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INTRODUCTION 
Biomass-based ethanol  f u e l  p r o d u c t i o n  

conver ts  a low-grade energy form such as s u r p l u s  
and waste farm produc ts  i n t o  a va luab le ,  
t r a n s p o r t a b l e  l i q u i d  f u e l .  The e thano l  g e n e r a t i n g  
process i s energy i ntena ive ,  r e q u i  r i  ng 
temperatures i n  excess o f  100 C (212OF). The 
s u b s t i t u t i o n  o f  1 ow-cost hydrothermal geothermal 
energy f o r  more expensive convent iona l  f u e l s  i s  
one way o f  reduc ing  t h e  energy c o s t s  o f  
biomass-based e thano l  p roduc t ion .  

The s u i t a b i l i t y  o f  a geothernal  resource  as 
t h e  heat  source f o r  an e thano l  f a c i l i t y  depends 
upon t h e  resource  c h a r a c t e r i s t i c s  ( temperature,  
f l o w  and e x p l o r a t i o n  s t a t u s ) ,  a v a i l a b i l i t y  o f  a 
l o c a l  source o f  biomass feedstock,  e x i s t e n c e  o f  a 
l o c a l  market f o r  t h e  ethanol  and by-products,  and 
t h e  i n s t i t u t i o n a l  l o g i s t i c s  assoc ia ted  w i t h  
development o f  a g i v e n  s i t e .  T h i s  paper suggests 
some geothermal systems w i t h  resource  
c h a r a c t e r i s t i c s  p o t e n t i a l l y  s u i t a b l e  f o r  an 
ethanol  genera t ing  f a c i l i t y .  I n  a d d i t i o n ,  a 
c o n s i d e r a t i o n  o f  biomass a v a i l a b i l i t y  and 
i n s t i t u t i o n a l  parameters a t  s e l e c t e d  geothermal 
resource  s i t e s  i s i nc l  uded. 

ETHANOL PRODUCTION 
The biomass-based ethanol  g e n e r a t i n g  process 

c o n v e r t s  t h e  sugar present i n  t h e  feedstock i n t o  
a1 coho1 th rough f e r m e n t a t i o n .  Depending upon t h e  
t y p e  o f  feedstock u t i l i z e d ,  c e r t a i n  chemical and 
mechanical steps are  necessary p r i o r  t o  
fe rmenta t ion .  There a r e  t h r e e  common types  o f  
feeds tocks :  sugar crops, s t a r c h  crops, and 
1 i g n o c e l l  u l o s i c  res idues .  

Ethanol  p r o d u c t i o n  from s t a r c h  c rops  such as 
corn,  sorghum, wheat, b a r l e y ,  potatoes, and sweet 
po ta toes  r e q u i r e s  t h e  breakdown o f  carbohydra te  
molecules t o  a s imp le  sugar b e f o r e  f e r m e n t a t i o n  
can occur. S t a r c h  c r o p  feeds tocks  must f i r s t  
undergo mechanical m i l l i n g  o r  g r i n d i n g  which 
breaks t h e  w a l l s  o f  t h e  s t a r c h  molecules. The 
nex t  s t e p  i s  t h e  l i q u i f a c t i o n  process which 
i n t r o d u c e s  water  i n t o  t h e  s t a r c h  molecules th rough 
an h y d r o l y s i s  r e a c t i o n .  Fol.1 owi ng t h e  
l i q u i f a c t i o n  process i s  t h e  s a c c h a r i f i c a t i o n  
process d u r i n g  which t h e  s ta rches  i n  t h e  feeds tock  
a r e  conver ted  i n t o  simp1 e sugars (dominant ly  
g lucose)  by t h e  a d d i t i o n  o f  enzymes and heat.  
Once t h e  s t a r c h  i n  t h e  feeds tock  has been reduced 

t o  a sugar, yeas t  i s  added and t h e  fennentat ior? 
procedure beq i  ns. I n  t h e  f i n a l  s tep ,  
d i s t i l  1 a t i o n ,  water and ethanol  a r e  separated frol;: 
each o ther .  The t rea tment  o f  1 i g n o c e l l u l o s i c  
feedstocks such as c rop  r e s i d u e s  and fo rage c rops  
i s  s i m i l a r  t o  t h a t  f o r  s t a r c h  c r o p  feedstocks,  and 
i n v o l v e s  t h e  breakdown o f  s t a r c h  molecules i n t o  
sugar p r i o r  t o  fe rmenta t ion .  Ethanol  p roduc t ion  
f r o m  sugar crops such as sugarcane, sugar beets,  
sweet sorghurn and Jerusalem a r t i c h o k e s  i s  much 
s imp ler .  The l i q u i f a c t i o n  and s a c c h a r i f i c a t i o n  
processes a r e  unnecessary s i n c e  t h e  carbohydrate 
i n  sugar crops a l r e a d y  e x i s t s  a s  a sugar (SERI, 
1980). 

RESOl lRCE CHARACTER I S T I C S  
Temperature Requirements. C e r t a i n  phases o f  

biomass-based ethanol  p r o d u c t i o n  r e q u i r e  a 
r e l a t i v e l y  high-temperature heat  source. Dur ing  
l i q u i f a c t i o n ,  a temperature o f  about 93% (20OOF) 
must be maintained f o r  2-1/2 hours (SERI, 1980). 
S h o r t e r  l i q u i f a c t i o n  process t i m e s  can be achieved 
a t  h igher  temperatures (K .  W. Jones, w r i t t e n  
communication). The d i s t i l l a t i o n  process r e q u i r e s  
temperatures i n  excess o f  100°C (212OF) t o  a l l o w  
d i s t i l l a t i v e  separa t ion  of t h e  e thano l  and water. 
The temperature requirements f o r  t h e  d i f f e r e n t  
e thano l  p r o d u c t i o n  phases a r e  summarized i n  Table 
1. 

T a b l e  I .  Temperature Requirements Dur ing Ethanol  P r o d u c t i o n  (SERI,  1 9 8 0 ) .  

Process Temperature Requirement 

L i q u i f d c t i o n  93OC ( Z O O O F )  

SaCChdr l f lCdt iOn'  500C,(1220F) t o  600C ( 1 4 0 0 F )  

F e r m e n t a t i o n  

D i s t i l l a t i o n  lOOoC (212OF) 

270C ( 8 O O F )  t o  32OC (9OOF) 

*The temperature  requirements  f o r  t h e  SdCChdr i f iCdt lOn process depend upon t h e  

t y p e  o f  enzyme used. 

10 3 



Struhsacker,  D. W. 

L l i th  these temperature requi rements i n  mind, 
i t  i s  obvious t h a t  a f a i r l y  h igh- temperature 
geotherinal resource i s  necessary t o  serve as t h e  
s o l e  heat source f o r  an ethanol  p r o d u c t i o n  
f a c i l i t y .  A geothermal resgurce w i t h  a we1 1-head 
ternperature o f  l l O ° C  (230 F )  has t h e  minimuin 
thermal energy necessary t o  s a t i s f y  t h e  complete 
needs o f  t h e  ethanol  p roduc t i on  process ( 9 .  J .  
Schul tz ,  verba l  communication). The i n t r o d u c t i o n  
o f  a heat  putrip o r  o t h e r  a m p l i f i c a t i o n  scheiite may 
a l l o w  u t i 1  i z a t i o n  o f  lower  temperature geothermal 
resources. However, t h e  use o f  a h y b r i d  system 
in t roduces  an a d d i t i o n a l  neasure of economic 
u n c e r t a i n t y  i n t o  t h e  process ( R .  J .  Schul tz ,  
verba l  communi c a t  i o n ) .  Lower temperature 
geothermal f l u i d s  can a l s o  be used as t h e  heat  
source f o r  t h e  lower  temperature processes such as 
s a c c h a r i f i c a t i o n ,  f e rmen ta t i on ,  and d r y i n g  o f  
by-products .  An a d d i t i o n a l  energy source would, 
i n  t h i s  case, be necessary t o  ineet t h e  h i g h e r  
temperature demands o f  t h e  l i q u i f a c t i o n  and 
d i s t i l l a t i o n  phases. 

The geothermal resource s i t e s  se lec ted  i n  
t h i s  paper as p o t e n t i a l l y  a t t r a c t i v e  f o r  e thano l  
genera t i ng  f a c i l i t i e s  i n c l u d e  those geothermal 
systems w i t h  known o r  ebt imated temperatures 
g r e a t e r  than o r  near 110 C (230°F). Known 
temperatures a re  based upon d r i  11 -ho le  da ta  ; 
es t ima ted  temperatures a re  obta ined f rom 
geothermometry. The use o f  ve ry  h i  gh-temperature 
systems f o r  e thanol  p roduc t i on  may Se a t t r a c t i v e  
where t h e  h igh- temperature geothermal f l  u i d s  a r e  
used i n  a s e r i e s  o f  cascaded a p p l i c a t i o n s  f rom 
h i g h  temperature t o  1 ower temperatures.  

F1 ow Requirements. The aaount o f  geothermal 
f l u i d  r e q u i r e d  i n  an ethanol  p roduc t i on  f a c i l i t y  
depends upon t h e  geothermal resource temperature-, 
t h e  volume o f  e thanol  produced, and t h e  energy 
r e q u i r e d  t o  conver t  t h e  feedstock i n t o  ethanol .  
T h i s  convers ion energy g e n e r a l l y  ranges f rom 
40,000 t o  70,000 PTU per  g a l l o n  o f  ethanol  and 
depends upon t h e  e f f i c i e n c y  o f  t h e  p l a n t  des ign 
(Lund, 1979).  Table 2 l i s t s  t h e  geothermal f l u i d  
f l o w  requirements o f  va r ious  s i zes  o f  e thano l  
f a c i l i t i e s  us ing  a range o f  resource temperatures 
and a s s m i  iig a convers ion f a c t o r  o f  50,000 
BTU/gal lon o f  e thanol .  I n  a s i m i l a r  f ash ion ,  
Table 3 t a b u l a t e s  t h e  geotherinal f l u i d  f l o w  
requirements assuming an energy use o f  40,000 
RTU/gall on. The temperatures 1 i s ted  i n Tab1 es 2 
and 3 a re  those temperatures a v a i l a b l e  t o  t h e  
p l a n t ,  and n o t  n e c e s s a r i l y  t h e  wel l -head 
tern pe r a t u re .  C a l c u l a t i o n  o f  these f l o w  
requi rements a1 so  assumes t h a t  t h e  heat c a p a c i t y  
o f  t h e  geotherinal f l u i d  i s  t h e  same as t h a t  o f  
water ,  and t h a t  t h e  geothermal f l u i d  leaves t h e  
p lank  a t  temperatures l e s s  than o r  equal t o  4 3 O C  
(110 F ) .  Only t h e  process heat  requi rements have 
been considered ; p l  an t  u t i  1 i t  i es a re  no t  i nc l  uded 
( W .  F. Doinenico, w r i t t e n  communication). 

P r e d i c t i n g  t h e  f l o w  r a t e  f.rom a gqotherinal 
we l l  i s  d i f f i c u l t  s i nce  p e r m e a b i l i t y  and r e s e r v o i r  
p roduc t i on  c h a r a c t e r i s t i c s  a r e  p o o r l y  understood 
f o r  most geothermal systems. F1 u i d  p roduc t i on  
r a t e s  depend upon t h e  c a r e f u l  s e l e c t i o n  of a 
successful  d r i l l  s i t e ,  and can be i n f l uenced  by  

w e l l  d r i l l i n g  and complet ion techniqi les.  Thus f o r  
many systetns, par t i cu la r1 ,y  those f o r  which t h e w  
i s  l i t t l e  o r  no d r i l l - h o l e  data,  geothermal f l u i d  
f l o w  es t ima tes  represent  t h e  l a r g e s t  unknown and 
r i s k - l a d e n  f a c t o r .  Also,  t h e  r e l a t i v e l y  l a r g e  
f l o w  r a t e s  requ i red  by 1 arge-scal  e ethanol  
f a c i  1 i t i e s  may necess i ta te  d r i  11 i ng severa l  
p r o d u c t i o n  we l l s .  

Table 2 .  Geothermal F l u i d  Flow Requirements Assuming 
50,000 BTU/gal lon EthdnOl Conversion F a c t o r  
(U. F.  Dimenico,  w r i t t e n  comnunicat ion)  

h J t h t r I I i d 1  

Tei:i?erdrure 
F l u i d  Annual Ethanol  Product ion 

2 Thousand 2 M i l l i o n  20 M i l l i o n  50 M i l l i  n 
g a l / y e a r l  g a l l y e a r 2  g a l l y e a r 2  g a l / y e a r q  

IlOOC 1.2 gpiii 199 gpm 1987 gpm 4968 gpm 

1320C 0 . 9  gpm 150 gpm 1501 gpni 3753 gpm 

(2300; 

( 2 : N )  

(31OJF) 15J°C 0.7 gpm 121 gpm 1208 gpni 3020 gpm 

177OC 0.6 gp:ii 102 gpm 1015 gpm 2539 gpm 
( 3 j u J i )  

1 .  5 n r l a a y ,  6 monthslyedr 
2 .  ?J h r / d d y ,  12 monthslyddr 

T j b l e  3. Geothermal F l u i d  Flow Re uirements Assuming 
40,000 B T U l g a l l o n  EthdnO? Conversion F a c t o r  
( W .  F. Oimenico,  w r i t t e n  cocununication) 

Ccot herma 1 

Tanpst-3 cure 
F l u i d  Annual Ethanol  Product ion 

2 Thousand 2 M i l l i o n  20 M i l l i o n  50 M i l l i o n  
g a l / y e a r l  g a l l y e a r 2  g a l / y e a r 2  g a l l y e a r 2  

llOOC 0 . 9  gpm 159 gpm 1590 gpm 3975 gpm 

132OC 0 . 7  gpm 120 gpm 1201 gpm 3002 gpm 

153OC 0.6 gpm 97 gpm 966 gpm 2416 gpm 

177OC 0.5 ppn 9 1  gpm 8 1 2  gpm 2031 gpm 

(230JF ) 

(270OF) 

( 3 1 O O i )  

(350OF ) 

1. 8 h r l d a y ,  6 monthslyear 
2. 24 h r l d d y .  12 .nOnthS/yedr 

E x p l o r a t i o n  Status.  Another i n p o r t a n t  f a c t o r  
t h a t  should be considered i n  s i t e  s e l e c t i o n  i s  t h e  
l e v e l  o f  knowledge f o r  a p a r t i c u l a r  geothermal 
system, o r  t h e  e x p l o r a t i o n  s ta tus .  There a r e  some 
geothermal systems t h a t  have been t h e  s i t e  o f  
re1  a t  i ve l  y i n tens i  ve e x p l o r a t i o n  e f f o r t s  , 
i n c l u d i c g  d r i l l i n g .  Development o f  t hese  s i t e s  
w i l l  i n v o l v e  l e s s  r i s k  s ince  t h e  chances o f  
d r i l l i n g  a successfu l  w e l l  a r e  b e t t e r  t han  i n  a 
system f o r  which no d r i l l - h o l e  data e x i s t .  
Conf i rmat i on o f  resource p roduc t i on  
c h a r a c t e r i s t i c s  ( temperature and f l ow)  should t a k e  
l e s s  t i m e  and money a t  a wel l -understood system. 
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AVAILARILITY OF R I O M A S S  FEEDSTOCK A W  MPIPKET -~ 
POTENT I AL 

I n  o rde r  f o r  a l coho l  f u e l s  t o  make a D o s i t i v e  
impact upon t h e  n a t i o n ' s  t o t a l  energy budget,  t h e  
consumption o f  pe t ro leum i n  t h e  e thano l  genera t i ng  
process must be k e p t  t o  a minimum. The energy 
consumed i n  t r a n s p o r t i n g  t h e  biomass feedstock t o  
t h e  ethanol  g e n e r a t i n g  f a c i l i t y ,  and t h e  energy 
used t o  t r a n s p o r t  t h e  e thano l  and any by-products  
t o  t h e  market must be i nc luded  i n  t h e  o v e r a l l  
energy budget. To reduce t h i  s energy consumption 
as much as p o s s i b l e ,  geothermal e thanol  f a c i l i t i e s  
should be co-1 ocated w i t h  nearby sources o f  
biomass feedstock and w i t h  a nearby market f o r  t h e  
ethanol  and any by-products .  Large-scale ethanol  
f a c i l i t i e s  cannot r e l y  upon su rp lus  o r  waste f a r m  
products  whose c o s t  and a v a i l a b i l i t y  may vary.  
Crops grown s p e c i f i c a l l y  as feedstock w i l l  be 
needed by l a r g e  opera t i ons .  Suppl ies o f  s u r p l u s  
fa rm products  may be s u f f i c i e n t l y  r e l i a b l e  f o r  
smal l  -sca l  e ope ra t i ons .  Th is  paper b r i e f l y  
cons ide rs  biomass a v a i l a b i l i t y  f o r  t h e  geothermal 
systems s i t e d .  A much more d e t a i l e d  a n a l y s i s  o f  
biomass a v a i l a b i l i t y  and ethanol  market p o t e n t i a l  
must be under taken p r i o r  t o  s e l e c t i o n  o f  a 
geothermal resource  as a p o t e n t i a l l y  a t t r a c t i v e  
s i t e  f o r  an ethanol  genera t i ng  f a c i l i t y .  

INSTITUTIONAL PARAMETERS 
P r i o r  t o  s i t e  s e l e c t i o n ,  t h e  i n s t i t u t i o n a l  

f a c t o r s  assoc ia ted  w i t h  t h e  e x p l o r a t i o n  and 
developinent o f  a g i ven  s i t e  must be c a r e f i i l l y  
considered. These cou ld  i nc lude ,  bu t  a re  n o t  
r e s t r i c t e d  t o ,  l a n d  ownership, ( f ede ra l  , s t a t e  o r  
p r i v a t e )  , resource  ownership, environmental  
cons ide ra t i ons ,  and p e r m i t t i n g .  The a v a i l a b i l i t y  
o f  water nay p ressn t  a se r ious  b a r r i e r  t o  
geothermal e thano l  development i n  areas where 
water  i s  i n  s h o r t  supply.  Large-scale ethanol  
f a c i l i t i e s  w i l l  need i r r i g a t i o n  water  f o r  t h e  
feedstock crops i n  a d d i t i o n  t o  geothermal f l u i d s  
and process ing water .  It may be f e a s i b l e  i n  some 
cases t o  use t h e  geothermal f l u i d s  a s  i r r i g a t i o n  
and process water. T h i s  paper b r i e f l y  comments 
upon p o s s i b l e  i n s t i t u t i o n a l  b a r r i e r s  t o  
development a t  t hose  s i t e s  f o r  which t h e y  have 
been i d e n t i f i e d .  A more d e t a i l e d  a n a l y s i s  should 
be undertaken p r i o r  t o  s i t e  s e l e c t i o n .  

POTENTIAL GEOTHESMAL ETHANOL PRODUCTION SITES 
The f o l  1 owi nq  1 i s t  of qeothermal systems 

p o t e n t i a l l y  s u i t a b l e  f o r  biomass-based ethanol  
p roduc t i on  i s  d i v i d e d  i n t o  two s e c t i o n s :  A. 
H ighest  P r i o r i t y  P o t e n t i a l  Geothermal Ethanol  
S i t e s ,  and B. H igh  P r i o r i t y  P o t e n t i a l  Geothermal 
Ethanol  S i tes .  The h ighes t  p r i o r i t y  s i t e s  a r e  
those  geothermal systems where t h e  resource 
p o t e n t i a l  has been q u a n t i f i e d  t o  some degree b y  
d r i l l i n g  and o t h e r  resource e v a l u a t i o n  methods. 
Development o f  t hese  known resources should 
r e q u i r e  compara t i ve l y  l i t t l e  a d d i t i o n a l  resource 
assessment , and c o u l d  t h e r e f o r e  proceed r a p i d l y .  
The h i g h - p r i o r i t y  s i t e s  i n c l u d e  systems w i t h  
unquant i f i ed resource  parameters b u t  w i  t h 
exce l  l e n t  p o t e n t i a l  f o r  s u f f i c i e n t  water  
temperatures and volume f o r  a1 coho1 product  i o n .  
Development o f  t hese  l e s s e r  known systems w i l l  
p robab ly  r e q u i r e  e x t e n s i v e  e x p l o r a t i o n  e f f o r t s  

p r i o r  t o  des ign and i n s t a l l a t i o n  o f  an 
a l coho l -genera t i ng  f a c i l i t y .  

For  each suggested s i t e  a b r i e f  d i scuss ion  o f  
t h e  known and i n f e r r e d  resource c h a r a c t e r i s t i c s  i s  
given. The biomass a v a i l a b i l i t y  i s  b r i e f l y  
descr ibed f o r  those s i t e s  a t  which i t  has been 
i den t  i f i ed , i n s t i t 11 t i  ona 1 
impediments t o  development a r e  b r i e f l y  discussed. 
T h i s  l i s t  i s  no t  in tended t o  be i n c l u s i v e ;  t h e r e  
a r e  undoubtedly o t h e r  h i g h - p r i o r i t y  s i t e s .  I n  
a d d i t i o n ,  some o f  t h e  l i s t e d  s i t e s  may no t  
a c t u a l l y  be f e a s i b l e  due t o  c u r r e n t l y  unrecognized 
resource d e f  i c i  enci  es o r  devel  opment b a r r i e r s .  
Unless otherwise noted , a1 1 resource i nformat i  on 
i s  f rom M u f f l e r  (1979). 

F i na 1 1 y , po ten t  i a 1 

A. HIGHEST PRIORITY SITES 

The Gevsers Area. C a l i f o r n i a  - - u - -  

Resource -Charac te r i  s t  i cs. The vapor-domi - 
nated geothermal system a t  The Geysers i s  
c u r r e n t l y  producing a b o p  660 aegawatts o f  
e l e c t r i c i t y  f rom 237 C (459 F )  steam. 
Fo l l ow ing  use i n  t h e  e l e c t r i c i t y  generat ing 
process, i t  may be f e a s i b l e  t o  u t i l i z e  t h e  
geothermal f l u i d s  p r i o r  t o  i n j e c t i o n  i n  a 
cascaded d i r e c t  use scheme t h a t  c o u l d  i nc lude  
a lcoho l  product ion.  The area around The 
Geysers , i nc l  u d i  ng t h e  C1 e a r  Lake vo lcanic  
f i e l d  has tremendous geothermal p o t e n t i a l  and 
i s  c u r r e n t l y  t h e  s i t e  o f  a c t i v e  exp lo ra t i on .  

Biomass A v a i l a b i l i t y .  Var ious sources o f  
biomass feedstock a r e  Drobabl y a v a i l  ab le  f rom 
t h e  f e r t i l e  Napa and Sonoma Va l l eys .  

I n s t i t u t i o n a l  parameters. Ob ta in ing  an 
agreement w i t h  P a c i f i c  Gas and E l e c t r i c  t o  
use The Geysers geothermal f l u i d s  f o r  
d i r e c t - u s e  a p p l i c a t i o n s  may be d i f f i c u l t .  
C a l i f o r n i a ' s  s t r i c t  environmental  r e g u l a t i o n s  
may compl icate d i r e c t  use o f  t hese  f l u i d s .  
The road t o  The Geysers i s  long,  narrow and 
treacherous. A new road o r  perhaps a r a i l  
system may be r e q u i r e d  t o  t r a n s p o r t  l a r g e  
q u a n t i t i e s  o f  biomass feedstock and ethanol .  
T ranspor ta t i on  l o g i s t i c s  f o r  t h e  Clear  Lake 
vo l can ic  f i e l d  area may be much s imp le r .  

The Imper ia l  Va l l ey ,  C a l i f o r n i a  
Resource Charac te r i  s t  i cs. Temneratures i n  
t h e  Imper ia l  V a i l e y  geotheKma1 sy  tem range 

The f rom 160°C (320 F )  t o  360 C (680 8 F) .  
area i s  a s i t e  o f  i n t e n s i v e  geothermal 
e x p l o r a t i o n  and r e s e r v o i r  e v a l u a t i o n .  L i k e  
The Geysers area,' t h e  Imper ia l  V a l l e y  may be 
an a t t r a c t i v e  s i t e  f o r  cascaded d i r e c t  use 
a p p l i c a t i o n s  o f  geothermal energy. Using t h e  
Imper ia l  V a l l e y  geothermal f l u i d s  f o r  d i r e c t  
a p p l i c a t i o n s  may be d i f f i c u l t  s i n c e  they  a re  
hypersal  i ne b r i  nes. 

Eiomass A v a i l a b i l i t y .  The I m p e r i a l  Va l l ey  i s  
one o f  t h e  most impor tan t  a g r i c u l t u r a l  areas 
i n  t h e  country .  Wheat and sugar beets ,  bo th  
excel  l e n t  biomass feedstock sources, a r e  
among t h e  dominant crops produced i n  t h e  
area. Co-1 oca t  i on o f  t h e  geothermal resource 
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w i t h  abundant a g r i c u l t u r a l  p roduc ts  makes t h e  
I m p e r i a l  V a l l e y  an i d e a l  s i t e  f o r  a l c o h o l  
p roduc t ion .  Occidental  Petroleum i s  s t u d y i n g  
t h e  f e a s i b i l i t y  o f  an e t h a n o l - g e n e r a t i n g  
f a c i l i t y  i n  t h e  I m p e r i a l  V a l l e y  (Carmen 
Smith, 1980).  

I n s t i t u t i o n a l  Parameters. Development o f  
~ O ~ - f u n d e d  g e o t h ~ r m a l  a l c o h o l  f a c i  1 i t i e s  
shou ld  be r e l a t i v e l y  easy a t  t h e  East Mesa 
DOE t e s t  f a c i l i t y  and a t  t h e  DOE-SDG&E 
Geothermal Experimental Loop Fac i  1 i t y ,  S a l  t o n  
Sea ~ e o t h e r m a l  F i e l d  near N i land.  The 
I m p e r i a l  V a l l e y  would be an e x c e l l e n t  s i t e  
f o r  a DOE geothermal ethanol  demonstrat ion 
p r o j e c t  . Other s i t e s  would i n v o l v e  
n e g o t i a t i o n s  w i t h  t h e  v a r i o u s  users and 
producers i n  t h e  I m p e r i a l  V a l l e y  f i e l d .  The 
necessary environmental  reviews have been 
completed f o r  t h e  I m p e r i a l  V a l l e y  f i e l d .  

Cove For t -Su lphurda le ,  Utah 
Resource C h a r a c t e r i s t i c s .  The Cove F o r t  area 
h a s n  t h e  s i t e  o f  i n t e n s i v e  e x p l o r a t i o n  
f o r  severa l  y e a r s b  The maximum bottom-hole 
tempera ture  i s  179 C (354'F) a t  2226 m (7304 
ft.). The s t a t i c  water l e v e l  a t  Cove F o r t  
ranges f rom 366 m (1200 ft.) t o  427 m (1400 
f t . ) .  Pumping requirements may thus he a 
s i g n i f i c a n t  c o n s i d e r a t i o n  i n  t h e  economics o f  
e thano l  genera t ion  a t  Cove F o r t .  

R P, R Energies i s  p l a n n i n g  t o  use 165OC 
(330OF) geothermal f l u i d s  f r o m  w e l l  42-7 f o r  
a 12 m i l l o n  g a l l o n  per y e a r  e thano l  f a c i l i t y  
(R. He1 b e r  , verba l  communi c a t i o n )  . Formi nco, 
I n c .  w i l l  be t h e  resource producer. P l a n t  
c o n s t r u c t i o n  i s  scheduled t o  b e g i n  i n  June, 
1980 (Anderson, 1980). 

Biomass A v a i l a b i l i t y .  The proposed feeds tock  
f o r  t h e  Cove F o r t  e thano l  p l a n t  i s  suqar 
beets  grown i n  nearby E n t e r p r i s e  and s t .  
George, Utah. L o c a l l y  produced po ta toes  may 
a l s o  be used (R. Helber,  verba l  
communication). 

I n s t i t u t i o n a l  Parameters. Environmental  
s tudy  r e q u i  rement s must be s a t  i s f  i ed a t  Cove 
F o r t  p r i o r  t o  development. Add i t i on a 1 
i n s t i t u t i o n a l  b a r r i e r s  a r e  no t  y e t  
i d e n t i f i e d .  

Roosevel t Hot  SDrinas. Utah 
Resource C h a r a i t e r i  s t  i cs. The Roosevel t a r e a  
i s  one o f  t h e  most i n t e n s i v e l y  e x p l o r e d  
geothermal systems i n  t h e  world. M e ~ s u r e d  
w e l i  temper8tures range f rom 269 C (480 F)  t o  
243 C (469 F ) .  The area i s  b e i n g  developed 
as an e l e c t r i c i t y  g e n e r a t i n g  s i t e .  However, 
development o f  d i r e c t - u s e  p r o j e c t s  migh t  be 
f e a s i b l e  as a s e r i e s  of cascaded a p p l i c a t i o n s  
p r i o r  t o  f l u i d  i n j e c t i o n .  

Biomass A v a i l a b i l i t y .  The Esca lan te  V a l l e y  
i s  an a g r i c u l t u r a l  area. A s u i t a b l e  biomass 
feeds tock  source f o r  an e thano l  f a c i l i t y  i s  
p r o b a b l y  l o c a l l y  a v a i l a b l e .  

I n s t i t u t i o n a l  Parameters. A water-use 
agreement w i t h  t h e  Roosevel t  U n i t  w i l l  he 
requ i red .  Land a c q u i s i t i o n  f o r  a p l a n t  s i t e  
w i l l  be necessary. Other i n s t i t u t i o n a l  
b a r r i e r s  a r e  n o t  y e t  i d e n t i f i e d .  

? a f t  R i v e r ,  Idaho 
Resource C h a r a c t e r i s t i c s .  Geothermal f 1 u i d s  
w i t h  an average t e m p e r ~ t u r e  of 147OC (297'F) 
a r e  produced f rom severa l  deep w e l l s  rang ing  
Tn depth f rom 866 m (2840 ft.) t o  1996 m 
(6550 f t . )  a t  R a f t  R iver .  A DOE-sponsored 
p i l o t  b i n a r y  system 5-megawatt power p l a n t  i s  
under c o n s t r u c t i o n .  

Raf t  R i v e r  i s  c u r r e n t l y  t h e  s i t e  of 
exper iments t e s t i n g  t h e  use o f  geothermal 
energy f o r  e thano l  product i on. Geot hermgl 
f l u i g s  w i t h  a temperature o f  about 116 C 
(240 F) have been used as t h e  heat  source f o r  
b o t h  t h e  f e r m e n t a t i o n  and d i s t i l l a t i o n  phases 
o f  t h e  e thano l -genera t ing  process. Sugar 
beets  a r e  used as t h e  feeds tock  (Anderson, 
1979).  

Biomass A v a i l a b i l i t y .  According t o  t h e  Idaho 
O f f i c e  o f  Enerqv (0. W. McClain, verba l  

W" 

communication) t h e r e  i s  i n s u f f i c i e n t  
l o c a l l y - d e r i v e d  biomass t o  support  a 
l a r g e - s c a l e  geothermal a l c o h o l  f a c i l i t y .  
There i s  p robab ly  an adequate supp ly  o f  sugar 
b e e t s  (about 163,000 tons /year )  t o  suppor t  a 
s m a l l  - sca l  e opera t ion .  

I n s t i ~ u t i o n a l  Parameters. There may be many 
i n s t i t u t i o n a l  imDediments t o  development o f  
an ethanol  f a c i l i t y  a t  R a f t  R i v e r .  An 
a d d i t i o n a l  w e l l  would p robab ly  have t o  be 
d r i l l e d  on t h e  R a f t  R i v e r  s i t e .  However, t h e  
R a f t  R i v e r  v a l l e y  i s  a c losed ground water  
bas in ;  o b t a i n i n g  t h e  water necessary f o r  an 
e thano l  p l a n t  migh t  be d i f f i c u l t .  The 
e thano l  producing f a c i l  i t y  would p robab ly  
have t o  be b u i l t  o u t s i d e  o f  t h e  R a f t  R i v e r  
development (D. W. McCl  a i  n, verba l  
c oinmun i c a t  i on ) . 

has s u p p l i e d  warm water  f o r  space h e a t i n g  
Klamath F a l l s  f o r  many years.  Over 500 
shal  low geothermal we1 1 s r a n g i n g  i n depth  
f rom 40 m (130 ft.) t o  550 m (1800 f t . ) ,  w i t h  
mea ured  dgwn-hole temperatures as h i g h  as 
113 C (235 F )  e x i s t  i n  t h e  area. I n  a 
planned 1.2 m i b l i o n  g a l l o n s  p e r  y e a r  a lcoho l  
f u e l  p l a n t ,  88 C (190 F )  water w i l b  be heaked 
t o  temperatures as h i g h  as 188 C (370 F)  
m i  ng a compressor 

8 

. 

(Lund, 1979).  

Riomass A v a i l a b i l i t y .  An es t imated  3 m i l l i o n  
hundred weight o f  p o t a t o  waste produc ts  a r e  
produced a n n u a l l y  i n  t h e  Klamath B a s i n  (Lund, 
1979).  Wood biomass i s  a l s o  r e a d i l y  
ava i  1 ab1 e. 

I n s t i t u t i o n a l  Parameters. There should be 
r e l a t i v e l y  l i t t l e  d i f f i c u l t y  i n  develop in^ 
geothermal a l c o h o l  f a c i l i t i e s  i n  t h e  Klamath 
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F a l l s  area. The community i s  a l r e a d y  aware 
and s u p p o r t i v e  o f  geothermal energy; t h e  
geotherrnal r e s e r v o i r  i s re1  a t i  v e l y  we1 1 
de f ined;  and a l o c a l  supp ly  o f  biomass 
feeds tock  i s  r e a d i  l y  avai  1 ab1 e. Moreover , 
i n i t i a l  f e a s i b i l i t y  s t u d i e s  o f  geothermal 
a lcoho l  p r o d u c t i o n  i n  Klamath F a l l s  (Lund, 
1979) i n d i c a t e  t h a t  t h e  use o f  geothermal 
energy would s i g n i f i c a n t l y  lower  t h e  c o s t  o f  
a1 coho1 f u e l  p roduc t  i on. 

Spr ings  i s  214uC .(417uF). Numero u s 
e x p l o r a t i o n  w e l l s  rang ing  i n  depth f r o m  73 m 
(240 f t . )  t o  2219 m (7280 f t . )  have been 
d r i  11 ed. Geothgrmal f l u i d s  w i t h  a 
temperature o f  154 C (309OF) are  c u r r e n t l y  
b e i n g  used i n  a commercial vegetab le  dehyd- 
r a t i o n  p l a n t .  Development of a cascaded 
d i  r e c t - u s e  scheme i n c l  ud i  ng e thano l  
p r o d u c t i o n  may be f e a s i b l e  a t  Brady Hot 
Spr ings. 

Biomass A v a i l a b i l i t y .  The vegetables used i n  
t h e  dehydra t ion  f a c i l i t y  must be t r a n s p o r t e d  
t o  t h e  s i t e  f rom v a r y i n g  d is tances .  
S i g n i f i c a n t  t r a n s p o r t a t i o n  requirements migh t  
a l s o  a p p l y  t o  any biomass feedstock source. 
T h i s  expend i tu re  o f  pe t ro leum might  make 
a lcoho l  p r o d u c t i o n  u n a t t r a c t i v e .  Any waste 
products produced f rom t h e  d e h y d r a t i o n  
process c o u l d  be cons idered as a p o t e n t i a l  
biomass source. 

I n s t i t u t i o n a l  Parameters. The use o f  t h e  
geothermal f l u i d s  a t  Brady Hot Spr ings  would 
r e q u i  r e  an agreement w i t h  Geothermal Food 
Processors, Inc .  S p e c i f i c  b a r r i e r s  t o  
development o f  an ethanol  f a c i l i t y  a r e  n o t  
y e t  known. 

Beowawe. Nevada ~. 

Reiource C h a r a c t e r i  s t  i cs Two deep we1 1 s and 
numerous s h a l l  ow e x p l o r a t i o n  we1 1 s have been 
d r i l l e d  a t  Beowawe. The maximum rgcorded 
bottom-hole tempera ture  i s  21loC (412 F )  a t  
2917 m (9571 f t . ) .  

Biomass A v a i l a b i l i t y .  Crescent V a l  1 ey 
iinmediate1.y south o f  Beowawe i s  an 
a g r i c u l t u r a l  area w i t h  p o s s i b l e  feedstock.  

I n s t i t u t i o n a l  Parameters. Desp i te  f a v o r a b l e  
resource  c h a r a c t e r i s t i c s  and a p o t e n t i a l  
l o c a l  source o f  biomass, t h e  Beowawe area may 
be t o o  remote t o  support  a l a r g e  e thano l  
f a c i  1 i ty. A d d i t i o n a l  i n s t i t u t i o n a l  
parameters have n o t  y e t  been i d e n t i f i e d .  

Steamboat Spr ings, Nevada 
Resource C h a r a c t e r i s t i c s .  Several  h o t  
s p r i n g s  a t  Steamboat d ischarge 250 l / m  i n  f rom 
an ex tens ive  s i n t e r  apron. The area i s  
c u r r e n t l y  undergoing geothermal e x p l o r a t i o a .  
The maximum recorded temperature i s  186 C 
(367OF) a t  221 m (725 f t . ) .  P h i l l i p s  
Petroleum Co. r e c e n t l y  completed a 937 m 

(3075 f t . )  h o l e  descr ibed as a p o t e n t i a l  
geothermal producer. Geothermometers 
es t imate  8 mean r e s e r v o i r  temperature o f  
200 C (392 F )  f o r  t h e  Steamboat system. 

Biomass A v a i l a b i l i t y .  Biomass, s p e c i f i c a l l y  
i n  t h e  form o f  waste p roduc ts ,  should be 
a v a i l a b l e  f rom t h e  Reno area. Feedstocks 
s u i t a b l e  f o r  ethanol  g e n e r a t i o n  may a lso  be 
l o c a l l y  a v a i l a b l e .  

I n s t i t u t i o n a l  Parameters. The Reno area 
would be an e x c e l l e n t  market f o r  any ethanol 
o r  methanol produced a t  Steamboat Springs. 
S p e c i f i c  b a r r i e r s  t o  devel  oprnent a t  Steamboat 
have n o t  y e t  been i dent i f i ed. 

6. HIGH PRIORITY SITES 

V a l e  Hot Stwinas. Oreeon 
Resouke -Charac<eri s t i  cs. Val e Hot S p r i  ngs 
i s  one of t h e  most a t t r a c t i v e  D o t e n t i a l  
moderate-temperature geothermal resources i n  
t h e  country.  The h o t  s p r i n g s  a t  Vale 
discharge 97OC water. The mean est imated 
r e s  r v o i r  temperature o f  t h e  Vale system i s  
157 C. There are  no deep e x p l o r a t i o n  w e l l s  
a t  Vale Hot Spr ings; severa l  s h a l l o w  w e l l s  
were d r i l l e d  near t h e  h o t  s p r i n g  vents.  Oge o l d  sha l low w e l l  has a tempera ture  o f  120 C 
(247OF) a t  22m ( 7 3  f t . )  (G. Culver,  w r i t t e n  
communication). The Vale a r e a  has been t h e  
s i t e  o f  r e c e n t  g r a d i e n t  d r i  11 i ng. However , 
t h i s  i n f o r m a t i o n  i s  p r o p r i e t a r y .  

8 

Biomass A v a i l a b i l i t y .  Va le  Hot Spr ings  i s  
l o c a t e d  i n  Treasure V a l l e y  Oregon, a f e r t i l e  
a g r i c u l t u r a l  area c h a r a c t e r i z e d  by 
l a r g e - s c a l e  fa rming  e f f o r t s ,  a l o n g  growing 
season and r e l a t i v e l y  abundant water suppl i e s  
(Lienau, 1978). T h i s  l o c a l  a g r i c u l t u r e  can 
probably supp ly  t h e  feeds tock  r e q u i r e d  by an 
ethanol  p l  a n t  

I n s t i t u t i o n a l  Parameters. The i n s t i t u t i o n a l  
aspects o f  development have no t  y e t  been 
i d e n t i f i e d  f o r  t h e  Vale area. 

Wei ser ,  Idaho 
Resource C h a r a c t e r i s t i c s .  Measured s w i m  

I -  

temperatures a t  Weisgr Hot Spr ings  are as 
h i g h  as 77OC (171 F) .  Geothermometers 
esthmate a nean r e s e r v o i r  temperature o f  
130 C (266OF). The Phi  11 i p s  Petroleum 
Company has d r i l l e d  t h r e e  s h a l l o w  e x p l o r a t i o n  
w e l l s  i n  t h e  Weiser Hot S p r i n g s  area. The 
c u r r e n t  owners o f  * t h e  p r o p e r t y  a re  p lann ing  a 
d r i l l i n g  program f o r  1980 (McC1.ain and 
East1 ake, 1979). 

Biomass Avai 1 ab i  1 i ty. The Wei ser geothermal 
system i s  l o c a t e d  a long t h e  n o r t h e r n  edge o f  
West 
area. 
wheat 
study 
t h a t  
quant 

Wei ser  F1 a t ,  a f e r t  i 1 e a g r i c u l t u r a l  
Local  produce i nc l  udes po ta toes  , corn, 
sugar beets,  and onions. I n  a recent 
McClain and E a s t l a k e  (1979) contend 
t h e  Weiser area produces adequate 

t i e s  o f  g r a i n ,  sugar b e e t s  o r  po ta toes  

107 



Struhsacker,  D. W. 

t o  serve as t h e  feedstock f o r  a 1 m i l l i o n  
g a l l o n  p e r  y e a r  e thano l  f a c i l i t y .  

I n s t i t u t i o n a l  Parameters. I n s t i t u t i o n a l  
b a r r i e r s  t o  development have no t  y e t  been 
i d e n t i f i e d .  

Crane Creek, Idaho 
Resource Charac ter i  s t i  cs. The Crane Creek - 
Cove Creek Hot Spr ings  area i s  one o f  t h e  
h o t t e s t  geothermal systems i n  Ldaho, w i t h  a 
s u r f a c e  temperature o f  92 c ( 1 9 8 ' ~ ) .  
Geothermonieters f o r  t h e  area p r g d i c t  a 8ean 
r e s e r v o i r  te inperature of 171 C (34n F ) .  
P h i l l i p s  Petroleum Co. d r i l l e d  a deep (about 
245 m/8000 f t . )  w e l l  i n  t h e  a r t a .  A 
temperature o f  about 1 7 7 O C  (350 F )  was 
measured a t  approx imate ly  1830 rn (6000 f t . ) .  

Siomass A v a i l a b i l i t y .  The biomass 
a v a i l a b i l i t y  a t  Crane Creek should be 
comparable t o  t h a t  f o r  nearby bleiser Rot 
S p r i  ngs. 

I n s t i t u t i o n a l  Parameters. The i n s t i t u t i o n a l  
parameters a f f e c t i n g  development a t  Crane 
Creek have no t  y e t  been i d e n t i f i e d .  

Rovstone Hot S D r i  nas. Idaho 
Resource ' C h a r a c t e r i s t i c s .  F i v e  spr in9s  a t  
Roystone Hot Spr ings d ischarge 75 l / m i n  Qf 
watet; w i t h  a maximum temperature o f  55°C 
(131 F ) .  The geothermometera p r e d i t t  a mean 
r e s e r v o i r  temperature o f  135 C (275 F )  f o r  
t h e  Roystone system. i n  o l d ,  p a r t i a l l y  caved 
w e l l  measures 85OC (180 F )  a t  35 m (115 f t . ) .  
A d r i l l i n g  o p e r a t i o n  i s  c u r r e n t l y  underway a t  
Roystone. 

Biomass A v a i l a b i l i t y .  S t u d i e s  by t h e  Idaho 
O f f i c e  o f  Energy suggest t h a t  t h e  Roystone 
system i s  an a t t r a c t i v e  p o t e n t i a l  s i t e  f o r  a 
geothermal ethanol  f a c i l i t y  due t o  s u f f i c i e n t  
biomass a v a i l a b i l i t y  and p r o x i m i t y  t o  r a i l  
t r a n s p o r t a t i o n  (D. W. McClain, verbal  
communication). The owners o f  t h e  Roystone 
p r o p e r t y  a re  hoping t o  develop an ethanol  
f a c i l i t y .  

I n s t i t u t i o n a l  Parameters. No i n s t i t u t i o n a l  
b a r r i e r s  t o  development have y e t  been 
i d e n t i  f i e d .  

Magic Reservo i r  Area, Idaho 
Resource C h a r a c t e r i s t i c s .  A 79 m (260 f t . )  
we11 a t  Magic Hot Spr ings  Landing on t h e  
n o r t h e r n  end o f  q g i c  R e s e r v o i r  produces 20 
l / m i n  o f  72OC (162 F )  water. Geothermometegs 
predAct a mean r e s e r v o i r  temperature o f  149 C 
(300 F) .  No deep w e l l s  e x i s t  i n  t h e  area. 

Biomass A v a i l a b i l i t  . Accord ing  t o  McClain 
m s t - 4  a 1 m i l l i o n  g a l l o n s  per 
y e a r  ethanol  p l a n t  a t  Magic Reservo i r  would 
r e q u i r e  any one o f  t h e  f o l l o w i n g  feedstocks:  
375,370 bushels o f  corn ,  384,615 bushels o f  
wheat o r  oats,  416,666 bushels of b a r l e y ,  
714,286 hundred we igh t  of  po ta toes ,  o r  49,261 
tons  o f  sugar beets. Crops produced l o c a l l y  

i n  t h e  Magic V a l l e y  p o r t i o n s  o f  S l a i n e ,  
Camas, Gooding, Jerome and L i n c o l n  c o u n t i e s  
cou ld  support  an ethanol f a c i l i t y  o f  t h i s  
s i z e .  

I n s t i t u t i o n a l  Parameters. The area  around 
t h e  Magic Hot Spr ings Landing w e l l  i s  
c u r r e n t l y  zoned f o r  r u r a l  r e c r e a t i o n ;  a 
zoning change would be necessary p r i o r  t o  
ievelopment o f  an e thano l  f a c i l i t y .  

Geothermal lease a p p l i c a t i o n s  on ad jacent  RLM 
l a n d  have been pending s i n c e  November, 1'378 
(McClain and East lake ,  1980). 

Lakeview, Oregon 
Resource Charac ter i  s t i c s .  There a r e  several  
ho t  s p r i n g s  i n  t h e  Lak-eview d r e a  w i t h  
temperatures as h i g h  as 96°C (205°F); t h e i r  
cumula t ive  d ischarge i s  2500 l / m i n .  The mean 
es t imated r e s e r v o i r  tempera&ure f o r  t h e  
Lakeview system i s  15OoC (302 F) .  Geothermal 
w e l l s  d r i l l e d  i n  t h e  area i n c l u d e  two 
e x p l o r a t i o n  w e l l s  189 m (620 f t . )  and 1658 m 
(5440 f t . )  deep, and severa l  s h a l l o w  w e l l s  
used f o r  space heat ing .  

Riomass A v a i l a b i l i t  . Coirry and Assoc ia tes  
n k e w d r a d o ,  a r e  s t  i i dy i  ng t h e  
f e a s i b i l i t y  o f  us ing  t h e  wood resources  i n  
t h e  Lakeview area as t h e  feeds tock  f o r  a 
geothermal a lcoho l  f a c i  1 i ty.  Thi  s s tudy  
forms p a r t  of t h e  Program Research and 
Development Announcement (PRDA) e n t i t l e d  
"Geothermal D i s t r i c t  Heat ing  f o r  Mu1 t i p l e  
A p p l i c a t i o n s  i n  Lakeview, Oregon" ( G .  E. 
Coury, verba l  communication). 

I n s t i t u t i o n a l  Parameters. The i n s t i t u t i o n a l  
f a c t o r s  i n f l u e n c i n g  development a t  Lakeview 
have n o t  y e t  been i d e n t  i f i ed. 

The Esca lan te  Desert  Area, Utah 
Pesource C h a r a c t e r i s t i c s .  There a r e  numerous 
w a r m  water w e l l s  i n  t h e  Esca lan te  Deser t  o f  
southwestern Utah. Water i n  t e n  sha l low 
i r r i g a t i o n  w e l l s  i n  t h e  Newcast le,  Utgh 
v i c i n i t y  ranges i n  temperature f rom 20 C 
(68 F )  t o  78 C (172OF). A 152 m (500 f t . )  
deep we l l  n$ar Flexcastle encountered a 
maximum o f  108 C (226 F )  water  a t  82 m (269 
f t . ) .  The maximum es t imated r e s e r v o h r  
tempgrature f o r  t h e  Newcastle system i s  130 C 
(266 F). A 3747 m (12,295 f t )  deep 
geothermal t e s t  we1 1 d r i l d e d  ne$r R e r y l  , Utah 
produced 1000 gpm o f  149 C (300 F )  water  f rom 
a depth  o f  2133 m (7000 f t . )  (Goode, 1978). 

Biomass A v a i l a b i l i t y .  Since a g r i c u l t u r e  i s  
t h e  mainstay o f  t h e  communit ies i n  t h e  
Esca lan te  Desert  (Goode, 1978), t h e  area may 
be capable o f  producing s u f f i c i e n t  feeds tock  
suppl i es. 

I n s t i t u t i o n a l  Parameters. The i n s t i t u t i o n a l  
aspects o f  development i n  t h e  Esca lan te  
Deser t  have no t  y e t  been i d e n t i f i e d .  

The Hawaiian I s l a n d s  
Resource C h a r a c t e r i s t i c s .  The I s l a n d  o f  
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Hawaii has numerous geothermal systems w i t h  
temperatures h i g h  enough f o r  e thano l  
genera t ion .  E x p l o r a t i o n  we1 1 s .  have been 
d r i l l e d  a t  b o t h  t h e  K a m a i l i  Homesteads area 
and t h e  Kapoho Reservo i r  area. 

Riomass A v a i l a b i l i t y .  Hawaii i s  w e l l  known 
f o r  i t s  p r o d u c t i o n  o f  sugarcane, an 
a t t r a c t i v e  feedstock.  

I n s t i t u t i o n a l  Parameters. The h i g h  cos t  o f  
l a n d  on t h e  i s l a n d  o f  H a w a i i  may p r o h i b i t  t h e  
development o f  ethanol  genera t ing  f a c i l i t i e s ,  
(W. F. Dimenico, verba l  communications). 
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