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T e c h n i c a l  deve lopmen t s  i n  s h a l e  o i l  p r o d u c t i o n  a c h i e v e d  i n  t h e  p a s t  
few y e a r s  s i g n a l  t h e  p o t e n t i a l  b e g i n n i n g  o f  a new l i q u i d  h y d r o c a r b o n  
i n d u s t r y .  C o n s t r u c t i o n  work h a s  begun on commercial scale  p r o j e c t s  
and coup led  w i t h  t h e  g rowing  s e n s e  o f  n a t i o n a l  u r g e n c y ,  t h e r e  is  good 
op t imism t h a t  s i g n i f i c a n t  s h a l e  o i l  p r o d u c t i o n  w i l l  be  f o r t h c o m i n g .  
These  e v e n t s  have  g e n e r a t e d  a need t o  t a k e  a closer l o o k  a t  d e f i n i t i o n  
o f  s h a l e  o i l  m a r k e t s .  

I n  c o n t r a s t  t o  p a s t  e f f o r t s  which have  d e a l t  h y p o t h e t i c a l l y  w i t h  t h i s  
s u b j e c t ,  o u r  m a r k e t i n g  deve lopmen t  e f f o r t s  a r e  d i r e c t e d  a t  an  e s t a b -  
l i s h e d  o b j e c t i v e ;  t h a t  i s ,  t o  d e f i n e  t h e  s p e c i f i c  m a r k e t s  which w i l l  
r e t u r n  an optimum p r i c e  f o r  a commercial q u a n t i t y  o f  s h a l e  o i l  i n  t h e  
mid-1980's .  Consuming sectors o f  t h e  p e t r o l e u m  m a r k e t  have  been  
e v a l u a t e d  and compared.  The t r a n s p o r t a t i o n  e l e m e n t  h a s  been  c o s t e d  for 
v a r i o u s  g e o g r a p h i c  r e g i o n s  o f  i n t e r e s t  and combined w i t h  q u a l i t y  d i f -  
f e r e n t i a l s  t o  i d e n t i f y  economic a l t e r n a t e s .  

B e f o r e  d e l v i n g  i n t o  t h e  d i s t r i b u t i o n  l o g i c ,  some commentary a b o u t  t h e  
n a t u r e  o f  t h e  p r o d u c t  is w a r r a n t e d .  Whi l e  most o f  t h e  s h a l e  o i l  t e c h -  
no logy  deve loped  t o  d a t e  i s  d e r i v e d  from a v a r i e t y  o f  above g round  
r e t o r t i n g  t e s t s ,  o i l  s h a l e  p ro j ec t s  c u r r e n t l y  underway i n d i c a t e  t h a t  
t h e  e a r l y  p r o d u c t i o n  w i l l  come from a m o d i f i e d  in' s i t u  p r o c e s s  w i t h  
l a t e r  p r o d u c t i o n  p o s s i b l y  b e i n g  a b l e n d  o f  o i l s  from s e v e r a l  r e c o v e r y  
p r o c e s s e s .  Many o f  t h e  e a r l y  p l a n s  c a l l e d  f o r  a p r e r e f i n i n g  s t e p  a t  
t h e  p r o d u c t i o n  f a c i l i t y  t o  improve t h e  o i l ' s  t r a n s p o r t a t i o n  c h a r a c t e r -  
i s t i c s  and m a r k e t a b i l i t y .  S t r o n g  demand p r o j e c t e d  f o r  h y d r o c a r b o n  
l i q u i d s  i n  t h e  mid-1980's  h a s  tempered t h e  c o n c e r n  o v e r  m a r k e t a b i l i t y  
o f  as-produced s h a l e  o i l  and c o n s e q u e n t l y  h a s  modera t ed  t h e  need t o  
upgrade  a t  t h e  p r o d u c t i o n  s i t e .  The c a p i t a l  i n t e n s i v e  p r o d u c t i o n  
o p e r a t i o n  t e n d s  t o  make d e v e l o p e r s  f a v o r a b l y  c o n s i d e r  min imiz ing  t h e  
i n i t i a l  i n v e s t m e n t ,  wh ich  c a n  b e  accompl i shed  by  e l i m i n a t i n g  t h e  o i l  
u p g r a d i n g  step.  C o n c e r n s  o v e r  w a t e r  a v a i l a b i l i t y  and g e n e r a l  h i g h  
i n d u s t r i a l  p r o f i l e  i n  W e s t e r n  C o l o r a d o  a r e  a l so  f a c t o r s  which w i l l  
i n c r e a s e  t h e  p r o b a b i l i t y  t h a t  a n y  p r o c e s s i n g  o f  t h e  o i l  w i l l  be  ac- 
compl i shed  downstream i n  e x i s t i n g  i n d u s t r i a l  complexes .  C o n s e q u e n t l y ,  
t h e  commodity o f  i n t e r e s t  i n  t h i s  d i s c u s s i o n  is  t h e  a s -p roduced  
s h a l e  o i l  f rom m o d i f i e d  i n  s i t u  r e t o r t i n g .  

Whi l e  s h a l e  o i l  w i l l  n o t  b e  c o m p l e t e l y  i n t e r c h a n g e a b l e  w i t h  c r u d e  o i l ,  
i ts p r o p e r t i e s  are s u f f i c i e n t l y  s i m i l a r  t h a t  it w i l l  a c t  as  a sub-  
s t i t u t e  i n  s e v e r a l  a p p l i c a t i o n s .  The m a j o r  q u a l i t y  d i f f e r e n c e  be tween  
s h a l e  o i l  and c o n v e n t i o n a l  c r u d e  o i l  is n i t r o g e n  c o n t e n t .  S h a l e  o i l  
c o n t a i n s  a p p r o x i m a t e l y  1 . 5  w e i g h t  p e r c e n t  n i t r o g e n  compared t o  0.1% f o r  
t y p i c a l  c r u d e  o i l s  p roduced  i n  t h e  Rocky Mountains .  S i n c e  n i t r o g e n  is 
an u n d e s i r a b l e  c o n t a m i n a n t  i n  c a t a l y t i c  r e f i n i n g  p r o c e s s e s ,  f a c i l i t i e s  
w i l l  have t o  be c o n s t r u c t e d  s p e c i f i c a l l y  f o r  i t s  removal .  R e f i n i n g  
t e c h n o l o g y  i s  f u l l y  d e v e l o p e d  f o r  t h i s  p r o c e s s i n g  s t e p  a n d ,  i n  f a c t ,  
C a l i f o r n i a  c r u d e s  r a n g i n g  u p  t o  0 . 7 %  n i t r o g e n  are  r o u t i n e l y  r e f i n e d  o n  
t h e  West Coast. The i m p a c t  o f  t h e  n i t r o g e n  c a n  a l so  be l e s s e n e d  by  
b l e n d i n g  w i t h  c r u d e  o i l  i n  a n  e x i s t i n g  r e f i n e r y .  To v e r i f y  
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t h i s ,  a s u c c e s s f u l  r e f i n e r y , t e s t  r u n  was c o n d u c t e d  o n  as -produced ,  i n  
s i t u  s h a l e  o i l  a t  t h e  Chevron r e f i n e r y  i n  S a l t  Lake C i t y  i n  November, 
1977.  

T h e r e  a r e  a l s o  s i g n i f i c a n t  d i f f e r e n c e s  from c r u d e  i n  f r a c t i o n a t i o n  
y i e l d s .  T h e s e  d i f f e r e n c e s  are e x p l a i n e d  i n  some d e t a i l  i n  t h e  r e f i n i n g  
q u a l i t y  d i s c u s s i o n .  A v e r y  i m p o r t a n t  s h a l e  o i l  p r o p e r t y  i s  i t s  re la-  
t i v e l y  l o w  s u l f u r  c o n t e n t ,  0 .5-0.7 w e i g h t  p e r c e n t .  The l o w  s u l f u r  
c o n t e n t  may al low t h e  o i l  t o  be burned  d i r e c t l y  i n  b o i l e r  a p p l i c a t i o n s  
i n  i t s  as-produced  s t a t e .  T h i s  f a c t o r  a l s o  i n f l u e n c e s  p l a n n i n g  a g a i n s t  
i n c o r p o r a t i n g  a n  u p g r a d i n g  s t e p  w i t h  t h e  p r o d u c t i o n  o p e r a t i o n .  

Because  o f  i ts  s i m i l a r i t y  t o  p e t r o l e u m ,  it is e x p e c t e d  t h a t  s h a l e  o i l  
w i l l  compete i n  t h e  same m a r k e t s  w i t h  c r u d e  o i l  o r  p r o d u c t s  d e r i v e d  
from c r u d e .  The s u p p l y  o f  c r u d e  o i l  t o  meet i n c r e m e n t a l  U.S. demand is 
w i d e l y  a c c e p t e d  t o  b e  f o r e i g n  s o u r c e d  i n  t h e  1 9 8 0 ' s  and r e f e r e n c e  is 
made t h r o u g h o u t  t h e  d i s c u s s i o n  t o  economics  r e l a t i v e  t o  cost o f  f o r e i g n  
c r u d e  o i l .  

With t h a t  o v e r v i e w  i n  mind w e  c a n  t u r n  t o  e x a m i n a t i o n  o f  t h e  l o g i s t i c  
f a c t o r s ,  t h e  p o t e n t i a l  consuming i n d u s t r i e s ,  and t h e  b u s i n e s s  and 
g o v e r n m e n t a l  i n f l u e n c e s .  

G e o g r a p h i c a l  o r i e n t a t i o n  o f  t h e  e x i s t i n g  m a r k e t s  w i l l  h a v e  a s t r o n g  
i n f l u e n c e  on s h a l e  o i l  d i s p o s i t i o n ,  p a r t i c u l a r l y  i n  t h e  e a r l y  y e a r s .  
As p r o d u c t i o n  o f  s h a l e  o i l  e x p a n d s  w e  c a n  e x p e c t  i n d u s t r i a l  consumers  
t o  react  t o  t h e  s u p p l y  s o u r c e  by l o c a t i n g  new f a c i l i t i e s  t o  t a k e  
a d v a n t a g e  o f  l o g i s t i c s .  However, a t  t h e  o u t s e t ,  t h e  p r o c e s s i n g  p l a n t s  
t h a t  w i l l  a b s o r b  t h e  s h a l e  oil a re  e s s e n t i a l l y  i n  p l a c e .  F i g u r e  1 
shows i n  g e n e r a l  t h e  c o n c e n t r a t i o n  o f  t h e  r e f i n i n g  i n d u s t r y ,  t h e  
p r i m a r y  p e t r o c h e m i c a l  p l a n t s  and t h e  u t i l i t i e s  r u n n i n g  o n  o i l .  

The r e f i n i n g  i n d u s t r y  i s  t h e  m o s t  w i d e s p r e a d  and w h i l e  l a r g e  c o n c e n t r a -  
t i o n s  a r e  shown i n  C a l i f o r n i a ,  t h e  G u l f  Coas t ,  t h e  G r e a t  L a k e s ,  and  t h e  
P h i l a d e l p h i a  a r ea ,  a s u f f i c i e n t  c a p a c i t y  t o  a b s o r b  100-200 MB/D o f  
s h a l e  o i l  e x i s t s  i n  t h e  Rocky Mountain/Kansas  a r e a .  I n  p e r s p e c t i v e ,  
t h e  U . S .  r e f i n i n g  c a p a c i t y  s t a n d s  a t  17 .6  m i l l i o n  B/D o f  which 5 
m i l l i o n  B/D is l o c a t e d  i n  t h e  Rocky Mountain/Midwest area. Demand f o r  
r e f i n e d  p r o d u c t s ,  of course, is e q u a l l y  w i d e s p r e a d  and s h o u l d  c o n t i n u e  
t o  grow a t  a m o d e r a t e  p a c e .  Because  o f  i ts  wide g e o g r a p h i c  d i s t r i b u -  
t i o n ,  t h e  r e f i n i n g  i n d u s t r y  h a s  t h e  most f l e x i b i l i t y  t o  modi fy  or 
l o c a t e  new f a c i l i t i e s  t o  t a k e  a d v a n t a g e  of t h e  l o g i s t i c  f l o w  o f  t h e  
s h a l e  o i l .  

The p r i m a r y  p e t r o c h e m i c a l  i n d u s t r y  d o e s  n o t  have  t h i s  l u x u r y .  The 
g r e a t  m a j o r i t y  o f  t h e  l a r g e  volume p e t r o c h e m i c a l  o p e r a t i o n s  a r e  cen-  
t e r e d  n e a r  t h e  U . S .  Gul f  Coast .  T h e r e  t h e y  have  t h e  n e c e s s a r y  economic 
l i n k a g e  w i t h  p l a n t s  p r o d u c i n g  i n t e r m e d i a t e s  and f i n i s h e d  p r o d u c t s  a l o n g  
w i t h  e s t a b l i s h e d  o u t l e t s  f o r  b y - p r o d u c t s .  I f  a l a r g e  p l a n t  were t o  be 
c o n s t r u c t e d  i n  t h e  R o c k i e s ,  i t  would have  t o  a c h i e v e  s u f f i c i e n t  b e n e f i t  
t o  overcome t h e  t r a n s p o r t a t i o n  p e n a l t y  a s s o c i a t e d  w i t h  h a u l i n g  n e a r l y  
a l l  t h e  O u t p u t  t o  t h e  U.S. Gulf  f o r  s e c o n d a r y  p r o c e s s i n g  or by-product  
d i s p o s i t i o n .  AS t r a d i t i o n a l  s u p p l y  s o u r c e s  change ,  w e  may see e v o l u -  
t i o n  i n  t h i s  d i r e c t i o n  b u t  it w i l l  b e  v e r y  s l o w  and i n  smal l  s t e p s .  

The l a r g e  m a r k e t  f o r  o i l  i n  d i r e c t  b u r n i n g  a p p l i c a t i o n s  is t h e  u t i l i t y  
b o i l e r  m a r k e t .  T h e r e  is  some q u e s t i o n . a s  t o  how l o n g  t h i s  o u t l e t  W i l l  
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exis t  i n  l i g h t  o f  Government  p o l i c y  t r e n d i n g  a g a i n s t  u s i n g  l i q u i d s  f o r  
power g e n e r a t i o n .  A s  shown on F i g u r e  1, o i l  u s e  t o d a y  is  c e n t e r e d  i n  
t h r e e  r e g i o n s :  C a l i f o r n i a ,  t h e  G r e a t  L a k e s ,  and t h e  N o r t h e a s t .  T h e r e  
may be a growing  u s e  i n  t h e  Gul f  C o a s t  area i f  economics  permit g a s  
f i r e d  a p p l i c a t i o n s  t o  be c o n v e r t e d  t o  o i l ,  b u t  f o r  t h e  v e r y  l o n g  t e r m  
o i l  based  g e n e r a t i o n  i s  l i k e l y  t o  b e  a s h r i n k i n g  marke t .  As new 
n u c l e a r  and coal p l a n t s  come o n s t r e a m ,  t h e y  w i l l  b e  p u t  i n  b a s e  l o a d  
s e r v i c e  and e x i s t i n g  o i l  g e n e r a t i o n  w i l l  b e  s u b o r d i n a t e d  f i r s t  to  p e a k  
s h a v i n g  and u l t i m a t e l y  r e t i r e d .  Wi th  t h e  e x c e p t i o n  of areas where v e r y  
t i g h t  e m i s s i o n  s t a n d a r d s  a re  r e q u i r e d  a n d / o r  n u c l e a r  and c o a l  p l a n t s  
are f a c e d  w i t h  v e r y  l o n g  d e l a y s ,  new o i l  f i r e d  g e n e r a t i o n  c a p a c i t y  is 
u n l i k e l y .  

With t h e  q u a l i t a t i v e  o v e r v i e w  i n  mind ,  w e  c a n  now t u r n  t o  t h e  quan-  
t i t a t i v e  impact  o f  t h e  g e o g r a p h i c a l  e l e m e n t .  The t ab le  be low a t t e m p t s  
t o  a s c r i b e  a t r a n s p o r t a t i o n  premium or p e n a l t y  f o r  s h a l e  o i l  w i t h  
r e s p e c t  to  common f o r e i g n  Crude  o i l  i n  t h e  r e g i o n s  o f  i n t e r e s t .  The 
E a s t  Coast was n o t  i n c l u d e d  i n  t h e  t a b l e  s i n c e  it would r e p r e s e n t  an 
e x t r e m e  p h y s i c a l  d i s t r i b u t i o n  problem f o r  Rocky Mountain o i l .  The 
t r a n s p o r t a t i o n  costs are  e s t i m a t e d  a v e r a g e  v a l u e s  f o r  200 MB/D and  
1 , 0 0 0  MB/D. The e s t ima tes  assume p i p e l i n e  t r a n s p o r t a t i o n  t o  a t y p i c a l  
d e s t i n a t i o n  w i t h i n  t h e  a r e a .  Where e x i s t i n g  p i p e l i n e s  are  i n  p l a c e ,  
a c t u a l  t a r i f f s  are  presumed.  T a r i f f s  a re  a p p r o x i m a t e d  f o r  new p i p e -  
l i n e s  u s i n g  $ .20/bbl  per 100 m i l e s  f o r  200 MB/D, and $ . lO/bbl  p e r  1 0 0  
m i l e s  f o r  1 , 0 0 0  MB/D. 

RELATIVE TRANSPORTATION ECONOMICS 
SHALE OIL VS.  FOREIGN CRUDE O I L ,  $/BBL 

S h a l e  O i l  Crude  O i l  ( P e n a l t y ) / P r e m i u m  
2 0 0  MB/D 1 0 0 0  MB/D 200 MB/D 1 0 0 0  MB/D 

Los Angeles  1 . 8 0  .90 -0- ( 1 . 8 0 )  ( .90)  
Rocky M t n .  .60 . 3 0  .80 . 2 0  .50  
Chicago  1 . 2 0  1.20 1 . 2 0  -0- -0- 
U.S. Gulf  2 .40 1 . 2 0  -0- ( 2 . 4 0 )  ( 1 . 2 0 )  

The t a b l e  shows t h e  q u a n t i t a t i v e  e f f e c t  o f  t r a n s p o r t a t i o n  i n  1977 
d o l l a r s  on a v a l u e  r e l a t i o n s h i p  w i t h  c r u d e  o i l .  L o c a t i o n  impact may 
r e s u l t  i n  a $0.20-$0.50/bbl  premium f o r  s h a l e  o i l  r o u t e d  t o  a Rocky 
Mountain d e s t i n a t i o n  t o  a $.90-$2.40/bbl  p e n a l t y  f o r  a West C o a s t  or 
Gulf  Coast m a r k e t .  T h e  o b v i o u s  c o n c l u s i o n  i s  t h a t  t h e r e  i s  a s i z e a b l e  
t r a n s p o r t a t i o n  a d v a n t a g e  f o r  s h a l e  o i l  i f  a m a r k e t  can b e  c r e a t e d  i n  
t h e  Rocky Mountain/Upper  Midwest area i n s t e a d  o f  a C o a s t a l  l o c a t i o n .  

D e f i n i t i o n  o f  q u a l i t y  d i f f e r e n t i a l s  i s  much more d i f f i c u l t  to  accom- 
p l i s h  w i t h  any  d e g r e e  o f  c e r t a i n t y .  I n  t h e  l o n g  term c o n t e x t ,  where  
t h e  l i q u i d  demand e x c e e d s  s u p p l y ,  t o d a y ' s  q u a l i t y  r e l a t i o n s h i p s  a r e  a p t  
t o  b e  d i s t o r t e d .  F o r  t h e  p u r p o s e  o f  t h i s  d i s c u s s i o n ,  however ,  it is 
assumed t h a t  f o r e i g n  c r u d e  c a n  s t i l l  b e  p u r c h a s e d  f o r  i n c r e m e n t a l  
l i q u i d  i n p u t .  

R e f i n i n g  v a l u e  o f  s h a l e  o i l  h a s  p r o b a b l y  b e e n  i n v e s t i g a t e d  i n  g r e a t e r  
d e t a i l  t h a n  t h e  o t h e r  p o t e n t i a l  a p p l i c a t i o n s .  Most of t h e  e f f o r t s  to  
p r e s c r i b e  a r e f i n i n g  cost f o r  s h a l e  o i l ,  however ,  have  viewed t h e  
problem i n  a v e r y  h y p o t h e t i c a l  c o n t e x t .  Most o f  t h e  d a t a  is  d e v e l o p e d  
f o r  c o m p l e t e  new f a c i l i t i e s  t u r n i n g  o u t  a p r o d u c t  s la te  t h a t  may o r  
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may n o t  r e l a t e  t o  t h e  a c t u a l  m a r k e t  c o n d i t i o n s  i n  t h e  e n v i r o n m e n t  
t h e  o i l  is l i k e l y  t o  b e  consumed. F o r  t h e  r e a s o n s  d i s c u s s e d  e a r l  
t h e r e  i s  good p r o b a b i l i t y  t h a t  t h e  s h a l e  o i l  w i l l  n o t  b e  upgraded  
t h e  p r o d u c t i o n  f a c i l i t y ,  b u t  r a t h e r  w i l l  b e  i n t e -  
g r a t e d  i n t o  e x i s t i n g  r e f i n e r i e s  i n  i t s  as-produced  s t a t e .  

A l s o ,  t h e r e  h a s  been  no r e p o r t e d  e x t e n s i v e  t e s t i n g  on i n  s i t u  s h a  
which  is l i k e l y  t o  r e p r e s e n t  t h e  q u a l i t y  of t h e  m a j o r i t y  of t h e  e a r l y  
p r o d u c t i o n ,  b a s e d  on p r o j e c t s  p r e s e n t l y  underway. C o n s e q u e n t l y ,  t h e r e  
is some d i v e r g e n c e  o f  o p i n i o n  on t h e  r e l a t i v e  v a l u e  o f  s h a l e  o i l  t o  
c o n v e n t i o n a l  c r u d e  o i l .  

I n  o u r  e f f o r t s  t o  d a t e  a t  d e f i n i n g  t h i s  v a l u e ,  w e  have  a t t e m p t e d  
t o  cost t h e  e f f e c t  o f  i n t e g r a t i n g  as -produced ,  i n  s i t u  s h a l e  o i l  i n t o  
t y p i c a l  Rocky Mountain/Upper  Midwest r e f i n e r i e s  as a s u b s t i t u t e  f o r  t h e  
c r u d e  mixes  r u n  a t  t h o s e  l o c a t i o n s .  F i g u r e  2 shows t h e  v a r i o u s  geo-  
g r a p h i c a l  a r e a s  t h a t  were a n a l y z e d  i n  t h i s  f a s h i o n .  The d o l l a r  f i g u r e s  
super imposed  a r e  t h e  a d d i t i o n a l  r e f i n i n g  costs r e s u l t i n g  f r o m  s u b s t i -  
t u t i n g  s h a l e  o i l .  Whi le  t h e  numbers  r a n g e  from $2.05 t o  $3.00 p e r  
b a r r e l  i n  1977 d o l l a r s ,  a n  a d d i t i o n a l  r e f i n i n g  cost o f  $2.50 p r o b a b l y  
r e f l e c t s  a good es t imate  o f  t h e  a v e r a g e  a d d i t i o n a l  cost .  I t  s h o u l d  be 
n o t e d  t h a t  t h e s e  cost  f i g u r e s  i n c l u d e  a r e a s o n a b l e  r a t e  o f  r e t u r n  o n  
i n v e s t e d  c a p i t a l .  

T h i s  a d d i t i o n a l  r e f i n i n g  cost  a p p e a r s  lower t h a n  many o f  t h e  r e c e n t l y  
p u b l i s h e d  f i g u r e s  b u t  it c a n  b e  q u a l i t a t i v e l y  r e c o n c i l e d  when p u t  i n  
t h e  c o n t e x t  o f  t h e  m a r k e t  e n v i r o n m e n t  i n  t h e  mid-1980's .  F i r s t ,  t h e  
e x i s t i n g  U.S. and wor ldwide  s u p p l i e s  o f  l i g h t  c r u d e  o i l  a r e  d e c l i n i n g  
a t  a s i g n i f i c a n t  r a t e .  The r e f i n i n g  s u p p l y  b a r r e l  i s  g e t t i n g  h e a v i e r ,  
and more i m p o r t a n t l y  c o n t a i n s  a h i g h e r  volume y i e l d  o f  r e s i d u a l  b o i l i n g  
r a n g e  mater ia l .  W e  c a n  see t h e  impact  o f  t h i s  phenomenon a l r e a d y  i n  
t h e  U.S. n o t i n g  t h e  v e r y  d e p r e s s e d  p r i c e s  f o r  h i g h  s u l f u r  r e s i d u a l  f u e l  
which is i n  l o n g  s u p p l y .  I n  s i t u  s h a l e  o i l  h a s  o n l y  4 % ,  1000OF. + 
b o i l i n g  r a n g e  mater ia l  compared t o  2 0 %  f o r  N o r t h  S l o p e  c r u d e  and 1 8 %  
f o r  A r a b i a n  l i g h t  c r u d e .  T h e s e  c r u d e s  are  by no  means t h e  worst and  
a r e  a c t u a l l y  s i g n i f i c a n t l y  b e t t e r  t h a n  Kuwai t ,  A r a b i a n  Heavy and  o t h e r s  
which r e p r e s e n t  a good p r o p o r t i o n  of  t h e  unused wor ldwide  p r o d u c t i o n  
c a p a c i t y .  Upgrading  c r u d e  r e s i d u a l  mater ia l  t o  c l e a n  t r a n s p o r t a t i o n  
f u e l s  is p r o b a b l y  more c o s t l y  t h a n  s t a r t i n g  w i t h  s h a l e  o i l .  

Another  f a c t o r  t h a t  h a s  h i s t o r i c a l l y  been  r e p r e s e n t e d  a s  a n e g a t i v e  f o r  
s h a l e  o i l  is  t h e  v e r y  l o w  g a s o l i n e  y i e l d .  N e a r l y  a l l  t h e  r e f i n i n g  
s t u d i e s  on s h a l e  o i l  have  d i s c o u n t e d  i ts  v a l u e  b e c a u s e  o f  t h e  need t o  
c o n v e r t  a g r e a t e r  p r o p o r t i o n  o f  t h e  d i s t i l l a t e  t o  g a s o l i n e .  However, 
t h e  s t r o n g  t r e n d  t o d a y  i n d i c a t e s  t a p e r i n g  g a s o l i n e  g r o w t h .  The major 
f o r e c a s t e r s  are n e a r l y  unanimous i n  p r o j e c t i n g  a peak i n  U.S. g a s o l i n e  
demand between 1980 and 1985.  The c o n c l u s i o n  is t h a t  t h e  g r e a t  m a j o r i t y  
of f a c i l i t i e s  t o  m a n u f a c t u r e  g a s o l i n e  w i l l  b e  i n  place when s h a l e  o i l  
comes o n  t h e  m a r k e t  and t h e  demand g r o w t h  w i l l  t a k e  p l a c e  i n  t h e  
d i s t i l l a t e  r a n g e .  I f  t h i s  t r e n d  p r o v e s  t o  b e  t r u e ,  a r e f i n e r  i n  1 9 8 5  
w i l l  p l a c e  a premium v a l u e  o n  h i g h  d i s t i l l a t e  y i e l d  a s  o p p o s e d  t o  h i g h  
g a s o l i n e  y i e l d .  The p o t e n t i a l  y i e l d  premium w i l l  a c t  to  o f f s e t  t h e  
a d d i t i o n a l  r e f i n i n g  cost .  

w h i l e  t h e  s h a l e  o i l  y i e l d s  were v e r y  u n b a l a n c e d  w i t h  t h e  r e f i n e r y  
p r o d u c t  mix o u t l o o k  i n  1970,  t h o s e  same y i e l d s  w i l l  b e  h i g h l y  a t t rac-  
t i v e  i n  1985.  
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The market  p r i c e  f o r  s h a l e  o i l  a s  a u t i l i t y  b o i l e r  f u e l  c a n  be  quan-  
t i f i e d  i n  a f a i r l y  n a r r o w  r a n g e  b u t  is s u b j e c t  t o  e n v i r o n m e n t a l  and 
gove rnmen ta l  r e s t r i c t i o n s .  P r i c e w i s e ,  where s u p p l y  imba lance  o r  
r e g u l a t o r y  e f f e c t s  d o  n o t  c r e a t e  d i s t o r t i o n s  i n  t h e  m a r k e t ,  1% s u l f u r  
r e s i d u a l  f u e l  s e l l s  f o r  a p p r o x i m a t e l y  t h e  same p r i c e  a s  Arab L i g h t  
c r u d e .  T h i s  g r a d e  o f  f u e l  o i l  is c u r r e n t l y  bu rned  i n  t h e  G r e a t  Lakes 
a r e a  f o r  power g e n e r a t i o n  a s  wel.1 a s  i n d u s t r i a l  f u e l  a p p l i c a t i o n s .  
S i n c e  s h a l e  o i l  i n  a n  u n t r e a t e d  form a p p r o x i m a t e s  t h e  q u a l i t y  o f  1% 
s u l f u r  r e s i d u a l  f u e l ,  w e  s u s p e c t  t h a t  i ts  v a l u e  i n  t h a t  a p p l i c a t i o n  
w i l l  app roach  t h a t  o f  Arab L i g h t  c r u d e  o i l .  S i n c e  w e  have d e f i n e d  
r e f i n i n g  c o s t s  f o r  p r o c e s s i n g  s h a l e  o i l  t o  t r a n s p o r t a t i o n  f u e l s ,  it 
is p r o b a b l e  t h a t  i ts  h i g h e s t  v a l u e  w i l l  r e s u l t  from 1% s u l f u r  b o i l e r  
f u e l .  

However, t h e  a r e a s  w h e r e  1% s u l f u r  f u e l  o i l  c a n  b e  bu rned  a r e  s h r i n k i n g .  
Emiss ion  r e s t r i c t i o n s  have f o r c e d  many u t i l i t i e s  t o  u s e  0 .5% and lower 
f u e l s  and t h e  t r e n d  is c o n t i n u i n g .  Looking f o r w a r d  t o  t h e  m i d - l 9 8 0 ' s ,  
t h e r e  may b e  a m a r k e t  f o r  o n l y  a s m a l l  volume,  s a y  50 ,000  B/D, f o r  t h i s  
a p p l i c a t i o n .  

The p o t e n t i a l  p e t r o c h e m i c a l  f e e d s t o c k  m a r k e t  h a s  n o t  y e t  been f u l l y  
e x p l o r e d .  T h e r e  a r e  some n e g a t i v e  a s p e c t s  of s h a l e  o i l  f o r  p e t r o -  
c h e m i c a l s .  The e x i s t i n g  p e t r o c h e m i c a l  p l a n t s  ( o l e f i n s ,  a r o m a t i c s )  a r e  
t a i l o r e d  to t h e  l i g h t  f r a c t i o n s  o f  p e t r o l e u m  s u c h  a s  LPG and n a p h t h a .  
S h a l e  o i l ' s  low y i e l d  o f  l i g h t  hydroca rbon  p l a c e s  it a t  a d i s a d v a n t a g e  
w i t h  r e s p e c t  t o  c r u d e  o i l .  No a t t e m p t  h a s  been made t o  q u a n t i f y  a 
p e n a l t y  f o r  t h i s  a p p l i c a t i o n .  

On t h e  o t h e r  hand ,  t h e r e  i s  good r e a s o n  f o r  some op t imism.  S h a l e  o i l ' s  
v e r y  r e s p e c t a b l e  hydrogen  c o n t e n t  ( 1 2 % )  s u g g e s t s  t h a t  n e w  p e t r o c h e m i c a l  
t e c h n o l o g y  c o u l d  be t a i l o r e d  t o  t h i s  i n p u t  e c o n o m i c a l l y .  I n  a v e r y  
f o r w a r d  t h i n k i n g  manner ,  members o f  t h e  p e t r o c h e m i c a l  i n d u s t r y  have  
e x p r e s s e d  i n t e r e s t  i n  e x p l o r i n g  new a p p l i c a t i o n s .  However, t h e  com- 
p e t i n g  u s e s  w i l l  l i k e l y  c o m p r i s e  t h e  t o t a l  e a r l y  marke t  f o r  a s h a l e  o i l  
i n d u s t r y  and it w i l l  o n l y  be  i n  t h e  l o n g  term t h a t  a p e t r o c h e m i c a l  
m a r k e t  w i l l  come i n t o  p l a y .  

The o t h e r  f a c t o r s  t h a t  w i l l  have a n  i n f l u e n c e  o n  s h a l e  o i l  d i s t r i b u t i o n  
w i l l  n o t  be d i r e c t l y  economic.  Government p o l i c y  may l e v e r a g e  t h r o u g h  
i n c e n t i v e s  a p a r t i c u l a r  u s e  f o r  t h e  l o n g  term b e n e f i t  even though  i t  
may n o t  be t h e  most economic  s h o r t  t e r m  a p p l i c a t i o n .  A s  an example ,  
t h e r e  may b e  l e g i s l a t i o n  p e n a l i z i n g  b u r n i n g  o i l  i n  a s t a t i o n a r y  b o i l e r .  
N a t i o n a l  p o l i c y  seems to  be  a l i g n e d  i n  t h e  d i r e c t i o n  of  c o n v e r t i n g  power 
p l a n t s  from o i l  and g a s  to  c o a l .  F o r  t h e s e  r e a s o n s  we s u s p e c t  t h a t  t h e  
f u e l  o i l  a p p l i c a t i o n  w i l l  n o t  p r o v i d e  a l o n g  t e r m  marke t  f o r  a s h a l e  o i l  
i n d u s t r y ;  n e v e r t h e l e s s  t h i s  o u t l e t  w i l l  be of rea l  v a l u e  f o r  t h e  e a r l y  
s t a g e s  of  a n  o i l  s h a l e  i n d u s t r y  s i n c e  it can u t i l i z e  raw s h a l e  o i l  
w i t h o u t  ma jo r  c a p i t a l  e x p e n d i t u r e .  

G e n e r a l  b u s i n e s s  f a c t o r s  s h o u l d  be t a k e n  i n t o  a c c o u n t  i n  t h i s  a s s e s s -  
ment p a r t i c u l a r l y  f o r  t h e  f i r s t  2 0 0 , 0 0 0  b a r r e l s  p e r  day of p r o d u c t i o n .  
T h e r e  is a l m o s t  n o  d i s a g r e e m e n t  t h a t  e a r l y  p r o d u c t i o n  o f  s h a l e  o i l  w i l l  
be a h i g h  r i s k ,  c a p i t a l  i n t e n s i v e  v e n t u r e .  The p r o d u c t i o n  v e n t u r e r s  
w i l l  be  i n c l i n e d  t o  l i m i t  t h e i r  c a p i t a l  e x p o s u r e  t o  t h e  p r o d u c t i o n  and 
l o o k  for  a m a n u f a c t u r e r  to  r i s k  t h e  u p g r a d i n g  c a p i t a l .  I n  t h i s  c o n t e x t ,  
t h e  f u e l  o i l  marke t  h a s  a s t r o n g  a d v a n t a g e .  Very l i t t l e  c a p i t a l  
w i l l  need t o  be e x p o s e d  to  consume t h e  s h a l e  o i l ,  v e r y  l i t t l e  l e a d  t i m e  
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w i l l  b e  r e q u i r e d  and t h e r e  w i l l  be a minimum r i s k  o f  n o n - s u c c e s s  i n  t h e  
a p p l i c a t i o n .  R e f i n i n g  o n  t h e  o t h e r  hand w i l l  r e q u i r e  s u b s t a n t i a l  
c a p i t a l  m o d i f i c a t i o n s ,  a t h r e e  y e a r  minimum l e a d  t i m e  and  some r i s k ,  
i n  t h e  f i r s t  cases. 

Viewing t h e  i n d u s t r y  sectors  i n  summary, a p e t r o c h e m i c a l  m a r k e t  
is  t h e  most remote. The t r a n s p o r t a t i o n  cost  t o  r e a c h  it is h i g h  and 
t h e  u p g r a d i n g  t e c h n o l o g y  f o r  s h a l e  o i l  h a s  n o t  y e t  b e e n  d e v e l o p e d .  
Because it r e p r e s e n t s  o n e  o f  t h e  more b e n e f i c i a l  u s e s  o f  p e t r o l e u m ,  
however, w e  e x p e c t  t h a t  u l t i m a t e l y  a m a r k e t  w i l l  d e v e l o p  i n  t h i s  
sector ,  

I n d u s t r i a l  and  u t i l i t y  b o i l e r  f u e l  r e p r e s e n t  a n  a t t r a c t i v e  m a r k e t  f o r  
s h a l e  o i l .  Because  o f  t h e  l o w  i n v e s t m e n t  r e q u i r e d  and  a g e o g r a p h i c a l l y  
economic l o c a t i o n ,  t h e  f i r s t  u s e  o f  s h a l e  o i l  may be for  t h i s  a p p l i c a -  
t i o n  i n  t h e  Great Lakes a r e a .  The d i s a d v a n t a g e s  o f  t h i s  m a r k e t  are  its 
s u s c e p t i b i l i t y  t o  e n v i r o n m e n t a l  and r e g u l a t o r y  p r o h i b i t i o n s  and l i m i t e d  
volume demand. 

The l a r g e  m a r k e t  f o r  s h a l e  o i l  is e x p e c t e d  t o  b e  as r e f i n e r y  i n p u t .  
Ref ined  p r o d u c t  g r o w t h  is e x p e c t e d  t o  c o n t i n u e  and s u f f i c i e n t  p l a n t s  t o  
a b s o r b  s i z e a b l e  volumes  o f  s h a l e  o i l  e x i s t  i n  economic p r o x i m i t y  t o  t h e  
p r o d u c t i o n  a r e a .  C o n v e r s i o n  o f  s h a l e  o i l  t o  t r a n s p o r t a t i o n  f u e l s  is 
c o n s i s t e n t  w i t h  government  p o l i c y  on u s e  o f  l i q u i d  h y d r o c a r b o n s .  The 
o n l y  d e t e r r e n t  t o  t h i s  a p p l i c a t i o n  is t h e  s u b s t a n t i a l  c a p i t a l  i n v e s t m e n t  
f o r  u p g r a d i n g  f a c i l i t i e s .  I n  g r a p h i c a l  f o r m ,  F i g u r e  3 p r e s e n t s  o u r  
p r o j e c t i o n  of t h e  t i m e  r e l a t e d  consumpt ion  o f  s h a l e  o i l .  
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FIGURE 2 
SHALE OIL REFINING - A D D I T I O N A L  COST 
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FIGURE 3 
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