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G R A I N  'ETHANOL AS A PETROLEUM 'SUBSTITUTE : 
A PERSPECTIVE 

. . 
by ;. 

T. G . ,  Alston 

ABSTRACT 

. . P r e s e n t  t a x ,  exempt ions  f o r  g a s o h o l  a r e  more t h a n  
s u f f i c i e n t  t o  move e thano l  i n t o  t h e  g a s o l i n e  market i n  a  

. number of  s t a t e s .  The p r i n c i p a l  near-term response to. t h i s  
p r o f i t  o p p o r t u n i t y ,  product ion of  e thano l  from feed g r a i n s ,  
matches a  l im i t ed  biomass resource .  t o  an  enormous market .  
This  r e p o r t  e s t ima te s  upper-bound p r i c e s  f o r  feed g r a i n s '  

. r e s , u l t i n g  from gasoho l ,  t a x  exemptions and concludes t h a t  . 
' g r a i n  p r i c e  inc,reases  could be s u b s t a n t i a l .  A s  shown e l s e -  

where by ~ l ' s t o n  and ~ ? b u r ~ , l  ' i n d u s t r i a l  u se s  c o n s t i t u t e  a  
a more economical market f o r  * g r a i n  e thano l  ,' one i n  which t h e  

. product i s  ndw c h p e t i t i v e  wi th  e thano l  de r ived  from pe t ro-  
leum and n a t u r a l  g.as l i q u i d s .  Without t a x  exemptions f o r  
gasohol, .  g r a i n  e thano l  would now b e  d is 'p lac ing  petroleum i n  
t he '  i n d u s t r i , a l  market a t  a  n e t  economic g a i n ,  r a t h e r  than  i n  
t h e  f u e l  market a t  a  ne t  economic l o s s .  The p r5sen t  a n a l y s i s  

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

grow s i g n i f i c a n t l y ,  p r i n c i p a l l y  by use of  g r a i n  e thano l  a s  an 
' in te rmedia te  i n  product ion of chemicals now d e r i v e d ,  from 
petroleum and n a t u r a l  gas .  . . 

The use of g r a i n  e thano l  i n ,  t h e  United S t a t e s  t o  supplement petrol'eum 
s u p p l i e s  is  a  widely pub1,icized and debated s u b j e c t  .I. Proponents be1 ieve  

. t h a t  g r a i n  e thano l  f u e l ,  c u r r e n t l y  used p r i n c i p a l l y  a s  a  blend of  one p a r t  
, anhydrous e t h a n o l  (by  volume) with n i n e  p a r t s  unleaded r e g u l a r  ga so l ine ,  can 

s i g n i f i c a n t l y  reduce U.S. dependence on OPEC o i l .  Opponents. main ta in  t h a t  
g r a i n  e t h a n o l  consumes more energy thdn  i t  produces and i s  a  h i g h l y  uneconom- ' 

i c a l  a l t e r n a t i v e  t o  petroleum f u e l s .  

The a t t r a c t i o n s  o f  g r a i n  e t h a n o l  can be  summarized a s  fol lows:  

'l'he p r i n c i p a l  raw l ua t e r i a l  i s  c o r n . , ' a  product t h a t  U.S. 
f arme,rs  p r o d u c e  e f f i c i e n t l y ;  e c o n o m i c a l l y ,  and i n  

. . abundance. 

. . There i s  frcqvent1.y more g r a i n  land a v a i l a b l e  than is  
needed  t o  p roduce  food '  and f e e d  f o r  d o m e s t i c  use and 
expor t  -- 1 a n d . t h a t  fa rmers  a r e  paid no t  t o  u se .  

Comperc i a l  . t e c h n o l o g y  f o r  c o ' n v e r t i n g  c o r n  s t a r c h  . t o  
e thano l  i s  r e a d i l y  a v a i l a b l e .  Because p l a n t s  'need not  be  

, l a r g e ,  r e ' l a t i v e l y  small  e n t e r p r i s e s  c.an become producers .  



Grain .e thanol ,  i s  , a  v i s i b l e .  response t p  . t h e  growing ' l i qu id  
f u e l s  problem. . . . . 

. . 

This  l a s t  item, doing something. ' t a n g i b l e  t o  i nc rease  U:S. s u p p l i e s  o f  
l i q u i d  f u e l ,  h a s  tended t o  obscure.  two impoqtant ques t i ons :  

What is  t h e  r o l e  f o r  g r a i n  e thano l  i n  a  major U.S. biomass 
l i q u i d s  program a n d ,  . i n  . t h e  l a r g e r  v i e w ,  i n  . a  b road  
a l t e r n a t e  . l i q u i d s  program t h a t  . inc ludes  s h a l e  and c o a l  

, l i qu ids s?  . 

DO c u r r e n t  and proj5e.cted f e d e r a l  and s t a t e  t a x  exemptions 
f o r  a lkoho l  f u e l s  lead t o  t h i s  r o l e ,  o r  i s  t h e r e  danger of  
o v e r b b i l d i h g  a  new corn-b' ised i n d o s t r y ,  beyond norma'l  

,, market ' d i c t a t e s ?  
. . .  . 

' .  Suppo'rters. o f  c r a s h  alc.oho1 f u e l  programs downplay . t he  pos s i ' b i l i t y  of  
f u t u r e  c o n f l i c t s  'between f6bd/feed and energy demands f o r  co rn ,  po in t ing  out  
t h a t  many o t h e r  raw m a t e r i a l s  -- c o r n  s t o v e r ,  whea t  s t r a w ,  wood w a s t e s ,  
garbage,  .e t c  . -- can  be used f o r  a l c o h o l .  nianu'facture . This  view d i s r ega rds  
t he  f a c t  t h a t  technology £o r .  conver t ing  t h e s e  a l t e r n a t i v e  raw m a t e r i a l s  t o  

, . e t h a n o l  w i l i  no t  be coinmercially 'avai. lab' le f o r  many yea r s .  While technology 
i s  a v a i l a b l e  f o r  c o n v e r s i o t i  t o  m e t h a n o l ,  ' c a p i t a l  c o s t s  a r e  h i g h e r ,  and 
methanol i s  less '  e a ' s i l y  i n t e g r a t e d  i n t o  a  petroleum d i s t r i b u t i o n  and end-use 

, . system. 

Thus, i t  is  probable  t h a t  . the  near-term p r i v a t e  s e c t o r  response  t o  
t h e  s i g n i f i c a n t ,  and expanding, f e d e r a l . a n d  s t a t e  incer i t ives  f o r  a l coho i s  from 
renewable ' resources  bil'l be' t o  produce.  e thano l  from corn  or other:  foud/feed 
g r a i n s .  An over-response 'could s eve re ly  t a x  the  l i m i t s  o f  g r a i n  supply: t o  
reduce U. S .  g a s o l i n e  consumption by 10% through t o t a l  convers inn to  gasohol 
made. wi th  corn' e t h a n o l  would r e q u i r e  two-thirds of  t h e  c u r r e n t  annual U.S. 
c o r n  c rop  and, mqre s i g n i f i c a n t l y ; .  15% of t h e  prime a g r i c u l t u r a l  l and .  

C i o  rep0r . t  d e b a t e s  ncit11t.r t h e  merits of  e t h a n o l  a s  a  f u e l ,  nor  energy '  
ba l ance ,  whieh' i s  p o s i ~ i v e  f o r  scarce f u e l s  s o  long a s  c o a l  o r  renewable . . 
r e s o u r , c e s  a r e  used  ' a s  e n e r g y  s o u r c e s  f o r  p r o d u c i n g  e t h a n o l  from g r a i n .  
 ath her, t h i s  a n a l y s i s  addresses :  . 

The p o t e n t i a l  e f f e c t s  on g r a i n  p r i c e s  o f  f e d e r a l  and s t a t e  
i ~ ~ c e n t i v e s  f o r  f u e l  e thano l  p roduct ion ,  and 

e -  The r o l e  £or . g r a i n  e thano l .  i n  i n d u s t r i a l  markets and, 
i n  t h e  longer  term, a s  an inc . reas ing ly  important  i n t e r -  
med ia t e .  in .chemica1  manufacture.  

. 3 



-2 GRAIN PRODUCTION AND AGRICULTURAL POLICY 

. Consumption o f  U.S. f o o d ~ f e e d  g r a i n s  h a s  g e n e r a l l y  * f a l l e n  s h o r t  of  
p roduc t  i o n  c a p a c i t y . .  TO .ma in ta in  g ' r a in  p r i c e s  ,\ t h e  f e d e r a l  government h a s  
encouraged f a r m e r s  t o  wi thho ld  c rop land  ' f rom.  p r o d u c t i o n  through s e t - a s i d e  and 
d i v e r s i o n  programs. Under s e t - a s i d e  p rograms ,  f a rmers  a g r e e  t o  remove land 
f rom p r o d u c t i o n ,  t h e r e b y . . b e c o m i n g  . e l i g i b l e  f o r  c e r t a i n  b e n e f i t s  s u c h  a s  
n o n r e c o u r s e  l o a n s ,  d e f i c i e n c y  payments, and d i s a s t e r  r e b i e f .  I f  . t h e  govern- 
ment f e e l s  t h a t  t h e s e  measures  w i l l  n o t  s u f f i c i e n t l y  r e d u c e  p r o d u c t i o n ,  t h e n  
d i r e c t  payments may b e  made t o  fa rmers  t o  d . i v e r t .  c r o p l a n d  from p r o d u c t i o n .  

. , 

' . :<  From. 1961  t o  19.72, U.S. c b r n  land a n n u a l l y  w i t h h e l d  from p r o d u c t i o n  
under  both: . s e t - a s i d e  and d i v e r s i p n  programs .averaged 21.7 mi ' l l ipn  a c r e s  
v a r y i n g  from a  low of  14.1. m i l l i o n  ac . res  t o -  a  h i g h  o f  27.2. m i l l i o n  a c r e s .  2 
D u r i n g  t h e .  s a m e 3 p e r i o d ,  U.S. l a n d  p l a n t e d  t o  c o r n  aver-aged 6 7 ; l  m i l l i o n  
a c r e s , 3  i n d i c a t i n g  t h a t  a n  a v e r a g e  . o f  .25% o f  c o r n  l a n d ,  was w i t h h e l d  a n n u a l l y .  
A d d i t i o n  o f  so rghum a n d .  b a r . l e y  c r . o p l a n d  i n c r e a s e ' s  t h e  a v e r a g e  a m o u n t .  o f  
f eed  g r a i n  land w i t h h e l d  from p r o d u c t i o n  d u r i n g  1961-72 t o  30 .3  m i l l i o n  a c r e s  
a n n u a l l y .  . Based o n .  average.  c o r n  y i e l d s  p r e v a i l i n g  d u r i n g .  t h o s e  y e a r s ,  t h i s  
30;3 mi : l l ion  a c r e s .  c o u l d  have y i e l d e d  abou t  5.'7 b i l l i o n  g a l l o n s  o f  g r a i n  
e t h a n o l  a n n u a l l y ,  o r  5%.  o f  , c L r r e n t  U .S .  g a s o l i n e  consumption.  

These k i n d s  of  c a l c u l a t i o n s  g i v e  s t r o n g  impetus  t o  a  g r a i n  e t h a n o l  
program.. I n  a d d i t i o n ,  o t h e r ,  f a c t o r s  a r e  o f t e n  c i t e d  t o  . l end  s u p p o r t :  

There  have been s i g n i f i c a n t  wheat s e t - a s i d e  and d i v e r s i o n  
programs, '  r e s u l t i n g  i n  a n  average  annua l  w i t h h o l d i n g  o f  

\ 8 . 2 .  m i l l i o n  a c r e s  d u r i n g  t h e  1961--72 p e r i o d .  Leaving 
a s i d e  t h a t  wheat i s  high'er  p r i c e d  t h a n  corn , ,  a n d ,  t h a t  
it i s  a  d i r e c t  , food p roduc t  r a t h . e r  t h a n  a  f eed  g r a i n ,  
t h i s  w i t h h e l d  a c r e a g e  c o u l d  h a v e  , y i e l d e d  0 . 6  b i l l i o n  
g a l l o n s  o f  g r a i n  e t h a n o l  a n n u a l l y .  

i During t h e  1961-72 p e r i o d ,  the .  f e d e r a l  government pa id  
fiarmers a n  a v e r a g e  o f  $1.2  b i l l i o n  a n n u a l l y  f o r  f eed  g r a i n  
l and  d i v e r s i o n  and p r i c e  d e f i ~ i e n c i e s . ~  Had t h e s e  pay- . . 

m e n t s  b e e n  a p p l i e d  . t o  c o r n  grown f o r  e t h a n o l  on a l l  , . 

w i t h h e l d  f e e d  g r a i n  l a n d ,  t h e  e t h a n o l  s u b s i d y  would have 
amounted t o  abou t  $0 .20 /ga l .  

Although thes 'e  c a l c u l a t i o n s  appear  t o  s u p p o r t  a  v i g o r o u s  g r a i n  e t h a n o l  
program, t h e r e  a r e  s e v e r a l  problems t o  b e  c o n s i d e r e d :  

. While domes ti^ demand f o r  c o r n  f o r  f c c d ,  food ,  and sced i s  
r e l a t i v e l y  s t a b l e  and f a i r l y  p r e d i c t a b l e ,  e x p o r t  demand, 
p a r t i c u l a r l y  t o  t h e  S o v i e t  Unibn, i s  h i g h l y  v a r i a b l e .  A 
s i g n i f i c a n t  g r a i n  e t h a n o l  program c o u l d ,  a t  some f u t u r e  
time, l e a d  t o  a  choice  between c o r n  f o r  e x p o r t  o r  c o r n  f o r  
f u e  1. 

\ Corn e x p o r t s  'have r i s e n  d r a m a t i c a l l y  d u r i n g  t h e  1970s ,  
a c c o u n t i n g  f o r  30% o f  t o t a l  demand f o r  U .  S. c o r n  i n  each 

. . d f  t h e  y e a r s  1975-78.3 New t r a d e  agreements  w i t h  China 
c o u l d  p r o v i d e  f u r t h e r  long-term growth .  



I n  keeping wi th  i n c r e a s e d  e x p o r t s ,  foodl feed  'g ra in  s e t -  
a s i d e  and d i v e r s i o n  programs h a v e  b e e n  s i g n i f i c a n t l y  

. .  .. reduced s i n c e  1972. Only 8-9 m i l l i o n  a c r e s  were withheld 
. '  f.rom f e e d  g r a i n  p roduc t i . on  i n  1973  and i n  1978 .  No 

. . acreage was withheld f o r  t he  per iqd  1974-77.. . While g r a i n  . 
. '  r e . s e r v e s . a r e . c u r r e n t l y  high and cropland withholding could- 

' a g a i n  i n c r e a s e ,  i t  i s  u n l i k e l y  t o  a g a i n  a p p r o a c h  t h e  
l e v e l s  of  t h e  196.0s.' 

,.s . . 
c .  

.Although t h e  foregoing c o n s i d e r a t i o n s  i n d i c a t e  t h a t  f u t u r e  excess  feed 
g r a i n  product i o n .  c a p a c i t y  w i l l  be  bo th  v a r i a b l e  and d imin ish ing ,  ways a r e  
be ing  explored t o  make more' g r a i n  a v a i l a b l e  f o r  e thano l  -manufacture . Ch,anges ' 
' i n  animal feed ing  p r a c t i c e s  could s u b s t i t u t e  forage  f o r  corn and d i s t i l l e r s  
d r i e d  g r a i n s  ( a  by-product from g r a i n  e thano l  manufacture)  f o r  soybean meal. 
Reduced demand f o r  soybeans .coul.d then make more, land a v a i l a b l e  f o r  corn .  
p lan t ings . .  . S i g n i f i c a n t  a d d i t i o n a l  feed g r a i n  product ion  ' could a l s o  come by .  

-! .converting permanent pasture ,  land :into c ropland ,  rhough o n l y ,  a t  succes s ive ly  
increas i i lg  prodvct  ion: c o s t s .  The problem remains,  however, t h a t  any energy 
c r o p  r a i s e d  on prime a g r i c u l t u r a l  land probably reduces  t he  u l t i m a t e  p o t e n t i a l  
f o r !  food production.. world popula t ion  p re s su re  and cha'ilgfng d i e t a r y  h a b i t s  
may . e v e n t u a l l y  e l i m i n a t e  t h e  f e e d i n g  o f  c o r n  t o  a n i m a l s .  T h i s  d o e s  n o t  

' . n e c e s s a r i l y  mean, however, t h a t  t h e  b e s t  use f o r  t h e  U.S. corn  b e l t  would t h e n ,  
, ' 

be  product ion  o f  corn .  e n t i r e l y  f o r  conversion t o  e t h a n o l .  1' , 

. . 



3 ECONOMICS OF GRAIN ETHANOL 
, , 

3 .1  MANUFACTURE 

A l t e r n a t i v e  l i q u i d  , f u e l s  and chemical . f e e d s t o c k s  can be der ived  from 
. s h a l e ,  c o a l ,  garbage,  e t c .  -- raw m a t e r i a l s  t h a t  g e n e r a l l y  have only  o t h e r  
energy uses  a s  competing markets .  Even c e r t a i n  c e l l u l o s i c  biomass raw mater- 

. . i a l s ,  such a s  wood, have a  waste component f o r  which energy c o n s t i t u t e s  the .  
p r i n c i p a l  use .  In  c o n t r a s t ,  feed g r a i n s .  a r e  produced on prime a g r i c u l t u r a l  
land and have high-value uses  a s  feed and'  food'. There a r e  no v a s t  q u a n t i t i e s  
o f  s u r p l u s  g r a i n  wa'i t ing a s  an energy r e sou rce ,  and c r e a t i o n  of . those quant i -  
t i e s  on a  c o n s i s t e n t  b a s i s  would s imply d i v e r t  a g r i c u l t u r a l  land from food 
product ion  t o  energy product ion .  Even coproduct ion of food and energy c rops  
h a s '  l i m i t s  d i c t a t e d  by e ros ion  c o n t r o l  .and t h e  crop-carrying c a p a c i t y  of t h e  
s o i l .  

Despi te  t he se  l i m i t a t i o n s ,  however, g r a i n  e thano l  can  p lay  a  r o l e  a s  a  
pr ice-suppor t  mechanism f o r  g r a i n .  The key i s  t o ' know what l e v e l s  of  g r a i n  
e thano l  produc'tion. would b e ' b e n e f i c i a l  t o  a g r i c u l t u r e  and t h e  economy, and t o  
make c e r t a i n  t h a t  they  a r e  no t  exceeded because of f e d e r a l  and s t a t e  incen- 
t i v e s .  The product ion  of  a  few more b i l l i o n  g a l l d n s  pe r  year  of g r a i n  e thano l  
must be weighed a g a i n s t  t h e  r i s k  of  h ighe r  food p r i c e s ,  l o s t  g r a i n  e x p o r t s ,  a  
d i s rup t ed  soybean,  i n d u s t r y ,  e t c . ,  p a r t i c u l a r l y  when o t h e r  a l t e r n a t e  l i q u i d s  
a r e  a v a i l a b l e .  F u r t h e r ,  t h e  c o s t  of  g r a i n  e t h a n o l  would r i s e  s i g n i f i c a n t l y  a s  
i nc reased ,  product  ion  exer ted  upward p re s su re  on g r a i n  p r i c e s .  Grain e thano l  
c o s t s  would , a l s o  r i ' s e  i f  t h e  p r i c e  o f  d i s t i l l e r s  d r i e d  g r a i n  (DDG) were  
depressed by increased  ou tpu t .  However, t h i s  l a t t e r  cause of h i g h e r  e t h a n o l  
c o s t s  might be  p a r t i a l l y  o r  completely o f f s e t  by: 

Converting g r a i n  t o  e thano l  by both  wet m i l l i n g  ' (which 
produces by-product' o i l  and g l u t e n  meal) and d r y  m i l l i n g  
( A i c h  produces by-product DDG), t h e  mix of  p rocesses  
chose~r  so as  t o  maximize by-product . . c r e d i t s .  

Ris ing p r i c e s  o f  corn ,  which al though secondary t o  soybean 
meal i n  determining p r i c e s  of  h igh-pro te in '  feed,  'would . 
e x e r t  upward p re s su re  on DDG p r i c e s .  . , 

' 

The economics, t hen ,  of g r a i n  e thano l  manufacture a r e  h i g h l y  dependent 
. o n  g r a i n  c o s t s  and by-product c r e d i t s .  C a p i t a l  and, t o  a l e s s e r  e x t e n t ,  
ope ra t i ng  c o s t  e s t i m a t e s  v a r y  cons ide rab ly  f o r  a . g r a i n  e t h a n o l  p l a n t .  Accord-' 
ing  t o  o n e .  e ~ t i m a t e , ~  a  5 0 - m i l l i 0 n - g a l / ~ r  d r y  m i l l i n g  etha*ol  p l a n t  using 
t h e  b e s t  a v a i l a b l e  t e c h n o l o g y  would r e q u i r e  a  f i x e d  i n v e s t m e n t  o f  $58 .0  

. mi.lli.on and w0rki.n.g c a p i t a l  of $5.7 m i l l i o n  ( i n  1978  dollar^)^ One bushe l  of 
corn  y i e l d s  2 .6  g a l  of  e thano l  and 17.7 l b  o f  DDG ( o r  6 .8  l b l g a l  e t h a n o l ) .  
Assuming a  p r i c e  of $115/ton f o r  DDG and a  15% discounted-cash-flow (DCF) r a t e  
of r e t u r n  'on investment, corn a t  $2.50/bu would 'y'ield e thano l  with a  p lan t -  

, s 

g a t e  s e l l i n g  p r ' i c e  o f  $ 1 . 1 2 / g a l  ( i n  1978  d o l l a r s ) ,  a s  shown i n  T a b l e  1. 

' Based .on c u r r e n t  technology,  i t '  is  d i f f i c u l t  t o  s ee  how g r a i n  e thano l  
c o u l d .  s e l l  f o r  s i g n i f i c a n ' t l y  l e s s  t h a n  $ 1 . 1 2 / g a l ,  g i v e n  a  c o r n  p r i c e  of  
$2.50/bu'. Many o t h e r  es t imates '  of e t h a n o l  s e l l i n g  p r i c e  a r e  cons iderab ly  

, ' h ighe r .  For example', us ing  t h e  abbve assumptions about DDG market p r i c e ,  DCF 
r a t e  o f  ' r e t u r . n ,  and c o r n  p r i c e ,  a n o t h e r  s d u r c e 5  c a l c u l a t e s  a  p l a h t - g a t e  
s e l l i n g  p r i c e  f o r  e thano l  o f  $1.70/gal (1979 d o l l a r s )  .. 



Table 1. Summary o f  Grain Ethanol S e l l i n g  p r i c e 4  
(100% cohpany e q u i t y  -- 20-yr p l a n t  l i f e )  

. Cost Component . 1978 $ /ga l  

Corn, a t  $2.50/bu 0.96 . . 

Direc t  ope ra t i ng  c o s t s  0.27 
. Fixed c o s t s  . 0.11' 

C a p i t a l  recovery ,  t axes .  0.. 17 

1.51 . 
DDG c r e d i t ,  a t  $115/ton (0.39)  

. Plant -ga te  s e ' l l i n g  p r i c e  1. i 2  

Whatever t h e  e t h a n o l  s e l l i n g  p r i c e ,  i t  'is s e n s i t i v e  t o  corn p r i c e  and 
DDG. c r e d i t .  Each $l/bu: r i s e  i n  .corn p r i c e  i n c r e a s e s  t h e  e thano l  s e l l i n g  p r i c e  
by $0 .39/galJ. .  Eachs $20/ ton drop i n  DDG p r i c e  i n c r e a s e s  t h e  e thano l  s e l l i n g  
p r i c e  by$0 .07/ga l  ( s e e  Table 2 ) .  

3.2 MARKET VALUE 

The p r i c e  t h a t  an e thano l  producer can a f fo rd  t o  pay f o r  g r a i n  d-epends 
on t h e  market va lue  o f  t h e  product .  To determine t h e  va lue  o f  e thano l  f u e l  i t  
i s  assumed t h a t  t h e  e thano l  w i l l  be  used a s  gasohol ,  a  b lend  o f  90% unleaded 
g a s o l i n e  and 10% 'e thanol  (by  volume). 

I n  terms of  the.amount  of  g a s o l i n e  rep laced  by one g a l l o n  of , e thano l  i n  
end-use a p p l i c a t i o n ,  s e v e r a l  op in ions  have been advanced: . 

On t h e  b a s i s  o f  energy con ten t  a lone ,  1 g a l  o f  . e thanol  
r e p l a c e s  0 .65 g a l  of gasol ine ,  

' On t h e  b a s i s  o f  a  2% mileage dec rease  wi th  gasohol ,  1 
g a l  of  e t h a n o l  r e p l a c e s  0.8 g a l  of ga.sol ine.  

.. On t h e  b a s i s  . of  equ iva l en t  mileage with gas,ohol,  ,1 g a l  . . 
! .of e t h a n o l  r e p l a c e s  1 g a l  of g a s o l i n e .  

O n  t h e  b a s i s  of  a  2% m i l e a g e ' i n ~ r e ~ s e  wi th  gasohol ,  1 . 
. . . . 

ga l  o f  e t h a n o l  r e p l a c e s  1 . 2 ' g a l  of  g a s o l i n e .  

Add i t i ona l  g a s o l i n e  can be rep laced  by t a k i n g  advantage of e t h a n o l ' s  
oc t ane  boos t ing  p r o p e r t i e s .  A t  p r e s e n t ,  erhanol  (average  research-plus-motor 

' o c t a n e  o f  101-102) i s  blended wi th  unleaded r e g u l a r  g a s o l i n e  (average octane 
o f  87-88) t o  produce gasohol  wi th  an average octane of  90-91, about midway 
be tween t h e  oc tane  r a t i n g s  of r e g u l a r  and premium g a s o l i n e s .  3 Refinery 
s av ings  o f  g a s o l i n e  would r e s u l t  i f  a  r e f i n e r y  produced a  lower-octane gaso- 
l i n e  and blended i t  - w i t h  e thano l  t o  produce gasohol  ( 9 : l  blend)  having an 
o c t a n e  r a t i n g  equa l  t o  t h a t  of unleaded r e g u l a r .  Although one study8 est i-  
mates  t h e s e  sav ings  t o  be 0.36 g a l  o f  g a s o l i n e  f o r  each g a l l o n  of  e thanol  , 
used,  r e f i n e r y  a n a l y s i s  i n d i c a t e s  t h a t  t h e  s av ings  could  be wel l  below 0.1 g a l  



  able 2.  ' " v a r i a t i o n  of Ethanol  S e l l i n g  P r i c e  
- with Corn and DDG P r i c e s  

Corn P r i c e  DDG P r i c e  Ethanol S e l l i n g  
'($/bu) , ($ , / ton> P r i c e  ( $ / g a l )  

. ,  Varying' corn  
p r i c e  

Varying DDG 
p r i c e  

f o r  each g a l l o n  o f  e thano l  used.gs10 This  p re sen t  s tudy  assumes  an e t h k o l  
r e f i n i n g  c r e d i t  o f  0 . 2  g a l  o f  g a s o l i n e ,  a  f i g u r e  t h a t  would p r o b a b l y  b e  
cons idered  opt imiGt ic  by most r e f i n e r s .  ' .. , 

. Ranges of e thano l  v a l u e s  can now be  e s t a b l i s h e d ,  based ' o n .  g a s o l i n e  
' p r i c e s  and e thano l /gaso l ine  replacement r a t i o s  i 'n end-use and ' r e f i n i n g .  Table 
3  i l l u s t r a t e s  t h a t  r e f ine ry -ga t e  p r i c e s   idwe west) f o r  unleaded r e g u l a r  gaso- 
l i n e  averaged $0.73/gal  i n  November 1979, n e a r l y  twice  t h e  p r i c e  i n  ' t h e  f i r s t  
q u a r t e r  .of 197.8 .I1 

Table 4  shows t h e  v a r i a t i o n  of e t h a n o l  . va lue  wi th  t he  a c q b i s i t i o n  
p r i c e  of  c rude  oi ' l .  Based on a  March 1980 r e f ine ry -ga t e  p r i c e  f o r  unleaded 
r e g u l a r  g a s o l i n e  of $0.85/gal ( equ iva l en t  t o  a  crude o i l  a c q u i s i t i o n  p r i c e  
of $24.50/bbl),  e t h a n o l  v a l u e s  a t  t h e  p l a n t  g a t e  range from $0.55/gal  t o  
$1 .19/ga l .  For gaso l ine  produced' from crude a t  a c q u i s i t i o n  p r i c e s  of  $35/bbl 

'. 

and .  $45/bbl ( g a s o l i n e  pr ic 'es  of $1.20/gal  and $1 .55Iga l ,  r e s p e c t i v e l y ,  a t  the 
r e f i n e r y  g a t e ) ,  e t h a n o l  v a l u e s  a t  t h e  p l a n t  g a t e  range from $0.78Igal  t o  
$1.68/gal  and $,l.OO/gal t o  $2'.17/gal, r e s p e c t i v e l y .  

. . 
Although t h e  f u e i  economy .of  gasohol a s  coplpar.ed t~ g a s o l i n e  i s  s t i l l  

deba ted ,  most s t u d i e s  have concluded' t h a t  gasohol.  g ives  lower vo lumet r ic  
economy than  g a s o l i n e .  Based on energy con ten t  a lone ,  gasohol  would g ive  3.4% 
f e w e r  mi' les p e r  g a l l o n  t h a n  would g a s o l i n e .  T h i s  . d e c r e a s e  i s  p a r t i a l l y  
o f f s e t  by a  s l i g h t l y  b e t t e r  f u e l  economy p e r . u n i t  o f  energy f o r  gasohol,  ' 

r e s u l t i n g  , i n  a  n e t  mileage de'crease of . c lo se  t o  2% , (a  g a s o l i n e  replacement of 
0 .8  g a l  p e r  1 . g a l  o f  e t h a n o l )  ., ~ d d i t ' i o n  o f  p o t e n t i a l .  r e f i n e r y  s av ings  o f  0.2 



Table 3 .  ~ i d w ' e s t e r n  Refiner,y-Gate P r i c e s  
of Unleaded Regular ~ a s o l i n e l l  

Average ~ c ~ u i s  i t ' i on  
P r i c e  of Crude O i l  

Midwestern Refinery- 
. . Gate P r i c e  of Unleaded' 

Per iod  $/bbl  $ /ga l  Regular ( $ / g a l )  . 

, 1978 
. . 

I s  t q u a r t e r  12.18 , 0.29 ' 0.39 
2nd q u a r t e r  12.18 0.29 : 0.40 
3rd q u a r t e r  12.18 0.29 0.42 

12.60 0.30.  4 t h  q u a r t e r  , 0.43 

1st q u a r t e r  13.02 . 0.31 0.46 
2nd q u a r t e r  15.12 0.36. . 0.53 

18.48 0.44 0.62 . 3rd q u a r t e r .  
October 21.84; 0.52 0.70 , 

November . 22.68, '0..54' 0.73 

Table  4.. V a r i a t i o n  of Ethanol  va lue  wi th  Crude O i l  Acqu i s i t i on  P r i c e  
. . 

. . 
\ Gallons o f  

, Gasol ine 
. ' Ethanol  Value ( $ / g a l )  

Replaced p e r  Crude O i l  Crude O i l  Crude O i l  ,: 
Gallon of p r i c e  o f .  P r i c e  of  . P r i c e ' o f  1 

Basis  Ethanol  $24.50/bbl . .$35/bbl $45/bbl . .  . 

Dtu c o n t e n t  . 0.65 0.55 ' 0.78 . 1.00 . . 
2% u i l e a g e  dec rease  0.80 0. G O  0.96 1.24 
Equiva len t  mi leage  . 1  .OO ' 0 . 8 5  . 1.20. 1.55 
2% mi leage  i nc rease  , l . 2 0  1.02 1.44 1.86 
Ref inery  b lending  (0.2 ga.1 . . 

g a s o l i n e  r e p l a c e d ) ,  p lu s :  
1.00 , .. 0.85 1.20 , .1.55 2% mileage d e c r e a s e  . 

e q u i v a l e n t  mi leage  . 1.20 . 1.02 , 1.44 . . 1.86 
' 2% mileage i n c r e a s e  1.40 1.19 ' . 1.68 2.17 

- 

: g a l  o f  g a s o l i n e  per  1 g a l  of  e thano l  r e s u l t  i n  a n  e n d - d s e g a s o l i n e  replacement . 

o f .  one g a l l o n  f o r  every  g a l l o n  of e t h a n o l .  ' E t h a n o l ' s  v a l u e  when used .  i n  . . 
$ .  

gasohol  can t h u s  be  summarized a s  shown i n  Table 5. 

, . . . 
3.3 TAX, EXEMPTIONS FOR GASOHOL 

Given t h e s e  market v a l u e s  f o r  e t h a n o l  a s  a f u e l ,  we  can now examine t h e  
p o t e n t i a l  e f f e c t  of  f e d e r a l  and s t a t e  t a x  exemptions f o r  gasohol  on t h e  p r i c e  



Table 5 .  Value of Ethanol  Used i n  Gasohol (exc luding  
f e d e r a l l s t a t e  t a x  exemptions) 
. . . . .  

~ t h a n o l  Value a t  P1,ant Gate  ( $ / g a l )  

Crude O i l  Ref inery Replacement Replacement .of 
Acqu i s i t i on  P r i c e  o f  of Gasol ine Gasol ine i n  End- 

Pr i c  e  , Gasol ine i n  End-Use, Use and Ref inery ,  
($ /bb l )  ($ /ga l  0.8 g a l  1 .0  g a l  

of co rn .  The government c u r r e n t l y  exempts t h e  f e d e r a l  e x i s e  t a x  of $0.04/gal  
on gasohol ,  equ iva l en t  t o  an e thanol  subs idy  of  $0 ,40 /ga l .  Recent ly  enacted 
l e g i s l a t i o n  e x t e n d s  t h e  e x p i r a t i o n  d a t e  o f  t h i s  exempt ion '  from 1984 t o  
1992: This  exemption, p l u s  o t h e r  f e d e r a l  c;edits. amounting t o  an  a d d i t i o n a l  
$0.03/gal of e t h a n o l ,  e f f e c t i v e l y  reduced t h e  January 1980 p lan t -ga te  p r i c e  of 
g r a i n  , e thanol  £rom t h e  quoted $1.62/gal  t o  $.1.19/gal. Even assuming a  gaso- 

' l i n e  :e thanol  replacement r a t i o  o f  0.8,.: 1 .0  , ,  t h i s  p r i c e  s t i l l  a l lows e thano l  . to  
compete with $45/6bl  spo t  o i l .  

' 

Gasohol a l s o  i s  exempted from p a r t  o r  a l l  o f  s t a t e  motor f u e l  t a x e s  i n  
15 s t a t e s ,  9  of  which have s e t  no terminat  ion d a t e  .12 These exemptions have 
e f f e c t i v e l y  reduced the  p r i c e  of f u e l  e thano l  w e l l  below i t s  market va lue  i n  
s e v e r a l  s t a t e s  ( s e e  Table 6 ) .  

I n  a d d i t i o n  t o  exempting gasohol from motor f u e l  t axes ,  Louis iana and 
South Dakota a l s o  exempt i t  from t h e  s t a t e  s a l e s  t a x  -- 3% and 4%, respec-  
t i v e l y .  Ind iana  exempts t h e  s t a t e  s a l e s  t a x  (4%) ,  bu t  n o t  t h e  motor f u e l  t a x .  
Although t h e  s t a t e s  t h a t  o f f e r  p a r t i a l  o r  t o t a l  t a x  exemption f o r  gasohol 
r e p r e s e n t  on ly  16% of  t o t a l  U.S. g a s o l i n e  consumption (and 15% o f  U.S. popu- 
l a t i o n ) ,  t h e  t r e n d  toward  s t a t e  exempt ions  i s  c l e a r l y  i n c r e a s i n g .  The 
combination of f e d e r a l  and s t a t e  exemptions, which i n  many s t a t e s  exceeds t h e  
i n c e n t i v e  needed t o  move gasohol i n t o  t h e  market ,  i s  a l lowing  g r a i n  e thano l  
producers  t o  push p r i c e s  f a r  above es t imated  c o s t s .  For example, t h e  January 
1980 quoted p r i c e  of  $1.62/gal  f o r  g r a i n  e thano l  had r i s e n  t o  $1.85-2.00 by 
l a t e  March 1980.12 

3.4 FUTUE< CORN PRICES - 

To a k s d s s  t h e  e x t e n t  t d  w h i c h . . f d e r a l / s t a t e  s u b s i d i e s  and inc reas ing  
c rude  o i l  p r i c e s  could  enable  g r a i n .  e thano l  producers  . to  b i d  up corn  pric 'es,  
t h e  fol lowing '  c a l c y l a t i o n s  were,made: , . ,. , 

For c rude  o i l  a c q u i s i t i o n  p r i c e s a r a n g i n g  from $15/bbl  t o  
$60/bbl ,  t h e  corresponding e t h a n o l  v a l u e s  were c a l c u l a t e d  



Table 6 .  , F e d e r a l  and S t a t e  Tax Exemptions f o r  Ethanol  Used i n  Gasohol 
\ 

Tax Exemption E f f e c t i v e  Ethanol  , . 

Type of Exemption ($ /ga l  e t h a n o l )  .. .Pr icea ( $ / g a l )  Comment s 

Fede ra l  e x c i s e  t a x  . .0.40 ' 1.22 
Other  f e d e r a l  c r e d i t s  0.03 '1.19 
S t a t e  motor f u e l  t a x '  

Connect i c  u  t 0.10 ' 1 .'09 no e x p i r a t  ion  d a t e  
0.10 i .og I 1  Mary1 and 

North Dakota 0.40 0.79 11 

0.40 0.79 11 
. Sputh Dakota 

0 . 4 0 .  Wyoming Oe79 11 

11 Nebraska 0.50 0.69 
1 I ~ k l a h o m a  " - 0.65 0.54 

0.80 0.39 . . LOU i o ion= ' II 

11 Arkansas , . . 0.95 0.24 
South c a r o l i n a b  ' . . ., - 0.40 0.79 , ' expires.  7/87 

. . 

co lo rado  0.50 0.69 e x p i r e s  7/85 
~ a n s a s ~  ' ' 0.50 0.69 exp i r e s  7/85 
~ e w '  Hampshire . . .  

'0.50 . . 0.69 exp i r e s  6/83 
0'. 70 . . .Montana 0.49 . .  . e x p i r e s  ,3189 . . 

Iowa 1 .OO . 0.19 e x p i r e s  6 /83  

aPlan t -ga te  p r i c e  of e t h a n o l  = $1.62/gal .  

b ~ x e m p t i o n  {erminates  p r i o r  , t o  l i s t e d  month i f  motor f u e l  t a x  l o s s  exceeds a  
s p e c i f i e d  amount.. . . .  

. . 
f o r  t h r e e  c a s e s :  no subs idy ,  a  f e d e r a l  subs idy  of  $0.401 

. . .. g a l  of  e thano l ,  and a  f e d e r a l  subs idy  of  $0.40/gal  p l u s  an  
average s t a t e  subs idy  o f  $0 ,40/ga l .  A s i n g l e  e thano l :  
@;osol inc  rcploccment r a t i o  o f  I ' .O was chosen for t h e s e  
c a l c u l a t i d n s ,  de r ived  from. 1.0 g a r  of e t h a n o l  r ep l ac ing  
0.8 g a l  o f  g a s o l i n e .  i n  use and 0.2 g a l  ' o f  g a s o l i n e  a t  t he '  

. r e f ine ry . .  The r e f i n e r y  p r i c e  of g a s o l i n e  was' assumed t o .  
average 1.45 t imes  t h e  c rude  o i l  a c q u i s i t i o n  c o s t ,  ' a s  
i n d i c a t e d  by the. 1978 and 1979. d a t a  f o r  a t y p i c a l  Midwest , , , 

11 . . 
r e f i n e r y  . 
For each e t h a n o l  va lue ,  a  ca l cu l a t . i on  was made 'of t h e  
maximum c o r n  i npu t  p r i c e  . t h a t  'would st  ill a l low e thano l  

' t o  b e  so ld  a t  t h e  p l a n t  g a t e  a t  a p r i c e  equa l  t o .  t h a t  
e t h a n o l  v a l u e .  ' Corn p r i c e s  were c a l c u l a t e d  , . fo ' r  two 
conversion c o s t  ca se s :  t h e  " l o w c o s t "  c a s e ,  where $2.501 
bu c o r n  produces e thano l  s e l l i n g  a t  t h e  p l a n t  g a t e  f o r  

- $1.20/gal  ( i n  1979'  d o l l a r s ) ,  and t h e  "high-cost" c a s e ,  ' 

where $2.50/bu co rn  produces e thanol .  s e l l i n g  a t  t h e  p l a n t  
g a t e  f o r  $ 1 . 7 0 / g a l .  ( i n  1979  d o l l a r s ) .  I n .  b o t h  t h e s e  
c a s e s ,  t h e  m a r k e t  p r i c e  o f  DDG was h e l d  a t  $ 1 1 5 / t o n .  

. , 
. . 



The , r e s u l t s  of  t he se  c a l c u l a t i o n s  a r e  shown i n  Table 7 and F ig .  1. 
They i l l u s t r a t e  thee gene ra l  conc lus ion  t h a t  con t inua t  ion of f e d e r a l / s t a t e  
i n c e n t i v e s  a t  c u r r e n t  l e v e l s  could , '  depending on t h e  r a t e  of g r a i n  e thano l  
p l a n t  c o n s t r u c t i o n ,  r a i s e  g r a i n  p r i c e s  t o  l e v e l s  d e t r i m e n t a l  t o  food p r i c e s  
and g r a i n  expor t s :  

A t  a  c rude  o i l  a c q u i s i t i o n  p r i ce '  of  $30/bbl ($1.04/gal  of 
. . g a s o l i n e  a t  t h e  p-lant g a t e ,  c l o s e  t o  c u r r e n t  p r i c e s ) ,  a  

g r a i n  e thano l  p l a n t  could pay no more than $2..08/bu f o r '  
corn (low conversion c o s t )  t'o produce e thano l  a t  unsub- 
s i d i z e d  market va lue .  This  would l i m i t  such a  p l an t  t o  
d i s t r e s s e d  g r a i n  o r  l ow-p r i ced  s u r p l u s  g r a i n .  With . 
c u r r e n t  t a x  exemptions f o r  gasohol ,  t h e  'p lant  could pay . 

$3.12/bu (w i th  t h e  f e d e r a l  exemption) o r  $4.16/bu (w i th  
f e d e r a l  and s t a t e  exemptions). Thus, - under long-term 
government t a x  exempt ions' f o r  gasohol ,  e  than01 - p l a n t s  
w i l l  n o t  be  l i m i t e d  ' to using d i s t r e s s e d  g r a i n  ( s u p p l i e s  of  
which .are  genera1l.y smal.1. .and d i s p e r s e d )  and c e l l u l o s i c  . . ,  

w a s t e .  ( c o n v e r s i o n  of  which  i s  n o t  y e t  c o m m e r c i a l ) .  
Rather ,  they w i l l  be ab1.e t o  compete f o r  normal q u a l i t y  
g r a i n s  a t  p r i c e s  g e n e r a l l y  above those  p r e v a i l i n g  i n  food, 
feed ,  and expor t  markets .  

e A t  a  c rude  o i l  a c q u i s i t i o n  p r i c e  of  $50/bbl ($1,.73/gal of 
g a s o l i n e )  -- a  s i t u a t i o n  t h a t  may n o t  be t o o  d i s t a n t  -- 

. ., 
an e thano l  p l a n t  could pay up t o  $3.87/bu f o r  co-rn (low 
convers ion  c o s t )  t o  produce e thano l  a t  unsubsidized market . , 

v a l u e .  Gasoholt- t a x  exemptions push . t h i s  up t o  $4.9'l/bu 
( f e d e r a l )  and $5.95/bu ( f e d e r a l / s t a t e ) .  Thus, f e d e r a l /  ' 

s t a t e  encouragemen t  o f  m a s s i v e  c o n s t r u c t i o n  o f  g r a i n  
e thano l  p l a n t s .  'could lead t o  c l o s e r  coupl ing of  g r a i n  

. p r i c e s  with crude o i l  p r i c e s ,  an undes i r ab l e  s i t u a t i o n  s o  
, long a s  c rude  o i l  ' p r i c e s  a r e  d i c t a t e d  by OPEC. 

The foregoing . i l l u s t r a t e s  t h e  p o t e n t i a l  e f f e c t  on g r a i n  p r i c e s  of 
a  massive near-term response  by e t h a n o l  producers  to .  f e d e r a l  and s t a t e  t a x  
exemptions f o r  gasohol .  I n  c o n t r a s t ,  l i m i t e d  u se  of  g r a i n  f o r  e thano l  produc- 
t ion  could b e n e f i t  t h e  a g r i c u l t u r d l  s e c t o r ,  and such product ion need involve 
no gove'rnment . i n c e n t i v e  i f  d i r e c t e d  toward t h e  higher-value i n d u s t r i a l  e thano l  
m a r k e t s .  These  m a r k e t s  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g .  s e c t i o n s  o f  t h i s  
r e p o r t .  



Tab le .7 .  Maximum Corn Input  P r i c e s  f o r  Product ion  of  Ethanol  a t  Market Valuea - 
Corn Input  P r i c e  f o r  Usnufacture  o f  Ethanol  Having a 
P l a n t  Gate  S e l l i n g  p r i c e ' ~ ~ u a 1  t o  Ethanol  Value ($/bu)  

Crude O i l  Ref inery 
A c q u i s i t i o n  P r i c e  o f  ~ t h a n o l  Value ( $ / g a l )  Lou Manufacturing CostC . High Manufacturing coatd  

R i c e  ~ a s o l i n e ~  No Federal  Fed . / S t a t e  No Federal  Fed . / S t a t e  No Fede ra l  Fed. /Sta te  
( $ / b b l )  ($ /ga l )  Subsidy Subsidy Subsidy Subsidy Subsidy Subsidy Subsidy Subsidy Subaidy 

a ~ a l l o n s  of g a s o l i n e  replaced.' pe r  g a l l o n  o f  e thano l  = 1.0. D i s t i l l e r s  d r i e d  g r a i n  p r i c e  = $115/ton. Tax 
exemptions f o r  gasohol  = S0.04/gal ( f e d e r a l )  and S0.04/gal ( s t a t e  average) .  

b ~ a s u m e s  t h a t  t h e  r e f i n e r y  p r i c e  'of g a s o l i n e  is 1.45 t imes  the  crude o i l  a c q u i s i t i o n  p r i c e .  . 

CPlant-gate  s e l l i n g  p r i c e  f o r , e t h a n o l  o f  Sl .20/gal  ($2.50/bu co rn ) .  . 

d ~ l a n t - g a t e  s e l l i n g   rice t o r  e t h a n o l  o t  $1.70/gal ( $ P . > ~ / b u  c o r n ) .  

LOW MANUFACTURING COST 

FED./STATE 
SUBSIDY 

/ FEDERAL 
SUBSIDY 

NO SUBSIDY 

O l i  PRICE ( $ 1  bbl 1 

HIGH MANUFACTURING COST 

OIL PRICE ( $ / b b l )  

Fig .  1. Maximum Corn Input  P r i c e s  f o r  Product ion  of Ethanol  a t  Market Value 
( see  Table 7  foo tno te s  f o r  assumptions) 



4  INDUSTRIAL ETHANOL MARKETS 

4.1 CONSUMPTION 
C 

. The U.S. m a r k e t  f o r  e t h a n o l  c a n  be  d i v i d e d  i n t o  t h r e e  s egmen t s :  
i n d u s t r i a l ,  f u e l ,  and b e v e r a g e .  However, b e v e r a g e s  d o  n o t  r e p r e s e n t  a  
s i g n i f i c a n t  merchant market f o r  e thano l  producers .  United S t a t e s  consumption 
of e t h a n o l ,  e x c l u s i v e  o f  beverages,  t o t a l e d  about 285 m i l l i o n  g a l l o n s  ( 100% 
b a s i s )  i n  1979, 85% f o r  i n d u s t r i a l  use and 15% f o r  f u e l  use ( p r i n c i p a l l y  i n  
gasohol ) .  I n d u s t r i a l  demand c o n s i s t s  of  two major use segments, chemical 
manufacture and s o l v e n t s .  Over t he  pas t  20 yea r s ,  i n c r e a s i n g  use  of e thanol  
a s  a  so lven t  has  n o t  completely o f f s e t  t h e  d e c l i n e  i n  use of eth'anol a s  an 
i n t e rmed ia t e  i n  chemical manufacture .  A s  i l l u s t r a t e d  by Table 8 ,  n e t  indus- 
t r i a l  e thano l  demand increased  t o  about 300 m i l l i o n  g a l / y r  i n  t h e  l a t e  1960s 
and by 1979 dec l ined  t o  about 240 m i l l i o n  g a l / y r .  With t h e  f e d e r a l / s t d t e  t a x  
exemptions f o r  gasohol ,  e thano l  consumption f o r  f u e l ,  e s t ima ted  a t  about 45 
m i l l i o n  g a l l o n s  i n  1979, could su rpas s  i n d u s t r i a l  consumption by 1982. Based 
on an assessment of producer i n t e n t i o n s  a s  of  January 7 ,  1980,12 c l o s e  t o  
200 m i l l i o n  g a l / y r  of  f u e l  e t h a n o l  c a p a c i t y  could be i n  p lace  by e a r l y  1981. 
Table 8  a l s o  shows t h a t  i n d u s t r - i a l  e thano l  consumption i s  p ro j ec t ed  t o  t o t a l  
about 250 m i l l i o n  g a l l o n s  i n  t h a t  year .  

Solvent a p p l i c a t i o n s  . c u r r e n t l y  account f o r  c l o s e  t o  60% o f  i n d u s t r i a l  
, e t h a n o l  consumption i n  t h e  United S t a t e s .  The l a r g e s t  s o l v e n t  use f o r  e thano l  
i s  i n  cosmet ics ,  followed by c o a t i n g s ,  c l ean ing  p r e p a r a t i o n s ,  and pharmaceuti-' 
c a l s .  Because of t h e  i n c r e a s e  i n  demand f o r  l i q u i d  d e t e r g e n t s ,  most of  which 

' c o n t a i n  e t h a n o l ,  c l ean ing  i s ,  expected t o  be  t he  f a s t e s t  growing indus t r . i a1  
e thano l  mazket du r ing  the  next few yea r s  (Table 9 ) .  

I n  c o n t r a s t  t o  t h e  so lven t  market ,  'use of  e thano l  a s  a  raw m a t e r i a l  f o r  
chemical manufacture has  been d e c l i n i n g .  This  is  p r i n c i p a l l y  due t o  t h e  s t e e p  

. d e c l i n e  i n  use of e thano l  t o  manufa'cture ace ta ldehyde ,  a  product  i n  t u r n  used 
t o  prod.uce a c e t i c  a c i d ,  p e r a c e t i c  a c i d ,  p y r i d i n e ,  and o t h e r  chemicals .  U s e  
of e t h a n o l  i n  acetaldehyde-  manufacture h a s  f a l l e n  from more than 50% o f  t o t a l  
i n d u s t r i a l .  e thano l  demand , i n  1960 t o  about  7% i n  1979. This  h a s  happened 
because ethanol-based ace ta ldehyde  product ion  has  been p rog re s s ive ly  rep laced  
b y .  a  p r o c e s s '  f o r  manufacturing ace ta ldehyde  d i r e c t l y  f i rom e t h y l e n e ,  r a t h e r  

. . 

Table 8 .  U.S. Demand f o r  ~ t h a n o l l ~ - l ~  
( l o6  g a l ,  100% b a s i s )  

I n d u s t r y  

chemical ' 

Year so lvent  M a ~ u I a ~ C u r e  Tu ta l  F u e l '  To ta l  . . 



Table 9 .  Solvent Markets f o r  Ethanol 

% of  To ta l  ~ t h a n o l  Solvent  ~ a r k e t  

Cosmetics and 
Year Pharmaceut icals  .Cleaning I n d u s t r i a l  Other 

t han  v i a  the  , e thano l  i n t e rmed ia t e  ( s e e  F ig ;  2 ) .  A s  a . r e s u l t ;  t h e  'amount 
o f  e thano l  used t o  manufacture  ace ta ldehyde  has  dropped from about 150 m i l l i o n  
g a l / y r  i n  t h e  e a r l y  1960s t o  about 17 i i i i l l ioa  g a l l y r  i n  1979. 

I n  a d d i t i o n  t o  t h i s :  change i n  technology, ace ta ldehyde  demand has  
i t s e l f  slowed, aga in  due t o  changing technology i n  the :  manufacture of s e v e r a l  
of  i t s  chemical d e r i v a t i v e s .  :n-Butanol and '2-ethylhexanol ,  once major o u t l e t s  
f o r  ace ta ldehyde ,  a r e  now produced from propylene . Manufacture of ' a c e t i c  
a c i d ,  c u r r e n t l y  account ing  f o r  55% ,of t h e  ace ta ldehyde  consumption o f  about 
1 .  b l o n  l b  i s  made p r i n c i p a l l y  by t h r e e  processes ,  based on t h r e e  
d i f f e r e n t  s t a r t i n g  m a t e r i a l s :  o x i d a t i o n  o f  a c e t a l d e h y d e ,  o x i d a t i o n  o f  
n-butane, and ca rbony la t  ion of methanol ( F i g .  2 ) .  The acetaldehyde process  

. h a s  .been g iv ing  way t o  t h e  more economical methanol2 process ,  wi th  40-50% o'f 
c u r r e n t  a c e t i c -  ac'id product ion  (about  2.8 b i l l i o n  1 b l y r )  based on methanol.  

P a r t i a l l y  o f f s e t t i n g  the  v i r t u a l  e l i m i n a t i o n  of e t h a n o l  i n  ace ta lde-  
hyde product ion  a re ,  t h e  i nc reas ing  use  of ethanol-based v inega r  ' ( ch i e f ly  i n  
t h e  convenience food i n d u s t r y )  and a s lowly  growing misce l laneous  ca t ego ry  o f  
ethanol-based chemicals  t h a t  inc ludes  e t h y l  ace t ace ,  e t h y l  a c r y l a t e ,  and 
g l y c o l  e t h e r s  ( s e e  T a b l e  1 0 ) .  Although t h e  s h i f t  from e t h a n o l - b a s e d  t o  
e t h y l e n e - b a s e d  a c e t a l d e h y d e  i s  v i r t u a l l y  c o m p l e t e ,  g rowth  i n  demand f o r  
i n d u s t r i a l  e thano l  i n  t h e  remaining markets  i s  no t  p ro j ec t ed  t o  exceed 3%/yr 
through t h e  mid 1980s. Th i s  would r e s u l t  i n  a t o t a l  i n d u s t r i a l  demand s t i l l  
under  300 m i l l i o n  g a l l y r  i n  1985. 

4 .2  'SUPPLY 

E t h a n o l  i s  c u r r e n t l y  d e r i v e d  from two a l t e r n a t i v e  raw m a t e r i a l s :  
. e thy l ene ,  which i s  produced from petroleum and n a t u r a l  gas  l i q u i d s ,  and sugar ,  
which i s  derioved. from g r i i n s  and o t h e r  s t a r c h l s u g a r  m a t e r i a l s .  I n  t h e  e a r l y  
1950s, about  h a l f  t h e  U.S. product ion o f  i n d u s t r i a l  e thano l  waq by fermenta- 
t i o n  of  sugar  and s t a r c h  m a t e r i a l s .  The ba l ance  was prod.uc.ed predominantly by 
a b s o r p t i o n  of  e thy l ene  i n  s u l f u r i c  a c i d  t o  form e t h y l  s u l f a t e s ,  followed by 
h y d r o l y s ' i s  t o  e t h a n o l .  F e r m e n t a t i o n  r a p i d l y  gave  way t o .  b o t h  t h e  e t h y l  
s u l f a t e  process  and .  a newer process  based on d i r e c t  c a t a l y t i c  hyd ra t i on  of 
e thy l ene .  . Product ion  by. the.  e t h y l  s u l f a t e  peaked i n  t h e  mid .I9609 
and, i n  t u r n ,  gave way over  t h e  next  t e n  yea r s  t o  t h e  c a t a l y t i c  -p roces s .  By 
1975, no e t h a n o l  was manufactured v i a  e t h y l  s u l f a t e ,  a l though 7% of  i n d u s t r i a l  
ou tpu t  was s t i l l  der ived  by fe rmenta t ion ,  a s  shown i n  Table 11. 
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Table 10. ~ h e m i ~ a l  Markets f o r  Ethanol' 

. f .  % of  To ta l  Chemical Market 
. . 

Year Acet.aldehyde Vinegar Other 

1960 73 . 5  2  2  
19 7'0 50 11 39 
1977 ' 17 . 21 6  2  
1981 .  . 15 ' 23 6  2  

. . Table 11. I n d u s t r i a l . E t h a n o 1  ~ r o d u c t i o n l ~ '  
( pe rcen t  b.y process )  

C a t a l y t i c  Ethyl  
Year . ~ ~ d r a t i o n  S u l f a t e  Tota.1 Fermentat ion . 

. . 
, . 

41 48 . . 1951 7  5  2  . . 

1954 .14 63 77 2  3  

19 60 16 7  5  9  1 9 . , 

1965 . 19 , 73 92 8  

1970 44 48 9  2  8  
1975 93 0  93 7. 

Four companies, l i s t e d .  i n  Table 12,  now o p e r a t e  e  thylene-based eth&ol  
. p l a n t s ,  wi th  a  combined pfoduct ion,  c a p a c i t y  o f  271  m i l l i o n  g a l I y r  (95X b a s i s ) .  

An a d d i t i o n a l  ,40-mi l l ion-ga l lyr  u n i t  a t  Deer Park,  Texas, was mothballed by 
, S h e l l  Chemical e a r l y  i n  1979. Thc company  continue^ t o    ell e thano l  obtained 
from Union Carbide under a  long-term t o l l i n g  agreement,  i n d i c a t i n g  t h a t  S h e l l  
i n t e n d s  t o  r e s t a r t  t h e  p l a n t  i f  demand war ran t s ;  

. . 

Ferment art ion-based i n d u s t r i a l  e thano l  p roduct ion ,  probably amounting t o  
no  more t h a n  20  m i l l i o n  g a l I y r  i n  t h e  mid 197:0s,' h a s  b e e n ' c o n s i d e r a b l y .  
augmented by gasohol  product ion.  A s  of  January 1 ,% 1980, t h e r e  were e i g h t  ' 

p r o d u c e r s  o f  f e r m e n t a t  i o n  ' . e t hano l  w i t h  a  combined c ' a p a c i t y  o f  a.bob.t 90 
m i l l i o n  gal /yr .12 '1  The Faw m a t e r i a l  f o r  80% o f  t h i s  c a p a c i t y  i s  c o r n , ,  t he  , 
balance  o f  t h e .  c a p a c i t y  being '  fed with suga r ,  wood pulp ing  l i q u o r s ,  cheese  
whey, and 'grain sorghum. The l a r g e s t  fcrmcntar  ion e thanol  p l an t  i c  .Archer- 
Daniels-Midland's co rn  wet m i l l i n g  f a c i l i t y  a t  Decatur ,  I l l i n o i s ,  wi th  an 

' e t h a n o l  c a p a c i t y  of  50 m i l l i o n  g a l l y r .  This  w i l l  be  expanded. t o  100 m i l l i o n  
g a l I y r  by e a r l y  1981, and s e v e r a l  o t h e r  p o t e n t i a l ;  producers  a r e  planning 
corn-based f a c i l i t i e s .  A survey conduc.ted i n  e a r l y  January  1980 i n d i c a t e s  a  - 
f e rmen ta t i on  c a p a c i t  o f  160-200 m i i l i o n  g a l l y r  by mid 1981, of which over  8 5 2 .  

1 I . . w i l l  be  corn-based. . .  



Table 12. U.S: Product ion  Capaci t  f o r  
Ethylene-Based Ethanol  1 f:  

. . 

. . Capacitya 
Producer P l an t  ~ o ' c a t  ion ( l o6  g a l l y r )  

Union Carbide Texas C i t y ,  Texas 120 
US1 'Chemicals Tuscola,  I l l .  , 66 
Pub l i c k e r '  I n d u s t r i e s  Ph i l ade lph ia ,  Pa. 6  0  
Eastman Chemical Longview, Texas 

: ' ,  
25 

To't a1  271 , 

-- - 

a95% b a s i s .  

4 .3  PRICE 

Throughout 'the. 1960s, the  p r i c e  of '  i n d u s t r i a l  ! e t h a n o l  rega ined  a t  
. . $0.52Igal  (95% b a s i s ,  d e 1 i v e r e d ' ~ a s t  i n  t anks ) ;  t h e  p r i c e  of abso lu t e  e thanol .  

was $0.07/gal  h ighe r .  The p r i c e  moved t o  $ ~ . 5 4 / ~ a l '  i n  1970, bu t  d i d  . no t  beg in  
t o  i n c r e a s e  s i g n i f i c a n t l y  u n t i l  1974. P r i c e s  have r e c e n t l y  moved r a p i d l y  from 
$1.25Iga'l i n  mid 1979 t o  $1 .57Iga'l i n  March 1980 ($1.68 on a  100% - b a s i s ) .  
During t h e  same per iod ,  e t h y l e n e  p r i c e s  have moved from $0.14/ lb  ( c o n t r a c t  
d e l i v e r e d )  t o  $0.20/ lb  ( s e e  Table 13) .  

Fuel  e thano l ,  which i s  e l i g i b l e  f o r  t a x  exemptions on ly  i f  produced 
from renewable  r e s o u r c e s , .  was pr iced  above i n d u s t r i a l  e thano l  i n  mid 1979.' 
A s  , of  January 1980, Archer-Daniels-Midland had .priced f u e l  e thano l  (100% 

. . 
b a s i s )  a t  $1.62/gal  a t  t h e  p l a n t  g a t e ,  about  $0.06/gal below t h e  p r i c e  of 
ethylene-based e thano l  ( 100% b a s i s ) .  Fermentat ion  e t h a n o l  could ,  t h e r e f o r e ,  
beg in  t o  d i s p l a c e '  t h e  ethylene-based product ,  assuming t h a t  fe rmenta t ion  
producers  a r e  prepared t o  s e t  up. t h e  market ing and t e c h n i c a l  s e r v i c e  c'apa- 
b i l i t i e s  needed t o  s e rve  t h e  i n d u s t r i a l  market .  I n s t e a d , .  f e d e r a l l s t a t e  t a x  
exempt ions  ' have allowed ferment a t  ion  producers  t o  re.al i z e  h ighe r  p r i c e s  i n  t he  
lower-value f u e l  market .  A s  o f  March 1980, t h e  p r i c e  f o r  g r a i n  e thano l  had 
r i s e n  t o  $ 1 . 8 5 - 2 . 0 0 / ~ a l , ~ ~  h ighe r  t han  t h e  $1 .78/ga l  p r i c e  f o r  e thylene-  
based e t h a n o l .  . ' 



Table 13. P r i c e s  of  . I n d u s t r i a l  E thano l .  
and ~ t h ~ l e n e l ~ ,  l7 

Date 

~ n d u s t r i a l  Ethanola 
($/gal.)  

95% by. 100% by ~ t h ~ l e n e b  
.Volume Volume ( $ / l b )  

J u l y  1955 
J u l y  1959 
J u l y  1969 

J U : ~ ~  1970 
J u l y  1973 
J u l y  197.6 

J u l y  1975 1.00 1.07 0.10 
J u l y  1977 1.22 1.30 0.12 
J u l y  1979 1.25 1.35 0.14 

Oct. 1979 1.41 1.51 0.. 155 
k c .  1979 . 1 i.41 1.51' 0.18 
Jan.  1980 1.57 ' 1 ..68 . '0.20 
Mar. 1980 . 1.67 1.78 ' 0.20 

:aDelivered i n  tanks  t o  t h e  Eas t .  

b ~ o n t r a c  t d e l i v e r e d .  . . 



5  ROLE FOR ,GRAIN ETHANOL 

.. . 

I n  a  f r e e  market s i t u a t i o n , '  ' g ra in  e thano l  would now be  moving i n t o  
chemical markets r a t h e r  than ' in tb '  f u e l .  markets .  l ' A s  t h e  pf i c e  of  petroleum- 
de.rived e thy l ene  i nc reased ,  g r a i n  e thano l  might r e c a p t u r e  l o s t  ethylene-based 
e thano l  . .markets *and,  coAplemented ..by' . ce l lu lose-der ived  e t h a n o l ,  even break 
i n t o  l a r g e  chemical feedstock markets through i t s  conversion i n t o  e thy l ene .  
Ethanol  produced from c e l l u l o s e  could a l s o  move ' in to  the  much' l a r g e r ,  but 
lower-value, f u e l  marke,C. ~ e c a u s e  o f  such c h a r a c t e r i s t i c s  a s  oc tane  enhance- 
ment and h ighe r  combust ion e f f i c i e n c y ,  e thano l  might play a  s i g n i f i c a n t  ro1.e 
i n  t h e  f u e l  m a r k e t  a s  a  l i q u i d  f u e l  e x t g n d e r  o r ,  i n  h i g h e r - c o m p r e s s i o n  
engines ,  a s  a  s t r a i g h t '  f u e l .  " .. '  

I r r e s p e c t i v e  of  long-term p r o j e c t i o n s ,  i t  -seems c l e a r  t h a t  t h e  near- 
term economic r o l e  f o r  g ra in .  e thano l  i s  t o  r ep l acg  ethylene-based e thano l  a s  

' p r i c e s  of petrol.eum and n a t u r a l  gas  l i q u i d s  cont inue  t o  r i s e .  The i n d u s t f i a l  
market f o r  e thano l  ( c u r r e n t l y  215 m i l l i o n  g a l l y r )  could expand s i g n i f i c a n t l y  
i f  f u t u r e  p r i c e s  . fo r  petroleum and, . na tu ra l  gas  feeds tocks  r i s e  much more 
r a p i d l y  t h a n  t h e  c o s t  o f  p r o d u c i n g  e t h a n o l  ' f rom g r a i n s  o r  o t h e r  b iomass .  
r e sou rces .  In t h i s  s i t u a t i o n ,  t h e  po in t  could be reached"where ace ta ldehyde ,  
der ived  from biomass e t h a n o l ,  would aga in  c o n s t i t u t e  an economical r o u t e  
t o  a c e t i c  ac id  and o t h e r  d e r i v a t i v e s ,  thereby  d i s p l a c i n g  n a t u r a l  ga s  and 
petroleum-derived s t . a r t i ng  m a t e r i a l s  ( s e e  F ig .  2) : Based on 1979 product ion 
l e v e l s ,  t h e  p o t e n t i a l  f o r  biomass e thano l  . i n  such an expanded use f o r  a c e t a l -  
dehyde would be  about 0 .5  b i l l i o n  g a l / y r  ( s e e  F igs .  2  and 3 ) .  

While expanded use  of ace ta ldehyde  a s  a  chemical i n t e rmed ia t e  could 
t r i p l e  t h e  i n d u s t r i a l  e t h a n o l  market,  t h e  most s i g n i f i c a n t  chemical p o t e n t i a l  
f o r  biomass e thano l  l i e s  i n  i t s  dehydra t ion  t o  e t h y l e n e .  This  process  f o r  
e thy l ene  product ion  was common i n  t h e  United S t a t e s  u n t i l  the  e a r l y  19509, 
when large-volume hydrocarbon c racking  became more economical. Dehydration 
f a c i l i t i e s  ar.e s t i l l  operat,ed i n  I n d i a  where e thy l enc  demand i s  low. and 
h y d r o c a r b o n  f e e d s t o c k s  a r e  e x p e n s i v e .  I8 F u r t h e r m o r e ,  t h e  economics  o f  
dehydra t ion  now appear favorab le  i n  c o u n t r i e s  such a s  Bra,zil.,  where e thanol  
p r i c e s  a r e  c o n t r o l l e d  and t h e  p r i c e  of  e thy l ene  is r e l a t i v e l y  h igh .  19 

/- 

Chemical feeds tocks  now account .  f o r  about 8% of  U.S. petroleum consump- 
t ion.  Ethylene,  by f a r  t he  largest-volume primary o rgan ic  der ived  from these  
f eeds tocks ,  i s  produced . p r i n c i p a l l y  b y  c r ack ing  of n a t u r a l  g a s  l i q u i d s  and 
petroleum l i q u i d s ,  wi th  minor amounts de r ived  from r e f i n e r y  gases .  U.S. 
e thy l ene  consumption has  r i s e n  from 5  b i l l i o n  I b I y r  i n  1960 t o  28 b i l l i o n  
l b / y r  i n  1979 .  Consumption h a s  i n c r e a s e d  8 %  a n n u a l l y  s i n c e  1975 a n d . i s  
f o r e c a s t  t o  c o n t i n u e  t o  i n c r e a s e  a t  a  r a t e  o n l y .  s l i g h t l y  l ower  t h r o u g h  
1 9 8 5 . ~ ~  Most of  t h i s  growth comes from the  ethylene-based major p l a s t i c s  -- 
low- and high-densi ty  po lye thylene ,  polyvinyl  c h l o r i d e ,  and s t y r e n i c s  -- 
which t o g e t h e r  account f o r  over  65% of  t o t a l  e thy l ene  

~ r o d u c t i b n  from e thano l  of , a l l  e thy l ene  consumed i n  t h e  United S t a t e s  
. . i n  1979 would r e q u i r e  n e a r l y  8  B i l l i o n  g a l l o n s  of  biomass e thano l  ( ~ i g .  3 ) .  

T h i s  i s  more t h a n  . l 0  t i m e s  t h e  p o t e n t i a l  i n  e x i s t i n g  i n d u s , t r i a l  e t h a n o l  
marke ts ,  even with t h e  expans ion i n t o  acetaldehyde manufacture .  Based on 

' p r o j " e c t i o n s  f o r  e thy1 ,ene  consumpti 'on,20 t h i s  8 b i l l i o n  g a l / y r  p o t e n t i a l  
i n c r e a s e s  t o  12 b i l l i o n  g a l / y r  i n .  1985 and about 15  b i l l i o n  g a l / y r  i n  1990. 



- 
0.2 - 

, CURRENT USE ' 

. . -0 
BILL .  GAL. 'I 

i .  

---- . POTENTIAL USE 

I 

' 'I I 
0.5 , 

+ .B lL l . \AL.  I I BILLGAL. , 
. . 

I 

. . 

CHEMICAL MARKETS FOR BIOMASS ETHANOL 

1 I I 
d 

A L L  OTHER 
INDUSTRIAL 

USES 

(USING DATA FOR 1979): 

BILL. GAL. - BIOMASS 

L 

ACETALDEHYDE / j l * l l n - . , , ' -  . .  , ' .  

CURRENT. ' --. SOLVENT AND CHEMICAL MANUFACTURE 0:2 ,' 
* .  . . . . . 

CURRENT- I. I BILLION LB. . 

POTENTIAL-3.2 BILLION LB. . '  

POTENTIAL --  IN ACETALDEHYDE PRODUCTION . . 0.5 
-- IN ETHY LENE PRODUCTION 7 . 0 .  ' . . .  

* ' .  , 

TOTAL - CURRENT AND'POTENTIAL 
(. 

7 .7  

Fig .  3. Some p o t e n t i a l  Chemical Markets f o r .  Biomass . ~ t h a n o l  
Based on ~ p p r o x i m a t  1979 Q u a n t i t i e s  

. . 

= . . 
' 

' 27.1 BILLION LB. 

. . Use of  biomass e t h a n o l  a s  a  feeds tock  f o r  e thy1e i e t  product  ion  .depends 

. -  on f u t u r e  p r i c e  i n c r e a s e s  o f  p e t r o l e u m  f e e d s t o c k s -  r e l a t i v e  t o  b'i0mas.s. . .  . 
The' economics o f  e t h a n o l  d e h y d r a t i o n ' t o  e thy l ene  a r e  dominated by . feeds tock  
( e t h a n o l )  c o s t ,  which  i.n t u r n  i s  domina t ed  b y  b i o m a s s  c o s t .  Fo r  a, 132- 
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c o s t )  would amount t o  about $0 .05/ lb  of  e thy l ene  i n  1979 do l l a r s . 21  Each 
pound o f  e thy l ene  produced would r e q u i r e  1.66 l b  of  ethano121 which, u s ing  
t h e  low c o s t  e s t ima te  of  $1.20/gal  f o r  corn-based product ,  r e s u l t s  i n  an 
e thano l  c o s t  of $0.30/ lb  of  e thy l ene .  Thus, t h e  p lan t -ga te  s e l l i n g  p r i c e  of 
e thy l ene  would be $0 .35 / lb ,  of  which 85% i s  e thano l  c o s t  (o f  which, i n  t u r n ,  
a t  l e a s t  50% c o n s i s t s  of  n e t  c o r n  c o s t ,  depending on by-product DDG c r e d i t s ) .  

This  p r i c e  of $0.35/ lb  f o r  e thy lene .  i s  . 7 5 %  h ighe r  than t h e  c u r r e n t  
$0.20/lb  a arch 1980).  An i n t e g r a t e d  biomass e thano l / e thy l ene  p lan t  could 
t r a n s f e r  e thano l  a t  c o s t  (about  $0.95/gal). ,  b r ing ing-  t he  p lan t -ga te  p r i c e  of  
e thy l ene  .down t o  $0 .29/ lb .  , While t h i s  is  s t i l l  45% above t h e .  c u r r e n t  p r i c e ,  
quoted e thy l ene  p r i c e s  have r i s e n  40% i n  j u s t  t h e  p a s t  year .  

. Table 14 summarizes ethanol-based e thy lene  p r i c e s  a t  v a r i o u s  e thanol  
c o s t s .  An e thano l  c o s t  of $0.60/gal  i s  r equ i r ed  t o  produce e thy lene  s e l l i n g  
a t  $0.20/ lb .  Each $0.20/gal  r i s e  i n  e thanol  c o s t  i n c r e a s e s  t h e  e thy l ene  
s e l l i n g  p r i c e  by $0 .05/ lb .  Based on the  1977 e thy l ene  p r i c e  of $0 .12/ lb ,  
e thy l ene  der ived  from g r a i n  e thanol  would be compet i t ive  by 2000 i f  corn  
c o s t  increased  5%/yr  and petroleum c o s t s  increased  10%/yr .  21 With e thy l ene  
s e l  l i n g  f o r  $0.20/ lb  i n  1980, ethanol-based e thy l ene  could become competit-ive 
by 1990, depending on commerc ia l iza t ion  o f  low-cost e t h a n o l  from c e l l u l o s e .  

Whatever t h e  f u t u r e  f o r  biomass e thano l ,  i t  seems c l e a r  t h a t ,  ' f rom an 
economic s t a n d p o i n t ,  g r a i n  e thano l  .should be .moving no t  i n t o  f u e l  use,  but  
i n t o  h i g h e r - v a l u e  c h e m i c a l  and s o l v e n t  u s e s .  These  u s e s  o f f e r  a  m a r k e t  
i n  which g r a i n  e t h a n o l  i.s now c o m p e t i t i v e ,  w i t h o u t  t a x  exempt i o n s ,  w i t h  
pe t ro l eum-based  e t h a n o l .  F u r t h e r m o r e ,  g r a i n  e t h a n o l .  s a v e s  more s c a r c e  
f u e l s  when used a s  a  replacement f o r  ethylene-based e thano l  than  when used 
a s  a  replacement £or ' g a s o l i n e .  . The l i m i t e d  s i z e  of  chemical markets ,  par- 
t i c u l a r l y  i n  t h e  near-term f u t u r e ,  would r e s t r a i n  g r a i n  e thano l  product ion 
w i t h i n  normal l i m i t s  o f  economic g r a i n  supply .  Expansion of e thano l  i n t o  the.  
much l a r g e r  f u e l  markets .could then be d i c t a t e d  by f u t u r e  a v a i l a b i l i t y  of 
l o w c o s t  e thano l  from c e l l u l o s i c  r e s i d u e s  and. wastes .  

Table 14 .  Ethylene from Ethanol :  Plant-Gate 
S e l l i n g  p r i c e s 2 1  

$ / l b  ,of Ethylene 

Operat ing Cost 
Ethanol  Cost . Ethanol P lus  Return S e l l i n g  
$ / g a l  $ / l b  ' Cost on Investment P r i c e  
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