
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



Geothermal Resources Council, TRANSACTIONS Vol, 6, October 1982 

GEOTHERMAL ENERGY: OPPORTUNITIES FOR CALIFORNIA COMMERCE 

Alfred B. Longyear and J u s t i n  N. Tierney 

Lahontan, Inc. ,  A l t e r n a t i v e  Energy Systems, Sacramento, CA 
Geothermal Program, Development Divis ion,  C a l i f o r n i a  Energy Commiss ion  

ABSTRACT 

To a c c e l e r a t e  t h e  development of abundant low- t o  
moderate-temperature geothermal resources ,  t h e  
C a l i f o r n i a  Energy Commission (CEC) has i d e n t i f i e d  
those resource areas and d i r e c t  use a p p l i c a t i o n s  
w i t h  t h e  g r e a t e s t  p o t e n t i a l  f o r  s u c c e s s f u l  
commercial near-term (2-5 years )  development. 
An economic development  a p p r o a c h  was used t o  
i d e n t i f y  these  areas and end-uses. This  approach 
focuses  on enhancing a community's l o c a l  economy 
by  d e v e l o p i n g  i t s  g e o t h e r m a l  r e s o u r c e s  t o  
a t t ract  i n d u s t r i e s  which need a low-cost r e l i a b l e  
energy source 

Twenty-seven areas of  t h e  s t a t e  m e t  s t r i c t  
geologic  and economic c r i te r ia  and are considered 
p r i o r i t y  a r e a s  f o r  i m m e d i a t e  d e v e l o p m e n t  
a c t i v i t i e s .  Twenty end-use a p p l i c a t i o n s ,  such as 
d i s t r i c t  h e a t i n g  and  a g r i c u l t u r a l  p r o c e s s e s  
(e .g .  g r e e n h o u s e  h e a t i n g ) ,  m e t  economic and 
energy use cr i ter ia  and can  s u c c e s s f u l l y  convert  
t o  us ing  geothermal energy. 

The CEC has i n i t i a t e d  geothermal market develop- 
ment a c t i v i t i e s  t o  overcome t h e  major impediments 
t o  a c c e l e r a t e d  d e v e l o p m e n t  o f  s m a l l - s c a l e  
e l e c t r i c  and  d i r e c t  u s e  a p p l i c a t i o n s .  These 
a c t i v i t i e s  include i n f i e l d  t e c h n i c a l  and economic 
assessment and f i n a n c i a l  a s s i s t a n c e  t o  p r i v a t e  
developers  and l o c a l  governments. These programs 
a r e  e x p l a i n e d  i n  t h e  c o n t e x t  of t h e  e v o l v i n g  
geothermal market development e f f o r t .  

INTRODUCTION 

The G e y s e r s '  vapor-dominated r e s o u r c e ,  which 
s u p p l i e s  t h e  l a r g e s t  g e o t h e r m a l  e l e c t r i c a l  
g e n e r a t i o n  complex i n  t h e  w o r l d ,  o f t e n  over -  
s h a d o w s  t h e  f a c t  t h a t  a m a j o r  p o r t i o n  o f  
C a l i f o r n i a ' s  resource  i s  water-dominated and b e s t  
s u i t e d  f o r  d i r e c t  use.  This low- t o  moderate- 
temperature  ( 5Oo-15O0C or 120°-3000F) resource  
can be found i n  a t  least 46 of C a l i f o r n i a ' s  58 
count ies .  

Direct use a p p l i c a t i o n s  have s e v e r a l  s i g n i f i c a n t  
advantages t o  electric a p p l i c a t i o n s  including:  a 
f a r  greater and more r e a d i l y  a v a i l a b l e  resource;  
a higher  conversion e f f i c i e n c y  ( u s u a l l y  80-90%) ; 
t h e  u s e  of  s i m p l e ,  o f f - t h e - s h e l f  , c o n v e r s i o n  
technology; s h o r t e r  development time; and, most 

i m p o r t a n t l y ,  less  e x p e n s i v e  e x p l o r a t i o n  and 
development c o s t s .  With c o n t i n u a l l y  i n c r e a s i n g  
energy c o s t s ,  many developers  and i n v e s t o r s  are 
tak ing  a s e r i o u s  look a t  t h e  b e n e f i t s  of d i r e c t  
use  a p p l i c a t i o n s .  Unfortunately,  many o t h e r s  are 
unaware of these  b e n e f i t s  o r  lack  t h e  experience 
t o  economically develop a resource.  

To g u i d e  t h e  C a l i f o r n i a  Energy Commission 's  
e f f o r t  t o  accelerate d i r e c t  use development, an 
i n t e n s i v e ,  methodical and a s s e r t i v e  e f f o r t  has 
been i n i t i a t e d  t o  i d e n t i f y  those resource areas 
and end-use a p p l i c a t i o n s  w i t h  t h e  g r e a t e s t  
p o t e n t i a l  f o r  s u c c e s s f u l  near-term (2-5 years )  
commercial development. Bui lding on r e s u l t s  from 
p r e v i o u s  m a r k e t  s t u d i e s ,  t h e  e f f o r t  i s  b e i n g  
d i r e c t e d  a t  t a r g e t  c o m m u n i t i e s  t h a t  h a v e  
e x p l o i t a b l e  resources ,  and a t  venture  c a p i t a l i s t s  
and i n d u s t r i e s  which could b e n e f i t  s u b s t a n t i a l l y  
from conver t ing  t o  geothermal energy. 

AN ECONOMIC DEVELOPMENT APPROACH 

Before present ing  the  methodology and r e s u l t s  of 
t h e  marketing e f f o r t ,  i t  is important t o  under- 
s tand  t h e  b a s i c  phi losophica l  approach t o  geo- 
thermal commercial izat ion - economic development. 

Developers of geothermal resources  f o r  e lectr ical  
g e n e r a t i o n  pay l i t t l e  a t t e n t i o n  t o  how t h e  
energy i s  u l t i m a t e l y  used once its been t rans-  
m i t t e d  t o  t h e  g r i d .  However, when t h e  h e a t  
from a r e s o u r c e  i s  t o  be used  d i r e c t l y ,  t h e  
c o s t  of p i p e l i n e s  r e q u i r e s  t h a t  an end-user be 
loca ted  w i t h i n  an economic d i s t a n c e  from t h e  h o t  
s p r i n g  o r  w e l l .  For marketing and developing 
t h e  low- t o  moderate-temperature resource f o r  
d i r e c t  use  a p p l i c a t i o n s ,  a t t r a c t i n g  end-users 
goes hand i n  hand with explor ing  and developing 
t h e  resource  i t s e l f .  This ,  i n  t u r n ,  r e q u i r e s  
t h e  community t o  o f f e r  c o n v e n t i o n a l  economic 
development i n c e n t i v e s  (e.g., l abor  base, com- 
munity s e r v i c e s ,  etc.) normally used t o  a t t ract  
i n d u s t r y  t o  a given site. 

Fur ther ,  t o  be c o s t  e f f e c t i v e ,  s e v e r a l  end-users 
are requi red  i n  o r d e r  t o  reduce resource develop- 
ment and d i s t r i b u t i o n  c o s t s .  The hot  water can 
be cascaded through mul t ip le  a p p l i c a t i o n s ,  e i t h e r  
i n  a l a r g e  s i n g l e  complex o r  i n  a g r o u p  of 
i n d i v i d u a l  end-users who are uni ted  i n  a "Geo- 
thermal Park of Commerce." For example, water 
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from one w e l l  can supply hea t  f o r  l a r g e  build- 
i ngs  in a downtown a rea ,  then  be cascaded t o  food 
processors  , then  greenhouses and f i n a l l y  s o l d  as 
i r r i g a t i o n  water. A Geothermal Park of Commerce 
i s  s i m i l a r  t o  a conventional i n d u s t r i a l  park  wi th  
one major exception: t h e  o f f e r  of a lower-cost, 
r e l i a b l e  energy source. This  lower c o s t  energy 
i s  an important "ca r ro t "  f o r  a t t r a c t i n g  indus t ry .  
However, t h e  b e n e f i t  of l ower  e n e r g y  c o s t s  
u sua l ly  has  t o  be traded-off (a t  least i n  p a r t )  
a g a i n s t  increased  t r a n s p o r t a t i o n  and/or  o the r  
d i f f i c i e n c i e s  (e.g., reduced l abor  base )  t h a t  a r e  
a s s o c i a t e d  w i t h  t h e  r u r a l  s i t e s  where  most 
geothermal resources  are found. Hence, a f u l l  
s c a l e ,  l o c a l  m a r k e t i n g  e f f o r t  i s  r e q u i r e d  t o  
a c c o m p l i s h  t h e  s u c c e s s f u l  d e v e l o p m e n t  a n d  
u t i l i z a t i o n  of a geothermal d i r ec t -use  resource.  
Only through such an approach can t h e  economic 
b e n e f i t s  accrue  t o  the  l o c a l  community. 

This  s t r a t e g y  promotes geothermal development as 
a means t o  an  end: economic development f o r  a 
community o r  indus t ry .  I f  communities near  a 
g e o t h e r m a l  r e s o u r c e  a r e a  c a n  d e m o n s t r a t e  t h e  
c o s t - e f f e c t i v e n e s s  a n d  r e l i a b i l i t y  o f  t h e  
energy a l t e r n a t i v e  and can o f f e r  convent iona l  
economic development incen t ives ,  they  can  a t t ract  
i n d u s t r i a l  end-users (e.g. ,  Susanv i l l e  Park of 
Commerce). I n d u s t r i a l  development l eads  t o  t ax  
revenue, i n d i r e c t  b e n e f i t s  from employees and 
f a m i l i e s  moving t o  t h e  community and decreased 
unemployment: t h e s e ,  i n  t u r n ,  s t i m u l a t e  t h e  
l o c a l  economy. Successfu l  bus inesses  which use 
g e o t h e r m a l  e n e r g y  can  a c h i e v e  r e d u c e d  e n e r g y  
c o s t s  and l ead  t o  adoption of t h e  a l t e r n a t i v e  by 
o t h e r s  i n  t h e  indus t ry  and, t h e r e f o r e ,  improve 
t h e  economic cond i t ion  of t he  indus t ry .  

Whi le  many of t h e  r e s u l t s  of t h i s  e f f o r t  are  
Ca l i fo rn ia - spec i f i c ,  t h i s  economic development 
approach and t h e  methodology t o  determine and 
d e v e l o p  t a r g e t  r e s o u r c e  a r e a s  a n d  e n d - u s e  
a p p l i c a t i o n s  c a n  be r e p l i c a t e d  i n  o t h e r  geo- 
thermal a r e a s  of t he  U.S. and elsewhere in t he  
World. 

PRIORITY GEOTHERMAL RESOURCE AREAS 

C a l i f o r n i a  was divided i n t o  5 broad geothermal 
r e g i o n s  a c c o r d i n g  t o  g e n e r a l  r e s o u r c e  
c h a r a c t e r i s t i c s  and proximity t o  major popula t ion  
and t r a d e  cen te r s .  Within t h e s e  r eg ions  t h i r t y -  
e i g h t  a r eas  m e t  o r  exceeded t h e  minimum resource  
' f a c t o r s  l i s t e d  i n  T a b l e  1. T h r e e  of t h e s e  
f a c t o r s  - temperature,  w e l l  dep th  and amount of 
t o t 1 1  d i s so lved  s o l i d s  i n  t h e  geothermal f l u i d s  - 
d e t e r m i n e  a t  a v e r y  b a s i c  l e v e l  o f  a n a l y s i s  
whether a p r o j e c t  w i l l  be economically f e a s i b l e .  
For example, two independent s t u d i e s  eva lua ted  
t h e  f e a s i b i l i t y  of cons t ruc t ing  and ope ra t ing  a 
greenhouse complex us ing  hea t  from geothermal 
wel ls  (Lahon tan ,  1982) .  The economic  c o s t  
e f f e c t i v e n e s s  between a greenhouse complex a t  
Wendel, near  Susanvi l le ,  us ing  200°F f l u i d s  wi th  
a TDS of 300 ppm from a 600 f o o t  w e l l  and  a 
greenhouse ope ra t ion  i n  Imper ia l  County us ing  
155°F f l u i d s  wi th  a TDS of 25,000 ppm from a 2000 
f o o t  w e l l  i s  extreme. Considering t h e  hea t ing  
system c o s t s  a lone ,  t he  Wendel p r o j e c t  has  an  

exce l l en t  r e t u r n  on investment compared wi th  t h e  
unacceptably low r e t u r n  from the  Imper ia l  Valley 
p ro jec t  i n  Imper ia l  Valley. Therefore,  wi th  few 
exceptions,  t he  f i v e  resource  criteria should be 
used a s  t h e  abso lu te  minimum s tandards  necessary 
f o r  most c o s t  e f f e c t i v e  d i r e c t  u s e  p r o j e c t s .  

F o l l o w i n g  t h i s  s c r e e n i n g  a g a i n s t  r e s o u r c e  
criteria, the  t h i r t y - e i g h t  resource a r e a s  were 
then  eva lua ted  according t o  economic development 
f a c t o r s  (Table 1). These f a c t o r s  address  t h e  
s u i t a b l i t y  of t h e  r e s o u r c e  a r e a  f o r  p r o j e c t  
deve lopment  f rom a b u s i n e s s  p e r s p e c t i v e .  As 
shown i n  F i g u r e  1: P r i o r i t y  R e s o u r c e s  f o r  
Direct Use Development, twenty-seven a r e a s  a r e  
r a t ed  P r i o r i t y  of I ,  I1 o r  I11 which q u a l i f i e d  
them f o r  f u r t h e r  m a r k e t i n g  and  development  
e f f o r t s .  T h e s e  a r e a s ,  l i s t e d  i n  T a b l e  2 
according t o  p r i o r i t y ,  should be used as a guide  
f o r  g o v e r n m e n t  a n d  i n d u s t r y  in e v a l u a t i n g  
p o t e n t i a l  p r o j e c t  s i t e s ,  s i n c e  some a r e a s  
r a t ed  P r i o r i t y  I V  (e.g. Lake County) may become 
more a t t r a c t i v e  i f  one o r  two major impediments 
are removed. Addi tona l ly ,  o the r  a r e a s  not y e t  
i d e n t i f i e d  i n  t h i s  s t u d y  c o u l d  o f f e r  a good 
o p p o r t u n i t y  f o r  f u t u r e  d i r e c t  u s e  p r o j e c t  
development. 

PRIORITY END-USE APPLICATIONS 

To i d e n t i f y  p o t e n t i a l  a p p l i c a t i o n s ,  r e l e v a n t  
market s t u d i e s  were reviewed and numerous s ta te  
a g e n c i e s ,  t r a d e  a s s o c i a t i o n s  and  i n d u s t r i a l  
l e a d e r s  were c o n s u l t e d .  Twenty-nine g e n e r a l  
app l i ca t ions  were determined t o  have p o t e n t i a l  
f o r  us ing  low- t o  moderate-temperature geothermal 
f l u i d s  d i r e c t l y .  These a p p l i c a t i o n s  were then  
a s s e s s e d  a g a i n s t  t h e  economic and  e n e r g y  u s e  
cr i ter ia  l i s t e d  in Table 3. The a p p l i c a t i o n s  
h a v i n g  t h e  h i g h e s t  p o t e n t i a l  f o r  s u c c e s s f u l  
nea r - t e rm commerc ia l  deve lopmen t ,  f e l l  i n t o  
t h r e e  g e n e r a l  c a t e g o r i e s :  d i s t r i c t  h e a t i n g ,  
a g r i c u l t u r a l  p rocesses  and small-scale e lectr ic  
s y s  tems 

Geothermal d i s t r i c t  hea t ing  systems have been 
success fu l ly  i n s t a l l e d  throughout t he  world. I n  
t h e  U.S., Boise ( Idaho) ,  Klamath F a l l s  (Oregon), 
and most r e c e n t l y  Susanv i l l e  ( C a l i f o r n i a ) ,  space  
hea t  l a r g e  s e c t i o n s  of t h e i r  communities w i th  
f l u i d s  r a n g i n g  f r o m  60-90°C ( 1 4 0 - 1 9 5 ° F ) .  
Bridgeport  (Ca l i fo rn ia ) ,  sou th  of Lake Tahoe, may 
be  t h e  n e x t  community t o  i n s t a l l  a h e a t i n g  
system. Included in t h e  ca tegory  of d i s t r i c t  
hea t ing ,  are "Parks of Commerce" where s e v e r a l  
end-users sha re  t h e  hea ted  f l u i d s  f o r  a v a r i e t y  
of processes.  

A g r i c u t u r a l  is t h e  most i m p o r t a n t  i n d u s t r i a l  
s e c t o r  t h a t  c a n  c o n v e r t  t o  d i r e c t  u s e .  Most 
geothermal r e sources  have temperatures (5Oo-15O0C 
o r  120°-3000F) t h a t  match requirements of a g r i -  
i n d u s t r i a l  p rocesses-  S p e c i f i c a l l y ,  i n t e n s i v e ,  
confined growing in greenhouses was determined t o  
be the  b e s t  a p p l i c a t i o n  which could immediately 
use  geothermal f o r  space hea t ing .  Facing h igh  
i n t e r e s t  rates and f i e r c e  fo re ign  competit ion,  
t h e  greenhouse indus t ry ,  wi th  over  3,000 acres 
under g l a s s  in C a l i f o r n i a  a lone ,  i s  extremely 
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s e n s i t i v e  t o  f u r t h e r  i n c r e a s e s  i n  hea t ing  c o s t s  
which have e s c a l a t e d  more than  400 percent  i n  t h e  
l as t  f i v e  years .  Severa l  o p e r a t o r s  have a l ready  
moved. t h e i r  o p e r a t i o n s  t o  t a k e  a d v a n t a g e  of 
geothermal energy. I n  a d d i t i o n  t o  greenhouse 
o p e r a t i o n s ,  f o o d  p r o c e s s i n g  a n d  m e t h a n e  
g e n e r a t i o n  w e r e  a l s o  i d e n t i f i e d  a s  h a v i n g  
s i g n i f i c a n t  p o t e n t i a l  f o r  s u c c e s s f u l  near-term 
development. 

S m a l l - s c a l e  e l e c t r i c  s y s t e m s ,  ' w e l l - h e a d  
g e n e r a t o r s '  ( ranging i n  s i z e  from 40 kW t o  10 
MW) a re  b e g i n n i n g  t o  be s o l d  t h r o u g h o u t  t h e  
w e s t e r n  U.S., d e s p i t e  u n c e r t a i n t y  r e g a r d i n g  
o p e r a t i o n a l  performance and system r e l i a b i l i t y .  
T h e s e  s y s t e m s  c a n  d r a m a t i c a l l y  improve t h e  
cos t -e f fec t iveness  of developing many moderate 
temperature  (90-150°C o r  200-300°F) resources  i n  
t h e  s t a t e .  By c a s c a d i n g  t h e  h e a t  f rom t h e  
well-head genera tor  t o  d i r e c t  use  a p p l i c a t i o n s ,  
s e v e r a l  d i s t r i c t  h e a t i n g  and a g r i - b u s i n e s s  
complexes become economically f e a s i b l e .  However, 
l ack ing  a commercial t r a c k  record ,  t h e s e  small- 
s c a l e  e l e c t r i c  s y s t e m s  may r e q u i r e  u n i q u e  
approaches t o  f inanc ing ,  design,  warranty agree- 
ments and s e r i o u s  a t t e n t i o n  t o  r e l i a b l e  opera t ion  
and maintenance. 

IMPEDIMENTS TO DEVELOPMENT 

Following t h e  assessment and ranking of resource 
areas and end-use a p p l i c a t i o n s ,  t h e  next  s t e p  was 
t o  i d e n t i f y  t h e  major impediments prevent ing t h e  
widespread adopt ion of geothermal energy i n  these  
areas and by these  end-users. CEC geothermal 
s t a f f ,  i n  p r e p a r i n g  f o r  t h e  f o u r t h  B i e n n i a l  
Report t o  the  L e g i s l a t u r e ,  i d e n t i f i e d  four  major 
impediments :  r e s o u r c e  r i s k ,  c a p i t a l  a v a i l -  
a b i l i t y ,  l a c k  o f  t e c h n i c a l  e x p e r t i s e  a n d  
r e g u l a t o r y  d i s i n c e n t i v e s .  

1. 

2. 

3. 

While up t o  50 percent  of t h e  t o t a l  c o s t s  of 
a d i r e c t  u s e  p r o j e c t  c a n  be s p e n t  f o r  
resource development, t h e r e  i s  no guarantee 
t h e  w e l l  w i l l  produce t h e  necessary temper- 
a t u r e ,  f l o w  r a t e  o r  water q u a l i t y  f o r  
t h e  a p p l i c a t i o n .  Well c o s t s  i n c r e a s e  
exponent ia l ly  wi th  depth,  making resource 
c o n f i r m a t i o n  a n d  d e v e l o D m e n t  t h e  malor  
expense and g r e a t e s t  r i s k  of a geothermal 
venture .  

Given high i n t e r e s t  rates and g e n e r a l l y  poor 
economic c o n d i t i o n s .  t h e  l a c k  of caDi t a l  
a v a i l a b i l i t y  ( a t  reasonable  c o s t )  f o r  d i r e c t  
u s e  p r o j e c t s  a re  s i g n i f i c a n t l y  s l o w i n g  
a d o p t i o n  of  t h i s  t e c h n o l o g y .  Direct u s e  
geothermal p r o j e c t s  r e q u i r e  l a r g e  amounts of 
c a p i t a l  t o  develop t h e  resource  and d e l i v e r y  
sys tems.  The c o s t  of f i n a n c i n g  must be  
added  t o  t h e  c o n v e n t i o n a l  p r o j e c t  con- 
s t r u c t i o n  c o s t s ,  and i s  t h e  s i n g l e  l a r g e s t  
annual  expense. 

Although geothermal resources  occur  i n  46 of 
C a l i f o r n i a ' s  58 count ies ,  and are r e a d i l y  
a v a i l a b l e ,  t h e  fol lowing f a c t o r s  c o n t r i b u t e  
t o  r e t a r d i n g  r a p i d  market development: a )  

t h e  g e n e r a l  p u b l i c  h a s  l i t t l e  knowledge 
r e g a r d i n g  p o s s i b l e  low- tempera ture  geo- 
t h e r m a l  a p p l i c a t i o n s  and t h e  a t t e n d a n t  
problems are o f t e n  g r e a t l y  exaggerated; b) 
developments w i l l  not be s e r i o u s l y  consid- 
e r e d  u n t i l  t h e y  are  proven  f e a s i b l e  f rom 
both an engineer ing and a n  economic bas is ;  
and c )  l e g a l ,  i n s t i t u t i o n a l  and e n v i r o n -  
mental  c o n s t r a i n t s  p e c u l i a r  t o  d i r e c t  use 
deve lopment  a re  beyond t h e  e x p e r i e n c e  of  
many communi t ies  and p o t e n t i a l  u s e r s .  

4. Excessive r e g u l a t i o n s  s i g n i f i c a n t l y  impede 
development  a s  most r e g u l a t o r y  a g e n c i e s  
cont inue t o  i n c o r r e c t l y  perceive d i r e c t  use  
development 'as a high r i s k  venture  wi th  t h e  
same i m p a c t s  a s  l a r g e - s c a l e  e l e c t r i c  
development  a t  t h e  Geysers  o r  I m p e r i a l  
V a l l e y .  To a c h i e v e  a maximum r e a s o n a b l e  
i n c r e a s e  i n  use ,  regula tory  agencies  should 
recognize t h a t ,  i n  most cases ,  d i r e c t  use  
p r o j e c t s  employ water w e l l  t e c h n o l o g y  t o  
d r i l l  t o  s h a l l o w  d e p t h s  and r e s u l t  i n  a n  
environmental ly  benign development. 

MARKET DEVELOPMENT 

Successfu l  commercial development of p r i o r i t y  
resource  areas and end-use a p p l i c a t i o n s  r e q u i r e s  
a n  i n t e n s i v e ,  cooperat ive e f f o r t  between business  
a n d  g o v e r n m e n t  t h a t  i s  a i m e d  d i r e c t l y  a t  
m i t i g a t i n g  t h e  four  major impediments. 

Candidate p r o j e c t s  a t  p r i o r i t y  areas which employ 
p r i o r i t y  a p p l i c a t i o n s ,  have been d e f i n e d  and  
a n a l y z e d  a s  a c o n t i n u a t i o n  o f  t h e  m a r k e t  
development cont rac t .  P o t e n t i a l  a g r i c u l t u r a l  
complexes have been i d e n t i f i e d  a t  Wendel and East 
Mesa. The former inc ludes  small-scale electric 
and greenhouse opera t ions  and t h e  l a t te r  inc ludes  
animal feed  production, swine r a i s i n g  and food 
processing.  Beat ing d i s t r i c t s  cascaded from a 
small-scale e lectr ic  system have been examined 
f o r  C a l i p a t r i a  and  B r i d g e p o r t .  T h i s  marke t  
a s s e s s m e n t  e f f o r t  conf i rmed t h a t  r e s p o n s i b l e  
businessmen are s e r i o u s l y  consider ing t h i s  form 
of a l t e r n a t i v e  energy. Their  p a r t i c i p a t i o n  is  
expected t o  be paced only by t h e  genera l  economy 
and high c o s t  of money. These businessmen are 
f i n a n c i a l l y  committed t o  t h e i r  own businesses .  
Most expect  t h a t  a community, p r i v a t e  developer  
o r  cooperat ive d i s t r i c t  energy group w i l l  develop 
and s u p p l y  t h e  g e o t h e r m a l  e n e r g y  i n  a manner 
s i m i l a r  t o  o t h e r  u t i l i t i e s  ( e . g . ,  water and  
sewer). 

To develop a market i n f r a s t r u c t u r e  and s t i m u l a t e  
new p r o j e c t s ,  t h e  CEC s t a f f  p resents  the  r e s u l t s  
o f  t h e  m a r k e t  s t u d y  t o  communit ies  n e a r  h i g h  
p r i o r i t y  r e s o u r c e  a r e a s .  E m p h a s i s  i s  on 
expla in ing  t h e  geothermal development as a method 
of a t t r a c t i n g  i n d u s t r y  and encouraging t h e  area's 
economic growth. For i n d u s t r i e s  r a t e d  as high 
p r i o r i t y  end-use a p p l i c a t i o n s ,  contac ts  have been 
e s t a b l i s h e d  wi th  l e a d e r s  i n  t h e  i n d u s t r y ,  and 
information packets  addressing the  b e n e f i t s  of 
d i r e c t  u s e  f o r  t h e  s p e c i f i c  i n d u s t r y  c a n  be  
furnished.  P r e s e n t a t i o n  a t  t rade  a s s o c i a t i o n  
meetings and articles f o r  t r a d e  journa ls  are a l s o  
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being implemented t o  communicate t h e  b e n e f i t s  t o  BIBL IOGRAPUY 
t h e  e n t i r e  industry.  

"Guide t o  F inancia l  Assis tance f o r  Geothermal 
The C E C  o f f e r s  t e c h n i c a l  a s s i s t a n c e  f o r  geo- E n e r g y , "  March 1 9 8 2 ,  C a l i f o r n i a  E n e r g y  
t h e r m a l  d i r e c t  u s e  and  small-scale e l e c t r i c  Commission ( P u b l i c a t i o n  No. P500-81-030). 
p r o j e c t s ,  t h r o u g h  a c o n t r a c t  w i t h  t h e  Oregon 
I n s t i t u t e  o f  T e c h n o l o g y  ( O I T ) .  I n - f i e l d  
t e c h n i c a l  s u p p o r t  s e r v i c e s  a r e  o f f e r e d  t o  
resource owners, developers  and p o t e n t i a l  end- 
users .  Such s e r v i c e s  inc lude  on-s i te  inves t iga-  
t i o n s  and c o n s u l t a t i o n ,  and prel iminary assess- 
ment of a p r o j e c t  ' s  e n g i n e e r i n g  and economic 
f e a s i b i l i t y .  The a s s i s t a n c e  determines i n i t i a l  
f e a s i b i l i t y  and c a n  a s s i s t  t h e  d e v e l o p e r  i n  
obta in ing  f i n a n c i a l  support  by reducing inves t -  
ment r i s k .  

Larson, Tod, May 1980, "Uirect Use of Geothermal 
Energy  i n  C a l i f o r n i a :  A Market S u r v e y " .  
P r e p a r e d  by S c i e n c e  A p p l i c a t i o n s ,  I n c .  
f o r  t h e  C a l i f o r n i a  E n e r g y  C o m m i s s i o n  
( P u b l i c a t i o n  No. P500-81-027). 

Longyear, A. B. and J .C . Jeskey , E d i t o r s ,  J u l y  
1976. "Susanvi l le  Geothermal Energy P r o j e c t  
- Worklshop Proceedings" C i t y  of S u s a n v i l l e  
and Department of Energy (SAN-1077-4). 

F e d e r a l  l ease  r e v e n u e s  d i s p u r s e d  t o  c e r t a i n  Longyear, A.B., A p r i l  1978. "Survey of Se lec ted  
c o u n t i e s  and t o  t h e  CEC,  p r o v i d e  f u n d s  f o r  I n d u s t r i e s  f o r  P o t e n t i a l  Branch P l a n t s  - 
geothermal planning and development. With i t s  Susanvi le  Geothermal Energy P r o j e c t , "  Fred 
p o r t i o n  of the  revenues,  t h e  CEC has  e s t a b l i s h e d  Longyear Co. 
t h e  Local Government Grant Program. These g r a n t s  
c a n  be  used  by l o c a l  government  e n t i t i e s  f o r  Longyear, A.B. e t  a l . ,  January 1982. "Geothermal 
resource  confirmation,  as c a p i t a l  f o r  demonstra- 
t i o n  p r o j e c t s  o r  t o  p l a n  f o r  f u t u r e  development. 

Direct use  and small-scale e lectr ic  demonstrat ion 
p r o j e c t s  c a n  be p a r t i a l l y  funded  by t h e  CEC.  
Such p r o j e c t s  w i l l  p r o v i d e  a c t u a l  o p e r a t i n g  
e x p e r i e n c e ,  p roduce  d a t a  on p e r f o r m a n c e  and  
c o s t s ,  and s e r v e  as models  f o r  d u p l i c a t i o n  
elsewhere by t h e  p r i v a t e  s e c t o r .  

Energy: Opportuni t ies  f o r  C a l i f o r n i a  Commerce 
(Phase I)." Prepared by Lahontan; Inc.  f o r  
t h e  C a l i f o r n i a  Energy Commission ( P u b l i c a t i o n  
NO. P500-82-008). 

Longyear, A.B. e t  a l . ,  June 1982, "Geothermal 
Energy Oppor tuni t ies  f o r  C a l i f o r n i a  Commerce 
( F i n a l  Report) .  *' Prepared by Lahanton, Inc.  
f o r  t h e  C a l i f o r n i a  Energy Commission. 

"Map of Geothermal  Resources  o f  C a l i f o r n i a , "  
1980.  D i v i s i o n  of  M i n e s  a n d  G e o l o g y ,  
C a l i f o r n i a  Department of Conservation. 

TABLE 1 

PRIOkITY AREA EVALUATION CRITERIA 

A. RESOURCE DEVELOPILENT 

TEMPERATUKE 

WELL DEPTH 

TOTAL DISSOLVED SOLIDS 

DISTANCE TO POTENTIAL APPLICATION SITE 

LOCAL PERMITTING FOR TOTAL PROJECT 

B. ECONOMIC DEVELOPMENT FACTORS 

o ADEQUATE LABOR BASE 
o COMMUNITY SERVICES 
8 CONCENTRATED HEAT LOA3 
0 LAND COSTS 
8 ATTKACTlVE L I V I N G  CONDITIONS 
o OVERRIDING FACTORS 

Above 5OoC (122'F) 

L e s s  than 760 m (2,500 f t )  
P r e f e r  460 m (1,500 f t . )  o r  less 

Less than 5,000 ppm 
P r e f e r  1,000 ppm o r  less 

L e s s  than 1.6 km (1 m i )  

Less than 9 months 

e ALJEQUATE TRANSPORTATION TO MAJOR MARKETS 
o RAW MATEKIALS 
o REASONABLE UTILITIY KATES 
o FAVORABLE BUSINESS CLIMATE 
o LOCAL FINANCIAL INSTITUTIONS 
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P r i o r i t v  I 

S u s a n v i l l e  

L i t c h f i e l d  

S a l t o n  Sea  F i e l d  

O n t a r i o  Hot S p r i n g s  

Lake E l s i n o r e  

TABLE 2 

TARGET COMMUNITIES I N  GEOTIIEWlAL RESOURCE AREAS 

P r i o r i t y  I1 P r i o r i t y  I11 

Calis toga 

Ke l ly  Hot S p r i n g s  

S i e r r a  V a l l e y  

Mammoth Lakes  

Trona  

Mecca 

Pasa  Rob les  

San  Berna rd ino  

FIGURE 1 

PRIORITY GEOTHERMAL RESOURCE AREAS 

Sonoma V a l l e y  0 Napa Va l l ey  

Wendel - Amedee 0 S u r p r i s e  Va l l ey  

Br idge  p o r t  0 L i k e l y  

Lake I s a b e l l a  0 Basse t t -Ke l log  S p r i n g s  

Desert Hot S p r i n g s  0 Twenty-Nine Palms 

E a s t  Mesa F i e l d  0 Winches t e r  Area 

L.A. B a s i n  0 Warner Hot S p r i n g s  

TABLE 3 

PKIOKITY APPLICATION CKITERIA 
~~ 

0 

0 

0 

0 

0 

0 

0 

0 

ECONOMIC OUTLOOK 

ENERGY SENSITIVITY 

REPLICATION 

GEOTHERMAL COMPAT I B  ILTIY 

ECONOklIC DEVELOPMENT FACTOKS 

HISTOKICAL USE (WORLDWIDE) 

BRANCH PLANTS 

OVERRIDING FACTOKS 
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