

m en tal P o lic y  A ct.

U n t i l  World War I I ,  th e  U nited  S ta te s  was a  n e t  e x p o r te r  o f energy 

s u p p l ie s .  Today, th e  M iddle E as t and A f r ic a  a r e  th e  m ajor s u p p l ie r s  o f  

o i l .  The econom ics o f t h i s  s i t u a t i o n  has b een  one o f  th e  prim e f a c to r s  

in  d isc o u ra g in g  th e  U nited  S t a t e s '  developm ent o f  i t s  o i l  s h a le  and t a r  

sa n d s , p o t e n t i a l l y  a v a i la b le  i n  very  la rg e  am ounts. However, th e  r a t e  

a t  w hich o u r energy  re so u rc e s  a re  b e in g  tap p ed  has reac h ed  such p ro p o r

t i o n s ,  b o th  n a t io n a l ly  and w orldw ide, th a t  th e r e  a r e  now s e r io u s  q u e s tio n s  

as  to  t h e i r  lo n g -te rm  a v a i l a b i l i t y .  H ydrocarbon re s o u rc e s  a re  becom ing 

s c a r c e ,  w ith  a  50% dependence on fo re ig n  im p o rts  by 1980 as a  d i s t i n c t  

p o s s i b i l i t y ,  w ith  no p o s s i b i l i t y  o f  m eeting  p r o je c te d  gas demand w ith  

dom estic  p ro d u c tio n .

Removal o f  SOg from c o a ls  i s  a  c o n s t r a i n t .  S p e c i f ic  p ro p o sa ls  in 

c lu d e  e x p lo ra t io n ,  on and o f f  s h o re , t r a n s f e r  from A la sk a , more R & D 

g a s s i f i c a t i o n  o f  c o a l and o i l  s h a le ,  b re e d e r  r e a c t o r ,  g eo th e rm al, s o l a r ,  

d e s u l f u r iz a t i o n ,  e t c .  O ther m easures in c lu d e  e x p o r t o f  techno logy  to  

LDN, r a t i o n in g ,  and end -use  c o n tro l  and econom ic m e asu re s , p r im a r i ly  

ch a rg in g  " tru e  c o s t s , "  d i s t i n c t i o n s  betw een th e  demand f o r  p a r t i c u l a r  

f u e l s ,  and demand f o r  en e rg y -u s in g  s o u rc e s ,  and p e rh ap s  c o n t ro l  o f  u se  

o f  m a te r ia ls  w hich a re  Energy in te n s iv e .

There a r e  numerous a s s o r te d  en v iro n m en ta l c h a lle n g e s  connected  w ith  

energy  re so u rc e s  and p ro d u c tio n , such  as  n u c le a r  g e n e ra tin g  s i t e  lo c a t io n ,  

s t r i p  m ining and a s s o c ia te d  la n d  damage, o f f - s h o r e  o i l  and gas w e l l s ,  a i r
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and w a te r  p o l l u t io n  c o n t ro l ,  th e  p o l i t i c s  and econom ics o f o i l  im p o rts , 

s u p e r - ta n k e rs  and o i l  s p i l l s ,  p ip e l in e  and w ild e rn e s s  eco logy , above

ground tr a n s m is s io n  f a c i l i t i e s ,  and 1 0 0 0 -y ear s to r a g e  p e rio d s  fo r  

r a d io a c t iv e  n u c le a r  w a s te s . S o c ia l  v a lu e s  o f  A m ericans a re  chang ing .

The grow ing comsumption o f  e l e c t r i c  power comes in to  d i r e c t  c o n f l i c t  

w ith  th e  i n s i s t e n t  and in c re a s in g  p u b lic  demand fo r  a  b e t t e r  en v iro n 

ment and more c a r e f u l  a t t e n t i o n  to  o th e r  p u b l ic  i n t e r e s t s  in  p r iv a te  

d e c is io n s .  Systems en g in ee rs  can no lo n g e r  c o n s id e r  only  t r a d i t i o n a l l y  

te c h n ic a l  and economic f a c t o r s ;  a t t e n t i o n  m ust a l s o  be g iven  to  p u b lic  

i n t e r e s t  f a c to r s  from th e  very  b eg in n in g  o f  th e  e n g in e e r in g  p ro cess  and 

th e  c o s t  cau sed  by th e se  env iro n m en ta l f a c to r s  w i l l  s t i l l  need to  be 

k e p t m in im al.

We have reco g n ized  th e  f a c t  th a t  th e  e x p o n e n t ia l  growth curve o f  

energy  demand cannot co n tin u e  in d e f i n i t e l y  w ith o u t s p e c i f i c  consequences 

in  te rm s o f  env iro n m en ta l damage. Such added " s o c ia l "  c o s ts  w i l l  make 

th e  econom ic e q u a tio n  o f energy  re so u rc e  developm ent q u i te  a d i f f e r e n t  

p r o p o s i t io n  o v e r th e  rem ain ing  y e a rs  o f  t h i s  c e n tu ry . In  re c e n t y e a rs  

s c a r c i ty  h a s  been  tho u g h t o f more i n  temns o f  c o s t  th an  o f  p h y s ic a l ly  

runn in g  o u t .  R esources would mean n o th in g  i f  th e  c o s t  o f o b ta in in g  

them ( in c lu d in g  s o c ia l  c o s t)  exceeds i t s  p r i c e .  Can th e  U nited  S ta te s  

over th e  b a la n c e  o f th e  tw e n tie th  c e n tu ry  coun t on enough n a tu r a l  r e 

so u rce  s u p p lie s  w ith  an o p tim a l c o s t  to  su p p o r t a  r a t e  o f  economic 

grow th s u f f i c i e n t  to  have a h ig h e r  l e v e l  o f  l i v in g  th a n  th e  av erag e  o f 

today?

T here  a r e  two ty p es  o f  energy  s o u rc e s ,  one i s  co n tin u o u s , o r  renew

a b le ;  th e  o th e r  i s  f i n i t e ,  o r  nonrenew able . The renew able can be
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divided into two categories: solar and nonsolar; the first comprises

f u e l  wood, farm  w a s te , p h o to sy n th e s is  f u e l ,  hydropow er, w ind pow er, 

d i r e c t  c o n v e rs io n ; th e  l a s t  c o n s is ts  o f t i d a l  and g eo th e rm al. The non

renew able a r e  c o a l ,  p e tro leu m , n a tu r a l  g a s , and uranium  (n u c le a r  pow er).

F u e l s o u rc e s  have been  s h i f t i n g  s t e a d i ly  d u rin g  th e  p a s t  c e n tu ry .

F uel wood was th e  le a d in g  energy  so u rce  In  1850, by 1910 c o a l accoun ted  

abou t 75 p e r c e n t .  In  th e  50 y e a rs  betw een 1910 and 1960 c o a l l o s t  I t s  

dom inant p o s i t i o n  to  n a tu r a l  gas and o i l .  Today n u c le a r  power I s  emer

g ing  as a  n a t io n a l  energy  so u rc e . Thus, roughly  50 y e a rs  seem to  b e  r e 

q u ire d  f o r  th e  energy  economy to  s h i f t  s u b s t a n t i a l l y  to  a  new f u e l .  T h is 

I s  de te rm in ed  p r im a r i ly  by th e  o p e ra t in g  l i f e t im e  o f  power m achinery and 

s u c o n d a r lly  by th e  long  le a d  tim e f o r  r e d i r e c t in g  a v a i la b le  m an ufac tu ring  

and supp ly  c a p a b i l i t i e s .

A c e n tu ry  ago o u r energy  re s o u rc e s  w ent m ain ly  to  space  h e a t in g .  Less 

th an  a  q u a r te r  o f th e  h e a t  was u t i l i z e d  f o r  m e ta l lu r g ic a l  p ro c e s se s  and 

I n d u s t r i a l  a c t i v i t i e s .  Today, more th a n  h a l f  o f  a l l  energy consumed In  

th e  U. S. goes In to  u s e f u l  w ork. P a r a l l e l i n g  th i s  s h i f t  In  th e  way energy 

I s  used  h as  been  a  s te a d y  Improvement I n  th e  e f f ic ie n c y  w ith  w hich energy 

I s  co n v erted  to  u s e fu l  form . The b e s t  o f  o u r power p la n ts  now o p e ra te s  

a t  a  th e rm al e f f ic ie n c y  o f  40 p e rc e n t ,  a  f ig u re  t h a t  may reac h  50 p e rc e n t 

by th e  y e a r  2000.

T here I s  no q u e s tio n  th a t  n u c le a r  energy  I s  a  sa v in g  te c h n ic a l  d ev e l

opment a s  a  f u tu r e  energy  p ro s p e c t f o r  m ankind. P ro m is in g , b u t  a s  y e t  

te c h n ic a l ly  u n so lv ed . I s  th e  developm ent o f  a  co n tin u o u s  supp ly  o f 

energy  from  s o l a r  s o u rc e s ; I t  does n o t  appear to  b e  econom ica lly  f e a s ib le
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f o r  s u b s t a n t i a l  tapp ing  o f t h i s  co n tin u o u s  energy su p p ly . But on ly  

a  sm a ll p e rc e n ta g e  o f th e  lan d  a re a  I n  th e  U. S. would be  r e q u ire d  to  

abso rb  th e  n e c e ssa ry  s o la r  r a d ia t io n  to  e f f e c t iv e ly  meet m ost o f  our 

energy  needs In  th e  y e a r 2000. Even a  p a r t i a l  achievem ent o f  t h i s  goal 

would make a  trem endous c o n t r ib u t io n .

T here I s  needed , among o th e r  th in g s ,  a  to o l  th a t  w i l l  1) e x p lo re  

th e  demands f o r  energy , decompose u se s  In  term s o f ty p es  and a  r e a l  

lo c a le ,  s u g g e s tin g  a l t e r n a t i v e s ,  and governm ent I n te rv e n t io n  d i r e c te d  to  

r e d u c t io n  o f  demands, 2) e x p lo re  th e  so u rc e s  o f en erg y . I n  term s o f  p r ic e s  

and c o s ts  to  a b a te  I t s  p o l l u t a n t s ,  3) f i n a l l y  th e  com parison o f  demands 

and su p p ly , p r lv ld ln g  p o lic y  I n d i c a to r s ,  on In c e n tiv e s  r e s e a r c h ,  r a t io n in g ,  

e t c .

T here I s ,  and u n fo r tu n a te ly ,  c o n tin u e s  to  be a  need f o r  a  p lan n in g  

and a n a ly s i s  to o l  a p p lic a b le  to  la rg e  p u b lic  system s — w a te r ,  w a s te s , 

o r  energy  re so u rc e s  sy stem s, m u l t i-c o u n ty ,  urban sy stem s. These systm es 

a re  o f  c o u rse  v ery  complex, and u n f o r tu n a te ly ,  th e re  I s  r a r e l y  adequate  

d a ta  to  p ro p e r ly  d e sc r ib e  th e  c o m p le x it ie s  which a r i s e  due to  th e  f a c t  

th a t  th e  p ro c e sse s  a re  Im p e rfe c tly  u n d e rs to o d . So, t h a t  I s  a  complex 

r e a l i t y  w ith  a g re a t  many v a r ia b le s  on w hich th e re  I s  a v a i la b le  v e ry  poor 

m easures and which them selves I n t e r r e l a t e  i n  ways v e ry  In a d e q u a te ly  

u n d ers to o d  — must be m eaningfu l and a p p ro p r ia te ly  r e l a t e d  to  be  very  

u s e f u l .  C e r ta in ly  one re c o g n iz e s  th e  s u p e r io r i ty  o f an e x p l i c i t  quan

t i f i a b l e  d a ta  and models o v er I n t u i t i v e  models and hunches. The a l t e r 

n a t iv e s  to  such  a  model, b ased  on p a r t i a l  knowledge. I s  a  m e n ta l model 

based  on th e  m ix tu re  o f  In com ple te  In fo rm a tio n  and I n t u i t i o n  s im i la r  to  

th o se  c o n t r o l l in g  most p o l i t i c a l  d e c i s io n s .  Â m ath em atica l model d e a ls
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w ith  th e  same in co m p le te  in fo rm a tio n  a v a i la b le  to  an i n t u i t i v e  m odel, 

b u t th rough  o rg a n iz a tio n  o f  in fo rm a tio n  from many d i f f e r e n t  so u rces  

in to  a  c lo se d  loop a t  l e a s t  a n a ly s is  i s  p e rm itte d  and d a ta  needs s tu d ie d .

To a r r iv e  a t  an energy  p r o je c t  d e s ig n , th e  number o f  v a r ia b le s  i s  

enormous and th ey  a r e  m ostly  n o n l in e a r .  The s t r u c tu r e  o f  th e  system  i s  

more h i e r a r c h i a l  th an  f u n c t io n a l ,  and many o f  th e  p aram eters  and v a r ia b le s  

a re  u n q u a n tif ie d  a t  p r e s e n t ,  e s p e c i a l l y  th o se  a s s o c ia te d  w ith  eco lo g y . 

N o n th e le ss , to  some d e g re e , a  m erging o f  d i s c ip l in e s  and th e  in c re a s e d  

use o f th e  system  approach  has been  ta k in g  p la c e  in  th e  s tu d y  o f  p u b lic  

sy s tem s , and i t  i s  n o t j u s t  a  m a tte r  o f  c o l le c t in g  d a ta  and f ig u r in g  

o u t w hat one h a s .

I f  one loo k s a t  th e  ty p e  o f  m odels b e in g  p o s tu la te d  f o r  th e  d e s ig n  

o f  p u b lic  system s to d ay , i t  w i l l  be seen  th a t  they  f a l l  w ith in  a  spec trum  

ran g in g  from e r u d i t e  m a th em a tica l m odels a t  one end o f  th e  spectrum  to  

s c e n a r io s  a t  th e  o th e r .  I n  th e  f i r s t  c a s e ,  th e  m athem atica l models may 

be r ig o ro u s ly  developed in  a  m a th em a tica l s e n s e , b u t a l l  too  o f te n  a r e  

o f l i t t l e  u se  in  d e s c r ib in g  a  r e a l  complex system  in  in a d eq u a te  d a ta .  On 

th e  o th e r  hand , th e  s c e n a r io  model — l i t t l e  d a ta ,  numerous id e a s  — may 

a d e q u a te ly  d e p ic t  th e  s ig n i f i c a n t  e lem en ts  o f  th e  r e a l  system , b u t i t  i s  

o f l i t t l e  u se  to  th e  p la n n e r  b eca u se  he  canno t m an ipu la te  i t  o r  q u a n tify  

i t .

The t a r g e t  one sh o u ld  t r y  to  h i t  i s  a re a so n a b le  and u se a b le  b a la n c e  

betw een th e  p o le s  o f  i n t u i t i o n  and s e le c t in g  h ard  d a ta .  One would l i k e  

to  be a b le  to  u se  th e  m a th em a tica l r i g o r  o f  th e  p h y s ic a l s c i e n t i s t  an d , 

a t  th e  same tim e , g iv e  eq u a l w e ig h t to  th e  h e u r i s t i c  in s ig h t  o f  th e  s o c i a l
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scientist. The result would be a useable model for a system design.

So, p e rh a p s , o r  c e r t a in ly  f o r  p lan n in g  p u rp o se s , one i s  d e a lin g  w ith  

th e  low est l e v e l  o f  q u a n t i f i c a t io n  th a t  a llo w s  good e s tim a te s  and th e  

low est le v e l  o f  com plex ity  w hich g iv es  a  re a s o n a b le  p ic tu r e  o f  th e  r e a l  

w orld  system  w ith  th e  hope o f  expounding i n  b o th  d i r e c t io n s .

The a p p l ic a t io n  o f  m a th em atica l m odeling te ch n iq u es  can  s ig n i f i c a n t l y  

a id  th e  d e c is io n -m ak e rs  to  a r r iv e  a t  b e t t e r  d e c is io n s .  Thus, m odeling 

p ro v id es  r e le v a n t  f a c t s  and a l t e r n a t iv e s ;  th e  d ec is io n -m ak e r chooses th e  

s t r a t e g y .  O p e ra tio n a l models a re  s t i l l  p r im i t i v e ,  p r im a r i ly  becau se  o f  

th e  p r o b a b i l i s t i c  o r  random n a tu re  o f  th e  p h y s ic a l  p ro c e sse s  in v o lv ed  

in  w aste  d i f f u s io n .  One i s  sometimes in c l in e d  to  b e  s k e p t i c a l  o f  th e  

v a lu e  o f  in c re a s in g  model s o p h is t ic a t io n  w hich o f te n  seems to  have p ro 

g re ssed  much f u r th e r  th a n  ou r u n d e rs tan d in g  o f  th e  complex r e a l  w orld  

s i t u a t i o n ;  a l l  models c u r r e n t ly  proposed i n  th e  l i t e r a t u r e  have enormous 

d a ta  req u ire m en ts  w hich f a r  exceed th e  d a ta  u s u a l ly  a v a i la b le ,  and w hich , 

fo r  th e  m ost p a r t ,  m ust be d e riv e d  from a c t u a l  m easurem ent. Many p a ra 

m eters  i n  th e  more s o p h is t ic a te d  models a r e  sim ply n o t known in  a c tu a l  

s i t u a t io n s .

I t  i s  th e  i n t e n t  o f  t h i s  p r o je c t  to  b r in g  to  b e a r  an ex p erien ced  

e x p e r t is e  in  a g g re g a te  sy stem s; t h i s  i s  an  a r e a  la rg e ly  o v e rlo o k ed , an  

a re a  w here in  th e  e n g in e e r in g  d i s c ip l in e  and m ethodology — th e  system s 

approach —  i s  r a t i o n a l l y  a p p lie d  along  w ith  th e  o v e r t  needs o f  la rg e  

p u b lic  o r  a g g re g a te  sy stem s; to  dem o n stra te  a  v a lu a b le  to o l  f o r  th e  

d ec is io n -m ak e r on a  n a t io n a l  o r  r e g io n a l s c a le  o v e r tim e in  th e  a l lo c a t io n  

o f  energy r e s o u rc e s .
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CHAPTER I I  

LITERATURE REVIEW

The a r t f u l  m a n ip u la tio n  o f  energy  has been  an e s s e n t i a l  component 

o f m an 's a b i l i t y  to  s u rv iv e  and to  develop s o c i a l l y .  The u se  o f  energy  

has been  a  key to  th e  su p p ly  o f  fo o d , to  p h y s ic a l  com fort and to  Im

p ro v in g  th e  q u la l ty  o f  l i f e  beyond th e  rud im en ta ry  a c t i v i t i e s  n e c e ssa ry  

fo r  s u r v iv a l .  To know th e  f u tu r e  demand o f energy  and how to  supp ly  

I t  w ith  a  re a so n a b le  p r ic e  have been  so Im p o rtan t f o r  government o r  

p r iv a te  In v e s to r s  th a t  v a r io u s  fo r e c a s t s  have been  made. As e a r ly  as 

1948, Eugene A yres p re se n te d  a  v e ry  long p a p e r , "M ajor Sources o f  E n erg y ,"  

to  th e  Program Committee o f th e  American P etro leum  I n s t i t u t e .  I t  In 

c luded  c r i t i c a l  a n a ly se s  o f  re so u rc e s , d e s c r ip t io n  o f  many o f th e  energy  

co n v ers io n  p ro c e s s e s ,  enum eration  o f  th e  c h ie f  so u rces  o f w aste  o f  en e rg y , 

and th e  s u b s t i t u t i o n  o f  th e  l a t e s t  s t a t i s t i c a l  and I n te r p r e ta t i v e  d a ta .

But I t  d id  n o t g iv e  us an]r f u tu r e  energy demand, n o t even to  m ention 

I t s  c o s t .

S in ce  Am erica was no lo n g e r  an  o i l  e x p o r te r ,  b u t In s te a d  Im ported  

o i l ,  v a r io u s  energy  f o r e c a s t s  had been tim e ly  made d u rin g  th e  1960' s .

RAF^^ was p u b lish e d  In  1962. B a s ic a lly  t h i s  s tu d y , u s in g  a  b u i ld in g  

b lo c k  ap p roach , s t a r t e d  w ith  a  1960 b ase  f o r  th e  en d -u se  and fo rw ard  p ro 

j e c t i o n  o f  th e  b a s e . These p r o je c ts  f ig u re s  w ere th e n  su b d iv id ed  I n to  

d i f f e r e n t  so u rces  o f energy  c a te g o r ie s  based  on h i s t o r i c a l  tre n d s  and 

some judgem erits.
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T here  was s u b s t a n t i a l  r e l i a b l e  d a ta  c o l le c te d  and d issem in a ted  

by th e  t r a d e  o rg a n iz a tio n s  su ch  as  th e  American Gas A s s o c ia t io n ,  Edison 

E l e c t r i c  I n s t i t u t e ,  e t c .  These d a ta  w ere checked a g a in s t  and re c o n c ile d  

w ith  governm ent com piled d a t a ,  w here p o s s ib le .

In  g e n e ra l ,  th e  end u se s  w ere n o t b roken  down by g eo g rap h ic  reg io n s  

ex cep t f o r  e l e c t r i c i t y  g e n e ra t io n .  Low, medium and h ig h  f o r e c a s t  v a lu es  

w ere p r o je c te d .  The medium v a lu e  re p re s e n te d  a  " b e s t"  e s t im a te  and th e  

low to  h ig h  range i s  a  r e f l e c t i o n  o f  u n c e r ta in i ty  to  b e  a s s o c ia te d  w ith  

th e  f o r e c a s t  v a lu e s .  Y e t, no s ta te m e n t concern ing  th e  co n fid e n c e  to  be 

p la ced  on th e se  l i m i t s  was g iv e n .

The work i s  a  m ajor e x te n s io n  o f Energy in  th e  A m erican Economy,1850 

to  1975. by S c h u rr , N e ts c h a r t ,  e t  a l .  The work i s  w e ll  docum ented.

T hese v a lu es  w ere n o t c a l l e d  " fo r e c a s ts "  o r  " p r e d ic t io n s "  s in c e  

they  have n o t been developed  w ith  c o n s id e ra tio n  o f  th e  c o s t  in v o lv ed  in  

su p p ly in g  th e  re q u ire d  am ounts.

I t  i s ,  o f c o u rse , v e ry  d i f f i c u l t  to  c o n s id e r  p r i c e  and re so u rc e  

a v a i l a b i l i t y  in  energy  re s o u rc e  f o r e c a s t s ,  b u t  i t  ap p ea rs  to  be  in c re a s 

in g ly  n e c e ssa ry  to  do s o , s in c e  h ig h e r  p r ic e  o f  one f u e l  may encourage 

one to  lo o k  fo r  ( s h i f t  to )  o th e r  f u e l .  I t  does n o t p ro v id e  th e  in f o r 

m ation  o f  non-energy  u ses  and t h i s  i s  v e ry  im p o rta n t s in c e  m ore and more 

chem ical p ro d u c ts  ( s y n th e t ic s )  a re  produced.

"Energy R esources"^  p u b lish e d  i n  Septem ber, 1962, a n a ly z e s  h i s t o r i c a l  

d a ta  to  o b ta in  o b je c t iv e  e s t im a te s  o f u l t im a te  p o t e n t i a l  r e s e rv e s  fo r  th e  

v a r io u s  f o s s i l  f u e ls  in  b o th  th e  U n ited  S ta te s  and th e  w o r ld . U. S. 

u l t im a te  p o te n t i a l  h y d r o e le c t r i c  power c a p a c ity  was in c lu d e d  in  th e  p ro

j e c t i o n .  The m ath em atica l approach  u sed , showed c o n s id e ra b le  deep
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th o u g h t and im a g in a tio n . T hroughout, c o n s id e ra b le  c a re  was tak en  n o t 

on ly  to  w r i t e  down th e  model ( l o g i s t i c  o r  growth cu rve) and a p p ro p r ia te  

ground and developm ent to  j u s t i f y  i t s  u s e .

The a u th o r  i s  a tte m p tin g  to  p o in t  o u t th a t  th e  U n ited  S ta te s  does 

n o t have a v a i la b le  an I n f i n i t e  su p p ly  o f  f o s s i l  f u i e s .  New so u rc e s  o f 

supp ly  such  as  n u c le a r  and s o l a r  energy  p ro v id e  some hope. However, 

a s s o c ia te d  w ith  them a re  some r a th e r  s e r io u s  problem s — n u c le a r  w aste

d is p o s a l  and e f f i c i e n t  h a rn e s s in g  o f  s o l a r  energy .

12"NF and ES" p u b lish e d  Septem ber, 1962 com piles and a s s e s s e s  an 

e x i s t in g  body o f in fo rm a tio n  — adequacy o f f u e l  to  m eet p ro je c te d  r e 

q u irem en ts  to  1980. I t  assumes th e  a b i l i t y  o f co n tin u ed  te c h n o lo g ic a l

p ro g re ss  to  h o ld  c o s ts  w ith in  l i m i t s .

Consumption o f f o s s i l  f u e ls  i s  a  fu n c ito n  o f en d -u se  en erg y  n eed s , 

a form i n  w hich needs a re  su p p lie d  and f u e l  consumed f o r  n o n -en e rg y  p u r

p o se s . The s tu d y  an a ly zes  needs and th e n  m eausres them a g a in s t  th e  

supp ly  o f  energy  a v a i la b le .

"PEC"^^ p u b lish e d  in  1962, p r e s e n ts  two a sp e c ts  o f  th e  energy 

economy :

1 . Energy re so u rc e  consum ption by sou rce  and by s e c to r ;

2 . by fu n c tio n  and by s e c to r .

I t  assumes no m ajor changes i n  o u r in t e r n a t i o n a l  r e l a t i o n s ,  s t a b i l i t y  

o f th e  r e a l  c o s t  o f p rim ary  energy  so u rc e s  r e l a t i v e  to  each  o th e r  and 

g e n e ra l l e v e l  o f commodity c o s t ,  ad eq u a te  s u p p lie s ,  e i t h e r  fo re ig n  o r  

d o m estic .

L e a s t sq u a re  tre n d s  o f h i s t o r i c a l  d a ta  and c o r r e l a t i o n  betw een th e s e
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d a ta  and o th e r  In d ic a to r s  w ere em ployed. An i n i t i a l  e s t im a te  was made 

o f  th e  r a t e  o f  grow th o f  t o t a l  energy  consum ption by s e c to r  by c o r r e la t in g  

th e  v a r io u s  s e c to r s  w ith  g e n e ra l economic in d i c a to r s .  The in d ic a to r s  

w ere: GNP, f o r  t o t a l  energy  and t r a n s p o r ta t io n ;  p o p u la t io n , f o r  household

and com m ercial; com posite o f  new c o n s tru c tio n  , p ro d u c e r, d u ra b le  and 

p e rs o n a l e x p e n d i tu re s , f o r  i n d u s t r i a l ;  and A dvisory  Committee R eport 

(no . 21) N a tio n a l  Power S urvey , f o r  e l e c t r i c  u t i l i t i e s .

From t h i s  a n a ly s i s ,  e s t im a te s  o f  t o t a l  consum ption and o f  consum ption 

by consuming s e c to r  w ere d e r iv e d . M arkets w ere th en  a l lo c a te d  to  energy  

so u rces  by s u b je c t in g  th e  l e a s t  sq u a re s  o f  each so u rce  to  a n a ly s is  and 

judgem ent b ased  on knowledge o f  en erg y  in d u s t r i e s  and m a rk e ts , consensus 

o f o u ts id e  e x p e r t s ,  and ex am in a tio n  o f  o th e r  fu n c t io n a l  energy  f o r e c a s t s .

"NFS" p u b lish e d  i n  1964, p ro je c te d  th e  req u irem en t 2 .8  t r i l l i o n  

KWH o f  e l e c t r i c i t y  in  1980 by assem bly o f d a ta  fo r  th e  48 power supp ly  

a r e a ,  16 c o o rd in a tio n  s tu d y  a r e a ,  8 s t a t i s t i c a l  re g io n s  and f o r  s e c to r s .  

The S outh  C e n t r a l ,  West C e n tra l  and Southw est re g io n s  have grow th r a te s  

o f  7 . 6 ,  7 . 2  and 7.2 p e r c e n t ,  r e s p e c t iv e ly .  E a s t C e n tra l  r e g io n  has th e  

s lo w e s t an n u a l growth w ith  5 .8  p e rc e n t p e r  y e a r .

"ERDNP"^ p u b lish e d  i n  Ju n e , 1964, concluded s u f f i c i e n t  c o a l w ith  no 

s ig n i f i c a n t  c o s t  in c re a s e ,  i n s u f f i c i e n t  q u a n t i t i e s  o f  n a t u r a l  gas by th e  

y e a r  20qg. U n c e r ta in ty  o f  n u c le a r  f u e ls  depending on e x te n t  o f  n u c le a r  

power i n s t a l l e d ,  e f f ic ie n c y  o f  f u e l  u t i l i z a t i o n ,  and p r i c e  o f  uranium  o r e .
Q

"FGNP" p u b lish e d  in  December, 1967 adopted  th e  method f o r  f o r e c a s t 

in g  th e  grow th o f n u c le a r  power i n  th e  U n ited  S ta te s  th ro u g h  1980 u s in g  

d a ta  on e l e c t r i c a l  g e n e ra tin g  c a p a c i ty ,  c o n v e n tio n a l and n u c le a r ,  i n s t a l l e d
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d u rin g  th e  n e x t seven  y e a r s ,  as a  b a s is  f o r  e x t r a p o la t in g  f o r  a  f u r t h e r  

seven  y e a r s .

"FNGR"^^ p u b lish e d  In  Ju n e , 1967 e s t im a te d  th e  fu tu r e  n a tu r a l  gas 

re q u ire m en t by sen d in g  a  su rvey  q u e s t io n n a ir e  to  a l l  a p p ro p r ia te  p u b lic  

and p r iv a t e  com panies In  th e  U nited  S ta t e s .  Each company was asked  to  

subm it d a ta  on n a tu r a l  gas req u irem en ts  In  I t s  m arke ting  a r e s ,  c l a s s i f i e d  

In to  r e s i d e n t i a l ,  com m ercial f irm . I n d u s t r i a l ,  I n te r u p t lb le  and " o th e r "  

c a te g o r ie s .  "O th er"  In c lu d e d  p ip e l in e  f u e l ,  company u s e , unaccoun ted  f o r ,  

tra n s m is s io n  l o s s ,  and any o th e r  s a l e  o r  a c t u a l  u se  n o t  o th e rw ise  s p e c i f i e d .  

Each company was asked  to  subm it " a c tu a l"  volum es f o r  1961-1965, " e s t i 

m ated" f o r  1966-1970 and 1975, " p ro je c te d "  f o r  1980, 1985 and 1990.

Each company was a llow ed  to  u se  I t s  own o p e ra t io n ,  p o l i c ie s  and 

lo c a l  c o n d i t io n s  when p re p a r in g  th e  f o r e c a s t .  O ther f a c t o r s ,  such  a s  a i r  

p o l l u t io n ,  w ere c o n s id e re d  to  be  c louded  w ith  u n c e r ta in ty ;  th e r e f o r e ,  th ey  

a re  n o t  covered  I n  th e  g u id e lin e s  f o r  th e  s tu d y .  T hat p re s e n t-d a y  r e l a t i o n 

s h ip s  o f  th e  c o s t  o f gas to  th e  com peting f u e l s  w i l l  rem ain th e  same was 

assum ed.

"EUS"^ p u b lish e d  In  Septem ber, 1967 used  a  b u ild in g  b lo ck  ap p ro ach . 

Consum ption was com piled s e p a ra te ly  f o r  each  ty p e  o f  energy so u rc e  b roken  

down by each  c a te g o ry  o f  consumer w i th in  each  o f  th e  g e o g ra p h ic a l a re a s  

u sed . Ten g e o g ra p h ic a l a re a s  and fo u r  consum er c a te g o r ie s  w ere u se d .

I t  was Im p lied  t h a t  th e  consum ption p r o je c t io n s  w ere o b ta in ed  w ith in  each 

o f  th e s e  40 (10 x  4) c a te g o r ie s  and th e n  assum ed to  g iv e  th e  " a l l  u se s"  

o r  t o t a l  consum ption v a lu e s .  M athem atical m odels w ere n o t g iv e n .

The s tu d y  I s  q u i t e  com plete as f a r  as  f o r e c a s t  breakdowns a r e
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concerned — g e o g ra p h ic a l r e g io n s ,  en d -u se  c a te g o r ie s ,  so u rc e s  o f su p p ly , 

and even d i f f e r e n t  ty p es  o f  p e tro leu m  p ro d u c ts  — a ls o  c o a l ,  hydropower 

v s . n u c le a r  e l e c t r i c i t y  g e n e ra t io n .

The so u rc e  d a ta  from 1960 to  1965 w ere o b ta in ed  from  s t a t i s t i c a l  

r e p o r ts  by th e  f e d e r a l  governm ent and t r a d e  a s s o c ia t io n s .  A u x il ia ry  

In fo rm a tio n  conce rn ing  f u e l  p r ic e s  and o th e r  p e r t i n e n t  f a c to r s  were 

o b ta in e d  from  th e  above re fe re n c e s  o r  from r e p o r ts  o r  p r iv a t e  communi

c a t io n s  from  o th e r  governm ental a g e n c ie s  o r  t r a d e  a s s o c ia t io n s .
2

"CNP" p u b lish e d  In  F eb ru a ry , 1967 c o n c e n tra te d  on b a s ic  p o l i c i e s .

The r e p o r t  r e l i e s  on d a ta  from o th e r  so u rc e s ,  such  a s  E d iso n  E le c t r i c  

I n s t i t u t e ,  F e d e ra l Power Commission and R esources In  A m eric a 's  F u tu re ,
■i .

as w e ll  a s  o th e r  Atomic Energy Commission e s tim a te s  and th e  judgem ent 

o f th e  a u th o r s .  I t  c o n s is ts  o f  In fo rm a tio n  on I n te r n a t io n a l  program s.

I t  exam ines th e  need fo r  n u c le a r  pow er, th e  d i r e c t io n  In  w hich th e  

c e n t r a l  s t a t i o n  n u c le a r  power program  shou ld  be headed , th e  r a t e  a t  which 

th e  program  sh o u ld  p ro ceed , and th e  n a tu re  and amount o f  governm ent p a r t i 

c ip a t io n  n e c e s s a ry .
19"USP" p u b lish e d  In  J u ly ,  1968 f o r e c a s t s  dom estic  o i l  and gas over 

a  15 y e a r  p e r io d  — 1965 to  1980. I t  concludes th e  adequacy o f  petro leum  

so u rces  w ith  th e  q u e s tio n  w hether th ey  can b e  lo c a te d  and produced a t  

c o s ts  w hich p e rm it them to  com pete w ith  o th e r  energy  s o u rc e s .  The s tudy  

I s  p r im a r i ly  concerned  w ith  su p p ly  f a c t o r s .  I t  assumes no p r ic e  change 

r e l a t i v e  to  o th e r  f u e ls  ( q u e s t io n a b le ) .  I t  a l s o  assumed t h a t  p o l lu t io n  

c o n tro l  r e g u la t io n s  w i l l  have no m ajor Im pact on consum ption o f  f o s s i l  

f u e l s .
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I t  I s  a  f a i r l y  s t ra ig h tfo rw a rd  e x te n s io n  o f  p r e s e n t  t r e n d ,  p o l i c ie s  

and r e l a t io n s h ip s .  No assum tions w ere made co n ce rn in g  th e  a v a i l a b i l i t y  

o f f u e l s .

’’CGAEM” ^ p u b lish e d  in  1968 p re s e n ts  a  f a i r l y  com plete  s e t  o f  p ro 

je c t i o n s .  R eg ional a s p e c ts  o f e l e c t r i c  power g e n e ra t io n  and f u e l  supp ly  

were s tu d ie d .  I t  b reak s  down by end-use  c a t e g o r ie s ,  by so u rce  o f su p p ly  

c a te g o r ie s  o f  t o t a l  consum ption o f  f u e l s .  E nd-use energy  req u irem en ts  

were p r o je c te d  by summation. The so u rce  o f  su p p ly  

f o r e c a s t s  w ere th en  fo rc e d  to  f i t  in to  t h i s  fram ew ork. R eg ression  

an a ly se s  w ere used to  f o r e c a s t  th e  r e s i d e n t i a l  req u ire m en ts  u s in g  th e  

v a r ia b le s  o f  p o p u la tio n , p e r  c a p i ta  p e rs o n a l incom e, and f u r th e r ,  in 

d u s t r i a l  req u irem etn s  u s in g  th e  v a r ia b le s  o f  i n d u s t r i a l  p ro d u c tio n  

in d e x , n o n -d u ra b le s  component o f  GNP, and a  m ix tu re  o f  i n d u s t r i a l  o u tp u t 

and th e  e f f ic ie n c y  o f energy u t i l i z a t i o n .

T ra n s p o r ta t io n  u se  was b roken down in to  th r e e  c a te g o r ie s :

1 . p a ssen g e r c a r s ,

2 . i n d u s t r i a l  r e l a t e d  t r a n s p o r ta t io n ,

3 . a v ia t io n .

M u ltip le  r e g re s s io n  a n a ly s is  was used  w ith  v a r ia b le s :

1 . number o f  au to  r e g i s t r a t i o n s ,

2 . av erag e  b rak e  horsepow er p e r  a u to ,

3 . av erag e  m ile s  d r iv e n  p e r  a u to .

For th e  p r o je c t io n ,  b rak e  horsepow er was a s s ig n e d  th e  1964 a v e ra g e .

A verage m ile s  d r iv e n  was a ss ig n ed  th e  v a lu e  o f  9 ,400 m ile s .  Re

g re s s io n  a g a in  was u sed  to  fo r e c a s t  au to  r e g i s t r a t i o n  w ith  v a r ia b le s  o f
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p o p u la tio n  and econom ic a c t i v i t y .  M u ltip le  r e g re s s io n  was used  to  fo re 

c a s t  th e  i n d u s t r i a l  t r a n s p o r ta t io n .  As f o r  a v ia t io n ,  s im p le  c o r r e la t io n  

w ith  GNP and p e rh ap s  some judgem ents w ere u sed .

S u ffic ien cy  o f  a l l  f u e ls  to  m eet consum ption demands w ith o u t p r ic e  

r e la t io n s h ip s  was assum ed. Due to  t h i s  assum ption , a l t e r n a t iv e s  o f 

f u e l  supp ly  w ere  n o t d is c u s s e d . F e d e ra l p o l i c ie s  w ere n e g le c te d , perhaps 

due to  th e  d i f f i c u l t y  o f d a ta  c o l l e c t io n .
3

"EMUS" p u b lish e d  in  J u ly ,  1968 p re s e n ts  a  com plete  s e t  o f b a lan ces  

o f  1947-1965. The main so u rces  o f d a ta  and in fo rm a tio n  a re  th e  Bureau o f 

Mines Energy S e r i e s , p u b lish e d  i n  th e  annual is s u e s  o f  th e  Ü. S. D epart

ment o f  th e  I n t e r i o r ' s  M in era ls  Y earbook, Volume I I  F u e ls  ; supplem ented 

by d a ta  f o r  e l e c t r i c  u t i l i t i e s  o b ta in e d  from p u b l ic a t io n s  and r e p o r ts  

o f  th e  F e d e ra l Power Commission; f o r  th e  n u c le a r  power in d u s try  from 

r e p o r ts  o f  USAEC.. R eg ional f o r e c a s t s  a re  n o t g iv e n . P ro ced u res  f o r  th e  

f o r e c a s t s  may b e  d e sc r ib e d  as o p p o r tu n is t ic  i n  th a t  v a r io u s  ty p e s , m ethods 

and te c h n iq u e s  a r e  u sed . A dequate s u p p lie s  o f  energy  re s o u rc e s  w ere 

assumed.

I t  i s  a l s o  assumed th a t  th e  r e a l  c o s ts  o f  th e  p rim ary  re so u rc e s  

r e l a t i v e  to  each  o th e r  and to  th e  g e n e ra l le v e l  o f  commodity c o s ts  w i l l  

rem ain  c o n s ta n t  o r  d e c re a se  d u rin g  th e  f o r e c a s t  p e r io d  ( th ro u g h  th e  

y e a r  2000).

"OEUS"^^ p u b lish e d  in  O ctober o f  1968 g iv e s  no r e f e r e n c e s .  Fore

c a s ts  f o r  g e o g ra p h ic a l re g io n a s  w ere u sed . T o ta l  en erg y  was f u r th e r  b roken  

down in to  en d -u se  c a te g o r ie s  w hich w ere f u r th e r  b ro k en  down by so u rce  o f  

su p p ly . No s ta te m e n ts  ab o u t r e g re s s io n  a n a ly s is  o r  th e  ty p e  o f mathema

t i c a l  model u sed  cou ld  be  found anywhere in  th e  s tu d y . The p ro je c t io n  o f
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t o t a l  en erg y  u se  In  th e  s tu d y  appea rs  to  be e q u iv a le n t  to  u sing  th e  

m odel:
(.016519) ( t  -  1965)

E = 26 ,000 ,000  (10) ( I I - l )

Where " t "  i s  tim e (1965 i s  th e  b ase  y e a r)  in  y e a r  and "E" i s  energy in  

b a r r e l s  o f  o i l  e q u iv a le n t ,  r a th e r  th a n  BTU's. The s tu d y  assumes th a t  

th e  s i z e  o f  20-35 y e a r  age group i s  a  good in d i c a to r  o f  economic a c t i v i t y .  

No assu m p tio n  i s  made re g a rd in g  th e  c o s t  o f  f u e ls  and f e d e ra l  p o l i c i e s .

"PCCP"^^ p u b lish e d  in  May o f 1968 was to  p ro v id e  p ro je c t io n s  o f  the  

consum ption o f  com m odities p ro d u c ib le  on th e  p u b l ic  la n d s , which can be 

used  as a  b a s i s  f o r  e v a lu a tin g  th e  e f f e c t s  o f  a l t e r n a t i v e  land  p o l i c i e s .

The m ethods and p r o je c t io n s  w ere b ased  on th e  1963 s tu d y  by R esources 

fo r  th e  F u tu re ,  I n c .  R ecent tre n d s  in  th e  fo llo w in g  a re  assumed to  con

t in u e  to  1980 and 2000:

1 . U. S . consum ption needs and p re fe re n c e s

2. Changes in  th e  r e l a t i v e  p r ic e s  o f  com peting commodities

3 . F e d e ra l p o l i c ie s  re g a rd in g  econom ic grow th , economic 

s t a b i l i t y ,  r e g io n a l  developm ent, and fo re ig n  p o lic y

4 . M il i ta r y  committments and m o b i l iz a t io n  f o r  d e fen se .

"ESDNR"^ p u b lish e d  in  1969 a tte m p ts  to  p r e d ic t  th e  i n s t a l l a t i o n  o f

n u c le a r  r e a c to r s  v e rsu s  more c o n v e n tio n a l f u e l  f o r  th e  g e n e ra tio n .

13"The 1970 N a tio n a l Power Survey" developed  lo a d  p ro je c t io n s  f o r  

1980 and 1990. These p ro je c t io n s  w ere su b m itte d  to  th e  F ed era l Power 

C om m ission 's s i x  R eg ional A dvisory  Com m ittees (N orthw est, E ast C e n t r a l ,  

South C e n t r a l ,  W est C e n tra l ,  S o u th e a s t and W est) f o r  review  and m o d ifica 

t io n .  Some o f  th e  com m ittees developed  t h e i r  own p ro je c t io n s  in le p e n d e n tly , 

O th ers  ad o p ted  th e  s ta f f -d e v e lo p e d  p r o je c t io n s .w i th - r e v is io n s .  " F in a l l y ,
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each R eg ional A dvisory  Committee reached  a  consensus on a  p r o je c t io n  

o f th e  m agnitude o f  th e  loads which th e  system s o f i t s  re g io n  should  

be p roposed  to  s e rv e  d u ring  th e  n e x t two d ecad es. A summation of 

th e  r e g io n a l  p r o je c t io n s  p rov ided  th e  n a t io n a l  p r o je c t io n .

In  p r o je c t in g  fu tu r e  power req u irem en ts  to  1990, i t  was assumed 

th a t  d u rin g  th e  p e r io d  to  1990 th e  n a t io n  would c o n tin u e  to  en joy  a 

h ig h  le v e l  o f  economic a c t i v i t y ,  te c h n o lo g ic a l  improvement i n  th e  

e l e c t r i c  u t i l i t y  in d u s try ,  a  somewhat s m a lle r  p ro p o r t io n  o f  n a t io n a l  

re so u rc e s  w ould be channeled  to  m i l i t a r y  p u rp o ses  th a n  d u r in g  th e  

l a t e  1 9 6 0 's , no d is r u p t iv e  epidem ic o r  s im i la r  c a ta s tro p h e  would o ccu r, 

and th e  n a t io n  would co n tin u e  to  use  e l e c t r i c i t y  as an in c re a s in g  po r

t io n  o f  t o t a l  energy consum ption. As f a r  as energy  f o r e c a s t in g  i s  con

ce rn e d , t h i s  r e p o r t  p re s e n ts  a com plete s e t  o f  p r o je c t io n s .  In c luded  

a re  f o r e c a s t s  fo r  t o t a l  end -use  re q u ire m e n ts , a  breakdown by end-use  

c a te g o r ie s ,  a  breakdown by so u rce  o f  su p p ly  c a te g o r ie s ,  and t o t a l  con

sum ption o f  f u e ls  w ith  breakdowns by so u rce  o f su p p ly .

E f f o r t s  a re  a ls o  devoted  to  r e g io n a l  a s p e c ts  o f e l e c t r i c  power 

g e n e ra tio n  and f u le  su p p ly . F e d e ra l p o l ic y ,  en v iro n m en ta l im pact and 

c o s ts  w ere d is c u s s e d  w ith  some d e t a i l .

"U. S. Energy O utlook" by th e  N a tio n a l P e tro leu m  C o u n cil and 

p u b lish e d  in  1971, assumes th a t  c u r re n t  governm ent p o l i c i e s  and regu

la t io n s  in  r e s p e c t  to  o i l  im port c o n t ro l s ,  n a tu r a l  gas p r ic e  r e g u la t io n ,  

le a s in g  o f  f e d e r a l  la n d s , en v iro n m en ta l c o n t r o l s ,  ta x  r a t e s  and re se a rc h  

fund ing  and th e  p re s e n t  economic c l im a te  f o r  th e  energy  in d u s t r i e s  would 

co n tin u e  w ith o u t m ajor changes th roughou t th e  1971-1985 p e r io d .
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p ro je c t io n s  o f t o t a l  energy  have been d e r iv e d  by a n a ly s is  and s y n th e s is  

of th e  component m a rk e ts , r a th e r  than  by assum ing a fix ed  r e la t io n s h ip  

betw een energy  demand and GNP, o r some o th e r  economic in d ex .

F o re c a s ts  a r e  g iv en  by t o t a l  en e rg y , by energy consum ption, by 

m ajor m arkets and by g e o g rap h ica l a r e a .  Supply developed  re g io n a lly  

to  f i t  th e  demand and p o s s ib le  a l t e r n a t iv e s  w ere d isc u sse d  b u t no 

t r a d e - o f f  was d is c u s s e d . C osts w ere e v a lu a te d .  T ar sands w ere d is 

cussed .

"The U. S. Energy Problem" by G. C. Saego, p u b lish e d  in  November 

o f 1971, was to  p ro v id e  a s u b s ta n t iv e ,  r a t i o n a l  means o f e v a lu a tin g  

p r i o r i t i e s  in  e n e rg y - re la te d  re se a rc h  and developm ent o f fe re d  by govern

ment s u p p o r t.  The p rim ary  th r u s t  o f th e  s tu d y  i s  techno-econom ic. M ajor 

o u tp u ts  of th e  s tu d y  a r e  a d e ta i le d  c o s t  m odeling and th e  r e s u l t a n t  

d e te rm in a tio n  o f  th e  in f lu e n c e  c o e f f i c ie n t s  o f  th e  te c h n o lo g ie s  on th e  

c o s t o f  en erg y . Energy and power req u ire m en ts  w ere p ro je c te d  to  th e  

y ea r 2040. C osts o f  b a s ic  fu e ls  were s tu d ie d ;  env iro n m en ta l c o n s t r a in ts  

were rev iew ed ; a l t e r n a t iv e s  o f  fu e ls  such  as s h a le  o i l  were d is c u s se d .

Managery. by W illiam  W. T a lle y  I I  (1970 ), developed a com puterized 

model, cap ab le  o f  p re d ic t in g  th e  energy demand, th e  re so u rce  consum ption, 

th e  en v ironm en ta l e f f e c t s ,  and the  b a lan ce  o f  payment requ irem en ts  fo r  

a v a i la b le  energy  re so u rc e s  and demand and techno logy  a l t e r n a t iv e s .  The 

model p ro v id es  a sy s te m a tic  procedure f o r  a s s e s s in g  th e  f u l l  im p lic a tio n s  

o f energy  u t i l i z a t i o n  technology  and re so u rc e  a l t e r n a t iv e s .
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H is demand model depends too h e a v ily  upon p ro je c t io n s  made by 

v a r io u s  a u th o rs .  I t  does n o t en su re  us a v a l id  and b e t t e r  p ro je c t io n  

j u s t  by ta k in g  th e  mean o f d i f f e r e n t  p r o je c t io n s .
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CHAPTER I I I  

METHOD OF APPROACH

On A ssum ptions

In  p r o je c t in g  f u tu r e  energy  needs and su p p lie s  in  th e  C o n tin e n ta l  

U n ited  S ta te s  , i t  i s  n e c e ssa ry  f i r s t  o f  a l l  to  have a  w orking id e a  o f  

what th e  n a t io n 's  economy and s o c ie ty  a t  la rg e  m ight be  l i k e  i n  th e  

y e a r  2000 and a long  th e  way. What would th e  broad  p ic tu r e  be  i f  c u r

r e n t s ,  a s  m o d ified  by a lre a d y  d i s c e r n ib le  p a t te r n s  o f  change, rem ain  in  

o p e ra tio n ?  The fo llo w in g  assum ption^ b u i l t  in  from th e  s t a r t ,  a r e ;

1) c o n tin u in g  g a in s  in  te ch n o lo g y ,

2) re a so n a b le  f r e e  flow  o f w o rld  t r a d e ,

3) s t r i c t e r  laws on p o l lu t io n ,

4) no "m ajor w ar" and " c o ld  w ar" w i l l  c o n tin u e ,

5) no m ajor d e p re s s io n  o r  i n f l a t i o n ,  and

6) p o p u la tio n  and p e rs o n a l income p ro je c t io n  w i l l  be  from 

P ro f .  R e id 's  P o p u la tio n  M odel.

On Technology

The t o t a l  energy  consum ption can be  d isa g g re g a te d  in to  th e  fo llo w in g : 

c o a l ,  p e tro leu m , n a tu r a l  g a s , n u c le a r ,  h y d r o - e le c t r ic  pow er, t i d a l  

wave, g eo th e rm al, wind and s o la r  en e rg y . The m ajor end-use  f o r  

energy  can be  c l a s s i f i e d  as i n d u s t r i a l ,  com m ercial, t r a n s p o r ta t io n ,  

r e s i d e n t i a l  and m isc e lla n e o u s .
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On M ethodology

Demand Model

A demand m odel h as  been  developed  as th e  fo llo w in g :

ED^ = POP^ X UU  ̂ ( I I I - a - 1 )n Uÿîi

where:ED = th e  energy  demand f o r  th e  n a t io n  a t  tim e , " t " ,  t , n

POP “  p o p u la t io n  o f  th e  n a t io n  a t  th e  tim e , " t " ,  t , n

ÜÜ = th e  u n i t  u se  o f  energy  fo r  th e  n a t io n  a t  th e  tim e , " t " .  t  ,n

Based upon m u l t ip le  r e g r e s s io n  te c h n iq u e s , an  e v a lu a tio n  f o r  th e
3

energy req u ire m en ts /ID  p eo p le  (UU ) as a  fu n c tio n  o f  p o p u la tio n  int  ,n

th o u san d s , income p e r  c a p i t a ,  and mean annual tem p era tu re  i s  developed

fo r  th e  n a t io n .  T his e q u a tio n  ta k e s  th e  fo llo w in g  form :

-  "O + hP t.n  + »2^.n + h \.u
where; UÜ ■ as  p re v io u s ly  d e f in e d ;

-  r e g r e s s io n  c o e f f i c i e n t ,  i  ■ 0 ,1 ,2 ,3 ;

p = p o p u la tio n  o f  th e  n a t io n  a t  tim e , ' ' t " jt , n

I  » p e rs o n a l  income p e r  c a p i ta  o f th e  n a t io n  a t  tim e , " t " ;  t , n

T "  mean an n u a l te m p e ra tu re  o f  th e  n a t io n  a t  tim e , " t " .t  ,n

T his i s  e s s e n t i a l l y  sa y in g  th a t  th e  u n i t  req u irem en t i n  th e  energy
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demand I s  n o t c o n s ta n t b u t changes as a  fu n c tio n  o f  th e  p o p u la tio n  

( s c a le )  Income ( l i f e  s t y l e ) , te m p e ra tu re . The demand m a tr ic e s  fo r  th e  

n a tio n  a t  tim e " t "  w i l l  b e  developed  as th e  fo llo w in g :

S ource/E nd-use______ In d ._________ T ran ._______Comm.______ R es.________ M isc.

Coal (10* BTÜ) D = D ire c t
I  = I n d i r e c t

P etro leum  200

N a tu ra l Gas

Hydropower
10

N uclear 2

G eotherm al

Wind

S o la r  Energy

w i l l  be d e f in e d  a s  th e  u n i t  u se  o f  i  so u rce  f o r  j  en d -u se  fo rt , n

th e  n a t io n  a t  tim e t ,  i  -  1 , 2 , . . . , 8 ;  and j  -  1 , 2 , . . . 5 .  Thus, we have

+  " l  ' t . n  + ? t .n
From h i s t o r i c a l  d a ta ,  we can o b ta in  th e  p a s t  y e a r 's  sot , n

th a t  b ^ ^ , m ■ 0 , . . . , 4 ,  may b e  o b ta in e d  to  f o r e c a s t  th e  f u tu r e  .m t , n

T h e re fo re , e q u a tio n :

8 5 11
UU “ Z Z UU^ ( I I I - a - 4 )t , n  1=1 j= i  t , n

E quation  I I I - g - 1  and e q u a tio n  I I I - a - 4  may b e  combined as  th e  fo llo w in g :

“ t -  p .  ( f  Î  ) ( I I I - a -5)
t , n  1^1 j= i  t , n
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The Supply

The re s o u rc e  supp ly  i s  b a lan ced  w ith  p r o je c te d  n e t  dom estic 

p ro d u c tio n . The sh o r ta g e  i s  d iv id ed  among a l t e r n a t i v e  su p p lie s  

e i t h e r  from t r a d i t i o n a l  so u rces  such as l i q u i f i e d  n a tu r a l  g a s , c o a l , 

p e tro leu m , and gas im ports  o r  re so u rc e  c o n v e rs io n s  such as  syngas and 

syncrude from  c o a l and syngas from p e tro leu m  in  th e  l i g h t  o f fu tu re  

p r i c e s .

The C ost

The f u tu r e  c o s t o f  f u e ls  w i l l  be rough ly  e s tim a te d . These in c lu d e  

w ellh ead  c o s t  o f  p e tro leu m  and n a tu r a l  g a s , mine-month c o s t  o f  c o a l and 

n u c le a r  f u e l ,  and a c tu a l  c o s t  o f energy to  th e  consum ers.

The E nvironm ental Im pacts

The im pact o f  en d -u se  energy  consum ption w i l l  b e  de term ined . These 

in c lu d e  a i r  p o l lu t io n :  HC, CO, SOg, NO^; and p a r t i c u l a t e s ;  s o l id  w aste

in c lu d in g  r a d io a c t iv e  m a te r ia ls  and lan d  use re q u ire m e n ts ; therm al p o l

lu t io n  and c o o lin g  w a te r  n eed s . The c o s t  to  a b a te  th e s e  p o l lu ta n ts  to  

s a t i s f y  th e  N a tio n a l E nvironm ental S tandards w i l l  a l s o  be  e s tim a te d .

The c o n s e rv a t io n  p r a c t i c e s  and A l te rn a t iv e s  su g g e s tio n s  on red u c in g  

energy consum ption a r e  g iv e n , and i t s  e f f e c t s  o f  sav in g  a re  to  be d e te r 

mined. P u b lic  d e c is io n s  r e l a t i v e  to  th e  energy  s i t u a t i o n  a re  to  be 

adv ised  a c c o rd in g ly .

Energy Demand

The energy  demand i s  a fu n c tio n  o f  th e  p o p u la tio n  ( s c a l e ) , income 

( l i f e  s t y l e ) ,  and annual mean te m p e ra tu re . P ro je c te d  p o p u la tio n  and 

income p e r  c a p i ta  a r e  ad o p ted . Annual mean te m p e ra tu re  w i l l  be assumed 

to  be 5 5 .1 2 .

-27-



The d i r e c t  energy  demands a re  s e p a ra te d  in to  end -use  demand; 

r e s i d e n t i a l ,  com m ercial, t r a n s p o r ta t io n .  I n d u s t r i a l  and m isc e lla n e o u s , and 

in to  s o u rc e s : c o a l  p e tro leu m , and n a tu r a l  g a s .

D ire c t  energy  demand sh a re  w i l l  be red u ced  to  app rox im ate ly  50 

p e rc e n t I n  th e  y e a r  2000. P etro leum  w i l l  s t i l l  b e  th e  le a d in g  fu e l  

due to  th e  commanding le a d  In  th e  t r a n s p o r t a t io n  m ark e t. N a tu ra l gas 

w i l l  n o t b e  to o  f a r  b e h in d . Coal w i l l  e v e n tu a l ly  lo s e  I t s  r e s i d e n t i a l  

and com m ercial m a rk e ts .

U. S. P o p u la tio n

The U n ite d  S ta te s  p o p u la tio n  has  b een  p r o je c te d  to  th e  y e a r  2000 by 

th e  B ureau o f  th e  Census fo r  v a r io u s  assumed b i r t h  r a te s  (8 5 ). Based 

on b i r t h  r a t e s  o f  two c h i ld re n  p e r  fam ily  and th r e e  c h i ld re n  p e r 

fa m ily , th e  P r e s i d e n t 's  Commission on P o p u la t io n  Growth and th e  

American F u tu re  has a ls o  p ro je c te d  th e  U. S . p o p u la tio n  to  th e  y ea r 

2070. G.W. R eid  a l s o  has p ro je c te d  th e  U. S. p o p u la tio n  to  th e  y e a r  

2050, and h i s  p r o je c t io n  I s  used  as th e  m ost p ro b a b le  U. S. p o p u la tio n  

(F ig u re  I I I - b - 1 ) .

U. S . Income p e r  C a p ita

G.W. R e id 's  P o p u la tio n  Model a ls o  p r o je c te d  U. S. Income p e r 

c a p i t a .  H is p r o je c te d  v a lu e s  a r e  used  I n  t h i s  model f o r  c o n s is te n c y  

(F ig u re  I I I - b - 2 ) .
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Commercial and R e s id e n t ia l  P ro je c t io n

The u n i t  energy  consum ption o f c o a l f o r  com m ercial and r e s i d e n t i a l  

use i s  g iv e n  by th e  e q u a tio n  o b ta in e d  by m u l t ip le  r e g re s s io n  a n a ly s i s .

UU = a  + b(POP^ ) + c(INC^ ) +  d(TEM^ ) ( I I I - b - 1 )t , n  t , n  t , n  t , n

w here: POP = th e  U.S. p o p u la tio n  In  y e a r  " t "t  ,tx

INC = th e  U.S. Income p e r  c a p i t a  I n  y e a r  " t "  t  ,n

TEM = th e  U.S. annual mean te m p e ra tu re . t , n

a  = -16094 d = +1063

b = -0 .2 2 3 8 2  = 0 .9 6

c = +1.51742 F -  58 .3

The c o a l consum ption fo r  th i s  use w i l l  e v e n tu a l ly  v an ish  by th e  y e a r  1985. 

due to  p u b lic  aw areness o f env iro n m en ta l im p acts  and h ig h e r  c o s t .  The u n i t  

consum ption o f energy  by com mercial and r e s i d e n t i a l  i s  g iven  by:

UU_ = a  + b(POP^ ) + c(IN C . ) + d(TEM^ ) ( I I I - b - 2 )t , n  t , n  t , n  t , n

P etro leum  w i l l  c o n tin u e  to  dom inate th e  m a rk e t.

The u n i t  u se  o f  n a tu ra l  gas fo r  com m ercial and r e s id e n t i a l  I s

g en e ra ted  by th e  eq u a tio n :

UU  ̂ = a  + b(POP. ) + c(INC^ ) + d(TEM^ J  ( I I I - b - 3 )
L u  u  f  t l

where :
a  = 59 .6  d "  -2 4 0 .5 5

b = 0.14847 * 0 .9 0

c -  4.76783 F » 34 .3

The p e tro leu m  and n a tu r a l  gas w i l l  c o n tin u e  to  grow, b u t i t s  p e rc e n ta g e

o f th e  t o t a l  energy  consum ption w i l l  d e c re a se  from 19.7  i n  th e  y e a r  1970 

to  15 .7  i n  th e  y e a r  2000 (F ig u re  I I I - b - 3 ) .
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T ra n s p o r ta t io n  P r o je c t io n

The u n i t  en erg y  consum ption so  c o a l f o r  t r a n s p o r ta t io n  I s  o b ta in e d  

by th e  e q u a tio n :

TO „  = a  + b(POP^ ) + c(INC^ J  + d(TEM^ J  ( I I I - b - 4 )
C y t l  U ) U  U f l l  C 9 U

w here:
a  = 11 0 .4  d = 2 .36

b = 0 .00013  = 0 .9 6

c = 0 .04431  F = 59 .3

The u n i t  energy  consum ption o f  p e tro le u m  f o r  t r a n s p o r ta t io n  I s  g iv e n  

by th e  e q u a tio n :

UU» _ = a  + b(POP' ) + c(INC^ „ )  + d(TEM^ J  ( I I I - b - 5 )t , n  t , n  t , n  t , n

where:
a  = 5824 d = 1139.95

b = 0 .1815  = 0 .99

c = 15.07399 F -  249 .3

The u n i t  energy  consum ption o f  n a t u r a l  gas f o r  t r a n s p o r ta t io n  I s  g e n e ra te d  

by th e  e q u a tio n :

UU  ̂ -  a  + b(POP. ) + c(IN C . J  + d(TEM^ ) ( I I I - b - 6 )t , n  t , n  t , n  t , n

where :
a  = 3969 d «= 33 .6

b = 0 .03959 R^ » 0 .9 8

c = 3 3 .6  F -  119 .3

T r a n s p o r ta t io n  demand aco u n ts  f o r  23 .9  p e rc e n t o f  th e  t o t a l  energy  

consum ption I n  1970; how ever, I t  w i l l  d e c re a se  g ra d u a lly  to  l e s s  th a n  

18 p e rc e n t I n  th e  y e a r  2000. C oal ( r a i l )  f u e l  w i l l  be re p la c e d  co m p le te ly
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by o i l .  P e tro leu m  w i l l  s t i l l  be th e  o n ly  dom inating  f u e l .  N a tu ra l 

gas needed f o r  p ip e l in e  i s  going to  in c r e a s e ,  b u t  i t  i s  n o t s i g n i f i c a n t  

(F ig u re  I I I - b - 4 ) .

I n d u s t r i a l  P r o je c t io n

The u n i t  energy  consum ption o f  c o a l f o r  i n d u s t r i a l  use i s  g e n e ra te d  

by th e  e q u a tio n :

UU  ̂ = a  + -(POP^ ) + c(IN C . ) +  d(TEM^ ) ( I I I - b - 7 )t , n  t , n  t , n  t , n

w here :
a = 77245 d = 1015.84

b = 0.15419 = 0 .99

c = 1.73416 F -  199.7

The u n i t  energy  consum ption of p e tro leu m  f o r  in d u s try  i s  g iv en  by th e  

e q u a tio n :

UU = a  + b(POP_ ) + c(INC ) + d(TEM^ J  ( I I I - b - 8 )t , n  t , n  t , n  t , n

where :
a  = 7411 d -  285.74

b -  0 .06095 -  0 .9 2

c = 285.74 F = 25 .4

The u n i t  energy  consum ption o f  n a t u r a l  gas f o r  in d u s try  i s  o b ta in e d

by th e  e q u a tio n :

UU  ̂ = a  + b(POP. ) + c(INC^ ) +  d(TEM^ ) ( I I I - b - 9 )t , n  t , n  t , n  t , n

w here :
a  = 127779 d » 2604.37

b » -0 .0 6 6 0 5  = 0 .99

c = 13.05959 F -  220.9
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I n d u s t r i a l  demand w i l l  g r e a t ly  d e c re a se  from 31.7 p e rc e n t  o f th e  

t o t a l  energy  req u irem en ts  In  1970 to  on ly  18.5 p e rc e n t I n  th e  y e a r  2000.

T his may be due to  a  la r g e r  sh a re  o f  e l e c t r i c i t y  In  th e  f u t u r e . (F igu re  

I I I - b - 5 ) .  C oal can no lo n g e r com pete w ith  th e  o th e r  two f u e l s .  T rans

p o r ta t io n  c o s t  and env ironm en ta l aw areness o f  th e  p eo p le  may be th e  

r e a s o n s .

I n d i r e c t  Energy Demand 

The I n d i r e c t  energy  demands a r e  d iv id e d  In to  a g a in , en d -u se : 

r e s i d e n t i a l ,  com m ercial, t r a n s p o r ta t io n .  I n d u s t r i a l  and m isc e lla n e o u s : In to  

re s o u rc e s :  c o a l ,  p e tro leu m , n a t u r a l  g a s , h y d ro e le c tr ic  pow er, n u c le a r ,  geo

th e rm a l, t i d a l  and s o la r .  T h is energy  I s  su p p lie d  In  th e  forms of 

e l e c t r i c i t y .  E l e c t r i c a l  energy  o n ly  accoun ts  fo r  24 .1  p e rc e n t  o f  th e  

t o t a l  consum ption i n  1970, y e t  I t  w i l l  be  doubled by th e  y e a r  2000.

N uclear power a lo n e  w i l l  c o n t r ib u te  h a l f  o f  th a t  Im p ress iv e  grow th. Coal 

w i l l  be  th e  second le a d in g  f u e l  I n  t h i s  m arke t. O il and n a tu r a l  gas w i l l  

s low ly  In c re a s e  and they  a re  becom ing le s s  Im p o rta n t. H y d ro e le c tr ic  power 

w i l l  grow; i t s  sh a re  how ever, w i l l  b e  reduced  to  about 2-3  p e rc e n t o f  th e  

t o t a l  energy  consum ption. G eotherm al power w i l l  su p ÿ ly  some energy,* e s p e c la ly  

In  th e  w e s t. I n d u s t r i a l  consum ption w i l l  co n tin u e  to  le a d  and comes be

h in d  th e  r e s i d e n t i a l  use w ith  s l i g h t  drop In  I t s  sh a re  abso rbed  by th e  

I n d u s t r i a l  consum ption. Commercial u se  w i l l  m a in ta in  ap p ro x im ate ly  25 

p e rc e n t th ro u g h o u t. I n d u s t r i a l  consum ption w i l l  In c re a s e  from 40 .8  p e rc e n t 

In  1970 to  more th an  42 p e rc e n t o f  th e  t o t a l  In  th e  y e a r  2000.

Technology Improvement and en v iro n m en ta l e f f e c t  o f  th e  e l e c t r i c a l  

g e n e ra tio n  a re  a ls o  c o n s id e re d . F ig u re  I I I - b - 6  shows th e  p ro je c te d  ‘ 

e l e c t r i c a l  g e n e ra tio n  p la n t  e f f i c i e n c y ,  and T able I I I - b - 1 ,  th e  d e g ra d a tio n
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T ab le  I I I - b - 1  

N u c lea r Power P la n t  C h a r a c te r i s t i c s

R eac to r
D esign

Y ear
In tro d u c e d

Theraml
E f f i c .

%

F u el
C ycle

IIe(.Th02

GCFR (87)+ 2000 0 .395 Pu i n  Th —— — —

GCFR (87) 2020 0.398 Pu in  Th —— ---

HTGR (84) 1978 0.407 UC-ThC, U-233 re c y c le  1 .63 0 .351

LFR (75) 2020 0 .5 0 D-T p e l l e t s --- ---

LMFBR (85) 1990 0 .4 0 Pu o x ide —— ---

LMFNR (85) 2000 0 .42 Pu o x ide —— ---

LMFBR (85) 2010 0 .371 Pu c a rb id e —— —

LMFBR (85) 2020 0 .392 Pu c a rb id e — ——

LWR (87) 1970 0 .325 E n rich ed  U 2.85 —

LWR (87) 1980 0 .325 Pu i n  n a t .  Ü 2 .25 —

LWR (87);, 1990 0 .325 Pu in  n a t .  U 1 .54

MCFR (75) 2020 0 .5 0 D-T --- ---

MSBR (59) 2000 0 .4 4 Pu i n  Th --- 0.417

* U n its : 10 ^ to n n es/1 0 ^  B tu th e ram l a t  0 .2 5  p e rc e n t  t a i l s .

* * U n its : to n n e s/1 0 ^  B tu th e ra m l.
+Nunbers r e f e r  to  re fe re n c e s  in  B ib lio g ra p h y .
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f a c t o r  fo r  e l e c t r i c a l  power g e n e ra tio n  c o o lin g  w a te r  used  to  o b a t in  

th e  f u e l  demand f o r  e l e c t r i c a l  g e n e ra tio n  f o r  f u e l  I  in  y e a t  t .

C E D (I,t) -  E D (I ,t)*  E F ( i ,7 0 ) /  E F ( I , t )  x (FROT(t) +

1.045 rf FRNC(t) + 1.0175 x (FRFC(t) + FRSP(t)

+ 1 .075 X FRDC(t) + FRCP(t) ( I I I -b -1 0 )

w here :
C E D (I,t) * c o r re c te d  e l e c t r i c a l  energy  demand fo r  

f u e l  I  in  y e a r  t  

ED ( I , t )  * e l e c t r i c a l  energy  demand f o r  f u e l  I  in  

y e a r  t  (F ig u re  I I I - b - 8 )

E F (I,7 0 ) -  a c tu a l  e f f ic ie n c y  f o r  f u e l  in  y e a r  1970 (F ig u re  I I I - b - 6 )  

E F ( I , t )  “ p ro je c te d  e f f ic ie n c y  f o r  f u e l  i n  y e a r  t  (F ig u re  I I I - b - 6 )  

FROT(t) = f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la n ts  u s in g  once 

th ro u g h  c o o lin g  in  y e a r  t  (F ig u re  I I I - b - 7 )

FRNC(t) = f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la n ts  u s in g

n a tu r a l  c o n v e c tio n  c o o lin g  tow ers (F ig u re  I I I - b - 7 )

FRFC(t) = f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la n ts  u s in g

fo rc e d  c o n v e c tio n  c o o lin g  tow ers (F ig u re  I I I - b - 7 )

FRSP(t) * f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la n ts  u s in g  

sp ra y  ponds (F ig u re  I I I - b - 7 )

FRDC(t) = f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la n ts  u s in g  d ry  

c o o lin g  (F ig u re  I I I - b - 7 )

FRCP(t) = f r a c t i o n  o f  e l e c t r i c a l  g e n e ra tio n  p la tn s  u s in g  

c o o lin g  ponds (F ig u re  I I I - b - 7 )
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R e s id e n t ia l  P ro je c t io n

The u n i t  energy  consum ption o f c o a l f o r  r e s i d e n t i a l  u se  I s  g iven  

by th e  e q u a tio n ;

UU  ̂ -  a + b(POP^ J  + c(INC^ ) + d(TEM^ ) ( I I I - b - 1 1 )t , n  t , n  t , n  t , n

where :
a  «= -22169 d = 183.2

b -  0 .07171 = 0 .99

c = 2.65918 F * 837.9

The u n i t  energy  consum ption o f  p e tro leu m  f o r  r e s i d e n t i a l  u se  I s  o b ta in e d  

by th e  e q u a tio n :

UU  ̂ _ = a + b(P0P^ ) + c(INC^ ) + d(TEM^ ) ( I I I -b -1 2 )t , n  t , n  t , n  t , n

w here:
a  = 45560 d = -7 3 0 .9 2

b -  -0 .0 4 6 3 2  R^ -  0 .89

c -  1 .7576 F -  13.6

The u n i t  energy  consum ption o f  n a tu r a l  gas f o r  r e s i d e n t i a l  u se  I s  

g e n e ra te d  by th e  e q u a tio n :

UU  ̂ = a + b(POP' ) + c(INC^ ) +  d(TEM^ ) ( I I I - b - 1 3 )t , n  t , n  t , n  t , n

w here;
a  = 20879 d = -3 3 5 .1

b -  -0 .0 2 0 9 8  R^ « 0 .98

c = 2.03136 F = 101.2

R e s id e n t ia l  consum ption w i l l  In c re a s e  from  5673.8 t r i l l i o n  BTU In  

1970 to  27925 t r i l l i o n  BTU In  th e  y e a r  2000. T h is  I s  an In c re a s e  o f 

a lm ost 5 tim e s .
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The u n i t  energy  consum ption o f h y d ro e le c t r ic  power f o r  com m ercial and 

and r e s i d e n t i a l  use-, i s  g iv en  by th e  e q u a tio n :

UU  ̂ -  a + b(POP. ) + c (INC. ) + d(TEM. J  ( I I I - b - 1 4 )t , n  t , n  t , n  t , n

where :
a  = 26099 d ■ -4 0 6 .7

b -  -0 .01407  -  0 .97

c -  0 .84058 F » 82

Commercial P r o je c t io n

The u n i t  energy  consum ption o f c o a l f o r  com m ercial u se  i s  o b ta in e d  

by th e  e q u a tio n :

UU. =■ a  + b(POP. ) + c(IN C. ) + d(TEM. ) ( I I I - b - 1 5 )t , n  t , n  t , n  t , n

where :
a  -  32787 d -  320.12

b -  0 .09085 -  0 .99

c -  1.36499 F = 565.5

The u n i t  energy  consum ption o f  p e tro leu m  fo r  com m ercial u se  i s  g e n e ra te d  

by th e  e q u a tio n :

UU = a  + b(POP. ) + cClNC. ) + d(TEM. ) ( I I I - b - 1 6 )t , n  t , n  t , n  t , n

w here :
a  -  27247 d -  -4 2 5 .6 4

b -  0 .03225 R^ -  0 .87

c = 1.17866 F » 12.99

The u n i t  energy  consum ption o f n a tu r a l  gas f o r  com m ercial u se  i s  

g iv en  by th e  e q u a tio n :
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UU^ - a + b(POP^ ) + c(INC^ ) + d(TEM^ ) (III-b-17)t,n t,n t,n t,n

w here:
a  -  5675 d -  -129.A 3

b -  0 .00458 -  0 .9 8

c = 1.17957 F « 131.7

The u n i t  energy  consum ption o f  h y d r o e le c t r i c  power fo r  com m ercial 

use i s  o b ta in e d  by th e  e q u a tio n :

UU  ̂ = a  + b(P0P ) + c(INC^ ) +  d(TEM^ ) ( I I I - b - 1 8 )t , n  t , n  t , n  t , n

w here:
a  » 11313 d -  -2 0 7 .2 1

b = 0 .0062 » 0 .9 8

c = 0 .41071 F = 100

The com m ercial re q u ire m en ts  o f energy  w i l l  in c re a s e  from 3727.7 x  
10^2 B Tl^in 1970 to  26495 t r i l l i o n  BTTPin th e  y e a r  2000.

I n d u s t r i a l  P r o je c t io n

The u n i t  energy  consum ption o f  c o a l  f o r  in d u s try  i s  g iven  by th e  

eq u a tio n :

m  = a  + b(P0P^ ) + c(INC^ ) + d(TEM^ ) ( I I I - b - 1 9 )t> n  t , n  t , n  t , n

w here:
a  -  -77245 d » 1015.84

b » 0.1549 R^ “  0 .9 9

c -  1.73416 F -  199 .9

The u n i t  consum ption o f  n a tu r a l  gas f o r  In d u s try  I s  o b ta in e d  by 

th e  e q u a tio n :
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UU^ = a + b(POP ) + c(INC ) + d(TEM ) (III-b-20)t,n t,n t,n t,n
where :

a = 48022 d = -801 .93

b = -0 .03729  = 0 .88

c = 1.86471 F = 18

The u n i t  energy consum ption o f n a tu r a l  gas f o r  in d u s try  i s  o b ta in e d  

by th e  e q u a tio n :

UU  ̂ = a + b(POP^ ) + c(INC^ ) + d(TEM ) ( I I I - b - 2 1 )t , n  t , n  t , n  t , n

w here:
a = 5534 d = -278 .33

b = 0.00188 = 0 .98

c = 1.84794 F = 136.3

The u n i t  energy consum ption o f h y d o re le c tr ic  power fo r  in d u s try  i s  

d e riv e d  from th e  fo llo w in g  e q u a tio n :

UÛ  = a + b(P0P ) + c(INC^ ) + d(TEM ) ( I I I - b - 2 2 )t  ) tz ) L^n tz ) R

w here:
a = 22736 d = -316 .18

b = -0 .0 1 0 4 8  R^ = 0 .81

c = 0.55676 F = 10.2

The in d u s try  consum ption w i l l  in c re a s e  more th an  te n  tim es from 

6975.2 t r i l l i o n  BTU in  1970 to  43358 t r i l l i o n  BTU in  th e  y e a r  2000.

M isce llan eo u s P ro je c t io n

The u n i t  energy consum ption o f co a l fo r  th i s  u se  i s  g iv en  by th e  

e q u a tio n :
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UU^ - a + b(POP^ ) + c(INC^ ) + d(TEM^ ) (III-b-23)t,n t,n t,n t,n
w here :

a = 2617 d -  -3 .9 2

b = -0 .01106  = 0 .93

c » 0.30402 F = 30.2

The energy consum ption o f  pe tro leum  fo r  t h i s  u se  i s  g en e ra ted  by th e  

eq u a tio n :

UU  ̂ „ » a + b(P0P^ ) + c(INC^ ) +  d(TEM^ ) ( I I I - b - 2 4 )t , n  t , n  t , n  t , n

where ;
a = 4798 d = 54.97

b -  -0 .0 0 1 7 5  -  0 .94

c = 0.23562 F -  39.6

The u n i t  energy  consum ption o f  n a tu ra l  gas f o r  t h i s  u se  i s  d e r iv e d  by th e  

eq u a tio n :

UU  ̂ = a  + b(P0P' ) + c(INC^ ) + d(TEM^ ) ( I I I - b - 2 5 )t , n  t , n  t , n  t , n

where:
a “  4607 d = -5 1 .0 3

b -  -0 .0 0 9 9 3  R^ = 0 .96

c -  0.21799 F -  51 .5

The u n i t  energy  consum ption o f  h y d ro e le c t r ic  power fo r  t h i s  u se  i s  

o b ta in e d  by:

TO = a  + b(P0P» ) + c(INC ) + d(TEM^ ) ( I I I - b - 2 6 )t , n  t , n  t , n  t , n

where :
a  -  5361 d ■ -5 9 .4 8

b -  -0 .01029  R^ -  0 .84

c -  0 .1105  F -  12

F ig u re  I I I - b - 8  shows p ro je c te d  e l e c t r i c a l  power consum ption by s o u rc e s .

-50-



Summary

T o ta l P ro je c te d  Energy Consumption (F ig u re  I I I - b - 9 ) ; Energy 

Consumption p e r  C a p ita  (F ig u re  I I I - b - 1 0 ) ; E l e c t r i c a l  Consumption p e r  

C ap ita  (F ig u re  I I I - b - 1 1 ) ; Energy Consumption by Sources (F ig u re s  I I I - b -  

12 —I I I - b - 1 5 ) .  N u c lea r and G eotherm al Consumption P ro je c t io n s  (F ig u re s  

I I I - b - 1 6  and I I I - b - 1 7 )  a re  from r e fe re n c e s  46 , 47 and 39, due- to  th e  

in a d eq u a te  d a ta  a v a i la b l e .  T o ta l  Energy Consumption by U sers (F ig u re  

I I I - b - 1 8 )  a re  a l l  shown in  th e  n e x t p a g e s .
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Figure III-b-9 Projected Total Energy Demand
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Economies o f  Energy

In d ev e lo p ln g  p o l i c i e s  to  choose betw een a l t e r n a t i v e s ,  em phasis 

must be p la c e d  upon th e  c o s ts  o f a l t e r n a t iv e s  ( f u e l s ) , th u s  j u s t i f y 

in g  th e  s e a rc h  fo r  th e  supp ly  p r ic e s  o f  n a tu r a l  r e s o u rc e s .  P o lic y  d e c is io n s  

would th e n  be  made i n  th e  l i g h t  o f e q u i l ib r iu m  le v e ls  among d i f f e r e n t  

re s o u rc e s .  T h e re fo re , th o se  who would seek  to  c o o rd in a te  energy  p o lic y  

must be concerned  w ith  th e  p r ic e s  o f th e  e n e rg y , and th e n ce  p o lic y  de

te rm in a tio n  sh o u ld  be  made upon th e  a l t e r n a t i v e  u se s  so  th a t  a  c o m p e titiv e  and 

s t a b l e  p r ic e  would be  m a in ta in ed . A more a c c u ra te  and r e l i a b l e  p ro

j e c t io n  on f u tu r e  p r ic e s  o f f u e ls  would b e  h e lp f u l  to  th e  d e c is io n 

making. I t  i s  d i f f i c u l t  to  make m ean ing fu l economic a n a ly se s  s in c e  th e  

type and q u a n t i ty  o f d a ta  re q u ire d  a re  n o t p ro v id ed  by th e  

in d u s tr y .^  As r e c e n t ly  in d ic a te d  ' (1 0 3 ) , n e i t h e r  gas nor o i l  

p r ic e s  le n d  them selves to  s t a t i s t i c a l  a n a ly s i s ,  b u t  b o th  n u c le a r  f u e l  

anc c o a l c o s ts  can b e  examined in  some d e t a i l .  F ig u re  I I I - d - 1  g iv e s  

th e  p ro je c te d  f u e l  c o s t  o f  c o a l and n u c le a r  f u e l .

"The 1970 N a tio n a l Power Survey" p ro je c te d  th a t  f o s s i l  f u e l  c o s ts  

fo r  1990 w i l l  in c re a s e  app rox im ate ly  50 p e rc e n t f o r  c o a l and o i l ,  and 

1C3 p e rc e n t f o r  gas b ased  on 1968 p r i c e .

T h is  same assum ption  w i l l  be a p p l ie d  to  t h i s  s tu d y . Thus, we w i l l  

assume th e  f o s s i l  f u e l  c o s t  a t  th e  p o in t  o f  p ro d u c tio n  in  1990 w i l l  be

"D eveloping an  O p era tin g  C ost in  Four Im p o rta n t A reas: U .S .,
V enezuela, N orth  A f r ic a ,  M iddle E a s t ,"  Adelm an, M orris  A. P roceed ings 
o f th e  C ouncil o f  Econom ics, American I n s t i t u t e  o f  M ining, M e ta l lu rg ic a l  
and P etro leu m  E n g in e e rs , 1966.
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as  th e  fo llo w in g :

1 . The c o s t  o f  c o a l and o i l  w i l l  in c re a s e  as  much as  50 

p e rc e n t s in c e  1970.

2 . The c o s t  o f  n a t u r a l  gas w i l l  in c re a s e  100 p e rc e n t s in c e  

1970.

3 . T h is tre n d  w i l l  b e  ex tended : to  th e  y e a r  2000.

The c o s t  o f  f u e ls  a t  th e  p o in t  o f  consum ption w i l l  a l s o  be e s tim a 

te d  by m u l t ip ly in g  th e  f a c to r s  o b serv ed  th ro u g h o u t 1955-1970. These 

f a c to r s  a r e  g iv en  in  T ab les  I I I - c - 1  -  I I I - c - 4 .

I t  was e s tim a te d  th a t  sy n cru d s  from  o i l  s h a le  i n  C olorado w i l l  

c o s t  from  $4 .35  to  $5.30 p e r  b a r r e l  (5 0 ) .

The c o s t  o f  syncrude and syngas f ro n  c o a l a re  e s tim a te d  to  be  

from $3.25  to  %5.14 p e r  b a r r e l  and $ .3 5 /m cf to  $ .6 0 /m cf, r e s p e c t iv e ly  (18)

I t  a p p e a rs  th a t  syncrude from  o i l  s h a le  and c o a l  i s  a lm o st econo

m ic a lly  f e a s ib l e  now, y e t ,  c o a l  g a s i f i c a t i o n  i s  n o t ;  b u t  i t  i s  j u s t  a 

m a tte r  o f  tim e . I n  th e  n e x t c h a p te r s ,  su p p ly  and a l t e r n a t i v e s  w i l l  

be  s u g g e s te d  i n  l i g h t  o f  s y n th e t ic  f u e l s .

R e su lts

N a tu ra l  gas w i l l  c o n tin u e  to  b e  th e  ch ea p es t f u e l .  C oal w i l l  g iv e  

some c o m p e tit io n  in  some a r e a s .  P e tro leu m  s t i l l  w i l l  be th e  m ost 

ex p en siv e  one (F ig u re  I I I - c - 1 ) .  E l e c t r i c i t y  may rem aip  c h e ^  

due to  more power g e n e ra te d  from  n u c le a r  power and im proved e f f ic ie n c y  

(F ig u re s  I I I - c - 5  and I I I - c - 6 ) .
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Table III-c-1

Com parative P r ic e s  o f  F u e ls  a t  th e  P o in t o f P ro d u c tio n

a t  w e l l a t  w e ll a t  mine mouth a t  w e ll a t  w e ll  a t mine mouth
10^ c f  

(N. Gas)
b a r r e l
( o i l )

to n
(c o a l) (N. Gas)

BTU(M illion) 
( o i l ) (Coal)

1946 Ç 5 .3 $1.41 $3.44 0 4 .9 C 24.3 C 1 3 .1
1947 6 .0 1 .93 4 .16 5 .6 33 .3 15.9
1948 6 .5 2 .60 4 .99 6 .0 4 4 .8 19.0
1949 6 .3 2.54 4 .88 5.9 4 3 .8 18.6
1950 6 .5 2 .51 4 .84 6 .0 4 3 .8 18.5
19 51 7 .3 2 .53 4 .92 6 .8 4 3 .6 18.3
1952 7 .8 2.53 4 .90 7.3 43 .6 18.7
1953 9 .2 2.63 4 .92 8 .6 45 .2 18.8
1954 1 0 .1 2.73 4 .52 9 .4 47.9 17.3
1955 10 .4 2.77 4 .50 9 .7 4 7 .8 17.2
1956 10 .8 2.79 4 .82 10.0 48 .1 18.4
1957 I I . 3 3.03 5 .03 10.5 53 .3 19.4
1958 I I . 9 3.01 4 .85 I I . I 51.9 18.5
1959 12 .9 2.90 4 .77 12.0 50 .0 18.2
I960 14 .0 2.83 4 .69 13.0 49.7 17.9
I9 6 I 1 5 .1 2.89 4 .55 14.0 49 .8 17.5
1962 15 .5 2.90 4 .48 14.4 50.0 1 7 .1
1963 15 .8 2.99 4 .39 14.7 49.8 16.8
1964 1 5 .4 2.83 4 .33 14.3 49.7 16.7
1965 15 .6 2 .88 4 .44 14.5 49.3 16.9
1966 1 5 .7 2.88 4 .54 14.6 49.7 17:3
1967 1 6 .0 2 .92 4 .62 14.9 50 .3 17.6
1968 1 6 .4 2.93 4 .67 15.2 50.5 17.8
1969 16 .7 3.09 4 .99 15.5 53.3 1 9 .1
1970 1 7 .1 3 .18 6 .26 15.9 54.8 23.9
I9 7 I 18 .2 3.39 7.07 16.9 58 .5 27.0
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T able I I I —c—2 

N a tu ra l Gas C ost 

C e n ts /M illio n  BTU

r a t i o  r a t i o
a t  w e ll e l e c t r i c a l av erag e 1/2 1 /3

1955 9 .7 18 .0 40 .0 0.539 0 .2 3 4

1956 10.0 18.5 41 .5 0.556 0 .2 4 1

1957 10.5 19.5 43 .1 0.538 0 .2 4 4

1958 11 .1 19.5 46 .2 0.569 0 .2 4 0

1959 12.0 22.3 47.7 0.538 0 .2 5 2

1960 13 .0 23.8 50 .1 0.546 0 .259

1961 14 .0 25 .1 51 .0 0.558 0 .275

1962 14.4 26.4 51 .4 0.545 0 .280

1963 14.7 25.9 51 .2 0.568 0 .287

1964 14 .3 25.0 51.6 0.572 0 .277

1965 14.5 25.0 52 .2 0.580 0 .2 7 8

1966 14.6 25.0 52 .2 0.584 0 .2 7 9

1967 14.9 24.7 51.9 0.603 0.287

1968 15 .2 25.1 50.4 0.606 0 .3 0 2

1969 15.5 25 .4 51 .5 0.610 0 .3 0 1

1970 15.9 27.0 53 .6 0.589 0 .2 9 7

F a c to r 0 .60 0 .3 0
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Table III-c-3

C om parative P r ic e s  o f  Coal 

C e n ts /M illio n  BTU

a t  mine e l e c t r i c coke oven
r a t i o
l/2 (% )

r a t i o  
1/3(%)

1955 17 .2 25.2 35 .0 68.3 4 9 .1

1956 18.4 26 .2 37.6 70.2 48 .9

1957 19 .4 27.5 41 .1 70.5 47.2

1958 18.5 27 .4 41 .0 67.5 4 5 .1

1959 18.2 26 .5 4 0 .1 68.7 4 5 .5

1960 17.9 26.0 4 0 .2 68.8 4 4 .5

1961 17.5 25 .8 40 .2 67 .8 43 .5

1962 17.1 25 .6 37.5 68.0 4 5 .6

1963 16.8 25 .0 35.9 67.2 4 6 .8

1964 16.7 24 .4 37.6 68.4 4 4 .4

1965 16.9 24 .4 36.8 69.3 45 .9

1966 17.3 24.7 37.4 70.0 4 6 .3

1967 17.6 2 5 .2 39.5 69 .8 44 .6

1968 17.8 25.5 36.4 69 .8 48 .9

1969 19 .1 26.6 41 .0 71.8 46 .6

1970 23.9 31 .1 46.9 76.8 5 1 .0

1971 27.0 58.5 4 6 .1

F a c to rs 0 .70 0 .45
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Table III-c-4

C om parative P r ic e s  o f  F uels  a t  th e  P o in t  o f  Consumption 

C e n ts /M illio n  BTU

Crude O il G aso line
R a tio

1 /2

1950 43.8 214.2 0.204

1951 43 .6 217.3 0.201

1952 43.6 220.6 0.198

1953 45.2 229.6 0.197

1954 47.9 232.4 0.206

1955 47 .8 232.6 0 .206

1956 48 .1 239.5 0 .201

1957 53.3 247.8 0 .215

1958 51.9 243.1 0 .213

1959 50 .0 244.0 0.205

1960 49.7 249.1 0 .200

1961 49.8 246.2 0 .202

1962 50 .0 245.2 0 .204

1963 49.8 243.5 0.205

1964 49.7 242.9 0.205

1965 49.3 249.3 0 .198

1966 49 .7 256.7 0 .194

1967 50 .3 265.4 0 .190

1968 50.5 269.8 0.187

1969 53 .3 281.0 0 .190

1970 54 .8
F a c to r 0.20
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The P roduction , o f  Energy and I t s  A v a i l a b i l i ty  

The p ro je c te d  energy  req u ire m en ts  on each o f  th e  energy  s o u rc e s ; 

c o a l ,  p e tro le u m , n a tu ra g  g a s , n u c le a r ,  g eo th e rm a l, t i d a l ,  wind and 

s o la r  m ust be b a laan ced  w ith  i t s  p ro je c te d  p ro d u c tio n . I t  a  sh o r ta g e  

o c c u rs , th e n  an a l t e r n a t i v e  re s o u rc e  m ust be  u sed . E stim ated  u l t im a te  

U. S. energy  re so u rc e s  (T ab le  I I I - d - 1 )  a r e  b a sed  on th e  f u e l  h e a t in g  v a lu es  

used in  r e fe re n c e s  6 and 97.

H y d ro e le c tr ic  Power

T ab le  I I I - d - 2  shows th e  developed and e s t im a te d  undeveloped hyd ro 

e l e c t r i c  pow er. The p o t e n t i a l  o f  h y d r o e le c t r i c  power i s  abou t 180,000 

m egawatts o f  c a p a c ity  ca p a b le  o f  p rod u cin g  an  av e ra g e  o f  715 m i l l io n  

megawatt h o u rs  o f  e l e c t r i c  energy  a n n u a l ly ,  o r  e q u iv a le n t  to  7 .0  

q u a d r i l l io n  BTU. S in ce  h y d r o e le c t r ic  power i s  th e  ch ea p es t energy  (Table 

I I I - d - 3 ) , we ex p ec t t h a t  i t s  demand w i l l  b e  met (F ig u re  I I I - d - 1 ) .

H y d ro e le c tr ic  power w i l l  n o t c o n t r ib u te  a  w hole l o t  i n  th e  f u tu r e ,  

b u t i t  does have some re g io n a l  s ig n i f i c a n c e ,  e s p e c ia l ly  i n  th e  re g io n s  

such as  th e  P a c i f i c ,  M ountain and A t la n t i c .

G eotherm al

T ab le  I I I - d - 1  shows th e  p o t e n t i a l  o f  g eo th erm al power i s  betw een 70 

and 130 q u a d r i l l i o n  BTU. T ab le  I I I - d - 3  shows th a t  geo therm al power i s  th e  

ch ea p es t cou rce  n e x t o n ly  to  h y d r o e le c t r ic  pow er. I t  i s  assumed th a t  i t s  

p o t e n t i a l  w i l l  be  f u l l y  u t i l i z e d  to  m eet th e  demand.

The g eo therm al power w i l l  a ls o  n o t c o n t r ib u te  a  g r e a t  d e a l to  th e  

energy  m a rk e t, b u t  i t  may be  s i g n i f i c a n t  i n  s t a t e s  l i k e  C a l i f o r n ia ,
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Table III-d-1

U ltim a te  U .S . Energy R ecoverab le  R eserv es  

( In c lu d in g  A laska)

R esource U ltim a te  R eserve  

10^^ BTU

R eference

C oal (50% reco v e ry ) 1 0 ,296 . (6)

Crude p e tro leu m 1493.5 (6)

N a tu ra l  gas l iq u id s 180.6 (6)

N a tu ra l gas 1465. (6)

O il S h a le  (@ 6%) 6786.0 (6 ,8 0 )

T ar sands (0 35%) 32. -  51. (6)

G eotherm al (34% -  46%) 70. -  130. (96)
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Table III-d-2 W ater Power -  D eveloped and E s tim a te d  U ndeveloped, by G eographic 
D iv is io n ;  1945 to  1970

I

T

Item  & D iv is io n 1945 1950 1955 1960 1965 1968 1969 1970

D eveloped W ater Power^

U nited  S ta te s 15 ,892 18,675 25,742 33,180 44,490 48,741 50,248 61,952

New England 1 ,170 1,239 1 ,385 1,520 1 ,495 1 ,487 1 ,495 1 ,473
M iddle A t la n t i c 1 ,668 1 ,678 1,789 2 ,472 4,815 4,243 4 ,231 4,264
E a s t N orth  C e n tra l 813 901 943 929 886 939 933 936
West N orth  C e n tra l 617 629 962 1,594 2,982 2,726 2,785 2,728
South  A t la n t i c 2 ,664 2,767 3,536 3 ,773 5,170 5 ,755 5,271 5,265
E a s t South  C e n tra l 2 ,229 2,729 3,576 3,750 4,497 5,106 5 ,111 5,224
West South  C e n tra l 374 466 948 944 1,661 1,768 1 ,840 1,946
M ountain 2 ,007 2 ,286 3,706 4 ,621 5,560 6,095 6,097 6,202
P a c i f i c 4 ,345 5,979 8,898 13,578 17,424 21,122 22,485 23,914

Undeveloped W ater Power

U n ited  S ta t e s 77 .140 87.604 85 .895 114.200 124.087 129.709 128.900 127.990

New England 3 ,348 3 ,250 2 ,586 2,900 3 ,240 3,302 3 ,300 3 ,330
M iddle A t la n t i c 5 ,175 6 ,572 8 ,023 7,600 4 ,986 4,545 4,545 4 ,455
E a s t N orth  C e n tra l 2 ,574 2,344 3 ,051 3,000 1,351 1,288 1,288 1,576
West N orth  C e n tra l 4 ,735 5,775 6 ,284 6 ,400 4,146 4 ,604 4 ,604 4 ,390
South  A t la n t i c 7 ,462 8 ,151 7,943 8,400 9,977 9 ,716 9 ,7 0 8 9 ,556
E a s t South  C e n tra l 4 ,552 4,736 3,707 4 ,600 4,287 3,660 3 ,660 3,810
West South  C e n tra l 2 ,894 3 ,568 3 ,506 3,900 3,056 3 ,403 3,394 3,279
M ountain 17,755 23,440 20 ,668 23,600 26,530 26,923 26,923 26,655
P a c i f i c 28,635 29,768 31,127 53,800 66,514 72,268 71,478 70,939

C ap ac ity  o f  a c tu a l  I n s t a l l a t i o n s  o n ly , 
e x c lu d in g  pumped s to r a g e  c a p a c i ty .

E l e c t r i c  u t i l i t i e s  and I n d u s t r i a l  p l a n t s .

(22)



T able I I I - d - 3  

Comparison o f  C ost f o r  G eotherm al and O th er Sources

G eotherm al 

Thermal 

N uclear 

Hydro.

Kaufman

(Mill/KMH)

$5.28 ( in  1970 D o lla rs )  

6 .14  

5.49 

4 .78

(103)
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N evada, O regon, and W ashington. The p o t e n t i a l  p ro d u c tiv e  a re a s  o f 

g eo th erm al power w ith  number o f  h o t  s p r in g s ,  by s t a t e s .  I s  g iven  In  

T ab le  I I I - d - 4 .  The p ro je c te d  geo therm al power p ro d u c tio n  I s  shown In  * 

F ig u re  I I I - d - 2 .

N u clea r

An e s t im a te  o f  dom estic  uranium  (a s  U^Og) re s o u rc e s  as  a  fu n c tio n  

o f  p r i c e  I s  g iv en  I n  T ab le  I I I - d - 4 .

The known re s e rv e s  a r e  m o stly  lo c a te d  In  New M exico, Wyoming,

T ex as, C o lo rado , U tah , A la sk a , South D akota and W ashington.

S in ce  a  pound o f  p u re  n u c le a r  f u e l  — s a y ,  uranium  235 — I s  

e q u iv a le n t  to  3 m i l l io n  pounds o f  c o a l ;  t h i s  I s  th e  rea so n  why th e  

f u e l  c o s t  shown In  T ab le  I I I - d - 4  I s  so low . Enormous In c re a se  

abso rb ed  in  th e  c o s t  o f  e x t r a c t in g  uranium  o re s  from  th e  ground and 

c o n v e r t in g  them to  th e  uranium  c o n c e n tra te  U^Og w ith o u t hav ing  a  marked 

e f f e c t  on th e  c o s t  o f  g e n e ra tin g  u s e f u l  energy  from  th e  uranium  c o n ta in e d . 

T h e re fo re ,  we can  assume t h a t  a l l  th e  demand on n u c le a r  power w i l l  b e  

m et.

The p ro je c te d  n u c le a r  p ro d u c tio n  I s  shown I n  F ig u re  I I I - d - 3 .

Coal

Coal can  be  used  n o t o n ly  d i r e c t ly  a s  e n d -u se  f u e l ,  b u t  a ls o  he 

g e n e ra te  e l e c t r i c i t y  and be  co n v erted  In to  s y n th e t i c  gas and s y n th e t ic  

o i l .  The sum o f a l l  th e s e  c o a l  demands I s  th e  a n n u a l c o a l p ro d u c tio n  

re q u ire m e n ts .
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Table III-d-4

The Potential Geothermal Power

S ta te  Number o f  Hot S p rings

C a l i f o r n ia  181

Oregon 86

Nevada 152

Idaho 196

W ashington 16

New Mexico 38

Montana 40

U tah 56

Colorado 44

Vtyoming 116

A rizona  21

West V irg in ia  30

V irg in ia  20
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Table III-d-5
An E s tim a te  o f  D om estic Uranium (as  U^Og) R esources a s

a  F u n c tio n  o f  P r ic e

C um ulative ( in  to n s  U.Og) 
P r ic e  Range ------------------------------------------------------------
, . 6 /IV R easonably  E s tim a ted  T o ta l
(up to  $ / l b .  a s s u re d  a d d i t io n a l

$ 10 390,000 680,000 1,070,000

30 750,000 1 ,66 0 ,0 0 0 2,410,000

50 4 ,7 5 0 ,0 0 0 3 ,66 0 ,0 0 0 8,410 .000

100 8 ,750 ,000 8 ,6 6 0 ,0 0 0 17,410,000

200 P o s s ib ly  2 b i l l i o n  on la n d an 4 b i l l i o n
i n  s e a  w a te r .

Source: R o b ert D. N in in g e r, U .S . Atomic Energy com m ission, "N uclear
R e so u rc e s ,"  speech  g iv en  a t  Energy R esource  C onference, 
U n iv e rs i ty  o f K entucky, L ex in g to n , May 11 , 1971. Conversion 
from  BTU in  so u rce  to  to n s  made f o r  t h i s  t a b l e .
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Table III-d-6 shows the historical production of coal by states.

The p o t e n t i a l  re c o v e ra b le  c o a l i s  e s tim a te d  to  be  ap p ro x im ate ly  390 

b i l l i o n  s h o r t  to n s ,  e q u iv a le n t  to  10,296 x  10^^ BTU. T his f ig u r e  i s  

a r r iv e d  a t  b ased  on a  reco v e ry  f a c to r  o f  50 p e rc e n t and u s in g  an  economic 

c u t - o f f  on bed th ic k n e s s  o f 28 in c h e s  f o r  b itum inous c o a l and 5 f e e t  f o r  

su b -b itu m in o u s  c o a l and l i g n i t e .

S o la r ,  T id a l  and Wind

S o la r  energy  may b e  used  n o t on ly  to  p roduce e l e c t r i c i t y  b u t  a lso  

h e a t  needed f o r  v a r io u s  e n d -u se s . The tim e  when th i s  u l t im a te  so u rce  

o f  energy  w i l l  have to  be used  to  supplem ent th e  dw ind ling  s u p p lie s  

o f  o th e r  so u rces  rem ains i n d e f i n i t e  b u t  cou ld  be  as soon as  th e  y e a r  

2000 (5 1 ) .

The t i d a l  power w i l l  m ost l i k e l y  b e  used  to  g e n e ra te  e l e c t r i c i t y  

w ith  maximum p o te n t i a l  c a p a c ity  o f  75 b i l l i o n  KWH/year (5 1 ) .

Wind may be used d i r e c t l y  as  i n  w ind d r iv e n  pumps, m i l l s ,  e t c .  o r  

may b e  used  to  g e n e ra te  e l e c t r i c i t y .

These re so u rc e s  may n o t be  u t i l i z e d  in  g re a t  q u a n t i ty  by th e  y ea r 

2000 (5 1 ) .

N a tu ra l  Gas P ro d u c tio n

The e q u a tio n  developed  by E l l i o t  and T urner (21) i s  u sed  to  p r o je c t  

th e  n a tu r a l  gas p ro d u c tio n :

CDNGP(t) = 1 + e x p (b ( l  e x p (a ( l  + k ) )  ( I I I - d - 1 )
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T ab le  I I I - d - 6  Coal -  P ro d u c tio n , by S ta t e s :  1951 to  1970 ( in  thousands o f  s h o r t  to n s )
( In c lu d e s  c o a l consumed a t  m ines)

I00
V I
I

S ta te
1951-
1955,
Avg.

1956-
1960,
Avg.

1961-
1965,
Avg.

1966-
1970,
Avg.

1960 1965 1967 1968 1968 1970

TOTAL 496.725 469,288 473.559 570.410 434.329 526,954 564,882 556.706 570,978 612.661
A n th ra c i te  (P a .)  33 ,898 22,975 16,931 11,372 18,817 14,866 12,256 11,461 10,473 9 ,729

B i t .  & L ig n i te 462,827 446,313 456,628 559,038 415,512 512,088 552,626 545,245 560,505 602,932

Alabama 12,176 12,413 13,484 16,832 13,011 14,832 15,486 16.440 17,456 20,560

C olorado 3,544 3,394 3 ,978 5 ,555 3 ,607 4 ,790 5 ,439 5,588 5 ,530 6,025

I l l i n o i s 46 ,781 46,090 51,795 64,197 45,977 58,483 65,133 62,441 64,722 65,119

In d ia n a 16,232 15,659 15,311 19,387 15,538 15,565 18,772 18,486 20,086 22,263

K entucky 66,426 69,038 75,621 105,792 66,847 85,766 100,294 101,156 109,050 125,305
M isso u ri 2 ,873 2 ,898 3,165 3 ,646 2 ,890 3 ,564 3,696 3,205 3 ,301 4,447

Ohio 35,847 35,379 35,968 48 ,854 33,957 39,390 46,014 48,323 51,242 55,351

P e n n sy lv a n ia 89,680 74,839 71,261 79,235 65,425 80,308 79,412 76,200 78,631 80,491

T ennessee 5 ,923 7,086 6 ,010 7,522 5 ,931 5,865 6 ,832 8 ,148 8 ,082 8 ,237

Utah 6,025 5,642 4 ,706 4 ,503 4 ,955 4 ,992 4,175 4,316 4,657 4,733

V ir g in ia 20,399 28,400 31,209 35,865 27,838 34,053 36,721 36,966 35,555 35,018

W. V irg in ia 138,858 134,167 130,948 146,887 118,944 149,191 153,749 145,921 141,011 144,072

Wyoming 4,704 2,060 2,917 4 ,582 2,024 3 ,260 3,588 3,829 4 ,602 7,222

O th e r S ta t e s 13,349 9,247 10,255 16,080 8 ,568 12,029 13,315 14,254 16,580 24,091

S o urce : U .S . B ureau o f  M ines, M in e ra ls  Y earbook.



w here :
CDNGP(t) = cunnnulated dom estic  n a tu r a l  gas p ro d u c tio n  In  y e a r  

t  In  t r i l l i o n  BTU.

UDNGR = u l t im a te  re c o v e ra b le  dom estic  n a tu r a l  gas r e s e rv e s .  

a , b , c ,  and k = c o n s ta n ts  de term ined  by r e g re s s io n  a n a ly s is  o f  cum m ulative 

and annual p ro d u c tio n  d a ta .

U sing th e  DeGolyer and NcNaughton (17) u l t im a te  doem stlc  n a tu r a l  

gas r e s e r v e s ,  a d ju s te d  cummulated p ro d u c tio n  (1 ,1 7 ,4 2 ,5 6 )  and non

l i n e a r  r e g r e s s io n  a n a ly s is  th e  c o n s ta n t  fo r  e q u a tio n  ( I I I - d - 1 )  a r e :  

a = -0 .07234  

b = -19841 

c = -0 .006899 

k  = -1540 .5

The an n u a l p ro d u c tio n  o f dom estic  n a tu r a l  gas I s  g iven  by:

ADNGP(t) = CDNGP(t) -  CDNGP(t -  1)

The h i s t o r i c a l  and p ro je c te d  dom estic  n a tu r a l  gas p ro d u c tio n  i s  

shown in  T ab le  I I I - d - 7  and F ig u re  I I I - d - 4 .

P e tro leu m  and N a tu ra l Gas L iq u id s

D om estic n a tu r a l  gas l iq u id s  p ro d u c tio n  I s  g iv en  by eq u a tio n ;

w here:
CDNGLP(t) = cummulated dom estic  n a tu r a l  gas l iq u id s  p ro d u c tio n  in  

y e a r  t  In  t r i l l i o n  BTU.

a = -0 .07234  c = -0.006899

b = -1984.1 k = -1540.5
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Table III-d-7 N a tu ra l  Gas -  P ro d u c tio n , 1950 to  1970, and R e se rv e s , 1960 and 1970, by S ta te s
( In  b i l l i o n s  o f  cu b ic  f e e t )

S ta te
M arketed P ro d u c tio n ^ R eserves^

1950 1955 1960 1965 1967 1968 1969 1970 1960 1970

TOTAL 6,282 9.405 12 .771 16.040 18.171 19,322 20,698 21.921 263,759 290.746

A rkansas 48 32 55 83 117 157 169 181 1 ,460 2 ,561
C a l i f o r n ia 558 538 518 660 681 715 678 649 8,844 6 ,300
C olorado 11 49 107 126 117 121 119 106 2,043 1,629
I l l i n o i s 13 8 12 7 5 4 4 5 173 415
K ansas 364 471 634 793 872 836 883 900 19,620 13,325
K entucky 73 73 75 79 89 89 81 78 1,144 978
L o u is ia n a 832 1,680 2 ,968 4,467 5,717 6 ,416 7,228 7,788 63,386 82,957
M ichigan 11 8 21 35 34 40 36 39 586 940
M is s is s ip p i 114 163 172 167 139 135 131 126 2,542 1 ,334
Montana 39 28 33 28 26 19 41 43 626 1,100
N ebraska (x) 13 15 11 8 8 7 6 118 58
New Mexico 213 541 799 937 1,068 1 ,164 1,138 1,139 15,604 13,290
N. D akota 1 5 19 36 40 41 34 35 1 ,151 567
Ohio 43 34 36 36 41 43 50 52 766 993
Oklahoma 482 615 824 1,321 1,413 1 ,391 1,524 1 ,595 17,311 16,954
P e n n sy lv a n ia 91 99 114 84 90 88 79 77 1 ,192 1,378
Texas 3 ,125 4 ,731 5,893 6,637 7,189 7,495 7,853 8 ,358 119,489 106,353
Utah 4 17 51 72 49 46 47 43 1 ,526 1,065
W. V irg in ia 190 212 209 207 211 237 232 242 1,831 2,436
Wyoming 62 78 182 236 240 248 304 339 3,935 4,234
O th er S ta te s 5 9 12 18 25 28 60 120 411 31,850

Z -  L ess th a n  500 m i l l io n  c u b ic  f e e t .
C o m p rise s  gas s o ld  o r  consumed by p ro d u c e rs ,  in c lu d in g  lo s s  due to  n a t u r a l  gas l i q u id s  re c o v e ry , lo s s e s

i n  t r a n s m is s io n ,  amounts added to  s to r a g e ,  & in c re a s e s  i n  gas i n  p i p e l in e s .  B eg inn ing  1965, d a ta  on
.p r e s s u r e  b a se  o f  14 .73  pounds p e r  sq u a re  in c h  a b s o lu te ;  p r i o r  y e a r s ,  1 4 .6 5 .
E s tim a te d  r e c o v e ra b le  p roved  r e s e r v e s .  O ffsh o re  r e s e rv e s  in c lu d e d  f o r  C a l i f . ,  L a . ,  and T ex as. E xcludes 

.g a s  lo s s  due to  n a tu r a l  gas l i q u id s  re c o v e ry . S ource: Amer. Gas A s s o c .,  A r l in g to n ,  Va.
P r io r  to  1960, e x c lu d e s  A la sk a .
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The annual p r o je c t io n  o f  n a tu r a l  gas l i q u id  i s  g iven  by:

^ ( a  ( l + U )

w here ;
CDCPP(t) = cum ulated  dom estic  c ru d e  p e tro leu m  p ro d u c tio n  

in  y e a r  t

UDCPP = u l t im a te  dom estic c rude  p e tro le u m  re se rv e s  (T able I I I - d - 8 )  

a , b , c ,  and k  = c o n s ta n ts  determ ined  from  r e g re s s io n  a n a ly s is  o r  

cum ulated  and annual p ro d u c tio n  d a ta .

Based on th e  u l t im a te  dom estic crude p e tro leu m  re s e rv e s  o f DeGolyer 

and McNaughton (17) and E l l i o t  (2 0 ) , th e  c o n s ta n ts  fo r  eq u a tio n  I I I - d - 3  

a re :

a = -0 .0 5 4  

b = -2005 

c = 0 .002  

d = -1 8 3 5 .2

Thus, th e  dom estic  c ru d e  pe tro leum  p ro d u c tio n  i s  g iven  by:

ADCPP(t) = CDCPP(t) -  CDCPP(t -  1)

The cum ulated and an n u a l t o t a l  pe tro leum  en erg y  p ro d u c tio n  i s  shown in  

F ig u re  I I I - d - 5 .

The h i s t o r i c a l  p ro d u c tio n  o f pe tro leu m  by s t a t e s  i s  g iven  in  

T ab le  I I I - d - 8 .

O il  S hale  P ro d u c tio n

U ltim a te  U. S. o i l  s h a le  re c o v e ra b le  r e s e rv e s  i s  6786 q u a d t r i l l i o n  

(T ab le  I I I - d - 1 )  BTU. The p r in c ip a l  o i l  s h a le  d e p o s its  in c lu d e : (1) Green

—89—



I<o01

25.0 2500

ru d e  and NGL

20.0 2000

Crude and NGL

1500«  1 5 .0 Crude

Crude

(1 ,1 8 ,2 0 ,6 8 )
(1 ,1 8 ,2 0 ,6 8 )V. 10.0 1000

(1 ,1 8 ,2 0 ,6 8 )
(1 ,1 8 ,2 0 ,6 8 )

5 .0 500
NGL

NGL

0

21002080206020401980 2000 20201940 1960

PQ

ir,iHO

g

O

0 N04

14J
(0

u

Y ear

F ig u re  I I I - d - 5 P ro je c te d  Cum ulated and Annual Crude P e tro leu m  and N a tu ra l  
Gas L iq u id s  P ro d u c tio n



Table III-d-8 Crude P e tro leu m  -  P roducing  O il  W e lls , 1970, P ro d u c tio n , 1956 to  1971, and F u tu re  
and Proved R ese rv ed , 1960, 1970 & 1971, by S ta te s  ( In  M il l io n  o f  b a r r e l s  o f 42 G a llo n s)

I
VO

S ta te
P rod u cin g  O il  

W e lls . 1970 P ro d u c tio n Proved R eserv es^
^ p r o x .  
N o ., 
Dec. 31

Avg. P ro 
d u c tio n  
p e r  W ell 
p e r  day 
( b a r r e l s )

1956-
1960,
Avg.

1961-
1965,
Avg.

1966-
1970,
Avg.

1969 1970 1971
( p r e l . )

1960 1970 1971

TOTAL 539,999 18 .0 2 ,567 2,737 3 ,292 3,372 3 ,517 3 ,478 31,612 39,003 38,063

A la . 562 35 .0 5 8 8 8 7 8 (2) 65 61
A laska 202 1 ,1 9 0 .1 — 10 53 74 84 79 (2) 10 ,149 10,115
A rk. 7 ,082 7 .5 29 27 21 18 18 18 302 130 118
C a l i f . 40 ,437 25 .0 324 303 365 375 372 359 3,659 3,984 3,706
C olo . 1 ,770 37 .8 51 39 30 28 25 27 364 389 333
111. 26,134 4 .5 79 73 54 51 44 39 556 229 209
In d . 4 ,055 5 .0 12 12 9 8 7 7 66 37 31
Kans. 43 ,490 5 .3 120 109 94 89 85 79 884 539 502
Ky. 11,659 2 .7 20 19 14 13 12 11 129 61 52
La. 27,934 8 6 .7 341 512 804 845 907 948 4 ,785 5 ,710 5 ,399
Mich. 4 ,3 1 1 7 .8 11 17 13 12 12 12 78 46 59
M iss. 3 ,102 6 3 .2 44 56 60 64 65 64 407 355 342
Mont. 3 ,243 31 .6 27 31 40 44 38 35 267 242 228
N ebr. 1 ,244 24 .6 21 22 13 12 11 10 86 41 36
N. Mex. 17,314 20 .4 99 113 127 129 128 118 1,084 761 657
N. Y. 5 ,861 0 .6 2 2 3 1 1 1 32 11 10
N. Dak. 1 ,457 35 .0 16 25 24 23 22 21 431 192 174
Ohio 15,860 1 .7 6 9 11 11 10 9 75 128 129
O kla. 78,019 7 .7 204 201 225 225 224 218 1 ,791 1 ,351 1,405
P a. 36 ,801 0 .3 7 5 4 4 4 4 108 51 47
Texas 177,221 19 .0 1,004 970 1 ,142 1,152 1,250 1,223 14,758 13,195 13,023
U tah 889 73.9 22 30 24 23 23 24 208 182 166
W. Va. 12,750 0 .7 2 3 3 3 3 3 51 53 52
Wvo. 9 .2 8 0 4 8 .1 118 140 146 155 160 155 1,427 1 ,017 997
O th er S t s .  313 47 .5 (3 )1 1 5 5 5 6 65 83 211

Y R e p re se n ts  ze ro
Dec. 31 . From r e p o r t s  o f  Comm, on P e t r o .  R e se rv e s . Amer. P e t r .  I n s t . ;  F ig u re s  f o r  C a l i f . ,  L a . ,  & Texas 
in c lu d e  o f f s h o re  r e s e r v e s .  ^ In c lu d e d  i n  o th e r  s t a t e s .  J P r io r  to  1960, ex c lu d es  H aw aii.



R iv e r Form ation o f C olorado , Utah and Wtoming. (2) Miocene and 

P lio c e n e  M onterey and S isq u o r Form ations o f  C a l i f o r n ia .  (3) M iddle 

T e r t ia r y  la k e  b a s in  d e p o s its  in  Southern  M ontana. (4) T r ia s s i s  and 

J u r a s s ic  m arine d e p o s its  in  N orthern  A lask a , (5) P hosphoric  Form ation 

o f  M ontana.

O il s h a le  p ro d u c tio n  i s  g iven  by th e  e q u a tio n :

OSP(t) = OD(t) X FOS(t)

where
OD(t) = o i l  demand in  y ea r t

FOS(t) = f r a c t io n  o f o i l  demand exceeding dom estic  supp ly  

to  be su p p lie d  by o i l  sh a le  r e s e rv e s .
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The Resources Requirements

A ssum ption

1. Coal w i l l  be  produced by 50% s t r i p  m ining and 50% underground 

m in ing .

2. S y n th e t ic  crude pe tro leum  from c o a l w i l l  be p roduced  50% in  c o a l 

l i q u e f a c t io n  p la n ts  and 50% in  combined c o a l co n v e rs io n  p la n ts .

3. The s h o r ta g e  i n  n a tu ra l  gas w i l l  be su p p lie d  w ith  th e  p ro je c te d  

f r a c t i o n  o f  n a tu r a l  gas exceed ing  dom estic  p ro d u c tio n  su p p lie d  by 

a l t e r n a t e  so u rces  (Figures I I I - e - 1 ,  I I I - e - 2 ,  I I I - e - 3 ) .

4 . The s h o r ta g e  in  o i l  w i l l  be s u p p lie d  w ith  th e  p r o je c te d  f r a c t io n  

o f o i l  exceed ing  dom estic p ro d u c tio n  s u p p lie d  by a l t e r n a t e  so u rces  

(F ig u re  I I I - e - 4  and F ig u re  I I I - e - 5 ) .

5 . Two b a se  cases  a re  exam ined. F i r s t ,  we assume t h a t  im ports

a re  needed to  b a la n c e  th e  demand a f t e r  1990. S econd ly , no im p o rts  

a re  a llow ed  a f t e r  1990 due to  th e  b a la n c e  o f  paym ents d e f i c i t  and 

p o l i t i c a l  im p lic a tio n  — dependence on fo re ig n  im p o r ts . (A lte r 

n a t iv e s  a re  a l s o  prov ided  in  b o th  c a s e s ) .

R e su lts

T o ta l  d om estic  supp ly  w i l l  c o n tin u e  to  in c r e a s e ,  y e t  th e  gap betw een 

demand and su p p ly  i s  growing w ider (Tables I I I - e - 2 a  and I I I - a - 2 b ) . Im ports 

a re  n e c e ss a ry  to  b a la n c e  th e  demand a t  l e a s t  b e fo re  1990 fo r  b o th  c a s e s . 

Coal i s  go ing  to  p la y  a  more im p o rtan t r o le  i n  th e  y e a rs  to  come (F ig u res  

I I I - e - 7 ,  I I I - e - 8 ,  I I I - e - 9  and I I I - e - 1 0 )  e i t h e r  used d i r e c t l y  o r  as syn

t h e t i c  f u e l s .  Energy so u rces  w i l l  g ra d u a lly  s h i f t  from p e tro leu m  and
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Table III-e-1

C h a r a c te r i s t ic s  o f  Coal G a s if ic a t io n  a n d /o r  L iq u e fa c tio n  P la n ts

(2 1 9 ,3 3 ,4 3 ,4 4 ,6 4 )

C h a r a c te r i s t i c  G a s if ic a t io n L iq u e fa c t io n
G a s if ic a t io n

and
L iq u e fa c tio n

O v e ra ll e f f ic ie n c y  0.633 0 .85 0.738
(BTU product/BTU C oal)

P ro d u ct F ra c tio n

r e f in e d  c o a l ~ 1 0.073
syncrude — 1 .0 0.323
syngas 1 .0 --- 0.604

A irborne  E m issions ( lb /1 0 ^  BTU-product)

CO2 80 .5 62 .5 72.0

CO MW ——

SO2 --- ---

NO —
X

p a r t i c u l a t e  — --- —
hydrocarbon  3 .92 --- ——
aldehydes 0 .65 --- 0.142

S u lfu r  ( lb /1 0 ^  BTU-prod.) 5 .23 3.30

S o lid  w aste  ( lb /1 0 ^  BTU) 7 .84 3 .82
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Table III-e-2a
Energy Balance (Trillion BTU)

1975 1980 1985 1990 1995 2000.
U .S. Dom estic 
Energy Consumption 76,380 91,708 116,341 138,531 168,331 202,223

P ro je c te d  D om estic 
Supply

O il -  C onven tional 
S y n th e tic

23,600
190

24,335
478

24,000
2,886

22,886
7,182

20,500
17,260

18,316
27,062

S u b to ta l 23,790 24,703 26,886 30,068 37,760 45,378

Gas -  C o n ven tional 
S y n th e t ic

23,500
117

25,857
497

26,500
1 ,691

25,143
4,068

22,700
9,642

19,184
16,496

S u b to ta l 23,617 26,344 28,191 29,211 32,342 35,680

Coal** 14,338 15,847 17,595 20,245 21,773 23,262

Hydro 2 ,677 2,964 3,340 3,808 4 ,433 5,106

N u c le a r(F is s io n ) 3 ,340 9,490 21,500 28,400 40,500 53,000

G eotherm al 120 343 514 680 855 1,020

T o ta l Dom estic 
Supply

67,882 79,801 98,026 112,412 137,663 164,446

(% o f  U .S. Consump
tio n ) 88 .9 87.0 8 4 .3 81 .2 81 .8 81.3

Im port R equirem ent 
to  B alance

O il 7,437 9,087 11,547 13,711 12,758 13,030

(% o f O il  Supply) 2 3 .8 26 .8 29.9 31.2 25.3 22.3

N a tu ra l Gas 1,056 2,817 6,765 12,205 17,907 24,744

(% o f N. Gas Supply)1 4 .3 9 .7 19 .4 29.5 35.6 40.9

T o ta l Im ports 8 ,492 . 11,904 18,312 25,916 30,665 37,774

(% o f Energy Supply)1 1 1 .1 13.0 15 .7 18.7 18.2 18.7

*Excludes BTU's consumed in  c o n v e rs io n  o f  c o a l to  syncrude and sy n g as .

**Excludes BTU's consumed in  co n v e rs io n  o f  p e tro leu m  p ro d u c t to  syngas.
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Table III-e-2b
Energy Balance (Trillion BTU)

1975 1980 1985 1990 1995 2000
U.S. D om estic
Energy Consumption 76,380 91,708 116,341 138,531 168,331 202,223

P ro je c te d  D om estic
Supply* (W ithout im ports a f t e r 1990)

O il -  C o n v en tio n a l 
S y n th e tic

23,600
1,310

24,335
4,186

24,000
9,678

22,886
21,094

20,500
30,819

18,316
40,094

S u b to ta l 25,100 28,989 33,678 43,980 50,519 58,410

Gas -  C o n v en tio n a l 
S y n th e t ic

23,500
294

25,847
1,332

26,500
6,513

25,143
16,276

22,700
27,451

19,184
41,241

S u b to ta l 23,911 27,676 33,013 45,487 59,793 60,425

Coal** 14,338 15,847 17,595 20,245 21,773 24,262

Hydro 2,677 2,964 3,340 3,808 4,433 5,106

N uclear (F is s io n ) 3,340 9,490 21,500 28,400 40,500 53,000

G eotherm al 120 343 514 680 855 1,020

T o ta l D om estic 
Supply 69,486 85,309 109,640 138,531 168,331 202,223

(% of U .S. Consump
t io n ) 90 .9 93 .0 94 .2 100 100 100

Im port R equirem ent 
to  b a lan ce

O il 6 ,120 5,068 4 ,531 0 0 0

(%of O il  Supply) 24 .3 17.4 13 .4 0 0 0

N a tu ra l Gas 880 1,331 2,170 0 0 0

(% 9 f N. Gas Supply) 3 .6 4 .8 6 .5 0 0 0

T o ta l Im port 7,000 6,399 6,701 0 0 0

(% of Energy Supply) 9 .1 6 .9 5 .7 0 0 0

^E xcludes BTU's consumed in  co n v e rs io n  o f  c o a l to  syncrude and sy n g as . 

**Excludes BTU's consumed in  co n v ers io n  o f  pe tro leum  p ro d u c t to  su n g as.
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n a tu ra l  gas to  bo th  c o a l n u c le a r  pow er.

I f  P re s id e n t  N ix o n 's  p la n  to  end th e  dependency upon im ports o f 

a l l  energy  so u rces  by 1980 i s  c a r r ie d  o u t ,  th e n  th e  burden  w i l l  f a l l  

on co a l even h e a v ie r  th an  b e fo re .  A l te rn a t iv e s  w i l l  be d iscu ssed  in  

C hapters V and VI. Im ports o f  crude o i l ,  Canadian p ip e l in e  gas and LNG 

and b a lan ce  o f payments d e f i c i t  a re  c a lc u la te d  by u s in g  th e  c o s t o f 

energy from F ig u re  I I I - e - 6 ,  and a re  shown in  F ig u re s  I I I - e - 1 1 ,  I I I - e - 1 3 ,  

I I I - e - 1 4 ,  I I I - e - 1 5  and I I I - e - 1 6 .  P ro je c te d  annual o i l  sh a le  and t a r  sands 

p ro d u c tio n  i s  shown in  F ig u re  I I I - e - 1 2 .
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Environmental Impacts

Air Borne Emissions

The a i r  borne em issions  i n  to n s /y e a r  a re  determ ined  f o r  end-use 

energy consum ption. I t  i s  g iv en  b y ï

TAE(t) = 500 X (SEE (N T E D (i,j ,k ,t)  x A E F ( i , j ,k , t )
i j k  ( I I I - f - 1 )

X S C O N (i,j ,k ,t)  +  T E D ( i , j ,k , t )  x A E F ( i , j ,k , t )

X T F F ( l , k , t ) ) ) .

where
N T E D (i,j ,k ,t)  « n o n - t r a n s p o r ta t io n  energy  demand o f f u e l  i ,  

en d -u se  j  and index  k  in  y e a r  t  (T ables A -1,

A -2, A -3, A -4, A-5, and A -6 ) .

TAE(t) = T o ta l a i rb o rn e  em issio n s  in  y e a r  t

A E F ( i , j ,k , t )  = A irb o rn e  em issio n s  f a c to r s  o f f u e l  i ,  end -use  j ,

and in d ex  k  in  y e a r  t  (T ab les I I I - f - 1 , I I I - f - 2 ,  

I I I - f - 3  and I I I - f - 4 ) .

S C O N (i,k ,t) = s u l f u r  c o n te n t  o f  f u e l  i  and in d e x  k  in  y e a r  t  

(T ab le  I I I - f - 5 ) .

T E D ( i , j ,k , t )  = T ra n s p o r ta t io n  energy demand o f  f u e l  i ,  end-use  j

and in d e x  k  in  y e a r  t  (T ab les  A -1, A -2, A -3, A -4,

A-5 and A -6 ) .

T F F ( i , t )  = T ra n s p o r ta t io n  f u e l  f r a c t io n  o f  f u e l  i ,  in  y e a r  t  

(F ig u res  I I I - f - 1 ,  I I I - f - 2  and I I I - f - 3 ) .

500 = C onversion f a c t o r

K - 1, CO
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Table III-f-1 Electrical Generation Airborne Emission Factors (99)

r

F u e l CO2 CO SOg** NO
X

P a r t i c u l a t e H ydrocarbon A ldehyde

C o a l. 1970 224 0.0379 1.4394S 0.6818 0 .9848 0.0136 0.00189
C o al, 1980+ 224 0.0379 1 . 2s 0 .0 7 0 .2 0 0.0136 0.00189

N a tu ra l  G as. 1970 122 0 .004 0.0006 0 .370 0 .0150 0 .04 0 .003
N a tu ra l G as, 1980+ 122 0 .004 0 .006 0 .2 0 0 .015 0.040 0.0030

D i s t i l l a t e  o i l .  1970 170 0.000267 1.0488S 0 .7 0 1 0 .0 5 3 0.0134 0.0067
D i s t i l l a t e  o i l .  1980+ 170 0.000267 0.8S 0 .3 0 0 .054 0.0134 0.0067

R e s id u a l o i l .  1970 170 0.000267 1.0488S 0 .7 0 1 0 .053 0.0134 0.0067
R e s id u a l o i l ,  1980+ 170 0.000267 0.80S 0 .3 0 0 .054 0.0134 0.0067

* U n its : l b / m i l l i o n  BTU.

**S “  p e rc e n t  s u l f u r  i n  f u e l .



Table III-f-2 Residential Airborne Emission Factors (lb/10 BTU) (99)

F u e l Type CO2 CO SO2* NO
X P a r t i c u l a t e H ydrocarbon Aldehyde

E l e c t r i c i t y — — --- — — — —

N a tu ra l  gas 120 0 . 0 2 0 .0006 0 .05 0.019 0 .008 0 . 0 1

D i s t i l l a t e  o i l 170 0 .036 1.024S 0 .086 0 .072 0.0216 0.0144

R e s id u a l o i l 170 0 .036 1.024S 0 .086 0 .072 0.0216 0.0144

*S = p e rc e n t  s u l f u r  In  f u e l .



Table III-f-3 Commercial Airborne Emission Factors (99)

F u e l Type “ 2 CO SOg* NO
X

P a r t i c u l a t e H ydrocarbon A ldehyde

C oal 224 0 .378 1.4394S 0 .227 0.1515 0.1136 0.000189

E l e c t r i c i t y — — —— —— — --- — ——

N a tu ra l  gas 122 0 .020 0.0006 0 .1 0 0 .019 0 .0 0 8 0 .0 1

D i s t i l l a t e  o i l 170 0.00144 1.024S 0 .2 8 8 0 .1 0 8 0.0216 0.0444

R e s id u a l o i l 170 0.00134 1.049S 0 .267 0 .1536 0 .0 2 0.00668

*S “  p e rc e n t  s u l f u r  i n  f u e l .



T ab le I I I - f - 4 I n d u s t r i a l  A irb o rn e  E m ission F a c to rs  ( lb /1 0 ^ BTU) (99)

F u e l Type CO2 CO SO2* NO
X

P a r t i c u l a t e H ydrocarbon A ldehyde

C oal 224 0 .0758 1.4394S 0.5682 1.7235 0.0379 0.00189

N a tu ra l gas 122 0.0004 0.0006 0 .1 2 0 .0 1 8 0 .0 4 0 .003

D i s t i l l a t e  o i l 170 0.00144 1.024S 0 .2 8 8 0 .1 0 8 0 .0216 0.0144

R e s id u a l o i l 170 0.00134 1.049S 0.267 0.1536 0 .0 2 0.00668

r *S “  p e rc e n t  s u l f u r  in  f u e l .



Table III-f-5 Transportation Airborne Emission Factors (lb/million BTU) (4,65,99)

?

Demand
Type

F u e l Type CO2 CO SO2 NO
X

P a r t i c u l a t e s H ydrocarbons A ldehydes

A irp la n e Hydrogen — — 0.0276 —— —— ——
G aso lin e 149 1.070 0 .0 8 2 0.206 0 .324 0 .7 0 .021
J e t  f u e l 149 1.070 0 .082 0 .206 0 .329 0 .7 0 .0 2 1
M ethanol 149 0 .135 — 0 .0064 --- 0.0277 ——

Auto G aso lin e 149 17 .08 0 .0 4  . 1 .46 0 .071 2 .992 0 .0 2 1
(1970)

Auto Hydrogen —— — —— 0.0276 — —— —
G aso lin e 149 0 .7 8 0 .0 4 0 .092 0 .0 7 1 0 .094 0 .021
M ethanol 149 0 .135 — 0.0064 — 0.0277 —
E l e c t r i c i t y — —— — —— — —— —

Bus Hydrogen —— —— — 0.0276 --- —
G aso lin e 149 0 .7 8 0 .0 4 0 .092 0 .0 7 1 0 .094 0 .021
D i s t i l .  O il 170 0 .7 7 0 .1 9 4 1 .32 0 .0 9 4 0 .5 9 0 0.022
M ethanol 149 0.135 — 0.0064 — 0.0277 —

R a ilro a d Hydrogen — —— — 0.0276 —— —— —
D i s t i l ,  o i l 160 0 .7 7 0 .1 9 4 1 .3 2 0 .094 0 .590 0 .022
M ethanol 149 0 .135 “ 0.0064 —— 0.0277 —

S hips Hydrogen — —— — 0.0276 --- --- —
D i s t i l ,  o i l 170 0 .7 7 0 .194 1 .32 0 .0 9 4 0 .590 0 .022
R e s id u a l o i l 170 0.00134 1.049S* 0 .267 0.1536 0 .0 2 0 0.00668
M ethanol 149 0 .135 — 0.0064 — 0.0277 —

T ruck Hydrogen — — —— 0.0276 — —
G aso lin e 149 0 .7 8 0 .0 4 0 .092 0 .071 0.094 0 .0 2 1
D i s t i l ,  o i l 170 0 .7 7 0 .1 9 4 0 .3 2 0 .094 0 .5 9 0 0 .022
M ethanol 149 0 .135 — 0.0064 —- 0.0277 —

*S = p e rc e n t  s u l f u r  i n  f u e l .



Table III-f-6 Sulfur Content of Non-Transportation Fuel (46)

F u el Y ear  % S u lfu r

C oal 1970 2 .8
1980+ 0 .8 3

D i s t i l l a t e  1970 0 .6
1980+ 0 .6

R es id u a l 1970 2 .253
1980+ 0 .75
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k = 2 , NOX

k » 3 , SOg

k = 4 , HC and

k » 5 , p a r t i c u l a t e s .

The an n u a l CD, NO^, SOg, HC and p a r t i c u l a t e s  a re  d e c re a s in g  u n t i l

1980. A f te r  t h a t  th e  cu rves w i l l  s lo w ly  in c re a s e  (F ig u res  I I I - f - 4 ,  I I I - f - 5 ,  

I I I - f - 6 ,  I I I - f - 7  and I I I - f - 8 ) . (See A ppendices f o r  d e t a i l ) .

N ote t h a t  s t r i c t e r  env ironm en ta l c o n s t r a in t s  a r e  imposed on em issio n  

f a c to r s  (T ab les I I I - f - 1  and I I I - f - 5 ) .
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Solid Waste Production
The amount o f s o l id  w aste  produced  i s  de term ined  fo r  o i l  s h a le ,  

t a r  san d s  and syncrude and syngas from c o a l .

1 . O il  S hale :

SWOSP(t) = CSWOS X OSP(t) ( I I I - f - 2 )

w here:

SWOSP(t) = amount o f s o l id  w as te  c r e a te d  by o i l  s h a le  

p ro d u c tio n  in  y e a r  t  in  to n s /y e a r .

CSWOS = th e  c o e f f i c i e n t  o f  s o l i d  w as te  from o i l  s h a le  

(T ab le  I I I - f - 7 ) .

OSP(t) = amount o f  o i l  s h a le  p ro d u c tio n  in  y e a r  t  

F ig u re  I I I - e - 1 0 ) .

2 . T ar Sands:

SWTSP(t) = SWTSC X T SP(t) ( I I I - f - 3 )

w here:

SWTSP(t) ■ amount o f s o l id  w aste  c re a te d  by t a r  sands 

p ro d u c tio n  in  y e a r  t  i n  to n s /y e a r .

CSWTS = th e  c o e f f i c i e n t  o f  s o l id  w aste  from t a r  sands 

(T ab le I I I - f - 8 ) .

TSP(t) = amount o f  t a r  sands p ro d u c tio n  in  y e a r  t  (F ig u re  

I I I - e - 1 0 ) .

3 . Syncrude:

SWSCP(t) « SWSCP(t) = CSWSC X SCPC(t) ( I I I - f - 4 )

where:

SWCSP(t) » amount o f  s o l id  w as te  c re a te d  by suncrude 

p ro d u c tio n  in  y e a r  t  in  to n s /y e a r .
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CSWSC = th e  c o e f f i c i e n t  o f  s o l id  w aste  from sy ncrude  

(T ab le  I I I - e - 1 ) .

SCPC(t) = amount o f syncrude p ro d u c tio n  from c o a l  In  

y e a r  t  (F ig u re  I I I - e - 6 ) .

4 . Syngas:

SWSGP(t) = CSWSG X (SGPC(t) ( I I I - f - 5 )

where:

SWSGP(t) = amount o f  s o l id  w aste  from syngas by c o a l 

I n  y e a r  t  I n  to n s /y e a r .

CSWSG = th e  c o e f f i c i e n t  o f s o l id  w aste  from  sy n g as . 

SGPC(t) = amount o f  syngas p ro d u c tio n  from c o a l In  

y e a r  t  (F ig u re  I I I - e - 7 ) .

The amount o f  t o t a l  s o l id s  In  y e a r  t  In  to n s /y e a r  I s  g iv e n  by : 

TSW(t) « SWOSP(t) +  SWTSP(t) + SWSGP(t) ( I I I - f - 6 )

W ater Usage

The w a te r  re q u ire m e n ts  f o r  e l e c t r i c a l  g e n e ra t io n ,  o i l  s h a le

p ro d u c tio n , t a r  sands p ro d u c tio n  and c o a l co n v e rs io n  to  syngas and

syncrude a re  d e te rm in ed .

1. E l e c t r i c a l  g e n e ra tio n :

The w a te r  re q u ire m en ts  f o r  once th rough  c o o lin g  o f

e l e c t r i c a l  power s t a t i o n s  I s  g iven  by :

WROT(t) -  I  (FROT(t) X COT(l) x  C E D (l,t) ( I I I - f - 7 )
1
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Table III-f-7 Solid Waste Production Coefficient

R esource C o e f f ic ie n t  
to n s /m il l io n  BTU 

P roduct

O il  s h a le 0 .4055 (48 ,52)

Tar sands 0.5862

Syncrude 0.00191*

Syngas 0.00191*

* From T ab le  I I I - e - 1 .
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T able I I I - f - 8  T o ta l S o lid  Waste P ro d u c tio n  

(10^ to n /y e a r )

R esource 1980 1990 2000

T ar sand 0 .0
(0 .000392)*

0.00456
(0.001732)*

0.01499
(0.007358)*

O il  s h a le 0 .0
(0 .000062)*

0.00659
(0.000277)*

0.002095
(0.001180)*

Syncrude 1.07342
(45 .38924)*

11.08182
(61.53256)*

44.74175
(78.271036)*

Syngas 1.49935
(0.34571

12.27366
(5.05577)*

49.7746
(21.06157)*

T o ta l 2.57277
(45.735404)*

23.356595
(66.590339)*

94.55129
(99.341144)*

*No im ports a f t e r  1990.
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where;

w h ere :

FROT(t) = fraction of electrical generation plants
u s in g  once th ro u g h  co o lin g  In  y e a r  t  (F ig u re  I I I - b - 7 )

COT(t) = c o e f f i c i e n t  o f  w a te r  usage f o r  once th rough  co o lin g

o f f u e l  1 (T ab le  I I I - f - 1 0 ) .

C E D )l,t) = c o r re c te d  e l e c t r i c a l  energy  demand o f  f u e l  1 

y e a r  t .

The w a te r  consumed In  e l e c t r i c a l  power s t a t io n s  due to  e v a p o ra tio n , 

sp ray  and d r a f t  In  c o o lin g  to w e rs , c o o lin g  and sp ray  ponds and once 

th rough  c o o lin g  I s  g iven  by:

WRESD(t) » ^ (FROT(t) x  COTE(l)) + (FRNC(t) + FR FC (t)))

X CCT(t) +  (FRSP(t) + FRCP(t)) x  CCP(l)

X C E D (l,t) )  ( I I I - f - 8 )

COTE(l) ■ c o e f f i c i e n t  o f  w a te r  usage o f once th ro u g h  due to  

e v a p o ra tio n  f o r  f u e l  1 (T able I I I - f - 1 0 ) .

CCT(t) = c o e f f i c i e n t  o f  w a te r  usage f o r  c o o lin g  tow ers f o r  

f u e l  1 (T ab le  I I I - f - 1 0 ) .

CCP(l) = c o e f f i c i e n t  o f  w a te r  usage f o r  c o o lin g  and sp ray  ponds 

fo r  f u e l  1 (T ab le  I I I - f - 1 0 ) .

2 . O il  S hale  R ecovery :

The w a te r consum ption o f  o i l  s h a le  re c o v e ry  I s  g iven  by: 

WRTS(t) = 8 1 .8  X O SP(t) a c r e / f e e t  p e r  y e a r  ( I I I - f - 9 )

3 . T ar Sands R ecovery 

The w a te r  c o n su n ^ tlo n  o f  t a r  sands re c o v e ry  i s  g iven  by :
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Table III-f-9 Water Usage Coefficients

Use C o e ff ic ie n t*  R efe ren ce

E l e c t r i c a l  g e n e ra tio n

f o s s i l — o n c e - th ru 29520.0 22
C th ru -condenser) (assume AT = 15“F)

f o s s i l — o n c e - th ru 162.7 22
(e v a p o ra tio n )

nuc l e a r — o n c e -th ru 20470.2 22
( th ru  condenser) (assume AT = 18°F)

n u c le a r— o n c e - th ru 187.2 22
(e v a p o ra tio n )

f o s s i l - c o o l in g  pond 217.9 22
(e v a p . ,  sp ray  & d r i f t )

f o s s i l - c o o l in g  tow er 380.6 22
(e v a p . ,  sp ray  & d r i f t )

n u c le a r— co o lin g  pond 257.8 22
( e v a p . ,  sp ray  & d r i f t )

n u c le a r— c o o lin g  tow er 466.5 22
( e v a p . ,  sp ray  & d r i f t )

O il  s h a le 81.8** 51

T ar sands 81 .8**/*** 14

Coal g a s i f i c a t i o n 75.0** 10

C oal l i q u e f a c t io n 10.39** 10

S y n th e t ic  f u e l —hydrogen

fe e d  w a te r 58.8** 32
e l e c t r o l y t i c  c e l l  co o lin g 73.2** 32

* U n its :  a c r e - f e e t /1 0  BTU w as te  h e a t .
12* * a c re - f e e t /1 0  BTU p ro d u c t .

***assumed same as  o i l  s h a le .

-135-



WRTS(t) = 81 .8  X T S P (t) ( I I I - f - 1 0 )

4 . Syngas C onversion:

WRSG(t) = 75 .0  X SGP(t) ( I I I - f - 1 1 )

5 . Syncrude C onversion :

The w a te r consum ption o f  syncrude co n v ers io n  i s  g iv en  by: 

WRSLC(t) = 10.39 X SLC(t) ( I I I - f - 1 2 )

T o ta l  w a te r  req u irem en ts  i n  y e a r  t  fo r  energy u t i l i z a t i o n  in  

y e a r ,  TWR(t), i s  g iven  by:

TWR(t) = WROT(t) + WRESD(t) + WROS(t) + ( I I I - f - 1 3 )

WRTS(t) + WRSG(t) + WRSLC(t) a c r e - f e e t
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T ab le  I I I - f - 1 0  T o ta l W ater Requirem ents 
( a c r e - f e e t )

1980 1990 2000

E l e c t r i c a l  w a te r  
Thru condenser 
Thru e v a p o ra tio n

0.541317567
0.005909956

1.014879352 1.610654614 
0.015151471 0.020085537

Tar sand 0 .0
(0.000008752)*

0.000092025 0.000292435 
(0.000860863)* (0 .00148342)*

O il s h a le 0 .0
(0.000079264)*

0.000481950 0.001954500 
(0.000095624)* (0 .000164908)*

Syncrude 0.000005839
(0.000060615)*

0.000060282 0.000243385 
(0.000246907)* (0.000425778)*

Syngas 0.000058875
(0.000013575)*

0.000481950 0.001954500 
(0.000827025)* (0.0031432 90)*

T o ta l 0.547291737
(0.547291737)*

1.027757105 1.633522906 
(1.029051217)* (1.635954429)*

*No im p o rts  a f t e r  1990
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Land Use

The amount o f lan d  req u irem en t f o r  energy  supp ly  in  a c re s  f o r  

y e a r  t  in c lu d e s  th e  la n d  req u irem en t f o r  s t r i p - c o a l  m in in g , o i l  s h a le  

p ro d u c tio n , t a r  sands p ro d u c tio n , e l e c t r i c a l  power tra n s m is s io n  l i n e s ,  

e l e c t r i c a l  power p la n t  s i t i n g  and w as te  h e a t  rem oval sy stem s.

1 . C oal:

Land u se  f o r  c o a l m ining  in  y e a r  t ,  LUCM(t), i s  g iv e n  by : 

LUCM(t) = CLUCM X FCSM(t) x  TDC(t) ( I I I - f - 1 4 )

w here :

CLUCM = c o e f f i c ie n t  o f c o a l m ining lan d  u se  (T ab le  I I I - f - 1 1 )  

FCSM(t) = f r a c t io n  o f c o a l s t r i p  mined in  y e a r  t .

TCD(t) = t o t a l  c o a l re so u rc e  req u irem en t in  y e a r  t  

(F ig u re  I I I - e - 5 ) .

2 . O il  S hale  Recovery:

Land u se  fo r  o i l  s h a le  reco v e ry  in  y e a r  t ,  LU OS(t), i s  

g iv e n  by :

LUOS(t) = CLUOS X O SP(t) ( I I I - f - 1 5 )

w here ;

CLUOS = c o e f f i c i e n t  o f lan d  u se  f o r  o i l  s h a le  re c o v e ry  

(T able I I I - f - 9 ) .

O SP(t) = o i l  s h a le  p ro d u c tio n  in  y e a r  t  (F ig u re  I I I - e - 1 0 ) .

3 . T ar Sands R ecovery:

Land u se  f o r  t a r  sands re c o v e ry  in  y ear t ,  L U T S(t), i s  

g iv en  by :

LUTS(t) => CLUTS X T SP(t) ( I I I - f - 1 6 )
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Table III-f-11 Land Use Coefficient

Energy U t i l i z a t i o n
C o e f f ic ie n t  

( a c r e s / t r i l l i o n  BTU)

C oal m ining -  s t r i p 13 .44  (4)

O il s h a le 2 .3 3  (Assume 30’
th ic k  d e p o s it )  i

Tar sands 0 .0233  (Assume 1 /100 
o f o i l  s h a le )

E l e c t r i c  power -  t ra n s m is s io n 407. (4)

E l e c t r i c  power p la n t  s i t i n g

Coal 3 4 .2  (4)
O il 8 .56  (4)
Gas 5 .1 3  (4)
N u clea r 10 .00  (4)
S o la r 636 .2  (75)
G eotherm al 133 .8  (75)
H y d ro e le c tr ic 3 9 ,2 0 0 .

C ooling  tow ers and sp ray  ponds 0 .2 9 8  (108)

C oo ling  ponds 22.0  (108)
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where

CLUTS = c o e f f i c i e n t  o f  lan d  u se  f o r  t a r  sands 

re c o v e ry  (T able I I I - f - 1 1 ) .

T SP(t) = t a r  sands p ro d u c tio n  in  y e a r  t  (F ig u re  I I I - e - 1 0 ) .

4 . T ran sm issio n  L ines :

LUETL(t) = CLUETL x  TCED(t) x  0 .9 1  ( I I I - f - 1 7 )

w here

CLUETL = c o e f f i c i e n t  o f  lan d  u se  f o r  e l e c t r i c a l  t r a n s 

m iss io n  l i n e s  (T ab le I I I - f - 1 1 ) .

TCED(t) = t o t a l  c o r re c te d  e l e c t r i c a l  demand in  y e a r t  

(T ab les A-1 th ro u g h  A-6) .

5 . G en era tin g  S ta t io n s :

Land u se  f o r  e l e c t r i c a l  g e n e ra tin g  s t a t i o n s  in  y e a r t ,  

LUEGS(t), i s  g iv en  by :

LUEGS(t) = ^(CLUEGS x C E D (i,t))  ( I I I - f - 1 8 )

w here

CLUEGS = c o e f f i c ie n t  o f la n d  u se  f o r  e l e c t r i c a l  g e n e ra tin g  

s t a t i o n s  (T ab le  I I I - f - 1 1 ) .

CEDS(t) = c o r re c te d  en erg y  demand f o r  f u e l  i  in  y e a r  t  

(T ab les A-1 th ro u g h  A-6) .

6 . W aste H eat Removal f o r  E l e c t r i c a l  Power S ta t io n s :

Land u se  f o r  w aste  h e a t  rem oval f o r  e l e c t r i c a l  power

s t a t i o n s  in  y e a r t ,  LUWHR(t), i s  g iv en  by:

LUWHR(t) -= (CLUCT x  FRNC(t) + CLÜCP x  FRCP(t)

+ CLUSP X FRSP(t) X TCED(t) ( I I I - f - 1 9 1
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where ;

CLUCT = c o e f f i c i e n t  o f land  u se  f o r  c o o lin g  tow ers 

(T ab le  I I I - f - 1 1 ) .

- FRNC(t) = f r a c t io n  o f n a tu r a l  c o n v e c tio n  c o o lin g  tow ers 

(F ig u re  I I I - b - 7 ) .

CLUCP = c o e f f i c i e n t  o f la n d  u se  f o r  c o o lin g  ponds 

(T ab le  I I I - f - 1 1 ) .

FRCP(t) = f r a c t io n  o f co o lin g  ponds in  y e a r  t  (F igu re  I I I -  

b - 7 ) .

CLUSP = c o e f f i c i e n t  o f la n d  u se  f o r  sp ra y  ponds (Table I I I -  

f - 11) .

FRSP(t) * f r a c t io n  o f sp ray  ponds in  y e a r  t  (F ig u re  I I I - b - 7 ) .

R ad io ac tiv e  M a te r ia l  P ro d u c tio n  and R eleases

The en v iro n m en ta l im pacts o f  r a d io a c t iv e  m a te r ia ls  a r e  determ ined 

by u s in g  th e  n u c le a r  env iro n m en ta l c o e f f i c i e n t s  from  T ab le  I I I - f - 1 0 ,  

and th e  amount o f  power su p p lie d  by each ty p e  o f  n u c le a r  r e a c to r  (Fig. H I - f - 1 2 )

1 . T r i t iu m :

The amount o f  t r i t iu m  re le a s e d  by n u c le a r  r e a c to r s  in  

y e a r  t ,  T R ( t ) ,  i s  g iven  by:

T R (t) = 10® X J(CTR(i) N P D (i,t) )  ( I I I - f - 2 0 )

w here :

CTR(i) = c o e f f i c i e n t  o f t r i t i u m  r e le a s e d  from  r e a c to r  

ty p e  i  (T able I I I - f - 1 2 ) .

N P D (i,t)  -  n u c le a r  power demand o f  f u e l  i  i n  y ea r t  

(T ab les A-1 th ro u g h  A-6)
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Table lIl-f-12 Land Use Requirements (Million acres)

1980 1990 2000

C ooling  w a te r 0.117600 0.239560 0.473760

O il s h a le
(0.002257)

0.002621
(0.024520)

0.008329
(0.042280)

Tar sands 0.000002 0.000026
(0 .000027)

0.000083
(0.000046)

T ran sm iss io n  l i n e 11.122581 21.423311 34.530706

Power S ta t io n

Coal 0.381911
(0.308286)

0.569806
(0.896837)

0.773569
(1.711100)

O il 0.012523 0.017008 0.023890

Gas 0,023618 0.032354 0.044615

N uclea r 0.094900 0.280400 0.530000

G eotherm al 0.045893 0.090984 0.135476

Hydropower 0.396583 0.509510 0.683182

S u b to ta l 0.955428 1.500062 2.190732

C ooling  tow ers 
and sp ra y  ponds

0.001789 0.003447 0.005556

C ooling 0.019820 0.038176 0.061533

S u b to ta l 0.021609 0.041623 0.067089

T o ta l 12.217218
(12.145850)

23.206203
(23.555134)

37.270699
(38.24173)

(  ) -  No im ports a f t e r  1990.
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Table III-f-13 Nuclear Environmental Coefficients (4,27,52,55,59)

R eac to r Type
P o p u la tio n  

Exposure 
(man-rem p e r 
106 BTU-th)

L o n g -liv e d  
R adio . Mate* 

( c u r r i e s  p e r  
10° BTU-thX

L o n g -liv ed  
Rad. W aste 

( c u r ie s  p e r  
10^ BTU-th)

K r-85 
(C i p e r  

106 BTU-th)

T r i tiu m  
(C i p e r  

10° BTU-th

GCFR 4 .5 5  X lO'G — — —— 0.00167 0.00045

HTGR 4 .5 5  X lO'G 3 .0 4  X 10"^ —— 0.0082 0.00025

LFR 4.55  X 10"* --- — — —— ——

LMFBR 4 .5 5  X 10"* 3 .45  X lOT* 0 .1 6 0 00167 0.00045

LWR 4 .55  X 10“ ^ 5 .18  X 10“ ^ 0 .1 8 0 .0073 0.000265

MSBR 4 .5 5  X lO 'G —— --- 0.0082 0 .066

MCFR 4 .5 5  X 10"* —— —— — — 4 .69

T

*Taken 10 y e a rs  a f t e r  g e n e ra t io n  due to  re p ro c e s s in g  p la n t  ho ldup  tim e .



2 . K rypton-85 ;

The amount o f  K-85 re le a s e d  by n u c le a r  r e a c to r s  in  

y e a r  t ,  K -85, i s  g iven  by :

K -8 5 (t)  = |C K -8 5 (i) x  N P D (i,t)  ( I I I - f - 2 1 )

w here

CK-85 ( i )  = c o e f f i c i e n t  o f K-85 r e le a s e d  by n u c le a r  

r e a c to r s  ty p e  i  (T ab le  I I I - f - 1 2 ) .

3 . L o n g -liv ed  S o lid  W aste:

The lo n g - l iv e d  m a te r ia l  and w aste  r e le a s e d  by n u c le a r  

r e a c to r s  in  y e a r t ,  LLRM(t) and LLRW(t), a re  g iv en  by :

LLRM(t) = CLLRM(i) x  N P D (i,t)  ( I I I - f - 2 2 )

and

LLRW(t) = CLLRW(i) x N P D (i,t)  ( I I I - f - 2 3 )

where

CLLRM(i) and CLLRW(i) a re  c o e f f i c ie n t s  o f  lo n g - l iv e d  

m a te r ia l  and w aste  re le a s e d  by n u c le a r  r e a c to r s  ty p e  i .

4 . P o p u la tio n  E xposure:

The p o p u la tio n  exposu re  by man-rem i s  g iv en  by :

P E (t)  = E(CPE(t) c N P D (i,t) )  ( I I I - f - 2 4 )

w here

CPE(t) = c o e f f i c i e n t  o f p o p u la tio n  exposure  i n  y e a r  t  

(T ab le  I I I - f - 1 2 ) .
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Table III-f-14 Radioactive Material Production and Release

1980 1990 2000

P o p u la tio n  exposu re 0.043179 0.129219 0.241149
(M illio n  man-rem)

LWR 0.043179 0.099111 0.108276
HTGR 0 .0 0.030108 0.096218
LMFBR 0 .0 0 .0 0.036654

T ritiu m  (m ill io n  C l) 2.514485 7.426742 15.218155
LWR 2.514485 5.772442 6.306205
HTGR 0 .0 1.654300 5.286750
LMBFR 0 .0 0 .0 3.625200

K yrpton-85 69.277000 213.275480 360.577120
(M illio n  C l)

LWR 69.277000 159.104440 173.718100
HTGR 0 .0 54.261040 173.405400
LMFBR 0 .0 0 .0 13.453520

L ong-lived  r a d io . 0.049158 0.132951 0.215348
m ate . (m i l l .  C l)

LWR 0.049158 0.112834 0.123268
HTGR 0 .0 0.020116 0.064286
LMFBR 0 .0 0 .0 0.027793

L o n g -liv ed  r a d io . 1708.200000 3920.000000 25,085.960000
(m i l l .  cu . f t .  
w aste)

LWR 1708.200000 3920.000000 23,797.000000
HTGR 0 .0 0 .0 0 .0
LMFBR 0 .0 0 .0 1,288.960000
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Abatement C ost

The p o l lu t io n  c o s t  in c lu d e s  th e  c o s t  o f  a i r  p o l lu t io n  from 

s ta t io n a r y  and m obile  so u rces  and th e  c o s t o f  th e rm a l p o l lu t io n  

a b a te m e n t.

The c o s t  to  a b a te  a i r  p o l lu t io n  by m obile  so u rces  i n  y e a r  t  

i s  g iv en  by ;

CAPMCt) = 32 X (APTCt) -  A PTP(t)) ( I I I - g - 1 )

w here :
32 = $32/ to n  (41)

APT(t) = a i r  p o l lu t io n  from t r a n s p o r ta t io n  i n  1970 tr e n d  in  

y e a r  t  (T ab les C -1, C-2, C ^ ,  C-4 and C -5 ) .

APTP(t) = p ro je c te d  a i r  p o l lu t io n  from  t r a n s p o r ta t io n  in  

y e a r  t  (T ab les C -1 , C-2, C -3 , C-4 and C -5 ).

The c o s t to  a b a te  a i r  p o l lu t io n  by s ta t io n a r y  so u rc e s  in  y e a r  t  

i s  g iv en  by:

CAPS(t) = 64 X (APST(t) = A PSP(t)) ( I I I - g - 2 )

w here :
APST(t) = a i r  p o l lu t io n  from s t a t io n a r y  so u rc e s  in  y e a r  t  

(T ab les B -1, B -2 , B -3, B-4 and B -5 ) .

APSP(t) = p ro je c te d  a i r  p o l lu t io n  from s ta t io n a r y  so u rces  

in  y e a r  t  (T ab les B -1, B -2 , B -3, B-4 and B -5 ).

64 = $ 6 4 /to n  (41)

The c o s t  to  a b a te  th e n n a l p o l lu t io n  from  e l e c t r i c a l  power g en era 

t i o n  p la n ts  in  y e a r  t  i s  g iven  by :

CTP(t) = 0 .15  X (CED(t)) ( I I I - g - 3 )

w here:
0 ,15  = m ill/k w h  (23)
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CED(t) = C o rre c te d  e l e c t r i c a l  energy  demand in  kwh p e r  y ea r 

in  y e a r  t  (T ables A -1, A -2, A -3 , A -4 , A-5 and A-6) .

The s o l id  w a s te  c re a te d  by s y n th e t ic  f u e l  from  c o a l  o r  o i l  sh a le  

and t a r  sands a re  n o t  d is c u s s e d  due to  th e  w ide ra n g e  o f  u n c e r ta in ty  

o f p r o d u c t iv i ty  depend ing  on p o l i c ie s  adop ted  by  th e  governm ent. The 

c o s t f o r  d is p o s a l  o f  th e s e  w astes  a r e ,  th e re fo re ',  n o t  e s tim a te d .

F ig u re  I I I - b - 7  shows th e  abatem ent c o s t  f o r  a i r  p o l lu t io n  and 

th e rm al p o l l u t io n .
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CHAPTER IV

POPULATION ALTERNATIVE

Assumption
The U n ited  S ta te s  b i r t h  r a t e  h a s  been d e c re a s in g . I f  we u se  th e  

p r o je c t io n  w ith  2 .11 c h i ld re n  p e r  fam ily  (F ig u re  I I I - b - 1 ) ,  th e n  th e  

e f f e c t  o f  t h i s  decreased  b i r t h  r a t e  on th e  U. S. energy re q u ire m e n ts , 

th e  b a la n c e  o f  payments and on th e  environm ent may a ls o  be d e te rm in ed .

R e su lt

The t o t a l  re so u rc e  req u ire m en ts  and end-use consum ption f o r  th e  

p o p u la tio n  a l t e r n a t iv e  a re  shown in  F ig u re  IV -1.

A ll  re so u rc e  re q u ire m en ts , env ironm en ta l im pacts and b a la n c e  of 

payments may be o b ta in ed  by m u lt ip ly in g  th e  c o r re c t io n  f a c t o r  (F ig u re  

IV -2) — th e  r a t i o  o f th e  t o t a l  energy re so u rc e  req u ire m en ts  fo r  the

p o p u la tio n  a l t e r n a t iv e  to  th e  b a se  c a se .
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CHAPTER V
CONSERVATION ALTERNATIVE

A ssum ptions

The O f f ic e  o f  Emergency P re p a re d n e ss  has  r e c e n t ly  e s tim a te d  th e  

s e c to r - b y - s e c to r  p o t e n t i a l  energy  sa v in g s  from v a rio u s  su g g e s te d  energy 

c o n s e rv a tio n  m easu res. The fo llo w in g  m easures were su g g e s te d  and th e  

p e rc e n ta g e  o f  energy  sav in g s  was d e te rm in ed :

1 . S h o rt- te rm  m easures (1972-1975)

R es id e n tia l/C o m m erc ia l — E s ta b l is h  upgraded c o n s tru c t io n  

s ta n d a rd s  and p ro v id e  ta x  in c e n tiv e s  and in s u re d  lo an  

f o r  im proved home in s u la t io n ;  (sa v in g : 10%).

In d u s try  — In c re a s e  energy  p r i c e  to  encourage improvement 

o f  p ro c e sse s  and rep lacem en t o f  i n e f f i c i e n t  equipm ent; 

p ro v id e  ta x  in c e n t iv e  to  encourage r e c y c l in g  and re u s in g  

o f component m a te r ia l s ;  (s a v in g : 9%).

T ra n s p o r ta t io n  — Conduct e d u c a tio n a l program s to  s t im u la te  

p u b lic  aw areness o f  energy  c o n se rv a tio n  i n  th e  tr a n s p o r 

t a t i o n  s e c to r ;  e s t a b l i s h  governm ent energy  e f f ic ie n c y  

s ta n d a rd s ;  im prove a i r p la n e  lo a d  f a c t o r s ;  prom ote d ev e l

opment o f  s m a lle r  en g in es  and v e h ic le s ;  Im prove t r a f f i c  

flow ; im prove mass t r a n s i t  and i n t e r c i t y  r a i l  and a i r  

t r a n s p o r t ;  prom ote au tom ob ile  e n e rg y -e f f ic ie n c y  th rough  

lo w -lo ss  t i r e s  and en g in e  tu n in g ; (S av in g : 10%).
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E le c t r i c  U t i l i t i e s  — R e s tru c tu re  r a t e s  fo r  heavy u ses  

to  smooth o u t demand c y c le ;  f a c i l i t a t e  new c o n s tru c t io n ;  

(Saving: 4%).

2. Long-term  M easures ( a f t e r  1980)

R esid en tia l/C o m m erc ia l — P ro v id e  ta x  in c e n tiv e s  and 

r e g u la t io n s  to  encourage rep lacem en t o f  o ld  b u ild in g s  

by e n e r g y - e f f i c ie n t  new b u i ld in g s ;  r e s e a rc h  and developm ent 

funding  to  develop  new energy  so u rc e s ; s o la r  and wind 

pow er; (S av ing : 30%).

In d u s try  — Same as  th a t  o f 1980; (S av ing : 18%).

T ra n sp o r ta tio n  —  P ro v id e  R and D su p p o rt f o r  h y b rid  

en g in e , n o n -p e tro leu m  e n g in e s , advanced t r a f f i c  c o n t ro l  

sy stem s, d u a l p e rs o n a l r a p id  t r a n s i t ,  h ig h -sp eed  t r a n s i t ,  

new f r e ig h t  sy s te m s , and peop le  m overs; d ec re ase  demand 

th rough  r a t io n in g  and f in a n c ia l  su p p o rt fo r  urban  d e v e l

opment and r e c o n s tr u c t io n ;  (S av ing : 25%).

E le c t r i c  U t i l i t i e s  (1975-1980) — Smooth ou t d a i ly  demand 

cy c le  th rough  governm ent r e g u la t io n ;  f a c i l i t a t e  new con

s t r u c t io n ;  su p p o r t R and D e f f o r t s ;  (Saving: 3%).

R e su lts

The t o t a l  re so u rc e s  req u ire m en ts  a re  c a lc u la te d  and shown in  

F ig u re  V^l to  6. The e n v iro n m en ta l im pacts may b e  o b ta in ed  by m u l t i 

p ly in g  th e  c o r re c t io n  f a c t o r s  from F ig u re  V -7. U. S . energy demand 

would be met by dom estic  p ro d u c tio n .
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E l e c t r i c  U t i l i t i e s  — Smooth o u t d a i ly  demand c y c le

by means o f government f a c i l i t a t i n g  o f new c o n s tru c t io n ;  

d e c re a se  e l e c t r i c i t y  demand; (S av ing : 4%).

R esid e n tia l/C o m m erc ia l (1975-1980) — E s ta b l is h  upgraded 

c o n s tru c t io n  s ta n d a rd s  and ta x  in c e n t iv e s  and re g u a l t io n s  

to  prom ote d es ig n  and c o n s tru c t io n  o f  e n e r g y - e f f ic ie n t  

d w e llin g s , in c lu d in g  th e  use o f th e  t o t a l  energy  concept 

fo r  m u lt i- fa m ily  d w e llin g s ; p ro v id e  ta x  in c e n t iv e s ,  R and 

D fu n d s , and re g u la t io n s  to  prom ote e n e r g y - e f f ic ie n t  a p p l i 

a n c e s , c e n t r a l  a i r  c o n d itio n in g , w a te r  h e a te r s  and l i g h t in g ;  

(S av ing : 14%).

In d u s try  (1975-1980) — E s ta b lis h  e n e rg y -u se  ta x  to  p ro v id e  

in c e n t iv e  to  upgrade p ro cesse s  and r e p la c e  i n e f f i c i e n t  

equipm ent; prom ote re se a rc h  fo r  more e f f i c i e n t  te c h n o lo g ie s ;  

p ro v id e  ta x  in c e n tiv e s  to  encourage re c y c lin g  and re u s in g  

component m a te r ia ls ;  (Saving: 14%).

T ra n s p o r ta tio n  — Improve f r e ig h t  h a n d lin g  sy stem s; su p p o rt 

p i l o t  im p lem en ta tion  o f most p rom ising  a l t e r n a t iv e s  to  

i n t e r n a l  com bustion eng ine ; s e t  ta x  on s i z e  and power o f 

a u to s ; su p p o rt improved tru c k  e n g in e s ; r e q u ir e  en erg y - 

e f f i c i e n t  o p e ra t in g  p rocedu res fo r  a i r p la n e s ;  p ro v id e  

s u b s id ie s  and m atching g ra n ts  fo r  mass t r a n s i t ;  ban au to s  

w ith in  th e  in n e r  c i t y ;  p ro v id e  s u b s id ie s  f o r  i n t e r c i t y  

r a i l  ne tw o rk s; d ec re a se  t r a n s p o r ta t io n  demand th rough  

u rban  r e fu rb is h in g  p r o je c ts  and lo n g -ra n g e  lan d  use p la n n in g ; 

(S av ing : 21%).
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CHAPTER VI

NATURAL GAS SUPPLY ALTERNATIVES

A fte r  th e  1 9 8 5 's , p ro je c te d  n a tu r a l  gas p ro d u c tio n  c a p a c ity  w i l l  

b eg in  to  d e c re a se  (F ig u re  I I I - d - 2 ) , w h ile  th e  demand f o r  n a tu r a l  gas 

in c re a s e s .  S e v e ra l a l t e r n a t i v e  re s o u rc e s  a r e  a v a i la b l e  to  meet th e  

p ro je c te d  demand; c o a l g a s i f i c a t i o n ,  c rude  p e tro le u m  and pe tro leu m  

p ro d u c ts  g a s i f i c a t i o n ,  C anadian p ip e l in e  im p o rts  and l i q u i f i e d  n a tu r a l  

gas im p o rts .

F a c to rs  fo r  th e  s e le c t io n  o f a l t e r n a t i v e  n a t u r a l  gas s u p p lie s  a r e ;

1. The maximum a llo w a b le  d e f i c i t  due to  im p o rts  o f  n a tu r a l  

g as .

2. N a tio n a l s e c u r i ty  im p lic a t io n  a s  i t  was dem onstra ted  by 

th e  M ideast w ar; th e  embargo o f  A rab ian  o i l  to  A m erica.

A ssum ption

The fo llo w in g  assum ptions a re  made f o r  th e  n a t u r a l  gas supp ly  a l t e r 

n a t iv e s  f o r  th e  y e a r  1980 and beyond:

1 . No n a t u r a l  gas im ports  a re  a llow ed  and  syngas a re  a l l  

from c o a l .

2. No n a tu r a l  gas im ports  a r e  a llow ed  and syngas a re  a l l  from 

c o a l and from p e tro leu m  p ro d u c t a c c o u n ts  f o r  50% each o f  

n a tu r a l  gas demand exceed ing  d o m estic  n a tu r a l  gas p ro d u c tio n .

3. N a tu ra l gas im ports  a re  a llo w ed  f o r  50% o f th e  n a tu r a l  gas
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ex ceed in g  dom estic  p ro d u c tio n  w ith  th e  rem ain ing  h a l f  

s u p p lie d  e q u a lly  by syngas from  c o a l and p e tro leu m  p ro 

d u c ts .  N a tu ra l gas im ports  a r e  d iv id e d  by C anadian p ip e l in e  

and LNG im p o rts .

R e s u lts

The an n u a l c o a l req u ire m en ts  d e c re a se  a s  th e  amount o f LNG im p o rts  

in c re a s e  (F ig u re  V I-1  -  V I-3 ) .

S in ce  c o a l c o n v e rs io n  to  syngas d e c re a se s  w ith  in c re a s in g  im p o rts , 

th e  an n u a l p ro d u c tio n  o f  s o l id  w aste  d e c re a se s  (F ig u re  V I-4 ). I t  i s  

u n l ik e ly  th a t  th e  U n ited  S ta te s  cou ld  su p p o r t th e  16 b i l l i o n  d o l l a r s  p e r  y e a r  

in  2000 and beyond (F ig u re  V I -5 ) .
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CHAPTER VII

PETROLEUM ALTERNATIVES

A fte r  th e  1 9 8 0 's ,  p ro je c te d  o i l  do m estic  p ro d u c tio n  c a p a c ity  

w i l l  b eg in  to  d e c l in e  (F ig u re  I I I - d - 3 )  w h ile  th e  demand fo r  o i l  grows 

f a s t e r .  S e v e ra l a l t e r n a t iv e  re so u rc e s  a r e  a v a i la b le  to  meet th e  p ro je c te d  

demand; c o a l , l i q u e f a c t io n ^ o i l  sh a le  and t a r  sand re c o v e ry , and im p o rts . 

F a c to rs  f o r  th e  s e le c t io n  o f  a l t e r n a t i v e  o i l  s u p p lie s  a re :

1 . The maximum a llo w ab le  d e f i c i t  due to  th e  o i l  im p o rts .

2 . N a tio n a l s e c u r i ty  im p lic a t io n s .

Assumptions

The fo llo w in g  assum ptions a re  made f o r  th e  o i l  supply  a l t e r n a t iv e s  

fo r  th e  y e a r  1980 and beyond.

1 . No o i l  im ports a re  a llo w ed , syncrude from c o a l w i l l  acco u n t 

f o r  50% o f o i l  demand exceed in g  dom estic  o i l  su p p ly . O il  

s h a le  and t a r  sand w i l l  s h a re  th e  o th e r  h a l f .

2 . O il  im ports  account f o r  50% o f  th e  demand exceeding d om estic  

o i l  su p p ly . Syncrude from c o a l  w i l l  s p l i t  th e  o th e r  h a l f  

w ith  o i l  sh a le  and t a r  san d .

R e su lts

As th e  im p o rts  o f  crude o i l  in c r e a s e s ,  th e  req u irem en ts  o f  c o a l 

p ro d u c tio n  d e c re a se s  (F ig u res  V II-1  and V I I -2 ) . The p ro d u c tio n  o f  o i l  

s h a le  a l s o  d e c re a se s  w ith  th e  in c re a s e  o f  im p o rts  o f  crude o i l ;  th u s ,  th e
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amount o f  s o l id  w as te  d e c re a se s  because  l e s s  syncrude from c o a l ,  and 

o i l  s h a le  and t a r  san d s a r e  needed (F ig u re  V I I -3 ) .

I t  i s  u n l ik e ly  t h a t  th e  U nited  S ta te s  c o u ld  s u p p o r t th e  huge 

d e f i c i t s  a s  shown by B ase 1 and Case 2 (F ig u re  V I I - 4 ) .
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CHAPTER V II 

SUMMARY AND RECOMMENDATIONS

Summary

The s tu d y  draw s th e  n a t io n  tow ards a  s e r i e s  o f  g o a ls  b o th  p ro b ab le  

and p o s s ib le .  I t  does t h i s  by c o h o r ts  o f  l i f e  s t y l e  (incom e) and popu

l a t i o n  ( s c a l e ) . The model draws th e  u n i t - u s e  over tim e by re fe re n c e  to  

g o a ls ,  to  dem ographic, econom ic, and p h y s ic a l  c o n s t r a in ts  by u s in g  mathe

m a tic a l programming te c h n iq u e s . The model th u s  i s  d e te r m in i s t ic  and 

p r o b a b i l i s t i c ,  an d , in  th a t  i t  i s  a r t i c u l a t e d  over tim e , i s  s to c h a s t i c .  

Both i n i t i a l  c o n d i t io n s  and o u tp u t g o a ls  a r e  r e s e t  a f t e r  tim e , and th e  

p ro c e ss  can be  re p e a te d .
2

C o e f f ic ie n t  c o r r e la t io n  (R ) and F v a lu e s  a re  p ro v id ed  f o r  each
2

p r o je c t io n .  The f i r s t  o f  th e s e ,  R , v a lu e s  range from 0 .8 1  to  0 .9 9 . 

th e  second , F , v a lu e s  range  from 11 .4  to  8 3 7 .9 . O v e ra ll  th ey  a r e  w e ll 

c o r r e la te d .  The F v a lu e s  o f  11 .4  and 837.9  w ith  3 and 7 d eg ree s  o f 

freedom  a re  s i g n i f i c a n t  a t  th e  0.5% (0 .005 ) and 0.1% (0 .0 0 1 ) l e v e l ,  

r e s p e c t iv e ly .

A l te rn a t iv e s  to  meet th e  demand a re  c lo s e ly  exam ined w ith  t h e i r  

p o s s ib le  e n v iro n m en ta l im p a c ts , advanced te c h n o lo g ie s  and b a la n c e  of 

payment d e f i c i t s  so th a t  government p o l ic y  may be  made to  re a c h  th e  s e t  

g o a ls ,  and r e s e a rc h  and developm ent may b e  d ir e c te d  a c c o rd in g ly . The 

a l t e r n a t iv e s  a r e :

1 . L im itin g  th e  U. S. p o p u la t io n  growth r a t e  to  2 .1  c h ild re n  

p e r  fam ily  (se e  C hap ter IV ) .
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2 . Employing c o n se rv a tio n  p r a c t i c e s  w hich in c lu d e :  upgrading 

c o n s tru c t io n  s ta n d a rd s  fo r  b u i ld in g s ;  im proving  e f f i c i e n t  

u se  o f  energy  f o r  in d u s try  and t r a n s p o r ta t io n ;  s e t t i n g  ta x  on 

s i z e  and power o f au to m o b ile s ; p ro v id in g  s u b s id ie s  and 

m atch ing  g ra n ts  f o r  mass t r a n s i t s  (s e e  C hap ter V ).

3 . Im p o rtin g  C anadian p ip e l in e  gas and IPG, o r  p roducing  

s y n th e t ic  gas from c o a l and p e tro leu m  (s e e  C hap ter V I ) .

4 . Im p o rtin g  crude  o i l ,  o r  p ro d u c in g  syncrude from  o i l  sh a le  

and c o a l  (se e  C hapter V I I ) .

A nalyses o f  th e  energy consum ption and o f  v a r io u s  a l t e r n a t i v e s  

have re a ff irm e d  th a t  th e  U n ited  S ta te s  i s  fa c e d  w ith  an  "energy  c r i s i s . "

The U nited  S ta te s  energy  consum ption i s  p ro je c te d  to  in c re a s e  from 68 

q u a d r i l l i o n  BTU's (338 m i l l io n  BTU's p e r  c a p i ta )  in  1970 to  202 quad

r i l l i o n  BTU's (650 m i l l io n  BTU's p e r  c a p i ta )  in  th e  y e a r  2000; i . e . ,  to  

in c re a s e  by a f a c to r  o f  3 (F ig u re  I I I - b - 9 ,  T ab le  V I I I - 1 ) .

E le c t r i c  u t i l i t i e s  w i l l  accoun t f o r  more th an  46 p e rc e n t o f  th e  

t o t a l  energy  consum ption; r e s i d e n t i a l  and com m ercial, 16 .4  p e r c e n t ;  

in d u s try ,  19 .4  p e rc e n t  and t r a n s p o r ta t io n ,  1 8 .1  p e rc e n t in  th e  y e a r  

2000 (F ig u re  I I I - b - 1 8 ) .

The gap betw een demand and su p p ly  i s  w id en in g . The U n ited  S ta te s  

dom estic  supp ly  o f  c o n v e n tio n a l p e tro leu m  i s  p ro je c te d  to  in c re a s e  from 

23,600 t r i l l i o n  BTU'g in  1970 to  24,335 t r i l l i o n  BTU’s  i n  1980; b u t  i t  

w i l l  g ra d u a lly  d e c re a se  to  18,316 t r i l l i o n  BTU's in  th e  y e a r  2000 

(T able I I I - e - 2 a ) . The U. S . dom estic  su p p ly  o f  c o n v e n tio n a l n a tu r a l  

gas i s  p r o je c te d  to  in c re a s e  from 23,500 t r i l l i o n  BTU's in  1970 to
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26,500 t r i l l i o n  BTU’s in  1980; b u t  i t  a ls o  w i l l  d ec re a se  to  19,184 

t r i l l i o n  BTU's in  th e  y e a r  2000 (T ab le  I I I - e - 2 a ) . W ithout dom estic 

supp ly  from  s y n th e t ic  f u e l s ,  th e  U n ited  S ta te s  must im port as much as  

11 p e rc e n t o f  th e  energy consum ption in  1970 to  a lm ost 60 p e rc e n t o f 

th e  energy  consumption in  th e  y e a r  2000 (Table I I I - e - 2 ) .

In c re a s in g  im ports o f p e tro leu m  and n a tu r a l  gas w i l l  m ost l i k e ly  

s h i f t  th e  "energy  c r i s i s "  to  an  economic b a lan ce  o f  payment " c r i s i s "  and 

n a t io n a l  s e c u r i ty  prob lem s, as  dem onstrated  in  th e  embargo o f crude o i l  

to  th e  U n ited  S ta te s  from Arab n a t io n s .

The p resen ce  o f  v a s t  combined re so u rc e s  o f c o a l ,  o i l  s h a le ,  and 

n u c le a r  raw m a te r ia ls  do n o t a s s u re  an adequate  U. S. energy  supply  

fo r  th e  f u tu r e  in  th e  forms need ed , c o n s is te n t  w ith  en v ironm en ta l 

s ta n d a rd s .  The l im ite d  a v a i l a b i l i t y  o f petro leum  and n a tu r a l  gas r e 

se rv e s  c a l l s  fo r  th e  developm ent o f  te chno logy , re q u ire d  f o r  th e  p ro 

d u c tio n  o f  s y n th e t ic  f u e l  from  c o a l and o i l  sh a le  as  r a p id ly  a s  p o s s ib le .

Syncrude p ro d u c tio n  i s  p r o je c te d  to  in c re a s e  from 190 o r  1,310 

t r i l l i o n  BTU’s in  1975 to  27,062 to  40,094 t r i l l i o n  BTU’s in  2000 (Table 

I I I - e - 2 a  and 2b). Syngas p ro d u c tio n  i s  p ro je c te d  to  in c re a s e  from 117 

o r  194 t r i l l i o n  BTU’s in  1975 to  16,496 o r  41,241 t r i l l i o n  BTU’s in  th e  

y e a r  2000, depending on governm ent p o l i c ie s  (T able I I I - e - 2 a  and 2 b ).

N u clea r power i s  p r o je c te d  to  in c re a s e  from 3,340 t r i l l i o n  BTU’s 

i n  th e  y e a r  1975 to  53,000 T r i l l i o n  BTU’s in  th e  y e a r  2000; i . e . ,  an 

in c re a s e  o f  p ro d u c tio n  by a  f a c t o r  o f  alm ost 16 (F ig u re  I I I - b - 1 6 ) . F a s t 

b re e d e r  r e a c to r s  must be developed  as  soon a s  p o s s ib le .  A s u c c e s s fu l  

b re e d e r  would m u ltip ly  th e  u s e fu ln e s s  o f  raw m a te r ia ls  by a  f a c to r  o f  50

-189-



o r more (9 4 ) . The technology  o f fu s io n  n u c le a r  power must a l s o  be 

econom ically  developed  soon, s in c e  n u c le a r  power w i l l  p ro v id e  more 

than  50 p e rc e n t o f  th e  e l e c t r i c a l  energy  p ro d u c tio n  by th e  y e a r  

2000 (F ig u re  I I I - b - 8 ) .

A sso c ia te d  w ith  th e  a l t e r n a t iv e s  to  m eet th e  energy  demand a re  

th e  p o s s ib le  en v iro n m en ta l im pacts and b a la n c e  o f payment d e f i c i t s .

The U nited  S ta te s  j u s t  can n o t a f f o r d  $46 b i l l i o n  f o r  im p o rtin g  energy  

an n u a lly I  (F ig u re s  VI-6 and V II-4 ) n o t even to  m ention i t s  p o l i t i c a l  

im p l ic a t io n s .

The model q u a n t i f ie s  th e  im pacts  o f  energy  p o lic y  d e c is io n s  in to  

a c c e p ta b le  in d ic e s .  E nvironm ental im pacts  in  term s o f  c o s ts  to  a b a te  

a i r  p o l lu t io n  and therm al p o l lu t io n  a re  e s tim a te d .

The c o s ts  to  a b a te  a i r  p o l lu t io n  from energy u t i l i z a t i o n  ranges 

from $1.78  b i l l i o n  in  1970 to  $ 3 .3  b i l l i o n  in  th e  y e a r  2000 (F ig u re

I I I - g - 1 ) . The c o s t  to  a b a te  th e rm a l p o l lu t io n  from e l e c t r i c a l  gener

a t io n  ranged  from $175 m i l l io n  in  1970 to  $1.58 b i l l i o n  in  th e  y e a r  

2000 (F ig u re  I I I - g - 2 ) .

Based on our m odel, en d -u se  consum ption does n o t change in  s p i t e  

o f d i f f e r e n t  a l t e r n a t i v e s ,  th e r e f o r e ,  th e  amount o f a i r  p o l lu t io n  and 

th e rm al p o l lu t io n  w i l l  rem ain th e  same w ith  r e s p e c t  to  d i f f e r e n t  a l t e r 

n a t iv e s  .

S o lid  w aste  p ro d u c tio n  w i l l  in c re a s e  rang ing  from 2 .5  to  45 .7  m il l io n  

to n s  in  1980 and 94 .5  to  99 .3  m i l l io n  to n s  in  th e  y e a r  2000 (T ab le  I I I - f - 8 )

Land u se  req u irem en ts  w i l l  a l s o  n o t  change too  much w ith  r e s p e c t  to  

d i f f e r e n t  a l t e r n a t i v e s ,  y e t  th ey  a ls o  w i l l  r e q u ire  from 1 2 .1  m i l l io n
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a c re s  i n  1980 to  37 .2  o r  38 .2  m i l l io n  a c re s  in  th e  y e a r  2000 (Table I I I -  

f - 1 3 ) .

L o n g -liv ed  r a d io a c t iv e  w aste  m a te r ia ls  w i l l  in c re a s e  from 1,708 

m i l l io n  cu b ic  f e e t  in  1980 to  23,797 m il l io n  c u b ic  f e e t  in  th e  y ea r 

2000. How to  c o n ta in  o r  d isp o se  o f  t h i s  huge volume o f  w aste  i s  a 

c h a lle n g in g  problem .

E nvironm ental c o s ts  f o r  th e  u t i l i z a t i o n  o f  en erg y  m ust be in te r n a l i z e d .  

T h is  may le a d  to  a  h ig h e r  p r ic e  o f  f u e l ,  y e t  i t  may p re v e n t w aste  o r  in 

e f f i c i e n t  u se  o f energy  and th u s  reduce  energy  consum ption . H igher p r ic e s  

may in  tu rn  g iv e  more in c e n t iv e s  f o r  d ev e lo p in g  new energy  so u rc e s . The 

p r ic e  o f  f u e ls  may be in c re a s e d  g ra d u a lly  o v e r a  lo n g  p e r io d  o f  tim e , 

say  20 y e a r s .

The most d ram a tic  e f f e c t s  on energy  consum ption a re  caused by popu

l a t i o n  grow th. The tre n d  to  2 .1  c h i ld re n  p e r  fam ily  w ould reduce energy 

consum ption by abo u t 25 p e rc e n t  by th e  y e a r  2000 (F ig u re  IV -1 ). T ogether 

w ith  th e  c o n se rv a tio n  p r a c t i c e s ,  energy  consum ption would be reduced  by 

more th an  33 p e rc e n t o f  t o t a l  energy  consum ption by th e  y e a r  2000 (F ig u re  

V -1 ).

R esearch  and developm ent on energy  must be  en cou raged . Government 

p o l ic y  m ust be  fo rm u la ted  n o t o n ly  tow ards th e  r e d u c t io n  o f energy con

sum ption  in  h o u s in g , t r a n s p o r t a t io n  and in d u s t r y ,  b u t  a l s o  to  encourage 

th e  developm ent o f  new f u e l  s o u rc e s ,  such as  s y n th e t ic  f u e l  from c o a l 

and o i l  s h a le .  C o n sis ten cy  w ith  o th e r  governm ent p o l i c i e s  i s  a l s o  very  

im p o rta n t . For exam ple, th e  c o s t  o f  gas from  c o a l  may w e ll  be  in  th e  

neighborhood o f  $ .60  p e r  thousand  cu b ic  f e e t  (1 8 ) ; u n t i l  r e c e n t ly ,  th e
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a c re s  i n  1980 to  37 .2  o r  38 .2  m i l l io n  a c re s  in  th e  y e a r  2000 (T able I I I -  

f - 1 3 ) .

L o n g -liv e d  r a d io a c t iv e  w aste  m a te r ia ls  w i l l  in c re a s e  from 1,708 

m i l l io n  c u b ic  f e e t  in  1980 to  23,797 m i l l io n  cu b ic  f e e t  i n  th e  y e a r  

2000. How to  c o n ta in  o r  d isp o se  o f  t h i s  huge volume o f w aste  i s  a  

c h a lle n g in g  problem .

E nv ironm enta l c o s ts  f o r  th e  u t i l i z a t i o n  o f  energy  m ust be i n t e r n a l i z e d .  

This may le a d  to  a  h ig h e r  p r ic e  o f  f u e l ,  y e t  i t  may p re v e n t w aste  o r  in 

e f f i c i e n t  u se  o f  energy  and th u s  red u ce  energy  consum ption. H igher p r ic e s  

may in  tu r n  g iv e  more in c e n t iv e s  f o r  d ev e lo p in g  new energy  so u rc e s . The 

p r ic e  o f  f u e l s  may be in c re a s e d  g ra d u a l ly  over a  long  p e r io d  o f  tim e , 

say  20 y e a r s .

The m ost d ram a tic  e f f e c t s  on en erg y  consum ption a re  caused by popu

l a t i o n  g row th . The tre n d  to  2 .1  c h i ld r e n  p e r  fam ily  would reduce  energy 

consum ption by about 25 p e rc e n t o f  th e  b a se  case  in  th e  y e a r  2000 (F ig u re

IV -1 ). T o g e th er w ith  th e  c o n s e rv a tio n  p r a c t i c e s ,  energy  consum ption would 

be reduced  by more th an  33 p e rc e n t o f  t o t a l  energy consum ption o f  th e  b ase  

case  by th e  y e a r  2000 (F ig u re  V -1 ) .

R esearch  and developm ent on energy  must be encouraged . Government 

p o lic y  m ust b e  fo rm u la ted  n o t o n ly  tow ards th e  re d u c t io n  o f  energy  con

sum ption  i n  h o u s in g , t r a n s p o r ta t io n  and in d u s try ,  b u t  a ls o  to  encourage 

th e  developm ent o f  new f u e l  s o u rc e s ,  such  a s  s y n th e t ic  f u e l  from c o a l  

and o i l  s h a le .  C o nsistency  w ith  o th e r  government p o l i c i e s  i s  a l s o  v e ry  

im p o rta n t .  For exam ple, th e  c o s t  o f  gas from c o a l may w e ll  be in  th e  

neighborhood  o f  $ .60  p e r  thousand  c u b ic  f e e t  (1 8 ); u n t i l  r e c e n t ly ,  th e
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th e  F e d e ra l Power Commission r e g u la t io n s  have l im ite d  n a tu r a l  gas p ro 

d u cers  to  p r ic e s  o f about $ .25  a t  th e  w ellhead  in  m ost a r e a s .  T h is 

w i l l  d isco u rag e  th e  g a s i f i c a t i o n  o f  c o a l .  Government can u n d e rta k e  

l a r g e r ,  lo n g e r - l iv e d ,  and r i s k i e r  re s e a rc h  and developm ent p r o je c t s  

such as  s o la r  energy u t i l i z a t i o n .  M u lti -n a tio n  e f f o r t s  in  t h i s  d i r e c t io n  

may g r e a t ly  b e n e f i t  every  n a t io n  Jo in e d  in  th e  p r o je c t .

S o la r ,  Wind, and T id a l pow er a r e  n o t c o n s id e re d  eco n o m ica lly  f e a s ib le  

by th e  y e a r  2000 in  t h i s  s tu d y . I f  we have a  techno logy  b reak -th ro u g h  and 

in t e r n a l i z e  th e  p o l lu t io n  c o s t  f o r  th e  u t i l i z a t i o n  o f  th e s e  energy  so u rc e s , 

th en  th e re  a re  good p ro sp e c t o f  e a r l i e r  u t i l i z a t i o n  o f  th e s e  c l e a r  energy  

so u rc e s .

Recommendations fo r  F u tu re  Work

1. E nvironm ental c o s ts  by  so u rc e s  and by en d -u se  sh o u ld  be 

e s tim a te d  so th a t  th e  in c re a s e  in  p r ic e  can  b e  j u s t i f i e d .  

E nvironm ental c o s ts  sh o u ld  in c lu d e  abatem ent c o s ts  f o r  a i r  

p o l lu t io n ,  th e rm al p o l l u t i o n ,  s o l id  w astes  and r a d io a c t iv e  

w a s te s .

2 . C ost and b e n e f i t  a n a ly s i s  on energy consum ption sh o u ld  be 

made so th a t  th e  d e g re e  o f  abatem ent may be  o p tim a lly  de

te rm ined .

3 . P ro je c t io n  on c o a l p ro d u c tio n  shou ld  be  made.

4 . World energy consum ption and re so u rc e s  sh o u ld  a l s o  b e  p ro

je c te d .

5 . Improvement shou ld  b e  made in  p ro je c t in g  n u c le a r  and geo therm al 

energy demand.
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T ab le  V III-1

R atio  o f  In c re a se  o f  Energy Consumption in  Year 2000 Compared to  1970

R es. Comm. T ran s . In d . M is. T o ta l

Coal

D -0 -0 -0 -0 .2 9 5 -0 -0 .2 9 5

I 2.732 3.264 0 2 .981 0.997 2.895

* P e tro .

D 1.168 _ 2.337 2.153 1 .903 -0 2.033

I 1.136 1.094 0 1.456 —0.406 1.233

N. Gas

D 2.817 3.757 4 .031
«

2 .732 0 2.792

I 2.018 2.493 0 2 .241 -0 .4 5 7 2.156

Hydro.

I 1.876 2.579 0 1 .732 -0 .6 4 1 1.928

N uclear

I 239.685 287.680 0 266.771 87.777 254.807

T id a l

I 0 0 0 0 0 0

S o la r

I 0 0 0 0 0 0

G eoth.^

I 32 .2 25 .3 0 43 .2 0 .3 102

Wind

I 0 0 0 0 0 0

2.938

D = D ire c t use
I  = I n d i r e c t  ( E le c t r i c  power)
*The number In c lu s e s  sy n cru d e .

**The number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  f u e l  from N. Gas.
-  B> D ecrease .
+ In c re a s e .

A Assuming G eotherm al energy  consum ption i s  10 t r i l l i o n  B T U 's in  1970.
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APPENDIX A

T ab le  A-1 

1970

Energy Demand: T r i l l i o n  BTU

Res. Comm. T rans. In d . M is. T o ta l

Coal

D 399.0 9 .0 5560.0 1 .6 5969,6

1 2616.4 1719.0 0 .0 3216.0 270.6 7813.0

*Petr<x^

D 3434 3434 15756.0 5069.0 180.0 27354.0

I 756.7 497 .2 0 .0 930.3 78.8 2263.0

N. Gas
4515 2257 671.0 11171.0** 0 .0 18521.0

I 1346.0 884.3 O.C 1654.7 140.0 4025.0

Hydro.

I 885 .1 5 8 1 .5< j . u i .  0 .0 1088.3 92.1 2647.0

N uclear

I 69.9 4 5 .7 0 .0 85.5 7 .2 208.0

T id a l

I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

S o la r

I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

Geoth.

I

I

0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

Wind

0 .0 0 .0 0 .0 0 .0 0 .0 , 0 .0

D = D ire c t use
I  = I n d i r e c t  ( E le c t r i c  power)
*This number In c lu d e s  syncrude.

**The number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  fu e l from N. Gas.

68810.0
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R es.

T able A-2 

1975

T o ta l Energy Demand; T r i l l i o n  BTU

Comm. T ra n s . In d . M is. T o ta l

Coal

D 0 .0 0 .0 4 2 .0 5034.0 0 .0  1 5076.0

I 2904.0 2097.0 0 .0 4021.0 240.0 9262.0

*_
P e tro .

D 3434.0 3434.0 17490.0 5291.0 228.0 29877.0

I 445 .0 281.0 0 .0 624.0 25.0 1385.0

N. Gas

D 4515.0 2757.0 865 .0 12165 .Or* 0 .0 20784.0

I 1214.0 881.0 0 .0 1697.0 98 .0 3890.0

N uclear

I 1047.0 756.0 0 .0 1450.0 87 .0 2646.0

Hydro.
I 840 .0 621.0 0 .0 1130.0 3 .0 120.0

Geoth.

I 38 .0 27.0 0 .0 52.0 0 .0 0 .0

Wind
I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

T id a l

I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

S o la r
I , 0 .0 0 .0 0 .0 1 0 .0 0 .0 0 .0

D = D ire c t use
I  = In d ir e c t  (E le c tr ic  power)
*This number Inc ludes syncrude.

**The number Inc ludes d ire c t  t ra n s p o r ta t io n  fu e l from N. Gas.

76380.0
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T able A-3 

1980

Total Energy Demand: Trillion BTU

Res. Comm. T ra n s . Ind. Mis. Total

Coal
D 0 .0 0 .0 17 .0 4663.0 0 ,0 4680,0

I 3498.0 2603.0 0 .0 4824.0 242.0 11167.0

* P e tro .
D 3803 .0 3804.0 18848.0 5902.0 8 1 .0 32438.0

I 447 .0 293.0 0 .0 692.0 31 .0 1463.0

N. Gas
D 6638.0 3318.0 1108.0 14573.0** 0 .0 24559.0

I 1434.0 1077.0 0 .0 1999.0 9 4 .0 4604.0

N uclear

I 2972.0 2212.0 4100.0 205.0 205.0 9490.0

Hydro
I 9 5 1 .0  - 738.0 0 .0 1240.0 3 5 .0 2964.0

Geoth
I 107 .0 80 .0 0 .0 148.0 8 .0 343.0

Wind
I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

T id a l
I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

S o la r
I 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

D = D ire c t use
I  = In d ir e c t  (E le c t r ic a l  Power)
*This number Includes syncrude.

**The number in c lu d es  d i r e c t  t r a n s p o r ta t io n  fue l from N. Gas,

91708.0
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T ab le  A-4 

1985
T o ta l  Energy Demand: T r i l l i o n  BTU 

R es. Comm. T ran s . In d . Mis. Total

Coal

D 0 0 0 4130 0 4130

I 4228 3206 5786 245 13456

D 3398 5068 21648 6615 0 36729

* P e tro .
540 329 0 806 30 1705

N. Gas

7252 4832 1407 17488*4 0 29572

1675 1295 0 2330 86 5386

N uclear

6751 5119 0 9239 391 21500

Hydro.

1083 881 0 1368 8 3340

Geotherm al

161 122 0 221 10 33

Wind

0 0 0 0 0 0

T id a l

0 0 0 0 0 0

S o la r

0 0 0 0 0 0

115860

D =• D ire c t  use
I  = i n d i r e c t  ( e l e c t r i c  power)
*This number in c lu d e s  sy n cru d e .

**The number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  f u e l  from N. Gas,
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T ab le  A-5 

1990

T o ta l  Energy Demand: T l l l i o n  BTU

Res. Comm. T ran s . In d . M is. Total
D 0 0 0 3584 0 3584

I . 5250 4030 0 7116 265 16661

* P e tro .

D 3790 5684 25051 7468 0 41993

I 603 388 0 966 30 1987

N. Cas

D 8450 5634 1748 21027** 0 35111

I 1969 1546 0 2711 81 6307

N uclear

I 8949 6869 0 21130 452 28400

Geoth.
I 241 165 0 290 11 680

Wind
I 0 0 0 0 0 0

H ydro.

I 1245 1048 0 1515 0 3808

T id a l
I 0 0 0 0 0 0

S o la r
I 0 0 0 0 0 0

138310

D = D ire c t  u se
I  = I n d i r e c t  ( e l e c t r i c  power)
*Thls number in c lu d e s  sy n cru d e .

**The number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  f u e l  from N fes .
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T ab le  A-6 

1995

T o ta l Energy Demand: T r i l l i o n  BTU

Res. Comm. T ra n s . In d . Mis.

Coal

D 0 0 0 2722 0 2722

I 6011 4673 0 8106 261 19051

* P e t r o .

D 3551 7102 29081 8465 0 48199

I 700 448 0 1141 31 2320

N. Cas

D 10572 7018 2182 25318** 0 42863

I 2306 1846 0 3163 73 7388

N uclea c

I 13568 10548 0 18296 588 40500

G eoth

I 270 210 0 364 11 855

Hydro

I 1434 1253 0 1686 60 4433

Wind

I 0 0 0 0 0 0

T id a l

I 0 0 0 0 0 0

S o la r

I
_______i 0 °  -

0 0 0 0

Total

D = D ire c t  use
I  = i n d i r e c t  ( e l e c t r i c  power)
*This number in c lu d e s  syncrude 

**The number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  f u e l  from N. C as.

168331
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T ab le  A-7 

2000
T o ta l  Energy Demand; T r i l l i o n  BTU 

R es. Comm. T ran s . In d . Mis. Total

Coal

D 0 . 0 0 1643 0 1643

I 7150 5611 0 9588 270 22619

dP etro .

D 4014 8027 33929 9649 O" 55619

I 860 544 0 1355 32 2791

N. Cas

D 12721 8480 2705 30527** 0 51728

I 2717 2207 0 3709 64 8697

N uclear
I 16754 13147 0 22467 632 53000

H ydro.
I 1661 1500 0 1886 59 5106

Geoth.
I 322 253 432 13 1020

Wind
I 0 0 0 0 0 0

T id a l
I 0 0 0 0 0 0

S o la r
I 0 0 0 Q 0 0

D = D ire c t  use
I  = i n d i r e c t  ( e l e c t r i c  power)
*T his number in c lu d e s  sy n cru d e .

**Tbe number in c lu d e s  d i r e c t  t r a n s p o r ta t io n  f u e l  from N. Cas.

202223
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Table B-1

N. End-us e  

S o u rc e ^ s .

1980 CD E m ission  ( to n s )  

Res. Comm. T ran s. In d . M is. T o ta l

*

D

0 0 600 176,700 0 177,300

** 0 0 600 176,700 0 177,300
Coal * 

I
66,300 49,300 0 1,400 4,600 211,600

** 66,300 49,300 0 1,400 4,600 211,600

*

D

68,500 13,200 7 ,874 ,320 13,400 0 7 ,969,420

**
P e t r o . 68,500 13,200 (54 ,554 ,823) 13,400 0 (54 ,649 ,923)

*

I

60 40 0 90 0 190

** 60 40 0 90 0 190

*

D

66,400 33,200 200 2 ,700 0 102,500

**
N.Gas

66,400 33,200 200 2,700 0 102,500
*

r
2,900 2,200 0 40 100 9,200

** 2,900 2,200 0 40 100 9,200

♦Projected
**( )In 1970 Trend

* 8 ,470 ,210
** (59 ,871 ,575)

-208-



Table B-2
1990 CD Emission (tons)

N . E nd-use 

Source^v^

R es. Coxm. T ra n s . In d . M is. T o ta l

* 0 0 0 135,800 0 135,800

D
**

Coal 0 0 0 135,800 0 135,800
* 99,500 76,400 0 134,900 5 ,000 315,700

I
** 99,500 76,400 0 134,900 5,000 315,700

* 68,200 4,032 10 ,756 ,246 5,274 0 10,843,058

D
**

P e tr o . 68,200 4,032 (64 ,734 ,299)1 5,274 0 (64,821,111)
* 80 60 0 130 0 270

I
** 80 60 0 130 0 270

* 84,500 56,400 300 3,900 0 145,100

D
**

N. Cas 84,500 56,400 300 3,900 0 145,100
* 3,900 3,100 0 5 ,400 200 12,600

I
** 3,900 3,100 0 5 ,400 200 12,600

T o ta l *11 ,452 ,528  

** (72 ,444 ,960)

*Projected
**( )In 1970 Trend
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Table B-3
2000 CD Emission (tons)

E nd-use

S o u r c e ^ v

R es. Comm. T rans In d . M is. T o ta l

* 0 0 0 62,300 0 62,300

D
** 0 0 0 62,300 0 62,300

C oal
* 135,500 106,300 0 181,700 5 ,100 428,600

I
** 135,500 106,300 0 181,700 5,100 428,600

* 72,300 5,666 14 ,715 , 798 6 ,734 0 14 ,800,498

D
** 72,300 5,666 (82 ,639 ,729 ) 6 ,734 0 (182,724 ,429)

P e t r o .
* 110 90 0 170 0 370

I
** 110 90 0 170 0 370

* 127,200 84 ,800 500 5 ,600 0 218,100

D
**

N. Cas 127,200 84,800 500 5 ,600 0 218,100
* 5,400 4 ,4 0 0 0 7 ,400 200 17,400

I
** 5,400 4,400 0 7,400 . 200 17,400

T o ta l *15 ,527,268

**(93 ,390 ,134)

*Projected
**( )In 1970 Trend
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Table B-4
1980 SOg Emission Emission (tons)

E nd-use

S o u r c e ^ v

R e s . Comm. T ra n s . In d . M is. T o ta l

* 0 0 10,126 2 ,785 ,397 0 2 ,795 ,523

Coal

D
** 0 0 10,126 2 ,785 ,297 0 2 ,795 ,523

* 1 ,7 4 2 ,0 0 4 1 ,296 ,294 0 2 ,402 ,352 120,516 5 ,561 ,000

I
** (2 ,1 5 9 ,0 3 9 1,25 ,294 0 2 ,4 0 2 ,352 (149 ,367 ) (6 ,892 ,507 )

* 554,933 1 ,258 ,408 899,738 841,035 0 3 ,554 ,115

P e t r o .

D
** 554.933 1,258 ,408 899,738 841,035 0 3,554 ,115

* 50,274 13,659 0 78,888 3,534 166,782

I
** 50 ,274 13,659 0 (98,515) (4 ,413 ) (182,767)

* 2 ,000 1,000 300 4,000 0 7 ,300

D
** 2 ,000 1,000 300 4,000 0 7,300

N. Cas
* 400 300 0 600 100 1,400

I
** 400 300 0 600 100 1,400

T o ta l  * (1 2 .0 8 6 ,2 2 0 )
**(13 ,433 ,712 )

*Projacted
**( )In 1970 Trend
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Table B-5
1990 SO2 Emission (tons)

E nd-use

S o u r c e ^ v

R es. Comm. T ran s . In d . M is. T o ta l

* 0 0 0 2 ,140 ,902 0 2 ,140 ,902

Coal

D
** 0 0 0 2 ,140 ,902 0 2 ,140 ,902

* 2 ,615 ,486 2 ,006 ,940 0 3 ,543 ,768  131,970 8 ,297 ,178

I
** (3 ,2 4 1 ,6 4 5 ) (2 ,4 8 7 ,4 0 1 ) 0 (4 ,3 8 2 ,1 4 6 ) (163,563) (1 0 ,1 1 1 ,1 9 3

* 553,036 809,970 1,243,577 1 ,064 ,190 0 3 ,670 ,773

D
** 553.036. 809.970 1 .243 .557  1 .064 .190 0 3 .670 ,773

P e t r o .
* 68,742 44,232 0 110,124 3,420 226,518

I
** (85 ,845) (55 ,236) 0 (137,507) (4 ,270) (282 ,858)

* 2,500 1,700 0 500 5,800 10,500

D
** 2,500 1.700 0 500 5,800 10,500

N. Cas
* 600 500 0 800 0 1 ,900

I
** 600 500 0 800 0 1 ,900

T o ta l *(14 ,347 ,771)
**(16,218,125)

*Projected
**( )In 1970 Trend
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T able  B-6

2000 SO- Em ission ( to n s )  z

E nd-use R es. Comm. T ran s . In d . M is. T o ta l

Source

* 0 0 0 981,475 0 981,475

D

Coal
**

*

I

0

3 ,560 ,700

0

2 ,794 ,278

0

0

981,475

4 ,774 ,824

0

134,460

981,475

11 ,264 .262

** (4 ,413 ,131 ) (3 ,4 6 3 ,2 2 8 ) 0 (5 ,9 1 7 ,9 1 6 )(1 6 6 ,6 4 8 )(1 3 ,9 6 0 ,9 2 4 )

* 585,722 1 ,143 ,847 1 ,3 2 8 , 118 1 ,374 ,982 0

D

P e t r o .
**

*

I

585,722

98,040

1 ,143 ,847

62,106

1 ,328 ,

0

118 1 ,3 7 4 ,9 8 2

154,470

0

3,648 319,659

** (122,432) (77 ,455) 0 (192,902) (4 ,555) (397 ,344)

* 3,800 2,500 800 8,300 0 15 ,500

D

N. Cas
**

*

I

3 ,800

800

2,500

700 0

800 8,300

1 ,100

0

2

15,500

2 ,600

** 800 700 0 (1 ,0 0 0 ) 2 (2 ,6 0 0 )

T o ta l  * 1 7 ,868 ,083 )
* * (2 0 ,6 4 3 ,4 3 0 )

*Projected
**( )In 1970 Trend
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Table B-7
1980 NO^ Emission (tons)

E nd-use R es. Comm. T ran s . In d . M is. T o ta l

Source N
* 0 0 4,800 1 ,3 2 4 ,8 0 0 0 1,329 ,600

D 4,800 1 ,3 2 4 ,8 0 0 0 1 ,329 ,600

C oal
**

*

0

122,400

0

91 ,100 0 168,800 390,800

I
** (1 ,192 ,468) (887 ,360) 0 (1 ,6 4 4 ,5 0 1 )(8 2 ,4 9 7 )(3 ,8 0 6 ,8 2 6 )

* 163,500 536 ,831 2,759,967 830,122 0 4 ,290 ,420

D

P e t r o .
**

*

163,500

66,200

536 ,831

43 ,900

(2 ,896 ,843 )

0

830,122

103,800

0

4,700

(4 ,4 2 7 ,2 9 6 )

219,500

I
** (156,673) (102 ,696) 0 (2 4 2 ,5 4 6 )(1 0 ,8 6 5 ) (512,780)

* 165,900 165,900 66,500 807,900 0 1 ,206 ,200

D

N. Cas
** 165,900 165,900 66,500 807,900 0 1 ,206 ,200

* 143,400 107,700 0 199,900 9,400 460,400

I
** (265,290) (199 ,245) 0 (3 6 8 ,8 1 5 )(1 7 ,3 8 0 ) (815,740)

T o ta l * (7 ,8 9 6 ,9 2 0 )
* * (1 2 ,0 9 8 ,4 6 2 )

*Projected
**C )In 1970 Trend
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Table B-8
1990 NO^ Emission (tons)

X . E nd-use  

S o u rc e ^ s^

R es. Comm. T ra n s . In d . M is. T o ta l

A 0 0 0 1 ,018 ,200 0 1 ,018 ,200

D
** n 0 0 1 ,018 ,200 0 1 ,018 ,200

Coal
A 183,800 141,000 0 248,000 9,300 583,100

I
AA (1 ,7 8 9 ,7 2 5 ) (1 ,3 7 3 ,8 2 7 ) 0 (2 ,4 2 5 ,8 4 4 ) (9 0 ,3 3 8 )(5 ,6 7 8 ,7 3 4 )

A 162,900 802,176 3 ,791 ,590 1 ,045 ,202 0 5 ,801 ,868

D
AA 162,900 802.176 (4 ,3 7 5 .5 5 4 ) 1 .045 ,202 0 (6 ,3 8 5 .8 3 2 )

P e t r o .
A 90,500 58,200 0 144,900 4,500 298,100

I
AA 211,351 (135,944) 0 338,585 (10,515) (696,393)

A 211,300 281,700 104,900 1 ,156 ,700 0 1 ,754 ,600

N. Cas

D
AA 211,300 281,700 104,900 1 ,156 ,700 0 1 ,754 ,600

A

I

196,900 154,600 0 271,100 8,100 630,700

AA 196,900 286,010 0 501,535 (1 4 ,9 8 5 )(1 ,1 6 6 ,7 9 5 )

T o ta l * (1 0 ,0 8 6 ,5 6 8 )
** (16 ,721 ,354)

*Projected
**( )In 1970 Trend
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Table B-9
2000 NO

X
E m ission ( to n s )

N . E nd-use R es. Comm. T ra n s . In d . M is. T o ta l

Source N
* 0 0 0 466,800 ; 0 466,800

Coal

D
** 0 0 0 466,800 '  0 466,800

* 250,300 196,400 0 335,600 9,500 791,700

I
** (2 ,4 3 7 ,4 3 5 )(1 ,9 1 2 ,7 8 9 ) 0 (3 ,2 6 8 ,5 4 9 )(9 2 ,0 4 3 )(7 ,7 1 0 ,8 1 6 )

* 172,600 1 ,132 ,372 5 ,1 4 6 ,4 3 0 1,344,877 0 7 ,796 ,279

P e t r o .

D
** 172,600 1 ,132 ,372 (5 ,1 4 6 ,4 3 0 ) 1 ,344 ,877 0 (8 ,5 6 7 ,0 4 3 )

* 129,000 81,600 0 203,300 4,800 418,700

I
** (301,430) (190,672) 0 (474,927) (11 ,216) (978 ,245)

* 312,000 424,000 162,300 1,669 ,300 0 2 ,573 ,600

D

N. Cas
**

*

I

312,000

271,700

424,000

220,700

162,300

0

1,669 ,300

370,900

0

6,400

2 ,573 ,600

869,700

** 271,700 220,700 0 370,900 6,400 869,700

T o ta l * (1 2 ,9 1 6 ,7 7 9 )
* * (2 1 ,9 0 5 ,4 4 9 )

*Projected
**( )In 1970 Trend
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Table B-10
1980 Particulate Emission (tons)

E nd-use R es. Comm. T ra n s . In d . M is. T o ta l

S o u r c e ^ ^

* 0 G 14,6GG 4,018,3GG 0 4 ,032 ,900

D
**

Coal
*

0

34,900

G

26,0GG

14,6G0

G

4,018,3GG

48,2GG

0

2,400

4 ,032 ,900

111,700

I
** (68 ,571) (51,G84) G (9 4 ,7 0 3 )(4 ,7 1 5 ) (219,073)

* 136,900 292,146 1 3 3 1 ,2 1 1 361,634 G 2,721 ,891

D
**

P e t r o .
*

136,900

11,900

292,146

7.9G0

1,931,211

G

361,634

18,700

G

800

2 ,721 ,891

39,500

I
** (11 ,888) (7 ,892) G (18 ,681) (800) (39,460)

* 63,100 31,5GG 9,900 121,200 0 225,700

D
** 63,100 31,5G0 9,9G0 121,200 0 225,700

N # Cas
* 10,800 8,1GG 0 14,900 700 345,000

I
** 10,800 8,1GG 0 14,900 700 345,000

T o ta l  * (7 ,1 6 6 ,1 9 1 )
** (7 ,272 ,564 )

*Projected
**( )In 1970 Trend
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Table B-11
1990 Particulate Emission (tons)

N. End-use 

S o u r c e ^ ^

R es. Comm. T rans In d . M is. T o ta l

* 0 0 . 0 3 ,088 ,500 0 3 ,088 ,500

Coal

D
** 0 0 . 0 3 ,088 ,500 0 3 ,088 ,500

* 52,500 40,300 0 71,200 2,700 166,600

I
** (103,152) (79 ,181) (0) (139,893) (5 ,304) (327 ,530)

* 136,400 342,055 2 ,160 ,388 468,825 0 3 ,107 ,688

D
** 136.400 342.055 2 .160 .388 468.825 0 3 ,107 ,688

P e tr o .
* 16,300 10,800 0 26,100 800 53,600

I
** (16 ,283) (10 ,789) 0 (26 ,073) (800) (53 ,945)

* 80,300 53,500 15,700 173,500 0 323,000

D
** 80.300 53.500 15.700 173,500 0 323,000

N. Cas
* 14,800 11,600 0 20,310 600 47,300

I
** 14,800 11,600 0 20,310 600 47,300

T o ta l  * (6 ,7 8 6 ,6 6 8 )
* * (6 ,9 4 7 ,5 9 8 )

*Projected
**C )In 1970 Trend
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Table B-12
2000 Particulate Emission (tons)

E nd-use R es. Comm. T ra n s . In d . M is. T o ta l

Source

* 0 0 0 1 ,4 1 5 ,9 0 0 0 1 ,415 ,900

Coal

D
**

*

0

71,500

0

56,100

0

0

1 ,4 1 5 ,9 0 0

95,900

0

2,700

1 ,415 ,900

226,200

I
** (142,448) (110,225) 0 (188,424) (5 ,304) (446,401)

* 144,500 484,519 3 ,054 ,980 617,844 0 4 ,180 ,543

P e tr o .

%
D

**

*

144,500

23,200

585,519

14,700

3 ,054 ,980

0

617,844

36,600

0

900

4 ,180 ,543

75,400

I
** (23 ,176) (14 ,685) 0 (36 ,563) (900) (75 ,324)

* 120,800 80,600 24,300 250,400 0 476,100

N. Cas

D
**

*

I

120,800

20,400

80,600

16,600

24,300

0

250,400

27,800

0

500

476,100

65,200

** 20,400 16,600 0 27,800 500 65,200

T o ta l  * (6 ,4 3 9 ,3 4 3 )
* * (6 ,6 5 9 ,5 4 4 )

*Projected
**( )In 1970 Trend
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Table B-13
1980 Hydrocarbon Emission (tons)

E nd-use R e s . Comm. T ran s . In d . M is. T o ta l

S o u r c e s ^

* 0 0 300 88,400 0 88,700

D

**C oal
*

0

23,800

0

17,700

300

0

88,400
32,800

0
1 ,600

88,700

75,900

I
** 23,800 17,700 0 32,800 1,600 75,900

* 41,100 41,100 2 ,996 ,450 63,700 900 3 ,143 ,250

D
**

P e t r o .
*

41,100

3 ,000

41,100

2,000
(4 ,0 9 7 ,7 8 2 )

0

63,700

4,600

900 (4 ,244 ,582 ) 

200 9 ,800

I
** 3,000 2,000 0 4,600 200 9,800

* 26,500 13,300 22,200 269,300 0 331,300

D
** 26,500 13,300 22,200 269,300 0 331,200

N. Cas
* 28,700 21,500 0 39,900 1,900 92,100

I
** 28,700 21,500 0 39,900 1,900 92,100

T o ta l

*Projected
**C )In 1970 Trend

* (3 ,7 4 1 ,0 5 0 )
** (4 ,8 4 2 ,3 8 2 )
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Table B-14
1990 Hydrocarbon Emission (tons)

N. E nd-use 

S o u r c e s ^

R e s . Comm. T ra n s . In d . M is. T o ta l

* 0 0 0 67,900 0 67,900
D

**Coal 0 0 0 67,900 0 67,900
* 35,700 27,400 0 48,400 1,800 113,300

I
** 35,700 27,400 0 48,400 1,800 113,300

* 40,900 61,400 4 ,651 ,067 80,700 0 4 ,834 ,067

D
** 40,900 61,400 (5 ,9 5 7 ,8 9 9 ) 80,700 0 (6 ,1 8 0 ,8 9 9 )

P e t r o .
* 4 ,000 2,600 0 6,500 200 13,300

I
** 4,000 2,600 0 6,500 200 13,300

* 33,800 22,500 34,900 385,600 0 476,800

D
** 33,800 22,500 34,900 385,600 0 476,800

N. Cas
* 39,400 30,800 0 54,200 1,600 126,100

I
** 39,400 30,800 0 54,200 1,600 126,100

*Projected
**( )In 1970 Trend
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Table B-15
2000 Hydrocarbon Emission (tons)

E nd-use

S o u r c e ^ ^

R es. GOumi. T ran s . In d . M is. T o ta l

* 0 0 0 31,100 0 31,100
D

**
Coal 0 0 0 31,100 0 31,100

* 48,600 38,200 0 65,200 1,800 153,800
I

** 48,600 38,200 0 65,200 1,800 153,800

* 43,400 86,700 6 ,756 ,781 104,200 0 6 ,991 ,081

D
**

P e t r o . 43,400 86,700 (8 ,4 2 5 ,0 8 1 ) 104,200 0 6 ,991 ,081

* 5,700 3,600 0 9,100 200 18,700

I
** 5,700 3,600 0 9,100 200 18,700

* 50,900 33,900 54,100 556,400 0 695,300

D
** 50,900 33,900 54,100 556,400 0 695,300

N. Cas
* 54,300 44,100 0 74,200 1,300 173,900

I
** 54,300 44,100 0 74,200 1,300 173,900

T o ta l  * (8 ,0 6 3 ,8 8 1 )
* * (9 ,7 3 2 ,1 8 1 )

*Projected
**( )In 1970 Trend
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Table C-1
Annual CO Emission (Transportation)

Y ear

Source

1980 1990 2000

Auto 31,584,458
(54 ,554 ,823)

37,418,867
(64 ,734 ,229)

4 ,7 7 6 ,8 6 3
(82 ,6 3 9 ,7 2 9 )

G aso lin e
Truck 948,242 937,909 952,726
Bus 66,156 29,309 26,464
A lrp . 30,251 0 0

J e t  f u e l A lrp . 2 ,964 ,601 4 ,985 ,650 7 ,26 0 ,8 0 6

Ship 479 604 795
Res. O il R a i l 181,412 221,826 326,556

Bus 36,282 67,512 326,566

D is . o i l
Ship 43,538 57,867 78,375
Truck 449,901 713,702 1 ,162 ,577

T o ta l 7 ,874 ,320 10 ,756 ,246 14 ,715 ,798
(59 ,270 ,685) (71 ,748 ,678 ) (92 ,578 ,664 )

U n it;  Tons 

( ) :  1970 tre n d
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Table C-2
Annual NO^ Emission (Transportation)

Year

Source

1980 1990 2000

Auto 371,946
(508,822)

441,348
(1 ,0 4 5 ,1 1 2 )

563,424
(1 ,3 3 4 ,1 8 8 )

G aso line
T ruck 111,844 110,625 112,372

Bus 7,803 3,457 3,121

A lrp . 5 ,824 0 0

J e t  f u e l A lrp . 570,755 959,854 1 ,397 ,874

Ship 472,707 457,606 158,533

Res. o i l R a i l 310,992 380,274 559,828

Bus 62,198 115,735 223,931

D is . o i l
Ship 74,638 99,206 134,358

T ruck 771,260 1 ,223 ,490 1 ,992 ,989

T o ta l 2 ,759 ,967
(2 ,8 9 6 ,8 4 3 )

3 ,791 ,590
(4 ,3 9 5 ,3 5 4 )

5 ,146 ,430
(5 ,9 1 7 ,1 9 4 )

U n it: Tons

( ) :  1970 tre n d
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Table C-3
Annual SO^ Emission (Transportation)

Y ear
Source

1980 1990 2000

Auto 161,715 192,892 244,967

Truck 48,627 48,097 48,857
G aso lin e Bus 3,392 1,503 1,357

A irp . 2 ,318 0 0

J e t  f u e l A irp . 227,193 382,077 556,435

Ship 279,327 351,716 48,688

R es. o i l R a i l 45 ,706 55,888 82,277

Bus 9 ,141 17,009 32,911

Ship 10,969 14,579 19,746
D is . o i l

Truck 111,351 179,816 292,880

T o ta l 898,739 1 ,243 ,577 1 ,328 ,118

U n it: Tons
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Table C-4

Annual Particulate Emission (Transportation)

Year
Source

1980 1990 2000

Auto 287,045 340,605 434,817

Truck 86,314 85,373 86,722
G aso lin e Bus 6,021 2,667 2,408

A irp . 9 ,160 0 0

J e t  f u e l A irp . 911,545 1 ,532 ,970 22,232,528

Ship 50,006 69,261 91,201

Res. o i l R a i l 22,146 27,080 39,866

Bus 4,429 8,241 15,946

Ship 5,315 7 ,064 9,567
D is . o i l T ruck 549,230 87,127 141,925

T o ta l 1 ,931,211 2 ,160 ,388 3,054 ,980

U n it : Tons
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T ab le  C-5

Annual H ydrocarbon E m ission  (T ra n s p o r ta tio n )

Year

Source

1980 1990 2000

Auto 380,032
(1 ,4 8 1 ,3 6 4 )

450,943
(1 ,7 5 7 ,7 7 5 )

575,673
(2 ,243 ,973 )

G aso lin e
Truck 114,275 113,030 114,815

Bus 7,972 3,532 3,189

A lrp . 2,637 0 0

J e t  f u e l A lrp . 1 ,939 ,459 3 ,2 6 1 ,6 4 0 4,750 ,060

Ship 7,162 9 ,018 11,875

R es. o i l R a i l 139,004 169,971 250,220

Bus 27,800 51,730 100,090

D is . o i l
Ship 33,360 44,340 60,054

T ruck 344,729 546,863 890,805

T o ta l 2 ,996 ,450
(4 ,0 9 7 ,7 8 2 )

4 ,651 ,067
(5 ,9 5 7 ,8 9 9 )

6 ,756 ,781
(8 ,4 2 5 ,0 8 1 )

U n it :  Tons

( ) :  1970 tre n d
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