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B e c h t e l  N a t i o n a l ,  Inc .  

The Raf t  R i v e r  KGRA i n  s o u t h - c e n t r a l  Idaho is  
known t o  have e x t e n s i v e  l o w - s a l i n i t y  geothermal  
f l u i d ,  and t h e  a g r i c u l t u r a l  r e g i o n  around t h e  KGRA 
is  a major producer  o f  wheat ,  s u g a r  b e e t s ,  and 
p o t a t o e s .  A c o n c e p t u a l  a l c o h o l  p r o d u c t i o n  f a c i l i t y  
was des igned  t o  c o n v e r t  t h e s e  l o c a l  c r o p s  t o  76 
m i l l i o n - l i t e r s - p e r - y e a r  of  anhydrous e t h a n o l  w i t h  
f l a s h e d  geothermal  f l u i d  as t h e  pr imary energy  
source .  Three levels o f  geothermal  steam a r e  
e x t r a c t e d  from t h e  assumed 138OC f l u i d  r e s o u r c e .  
A l l  of t h e  s team i s  i n d i r e c t l y  used w i t h  t h e  excep- 
t i o n  of a s m a l l  amount o f  cooking s team ( d i r e c t  
i n j e c t i o n ) .  Condensa te  and unf lashed  geothermal  
f l u i d  are r e i n j e c t e d  i n t o  t h e  format ion .  

The a l c o h o l  f a c i l i t y  can p r o c e s s  any of t h e  
t h r e e  crop m a t e r i a l s  and would o p e r a t e  as long  as 
p o s s i b l e  on t h e  l o w e s t  c o s t  c rop .  The e s t i m a t e d  
c a p i t a l  c o s t  f o r  t h e  p l a n t  is  $64 m i l l i o n .  
geothermal  f a c i l i t y  c a p i t a l  c o s t  i s  a n  a d d i t i o n a l  
$18 m i l l i o n .  Economic a n a l y s e s  i n d i c a t e  t h e  a l c o -  
h o l  p r o d u c t i o n  c o s t  i s  very  s e n s i t i v e  t o  t h e  f e e d  
c rop  c o s t s .  Reasonable  r e t u r n s  on inves tment  can  
b e  r e a l i z e d  w i t h  a n  a l c o h o l  s e l l i n g  p r i c e  of less 
than  5 3 ~  p e r  l i t e r  ($2 p e r  g a l l o n ) .  The c o s t  of  
geothermal-der ived steam is e q u i v a l e n t  t o  about  
8.5 m i l l s / k J  ($2 .50  p e r  m i l l i o n  B t u ’ s ) .  Geothermal 
r e s o u r c e s  can  be  used n o t  on ly  t o  p r o v i d e  reason-  
a b l y  p r i c e d  e n e r g y ,  b u t  a l s o  t o  produce a form o f  
mobile  energy  - a l c o h o l .  

The 

INTRODUCTION 

Ethanol  i s  c u r r e n t l y  b e i n g  produced from re- 
newable r e s o u r c e s  f o r  u s e  as a f u e l .  However, t h e  
product ion  o f  e t h a n o l  i s  energy i n t e n s i v e .  I f  
e t h a n o l  can b e  produced w i t h  geothermal  r e s o u r c e s  
supply ing  t h e  h e a t  i n p u t ,  t h e n  t h e  geothermal  
r e s o u r c e  would b e  conver ted  i n  a s e n s e  from a n  
immobile energy  form t o  a mobile  form t h a t  can 
supplement o u r  au tomot ive  f u e l  requi rements .  

The R a f t  River  geothermal  r e s o u r c e  a r e a  i n  
s o u t h - c e n t r a l  Idaho i s  known t o  have e x t e n s i v e  low- 
s a l i n i t y  geothermal  f l u i d .  It has  been e s t a b l i s h e d  
t h a t  t h i s  f o r m a t i o n  can  y i e l d  143OC geothermal  
f l u i d  a t  a w e l l  d e p t h  o f  1500 m. T e s t  wells 
d r i l l e d  i n  t h i s  KGRA h a v e  t h e  t y p i c a l  f l u i d  proper -  
t ies  shown i n  T a b l e  1. The t e m p e r a t u r e  c o n d i t i o n s  

CA 94105 

and  t h e  f l u i d  p r o p e r t i e s  appear  t o  meet t h e  needs 
of  a n  e t h a n o l  p r o d u c t i o n  f a c i l i t y .  

T a b l e  1. T y p i c a l  R a f t  River  KGRA 
geothermal  f l u i d  p r o p e r t i e s  

C o n s t i t u e n t  Analys is  Range, mg/l 

Sodium 
P o t  a s s  ium 
C a  l c  ium 
S t r o n t i u m  
Ma gne s i um 
Lithium 
C h l o r i d e  
F l u o r i d e  
S u l f a t e  
Bicarbonat  e 
S i l i c a  
PH . 

300 - 1000 
30 - 100 
30 - 130 

1 - 5  
0.5 - 1.0 
1.0 - 3.5 
500 - 2000 

4 - 6  
30 - 50 
25 - 50 

125  - 150 
7.0 - 7.5  

The s o u t h - c e n t r a l  a g r i c u l t u r a l  r e g i o n  of 
Idaho i s  a major producer  of wheat ,  s u g a r  bee t s ,  
and p o t a t o e s .  Over t h e  p a s t  few y e a r s ,  t h e  t o t a l  
p r o d u c t i o n  of each c r o p  i n  t h e  c o u n t i e s  around t h e  
Raf t  River  KGRA h a s  been s u f f i c i e n t  t o  support  a 
commercial-scale  e t h a n o l  p r o d u c t i o n  f a c i l i t y .  The 
f o l l o w i n g  shows the a v e r a g e  annual  c rop  product ion  
i n  a f ive-county area w i t h i n  60 m i l e s  of t h e  Raft  
River  KGRA: 

e Wheat ( w i n t e r )  - 10 m i l l i o n  bushe ls  

0 Wheat (summer) - 8 m i l l i o n  bushe ls  

0 Sugar  Beets  - 1 . 3  m i l l i o n  tons  

0 P o t a t o e s  - 24 m i l l i o n  cwt 

Based on our  d i s c u s s i o n s  w i t h  p r o p e r t y  owners 
and  farm groups ,  i t  a p p e a r s  t h a t  t h e  R a f t  River 
a r e a  can  accommodate a 76-mi l l ion- l i te r -per -year  
(20-mil l ion-gal lon-per-year)  e t h a n o l  p l a n t .  
T h e r e f o r e ,  w e  s e l e c t e d  t h i s  s i z e  f a c i l i t y  a t  a 
s p e c i f i c  s i t e  a s  t h e  b a s i s  f o r  o u r  t e c h n i c a l  and 
economic e v a l u a t i o n .  Because of t h e  feeds tock  
supply  s i t u a t i o n ,  w e  dec ided  t o  we  a mult i -crop 
f e e d s t o c k  concept  f o r  t h e  d e s i g n  of t h i s  f a c i l i t y .  
The f a c i l i t y  would nominal ly  p r o c e s s  p o t a t o e s  f o r  
f i v e  months, s u g a r  b e e t s  f o r  f o u r  months, and 
wheat f o r  t h r e e  months of  t h e  y e a r .  I n  each y e a r ,  
c r o p  p r o d u c t i o n s  and p r i c e s  would d i c t a t e  t he  
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a c t u a l  p r o c e s s i n g  mix and run d u r a t i o n  of each ,  s o  
t h a t  t h e  f e e d s t o c k  y i e l d i n g  t h e  lowest  c o s t  p e r  
g a l l o n  of p roduc t ion  would be  purchased on t h e  open 
market .  Sugar b e e t  ac reage  would b e  c o n t r a c t e d  a 
y e a r  i n  advance th rough  t h e  growers a s s o c i a t i o n ,  
s o  t h e  p r o c e s s  run time on suga r  b e e t s  i s  essen-  
t i a l l y  f i x e d  b e f o r e  p l a n t i n g  time. 

FACILITY DESIGN BASIS 

A s  a b a s i s  f o r  t h e  d e s i g n  of t h e  f a c i l i t y ,  w e  
decided t o  u s e  conven t iona l  technology s o  t h a t  such 
a p l a n t  may b e  i n s t a l l e d  w i t h  no 'developmental  
e f f o r t  i nvo lved .  T h i s  conven t iona l  technology 
approach a p p l i e s  t o  bo th  a l c o h o l  p roduc t ion  and 
geothermal  energy e x t r a c t i o n .  

Although t h e  Raft  R ive r  geothermal  f l u i d  is 
low i n  s a l i n i t y ,  i t  s t i l l  has  t h e  p o t e n t i a l  t o  
d e p o s i t  s c a l e  on hea t  t r a n s f e r  s u r f a c e s .  Much of 
t h e  p r o c e s s  equipment i n  t h e  e t h a n o l  p roduc t ion  
p l a n t  i n c o r p o r a t e s  h e a t i n g  s u r f a c e s  t h a t  may be  
ex t r eme ly  d i f f i c u l t  t o  d e s c a l e .  A s  a r e s u l t ,  t h e  
d i r e c t  u s e  of  ho t  geothermal f l u i d  was cons ide red  
u n s u i t a b l e  f o r  t h i s  o p e r a t i o n .  I n s t e a d ,  w e  decided 
t o  u s e  s team f l a s h e d  from t h e  geothermal  f l u i d  a s  
t h e  h e a t i n g  medium. Any s c a l i n g  i n  t h e  f l a s h  s t e p  
can  be  c o n t r o l l e d  by proper  d e s i g n  of  t h e  f l a s h  
v e s s e l s  and by t h e  u s e  of s c a l e - s u p p r e s s a n t  addi-  
t i v e s .  Mult iple- temperature  s team h e a t i n g  systems 
are r o u t i n e l y  used i n  chemical  p r o c e s s  p l a n t s .  
Heat t r a n s f e r  rates wi th  condensing steam are uni-  
fo rmly  h i g h ,  and steam is  less s u s c e p t i b l e  t o  
f o u l i n g .  In a d d i t i o n ,  c o n t r o l  of  h e a t  t o  i n d i v i d -  
u a l  u s e r s  i s  simple and u s e s  equipment a l r e a d y  
f a m i l i a r  t o  t h e  i n d u s t r y .  Balanced h e a t  f low a t  
t h e  v a r i o u s  t empera tu re  l e v e l s  r e q u i r e d  c a n  be 
done i n  such a way a s  t o  minimize geothermal  f l u i d  
f low.  The mul t i - s t age  f l a s h  system s e l e c t e d  pro- 
v i d e s  s a t u r a t e d  steam a t  approximately 121OC, 

1 0 7 O C ,  and 9 6 O C ,  s t a r t i n g  w i t h  t h e  geothermal  
f l u i d  a t  138%. 

The d e s i g n  o f  t h e  e x t r a c t i o n  system i s  shown 
i n  F i g u r e  1. Geothermal f l u i d  from each w e l l  i s  
pumped i n d i v i d u a l l y  t o  t h e  energy e x t r a c t i o n  sys -  
t e m .  Here a s c a l e  c o n t r o l  a d d i t i v e  i s  metered 
i n t o  t h e  b r i n e  by a p o s i t i v e  displacement  pump and 
mixed i n  a s t a t i c  mixer.  The f l u i d  t h e n  f lows t o  
t h e  f i r s t  f l a s h  v e s s e l  where t h e  p r e s s u r e  is  re- 
duced t o  produce s team a t  121OC. The f low of geo- 
the rma l  f l u i d  i s  a d j u s t e d  t o  maintain t h e  1210C 
steam t empera tu re .  The f l a s h e d  l i q u i d  t h e n  flows 
t o  t h e  second-stage f l a s h  v e s s e l  where i t  i s  a g a i n  
f l a s h e d  t o  produce steam a t  107OC. A s m a l l  amount 
of steam i s  ven ted  t o  t h e  atmosphere from t h e  
second s t a g e  f o r  c o n t r o l  purposes .  In t h e  t h i r d  
s t a g e  t h e  l i q u i d  i s  f l a s h e d  t o  produce s team a t  
about  9 6 O C .  
al lowed t o  f l o a t  depending on t h e  steam demands. 
P r o c e s s  condensa te  i s  r e t u r n e d  t o  t h i s  s t a g e .  
From t h e  t h i r d  f l a s h  s t a g e  t h e  b r i n e  i s  withdrawn 
by a t r a n s f e r  pump and rou ted  through p a r a l l e l  
multi-media f i l t e r s  f o r  removal of  any suspended 
s o l i d s .  A f t e r  f i l t r a t i o n  t h e  l i q u i d  i s  r o u t e d  t o  
t h e  i n d i v i d u a l  r e i n j e c t i o n  w e l l s  where high-  
p r e s s u r e  pumps f o r c e  t h e  l i q u i d  back i n t o  t h e  
r e c e i v i n g  s t r a t a .  The f l a s h  v e s s e l s ,  a s  w e l l  as 
major system p i p i n g ,  a r e  cons t ruc t ed  of  mild s tee l .  
That  p o r t i o n  o f  t h e  f l a s h  v e s s e l  t h a t  i s  i n  con- 
t a c t  w i t h  t h e  aqueous p o r t i o n  of t h e  geothermal  
b r i n e  i s  c l a d  w i t h  s t a i n l e s s  s tee l .  Each v e s s e l  
i s  equipped w i t h  a two-stage entrainment  s e p a r a t o r  
which can be washed wi th  condensate  t o  r educe  t h e  
p o t e n t i a l  f o r  plugging.  

The t h i r d - s t a g e  t empera tu re  i s  

ALCOHOL PRODUCTION FACILITY 

Alcohol p roduc t ion  i n v o l v e s  s e v e r a l  b a s i c  
s t e p s :  (1) f e e d  p r e p a r a t i o n ,  ( 2 )  s a c c h a r i f i c a t i o n  

F i g u r e  1. Geothermal Steam E x t r a c t i o n  System 
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Yu et ax. 

t o  produce s u g a r s  (where a p p l i c a b l e ) ,  (3)  fermenta- 
t i o n  of t h e  s u g a r  s o l u t i o n  t o  e t h a n o l ,  ( 4 )  a l c o h o l  
recovery  and d e h y d r a t i o n ,  ( 5 )  s t i l l a g e  d r y i n g  and 
e v a p o r a t i o n ,  and (6)  by-product dry ing .  The b a s i c  
s t e p s  f o r  wheat p r o c e s s i n g  a r e  shown i n  F i g u r e  2. 
These s t e p s  c o n s i s t  of c l e a n i n g  and d r y  g r i n d i n g  
w i t h  no s e p a r a t i o n ,  fol lowed by s l u r r y i n g  w i t h  
water  t o  a 30 p e r c e n t  s t a r c h  d r y  s o l i d s  (DS) con- 
t e n t  t h a t  is s u i t a b l e  f o r  f e r m e n t a t i o n  t o  y i e l d  
approximate ly  1 0  p e r c e n t  e t h a n o l .  The pH of t h e  
c rude  s t a r c h  s l u r r y  i s  a d j u s t e d  t o  6.5 i n  prepara-  
t i o n  f o r  g e l a t i n i z a t i o n  and enzymatic l i q u e f a c t i o n .  
P o t a t o  p r e p a r a t i o n  and s u g a r  b e e t  p r e p a r a t i o n  a l s o  
i n v o l v e  s i m p l e ,  w e l l - e s t a b l i s h e d  p h y s i c a l  pro- 
c e s s e s .  Beet p r o c e s s i n g  y i e l d s  a fe rmentable  
s u g a r  s o l u t i o n  d i r e c t l y .  

Both p o t a t o  and wheat s t a r c h e s  must b e  con- 
v e r t e d  i n t o  f e r m e n t a b l e  s u g a r s .  Enzymatic schemes 
were s e l e c t e d  f o r  l i q u e f a c t i o n  and s a c c h a r i f i c a -  
t i o n ,  based on s t a r c h  convers ion  p r a c t i c e s  cur -  
r e n t l y  employed. The p r o c e s s i n g  s t e p s  f o r  wheat 
and p o t a t o  s t a r c h e s  are n e a r l y  i d e n t i c a l ,  so  t h e  
same equipment can  b e  used f o r  bo th .  These s t e p s  
a r e  a s  

0 

8 

8 

8 

f o l l o w s  : 

Addi t ion  of  t h e  l i q u e f y i n g  enzyme (a lpha-  
amylase)  t o  t h e  r a w  s t a r c h  s l u r r y  

Cooking of t h e  s l u r r y  by i n j e c t i o n  of 
geothermal  steam t o  l i b e r a t e  t h e  s t a r c h  
molecules  ( g e l a t i n i z a t i o n )  t o  a l l o w  
enzymatic  breakdown of t h e  s t a r c h  bonds 
( l i q u e f a c t i o n )  

Cool ing  t h e  s l u r r y  and pH adjus tment  t o  
4 . 5  

Conversion of  s t a r c h  t o  g lucose  ( sacchar -  
i f i c a t i o n )  by a d d i t i o n  of t h e  s a c c h a r i f y -  
i n g  enzyme (glucoamylase)  and h o l d i n g  t h e  
s o l u t i o n  f o r  about  48 hours  p r i o r  t o  
f e r m e n t a t i o n  

A b a t c h  f e r m e n t a t i o n  approach was chosen 
because of i t s  r e l a t i v e  s i m p l i c i t y  and i t s  proven 
r e l i a b i l i t y .  Batch f e r m e n t a t i o n  c o n s i s t s  of 
c h a r g i n g  t h e  f e r m e n t a t i o n  t a n k s  w i t h  t h e  sugar  
s o l u t i o n ,  and a d d i t i o n  of  brewers  y e a s t  and n u t r i -  
e n t s .  Holding t h e  mash f o r  about  48 h o u r s  a l lows  
complet ion of t h e  s u g a r  convers ion  t o  e t h a n o l .  
The mash tempera ture  is  main ta ined  a t  about  30% 
by u s i n g  an e x t e r n a l  c o o l i n g  loop  t o  remove t h e  
h e a t  of r e a c t i o n .  By-products of t h e  r e a c t i o n s  
i n c l u d e  y e a s t ,  carbon d i o x i d e ,  f u s e l  o i l s ,  and 
a ldehydes .  A f t e r  t h e  f e r m e n t a t i o n  p e r i o d  t h e  t a n k  
i s  emptied,  c l e a n e d ,  and s t e r i l i z e d .  The tank  is  
t h e n  ready t o  r e c e i v e  a n o t h e r  charge  of sugar  
s o l u t i o n .  M u l t i p l e  f e r m e n t a t i o n  t a n k s  are em- 
ployed t o  avoid enormous t a n k  s i z e s  and t o  reduce 
t h e  t o t a l  c y c l e  t ime needed t o  t u r n  around a t a n k  
( f i l l ,  ferment  , empty, and c l e a n )  . 

Convent ional  d i s t i l l a t i o n  schemes are em- 
ployed t o  c o n c e n t r a t e  t h e  1 0  p e r c e n t  a l c o h o l  
s o l u t i o n  (beer )  produced i n  t h e  f e r m e n t a t i o n  
p r o c e s s .  The b e e r  i s  f i r s t  f e d  t o  a b e e r  still  
where a n  ethanol-water  s t r e a m  below t h e  a z e o t r o p i c  
composi t ion i s  t a k e n  overhead.  The s t i l l a g e ,  
l e a v i n g  t h e  bot tom of t h e  column, c o n t a i n s  a l l  of  
t h e  r e s i d u a l  s o l i d s  from f e r m e n t a t i o n .  The con- 
c e n t r a t e d  overhead a lcohol -water  s o l u t i o n  i s  f ed  
t o  a n  a z e o t r o p i c  d i s t i l l a t i o n  column. Benzene i s  
used i n  t h i s  column t o  form a t e r n a r y  a z e o t r o p e  
w i t h  t h e  ethanol-water  mixture .  Water i s  removed 
i n  t h e  overhead s t ream.  The overhead i s  con- 
densed,  cooled ,  and c o l l e c t e d  i n  a phase s e p a r a t o r . .  
The benzene-r ich l a y e r  i s  r e c y c l e d  t o  t h e  top  t r a y  
of t h e  a z e o t r o p i c  column. The w a t e r - r i c h  l a y e r  i s  
f e d  t o  a hydrocarbon s t r i p p e r .  The a z e o t r o p i c  
column bottoms stream is v i r t u a l l y  200-proof 
e t h a n o l ,  The hydrocarbon s t r i p p e r ,  which i s  t h e  
t h i r d  column, i s  used t o  r e c o v e r  t h e  r e s i d u a l  
benzene and e t h a n o l  from t h e  w a t e r - r i c h  f e e d ,  
y i e l d i n g  an aqueous bot tom s t r e a m  c o n t a i n i n g  only  
about  0.3 percent  weight  e t h a n o l .  Geothermal- 
d e r i v e d  steam i s  used as t h e  h e a t  s o u r c e  i n  t h e  
r e b o i l e r s  of a l l  t h r e e  d i s t i l l a t i o n  columns. 

F i g u r e  2. Block f low diagram - wheat p r o c e s s i n g  
76  MM l i t e r s / y e a r  e t h a n o l  p l a n t  
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Yu et ae. 
The whole s t i l l a g e  from each  feed m a t e r i a l  

c o n t a i n s  y e a s t ,  o t h e r  i n s o l u b l e s ,  and d i s s o l v e d  
s o l i d s  from which a . s i n g l e  t y p e  of by-product 
animal  f eed  can  b e  recovered.  The by-product pro- 
c e s s i n g  scheme s e l e c t e d  i n v o l v e s :  

C e n t r i f u g a l  s e p a r a t i o n  of t h e  whole s t i l -  
l a g e  i n t o  a s ludge  and a t h i n  l i q u o r  
c o n t a i n i n g  t h e  d i s s o l v e d  s o l i d s  

Evapora t ion  of t h e  t h i n  l i q u o r  t o  a 
s y r u p - l i k e  by-product 

Blending t h e  syrup w i t h  t h e  s l u d g e  and 
d r y i n g  i t  w i t h  geothermal-derived s team 
as t h e  h e a t  s o u r c e  

Gr ind ing  t h e  d r y  s o l i d  f o r  s t o r a g e  and 
s a l e  as d r y  animal f eed  

GEOTHERMAL ENERGY REQUIREMENT s 

Tab le  2 shows t h e  geothermal  energy r e q u i r e -  
ments f o r  t h e  t h r e e  f e e d s t o c k  cases. The b e e t  by- 
product  recovery s e c t i o n  i s  a p a r t i c u l a r l y  l a r g e  
energy consumer. The h ighe r  ( g r o s s )  h e a t i n g  v a l u e  
of e t h a n o l  i s  about  6.72 k J  p e r  l i t e r  (86,700 Btu 's  
p e r  g a l l o n ) .  The geothermal  energy i n p u t  r ep re -  
s e n t s  a f a i r l y  l a r g e  p a r t  of t h e  the rma l  energy 
v a l u e  of t h e  product  e t h a n o l .  

CAPITAL COSTS AND ECONOMIC ANALYSIS 

The c a p i t a l  c o s t  of t h e  o v e r a l l  e t h a n o l  pro- 
d u c t i o n  f a c i l i t y  desc r ibed  h e r e i n  has  been es t i -  
mated. I n  o r d e r  t o  p rov ide  a comparison, t h e  
t h r e e  f e e d s t o c k  cases were a l s o  c o s t e d  as s e p a r a t e  
p l a n t s ,  each w i t h  i t s  own hand l ing ,  f e r m e n t a t i o n ,  
and p r o c e s s i n g  f a c i l i t i e s  s i z e d  i n d i v i d u a l l y  t o  
produce 76 m i l l i o n  l i t e rs  (20 m i l l i o n  g a l l o n s )  p e r  
y e a r  of anhydrous e t h a n o l .  The c o s t  of t h e  geo- 
the rma l  p roduc t ion  f a c i l i t y  i n c l u d i n g  p r o d u c t i o n  
w e l l s ,  r e i n j e c t i o n  wells, and energy e x t r a c t i o n  
f a c i l i t i e s  i s  p resen ted  s e p a r a t e l y .  Tab le  3 sum- 
marized t h e  estimates, which are based on f i r s t -  
q u a r t e r  1980 d o l l a r s .  

T a b l e  3 .  C o n s t r u c t i o n  C a p i t a l  
Cost E s t i m a t e  Summary 

Type of F a c i l i t y  $ M M  

O v e r a l l  E thano l  P l a n t  64.0 

E thano l  P l a n t  - suga r  b e e t s  only 51.6 

Ethanol  P l a n t  - p o t a t o e s  on ly  43 .1  

Ethanol  P l a n t  - wheat o n l y  40.4 

Geothermal F a c i l i t y  18.0 

Based on t h e s e  c a p i t a l  c o s t  e s t i m a t e s ,  an 
economic a n a l y s i s  was made assuming as a base  c a s e  
a 20-year o p e r a t i n g  l i f e ,  a 1 5  pe rcen t  r e t u r n  on 
e q u i t y ,  and a 60:40 debt- to-equi ty  r a t i o .  The 
f e e d s t o c k  c o s t s  used f o r  t h e  base  c a s e  were: 
wheat a t  $4 .20 /bushe l ;  p o t a t o e s  a t  $1.50/cwt;  
suga r  b e e t s  a t  $25/ ton.  
a by-product c r e d i t  of $120 p e r  t o n .  I n  a d d i t i o n  
t o  t h e  base  c a s e ,  a s e n s i t i v i t y  a n a l y s i s  was a l s o  
conducted,  v a r y i n g  t h e  major  parameters  a f f e c t i n g  
t h e  o v e r a l l  e t h a n o l  p r i c e .  An a l c o h o l  p r i c e  of 
$0.47 p e r  l i t e r  ($1.77 p e r  g a l l o n ) ,  1980 d o l l a r s ,  
was c a l c u l a t e d  f o r  t h e  b a s e  c a s e .  The r e s u l t s  of 
t h e  base  c a s e  p r i c e  and t h e  s e n s i t i v i t y  a n a l y s i s  
a r e  shown i n  F i g u r e  3 .  The c o s t  of geothermal- 
de r ived  steam w a s  e s t i m a t e d  a t  about  8.5 m i l l s  per 
k J  ($2.50 p e r  m i l l i o n  B t u ' s ) .  T h i s  estimate i n d i -  
cates a s i g n i f i c a n t  energy c o s t  s a v i n g s  from u s i n g  
geothermal  r e s o u r c e s  ove r  conven t iona l  s o u r c e s  of 
steam g e n e r a t i o n .  

The a n a l y s i s  a l s o  assumes 

The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  a geo- 
the rma l  e t h a n o l  p r o j e c t  u s i n g  conven t iona l  t ech -  
nology w i l l  r e p r e s e n t  a minimal t e c h n i c a l  r i s k .  
The technology f o r  e t h a n o l  p roduc t ion  is w e l l  
known. Because of t h e  low s a l i n i t y  of  t h e  Raf t  
River  geothermal  r e s o u r c e ,  s team can be  e x t r a c t e d  
w i t h  minimal scale d e p o s i t i o n  problems. The 
o v e r a l l  economic a n a l y s i s  i n d i c a t e s  t h a t  t h e  p r i c e  
of t h e  e t h a n o l  produced i s  i n  t h e  range of c u r r e n t  

Tab le  2. Geothermal Energy Requirements 

Beets 
k J / s  MM B tu /h r  

P o t a t o e s  Wheat 
k J / s  MM B tu /h r  k J / s  MM B tu /h r  

Feed P r e p a r a t i o n  10,960 37.4 

Fermentat ion & Alcohol 
Recovery 24,820 84.7 

By-product & S t  i l l a g e  
Drying 25,030 85.4 

TOTALS 60,810 207.5 

kJ Consumed p e r  l i t e r  
e t h a n o l  produced 6.33 - 
B t u ' s  Consumed p e r  g a l l o n  
e t h a n o l  produced - 81,180 

5,100 17.4 3,080 10.4 

24,730 84.4 24,760 84.5 

8 ,530  29.1 12,660 43.2 

38,360 130.9 40,500 138.2 

3.97 - 4.18 - 

- 51,250 - 54,030 
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Figure  3 .  Alcohol  P r i c e  S e n s i t i v i t y  
A n a l y s i s  

s a l e s  p r i c e s .  Whether t h i s  p r o j e c t  r e p r e s e n t s  a n  
a c c e p t a b l e  economic r i s k  o v e r  i t s  20-year p o t e n t i a l  
l i f e  w i l l  depend on t h e  r e l a t i v e  c o s t s  of p e t r o -  
leum der ived  f u e l s  and on t h e  o p e r a t i n g  phi losophy 
of t h e  v e n t u r e  group.  We b e l i e v e  an e t h a n o l  
f a c i l i t y  of t h i s  t y p e  should  b e  s e r i o u s l y  con- 
s i d e r e d  a s  a n  a l t e r n a t i v e  f u e l s  p r o j e c t  i n , I d a h o ,  
s i n c e  i t  w i l l  b e  based t o t a l l y  on renewable 
r e s o u r c e s  and energy  a v a i l a b l e  i n  a m a r g i n a l  
economic a r e a .  
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