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GEOTHERMAL ENERGY FOR INDUSTRIAL APPLICATIONS 

I n t r o d u c t i o n  

Geothermal  e n e r g y ,  h e a t  f r o m  t h e  e a r t h ,  has been known and used 

f o r  c e n t u r i e s .  Anc ien t  nian found ho t  waters  and vapors t h a t  i ssued f rom 

w i t h i n  t h e  e a r t h  b o t h  u s e f u l  and b e n e f i c i a l .  Geothennal waters cooked 

t h e i r  food, heated t h e i r  s h e l t e r  and cured t h e i r  s icknesses. A t t e n t i o n  i s  

aga in  be ing  t u r n e d  t o  geothermal energy as an a l t e r n a t i v e  t o  f o s s i l  f u e l s  

t h a t  a r e  r a p i d l y  becoming more expensive. 

The Resource 

The source o f  geothermal energy i s  t h e  heat f rom t h e  e a r t h ' s  n iant le  

and c o r e  a long w i t h  heat generated w i t h i n  t h e  c r u s t  by t h e  decay o f  r a d i o -  

a c t i v e  e l  ements. Temperatures b e l  ow t h e  e a r t h ' s  s u r f a c e  a r e  deterrni ned 

p r i m a r i l y  b y  t h e  c o n d u c t i v e  f l o w  o f  h e a t  t h r o u g h  s o l i d  r o c k s ,  b y  t h e  

c o n v e c t i v e  f l o w  o f  c i r c u l a t i n g  l i q u i d s ,  o r  by l o c a l  i n t r u s i o n s  o f  magmatic 

m a t e r i a l s  i n t o  t h e  c r u s t .  

Where conduct ion  i s  t h e  dominant mode o f  heat t r a n s f e r ,  teniperatures 

i n c r e a s e  c o n t i n u o u s l y  w i t h  depth; t h e  g r a d i e n t  be ing  determined by t h e  

r o c k ' s  thermal  c o n d u c t i v i t y .  "Normal" temperature g r a d i e n t s  range froi i i  8" 

t o  50"C/kni (4.4" t o  27.4"F/1000 f t ) .  Thus, i n  areas o f  "normal"  ternpera- 

t u r e  g rad ien ts ,  t h e  teniperature a t  10,000 ft d e p t h  w i l l  be f rom 44" t o  

274°F above t h e  ambient s u r f a c e  temperature.  

A r e a s  w i t h  h i y h  t e m p e r a t u r e  , g r a d i e n t s ,  t h a t  w o u l d  be c o n s i d e r e d  

econorriical l y  a t t r a c t i v e  f o r  e x p l o i t a t i o n ,  u s u a l l y  r e s u l t  f rom l a r g e  igneous 

i n t r u s i o n s  o r  hydro t  herrnal -convec t ion  systems. 
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Hydrot  hermal-convect ion systems a r e  t h e  most f r e q u e n t  geo log ic  occur-  

ences t h a t  c r e a t e  p o t e n t i a l  l y  economic e x p l o i t a b l e  geot h e m a l  resources. 

In hydro t  hernial -convect i o n  s y s t e m ,  most o f  t h e  heat i s t r a n s p o r t e d  i n 

c i r c u l d t i n g  f l u i d s ,  e i t h e r  l i q u i d  water  o r  steam. A convec t ion  system can 

t r a n s f e r  heat upward toward t h e  s u r f a c e  w i t h  a sr i ial l  temperature g r a d i e n t .  

I n  t h i s  way, energy a t  useful  temperatures can be tapped a t  economical ly  

s h a l l o w  d e p t h s .  The f l u i d s  i n  a h y d r o t h e r m a l - c o n v e c t i o n  s y s t e m  a l s o  

p r o v i d e  a convenient  medium f o r  removing t h e  heat energy s t o r e d  i n  t h e  

rock and f l u i d  o f  t h e  convec t ing  system. 

There a r e  two t y p e s  o f  hydrot  hernial systems: vapor-domi nated and 

l iqu id -dominated .  Vapor-dominated systems produce s a t u r a t e d  o r  s l i g h t l y  

superheated steam. Whi le  t h e  'product ion o f  d r y  steam i s  v e r y  d e s i r a b l e ,  

vapor-dominated systems a r e  r a r e .  The Geysers, C a l i f o r n i a ;  L a r d e r e l  l o ,  
I t a l y ;  and Matsukawa, Japan, a re  vapor-domi nated systems. Liquid-domi nated 

systems a r e  t h e  more conimon hydrothermal systems and produce l i q u i d  water  

o r  a m i x t u r e  o f  water  and steam a t  t h e  wellhead. The steam f r a c t i o n  can 

range up t o  30% o f  t h e  t o t a l  mass f l o w  f rom a w e l l .  

Two o t h e r  t y p e s  o f  s y s t e m  t h a t  have n o t  y e t  been e x p l o i t e d ,  b u t  t h a t  

s t o r e  l a r g e  amounts o f  geot  herriial energy, a r e  geopressured systems and hot  

d r y  rock.  Geopressured systems a r e  c h a r a c t e r i z e d  by h i g h  1 i q u i d  pressures 

caused by t h e  weight  o f  o v e r l a y i n g  sediments, and a r e  fourid i n  deep s e d i -  

mentary bas ins a long t h e  G u l f  coas t  o f  t h e  U.S. The f l u i d s  i n  t h e  yeopres- 

sured systems may be s a t u r a t e d  w i t h  hydrocarbons. The U.S. Department o f  

Energy (DOE) has research  underway t o  e v a l u a t e  these resources. 

Hot dry rock  systems a r e  bodies o f  very  low p e r m e a b i l i t y  rock ,  such as 

igneous i n t r u s i o n s  which have r e t a i n e d  h i g h e r  temperatures than t h e i r  

Surroundings. They d o  n o t  c o n t a i n  water  t h a t  c o u l d  serve as a heat t r a n s -  

p o r t  f l u i d .  Los Alamos S c i e n t i f i c  Labora tory  i s  deve lop ing  techniques t o  

d r i l l  i n t o  these hot  d r y  rock  masses, c r e a t e  f r a c t u r e s  t o  p r o v i d e  perinea- 

b i l i t y ,  and c i r c u l a t e  water  t h r o u g h  t h e  f r a c t u r e s  t o  t r a n s p o r t  t h e  heat 

energy t o  t h e  sur face.  
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systems are concentrated in the seismicly active regions 
shown in Fig. 1. These regions are typified by a thinner 
loca l  magmatic i n t rus ions .  Thick sediments or highly 

provide permeability and pathways for  groundwater t o  reach 
deep heat sources and form hydrot hemal -convective systems. 

Figure 2 shows the location of hot springs in the United States. 
Most, i f  n o t  a l l ,  of t hese  spr ings  a r e  assoc ia ted  with hydrothermal- 
convection systerris. The U. S. Geological Survey (Ref. 3 )  estimates the 
recoverable  thermal energy i n t h e  i d e n t i f i e d  hydrothermal convection 
systems with temperatures above 90°C t o  be 400 x 1015 B t u  (400 Quad). 
They also estimate the undiscovered accesible resource base t o  be 2.76 
times the identified accessible resource base. If the recoverable thermal 
energy fraction of the undiscovered systems i s  the same as assumed fo r  the 
identified systems, then the total  recoverable thermal energy i s  1500 
Quad. Some of the bet ter  understood U.S. geothermal resources are l i s t ed  
in Table 1. 

Geothermal resources are tapped by d r i l l i ng  wells into the penlieable 
rocks of a hydrothermal system and removing the f luid.  Well depths range 
from a few hundred fee t  t o  8000 f t .  Many geothermal wells are naturally 
a r t e s i a n  and  w i l l  flow hot water o r  a mixture of h o t  water a n d  steain 
w i t h o u t  pumping. Downwell pumps can be used t o  increase  well  f l o w  o r  t o  

prevent the water frorn flashing t o  steam in the wellbore. 

The f l u i d s  in a hydrothermal system a r e  in chemical equi l ibr iuni  
with t h e  rocks in which they are s t o r e d ,  This means t h a t  t h e  f l u i d s  
contain dissolved sol ids  and gases. Total dissolved sol ids  range froin 500 
ppibi t o  250,000 ppm, with most resources containing less  t h a n  5000 ppm. 
These dissolved solids affect  the scale-forming potential of the particular 
geothermal f lu id ,  and the design of heat exchange and other equipment 
should take t h i s  into account. 
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A p p l i c a t i o n s  o f  t h e  Resource 

Worldwide, t h e  use o f  geothermal energy, n o t  i n c l u d i n g  minera l  baths 

o r  spas, i s  approx imate ly  even ly  d i v i d e d  between e l e c t r i c a l  genera t ion  and 

n o n - e l e c t r i c  d i r e c t  heat uses. A t  p resent  t h e  w o r l d  geothermal e l e c t r i c a l  

genera t iny  c a p a c i t y  i s  about 1800 MWe, w i t h  t h e  U.S. t h e  l a r g e s t  s i r i g l e  

producer  a t  608 MWe. A l l  of  t h e  U.S. e l e c t r i c a l  genera t ing  c a p a c i t y  i s  

p r e s e n t l y  l o c a t e d  a t  The tieysers, C a l i f o r n i a .  The Geysers i s  a vapor- 

dorni nated resource  approx imate ly  40 m i  1 es n o r t h  o f  San Franc isco  t h a t  has 

been produc ing  e l e c t r i c i t y  f o r  over  15  years.  Cont inued development t o  

over  2000 NWe by 1987 i s  planned, w i t h  c a p a c i t y  b e i n g  added i n  50, 100 and 

130 MWe i ncrernents. 

G e n e r a t i o n  o f  e l e c t r i c i t y  f r o m  v a p o r - d o m i n a t e d  systems i n v o l v e s  
g a t h e r i n g  t h e  dry steam front p r o d u c t i o n  w e l l s  and expanding i t  i n  stearn 

t u r b i n e s .  Turb ine  i n l e t  pressures a t  The Geysers a r e  approx imate ly  100 
ps ig .  Noncondensable gases a r e  t y p i c a l l y  p resent  i n  t h e  geotherriial stearri 

i n  c o n c e n t r a t i o n s  up t o  a few percent.  These gases a r e  p r i m a r i l y  C O 2 ,  

w i t h  some HzS, CI-14, H2, N2, A, and "3. Turb ine  and condenser m a t e r i a l s  

must t a k e  i n t o  account these contaminants;  o therwise,  t h e r e  i s  l i t t l e  

change f rom convent iona l  steam technology. E l e c t r i c a l  p r o d u c t i o n  from t h e  

vapor-donii nated system a t  Lardere l  l o ,  I t a l y ,  began i n 1905 and c o n t i n u e s  

today . 
L i  quid-domi nated resources present  a d i  f f e r e n t  u t i  1 i z a t  i o n  problem 

t h a n  vapor-dominated resources. Larger  t o t a l  mass f l o w s  o f  f l u i d  must be 

removed f rom t h e  r e s e r v o i r ,  because t h e  eneryy i s  a v a i l a b l e  p r i r r i a r i l y  as  

sens ib le ,  n o t  l a t e n t ,  heat. E l e c t r i c i t y  i s  p r e s e n t l y  produced f rom 1 i q u i d -  

dominated r e s e r v o i r s  by f l a s h i n g  t h e  l i q u i d  w a t e r  f rom t h e  r e s e r v o i r  and 

expanding t h e  r e s u l t i n g  steam i n  a t u r b i n e .  Flashed stearn power p l a n t s  a r e  

i n  o p e r a t i o n  i n  New Zealand, Japan, Mexico, E l  Salvador,  and Ice land.  Both  

s i n g l e - s t a g e  and two-stage (F ig.  3) f lashed steam power p l a n t s  a r e  i n  use. 

A n o t h e r  e l e c t r i c a l  p r o d u c t i o n  p r o c e s s  i s  a c l o s e d  R a n k i n e  c y c l e  

o r  " b i n a r y  c y c l e "  (F ig .  4) .  I n  t h e  h i n a r y  c y c l e  a work ing f l u i d  such as 
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i sobutane o r  isopentane i s  heated and vapor ized  by t h e  geothermal f l u i d  and 

t h e n  expanded t h r o u g h  a t u r b i n e  t o  e x t r a c t  mechanical work. The b i n a r y  

c y c l e  has t h e  p o t e n t i a l  f o r  r e q u i r i n y  lower  geothermal f l u i d  f l o w s  f o r  a 

g i v e n  p l a n t  c a p a c i t y  t h a n  t h e  f l a s h e d  steam process. The b i n a r y  c y c l e  i s  

e s p e c i a l l y  s u i t a b l e  f o r  a p p l i c a t i o n  t o  resources below 2 0 0 O C .  N o  b i n a r y  

c y c l e  p l a n t s  a r e  i n  p resent  commercial opera t ion .  

P r e s e n t  d i r e c t  h e a t  a p p l  i c a t i o n s  o f  g e o t  hermal  e n e r g y  a r e  space 

heat ing,  domest ic ho t  water,  greenhouses, f i s h  farming, and i n d u s t r i a l  

process heat. D i s t r i c t  space h e a t i n g  and domest ic ho t  water  s y s t e m  a r e  i n  

o p e r a t i o n  i n Ice1 and, Hungary, Japan, USSR and France. I n d i v i d u a l  space 

h e a t i n g  systems have been i n  use i n  Klamath F a l l s ,  OR and Boise,  I D  f o r  

o v e r  50 years.  Small d i s t r i c t  h e a t i n y  systems a r e  a l s o  i n  Opera t ion  i n  

these c i t i e s .  D i r e c t  heat a p p l i c a t i o n s  u s i n g  geothermal energy a r e  l o c a t e d  

i n  severa l  western s t a t e s  and i n  Ice land,  Japan, Hungary and o t h e r  c o u n t r i e s .  

I n d u s t r i a l  process heat i s  one o f  t h e  most a t t r a c t i v e  and p o t e n t i a l l y  

s i g n i f i c a n t  a p p l i c a t i o n s  o f  yeothermal energy. I n  t h e  U.S., t h e  amount o f  

i n d u s t r i  a1 process heat used a t  temperatures below 400°F i s  approx imate ly  

equal t o  t h e  energy used f o r  r e s i d e n t i a l  and commercial space heat ing  and 

domest ic hot water. I n d u s t r i a l  process heat w i t h  i t s  l a r g e  p o t e n t i a l  

demand, l o c a l i z e d  loads,  and r e l a t i v e l y  h i g h  c o n s t a n t  l o a d  f a c t o r s  i s  an 

a t t r a c t i v e  cand ida te  f o r  geothermal energy u t i 1  i z a t i o n .  

Design ins o r  adapt ing  a p l a n t  f o r  geotherrlial process heat w i l l  most 

b e n e f i t  t h o s e  p r o c e s s e s  t h a t  r e q u i r e  l a r g e  amounts o f  heat .  The u s e  

of 1 ower-cost geot  hermal process heat w i  11 have t h e  g r e a t e s t  ecorionii c 

e f f e c t  on those produc ts  t h a t  have a l a r g e r  p o r t i o n  o f  t h e i r  c o s t  i n  heat 

energy. The l a r g e  h,eat-energy i n t e n s i v e  i n d u s t r i e s  a re :  food and f o o d  

products ,  paper and ,a1 l i e d .  products ,  chemicals,  and pet ro leum and coa l  t a r  

products .  P1 an ts  i n  these i - n d u s t r i e s  have - g r e a t -  p o t e n t i a l  f o r  reduc ing  

t h e i r  dependence on f o s s i l  f u e l  energy and f o r  reduc ing  t h e i r  energy c o s t s  

by c o n s i d e r i n g  t h e  use o f  yeothermal energy. 
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Several processes impor tan t  t o  the food processing i ridustry are we1 1-  
suited f o r  adapting t o  yeotherilia1 energy: drying, evaporationlcrystall iz- 
a t i o n ,  cooking, and absorption refriyeration. Some d r y i n g  processes are 
1 inii ted i n  the rnaxinium temperatures t h a t  can be used; here, geot hernia1 
f l u i d  temperatures are direct  rep1 acernents. Other dryi n y  processes t h a t  
presently use conibustion Gases direct ly  can  be modified t o  use finned-tube 

l izat ion processes t o  geotherrrial energy i s  discussed i n  Reference 12. Both  
ammonia-water and  l i t h i u m  bromide-water absorption refriyeration systenis 
can be "fueled" w i t h  geothermal f l u i d  (Ref. 14 ) .  

' a i r  heaters a n d  longer dryer residence times. A d a p t i n g  evaporationlcrystal- 

Integrated paper mills are prinx candidates for direct  use of yeother- 
nial energy i n  t h e i r  bleached k r a f t  paper processes a n d  i n  the evaporation 
of black l iquor .  Many of the p u l p  and paper mills are a l ready  located i n  
the geothermal areas of the Pacific Northwest and California and near the 
Gulf Coast where geopressured resources are under investigation. ,--- 

The cherni cal  industry has several processes t h a t  consume 1 arge amounts 
of process steani which could be supplied from geothermal sources. The niost 

important  o f  these processes are:  aluriiina v i a  the Bayers Process, caustic 
soda from d i a p h r a m  c e l l s ,  c e l l u l o s e  a c e t a t e ,  MgC12 plus  soda ash v i a  
Bicarbonate Process, and  soda ash v i a  the Sesqui Process. The raw materials 
f o r  these chemical processes are also found i n  the geothermal areas of the 
Western U.S. 

Integrating geothermal energy into a process or plant design should 
take into account the character is t ics  of the geothermal "fuel". There w i l l  
be an upper 1 imi t on the a v a i  1 ab1  e maximum temperature. Temperatures 
higher t h a n  those available froni the geothernial f luid may be required in 
certain parts of the process; so i t  may not be possible t o  cornpletely 
eliminate the need for  fossi l  fuel. Different processes o r  equipment t h a n  
now used with foss i l  fuel niay be required. 

Many fossi l  fueled plants use process steam i n  steam turbines t o  
drive pumps a n d  other machinery. When a d a p t i n g  such a p l a n t  t o  geothermal 
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f u e l ,  c o n s i d e r a t i o n  must be g i v e n  t o  s u b s t i t u t i n g  e l e c t r i c a l  d r i v e s .  The 

e l e c t r i c a l  energy can t h e n  be purchased o r  cogenerated fror,i t h e  geothermal 

f u e l .  The r e l a t i v e  amounts o f  geothermal, f o s s i l  and e l e c t r i c a l  energy 

used i n  a p l a n t  must be determined by c o n s i d e r i n g  t h e  c o s t ,  a v a i l a b i l i t y  

and re1  i a b i l  i t y  o f  each energy source. Optimuni process c o n d i t i o n s  may 

change, a s  w e l l  as t h e  opt imum r a t i o  o f  c a p i t a l  and o p e r a t i n g  c o s t s .  

Several  i n d u s t r i a l  process heat a p p l i c a t i o n s  a r e  i n  s e r v i c e  th roughout  

t h e  w o r l d  and are  l i s t e d  i n  Table 2. These a r e  a l l  p l a n t s  t h a t  have been 

e s p e c i a l l y  designed and s i t e d  t o  t a k e  advantage o f  a geothernial resource. 

One, t h e  M y v a t i n  d i a t o m i t e  p l a n t  i n  I c e l a n d ,  e x p l o i t s  a water  covered 

d e p o s i t  wh ich  c o u l d  no t  be developed w i t h o u t  t h e  a v a i l a b i l i t y  o f  arriple and 

inexpens ive  p o t  hermal energy. More d e t a i  1 ed i n f o r m a t i o n  on t h e s e  appl  i c a -  

t i o n s  can be ob ta ined f rom t h e  References l i s t e d .  

Recent DOE sponsored s t u d i e s  have i n v e s t i g a t e d  severa l  i n d u s t r i a l  

processes f o r  t h e i r  a d a p t a b i l i t y  t o  geothermal process heat (Refs. 11-15). 

As a r e s u l t  o f  a r e c e n t  Program O p p o r t u n i t y  Not ice,  DOE i s  c o n t r a c t i n g  w i t h  

i n d u s t r y  f o r  f i e l d  experirr ients t h a t  w i l l  he lp  t o  demonstrate t h e  d i r e c t  use 
o f  geothermal energy. These f i e l d  exper iments w i l l  i n c l u d e  r e t r o f i t t i n g  

p o r t i o n s  o f  a sugar beet process ing p l a n t  and o f  a p o t a t o  p rocess ing  p l a n t  

t o  use geothermal energy. 

The c o s t  o f  geothermal energy w i l l  va ry  depending upon t h e  circurn- 

stances o f  each i n d i v i d u a l  resource. Whi le  t h e r e  a r e  no e x i s t i n g  l a r g e  

i n s t a l l a t i o n s  i n  t h e  U.S., r e c e n t  s t u d i e s  have e s t i m a t e d  t h e  c o s t  o f  

geothermal energy f o r  i n d u s t r i a l  process use a t  f rom $0.50/106 B t u  t o  

$5.00/106 Btu, depending upon t h e  p a r t i c u l a r  s i t e  and process s tud ied.  

S ince geothermal energy i s  d e l i v e r e d  as ho t  water  o r  steam, convers ion  

e f f i c i e n c i e s  s h o u l d  be t a k e n  i n t o  a c c o u n t  i n  c o m p a r i n g  e n e r g y  c o s t s .  

B o i l e r s  o r  water  heaters  u s i n g  f o s s i l  f u e l s  can c o n v e r t  on ly  70-853 o f  t h e  

f o s s i l  f u e l  energy t o  u s e f u l  thermal  energy. The balance o f  t h e  f o s s i l  

f u e l  energy i s  l o s t  i n  s tack losses.  A1 1 o t h e r  t h i n g s  b e i n g  equal , geo- 

thewnal energy, then, i s  more v a l u a b l e  t h a n  f o s s i l  f u e l  energy by t h e  r a t i o  

o f  100% u t i l i z a t i o n  t o  70-85% u t i l i z a t i o n .  
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Experience in Iceland with d i s t r i c t  heating systerris indicates well 
f i e l d  and collection systeni costs are from $0.15/106 B t u  fo r  300°F t o  
$0.62/106 B t u  for  212°F geothermal fluid.  Their transmission costs run 
$0.04 t o  $0.11/106 B t u  per mile. * Their dis t r ibut ion costs ( t o  the indi- 
vidual hoiiies) are estimated a t  $1.12/106 B t u .  

The Tasman Pulp ana Paper Company Limited has used geothermal energy 
in i t s  Kawerau, New Zealand integrated p u l p ,  paper and timber plant since 
1955, O u t  of a to ta l  process steam demand of 820,000 l b / h r ,  200,000 l b / h r  
i s  supplied by geothermal steam. Up t o  320,000 lb/hr o f  100 psig geothermal 
steam i s  also supplied t o  a 10 M W  noncondensing turbo-generator. From 1970 
t o  1974, the average yearly maintenance cost of the geothermal system, 
excludiny the turbo-generator, was $84,000. I n  1974, i t  was estimated t h a t  
the p l a n t ' s  yearly purchased fuel costs were reduced by 70% ($2.2 million) 
by the use of geothermal energy. The Tasman Company's total  investment i n  

the devel oprnent of geot herriial energy for  i t s  Kawerau p l  a n t  i s  approximately 
$5 million. 

Federal e f fo r t s  t o  stimulate the use of geothermal energy i n  the U.S. 
include the Geothermal Loan Guarantee Program. Under t h i s  program, lending 
ins t i tu t ions  a re  insured against default on loans f o r  geothermal projects 
u p  t o  $25 million. The f i r s t  f a c i l i t y  t o  go into operation under th i s  plan 
was the Brady Hot Springs vegetable dryer (Table 2 )  t h a t  began operation 
in November, 1978. The operators of t h i s  f a c i l i t y  estimate t h e i r  geothermal 
energy cost t u  be $2.00/106 B t u  less7 t h a n  the cost of natural gas. 

A Geothermal Component Test Faci l i ty  i s  operated by D O E  a t  East Mesa 
in the Imperial Valley of California. The f a c i l i t y  provides yeottierrnal 
f l u id ,  laboratory f a c i l i t i e s ,  cooling water and other services fo r  the 
tes t ing of geothermal components under f i e l d  conditions. The f a c i l i t y  i s  
managed by the DOE San Francisco Operations Office, Oak land ,  CA. 

Most of the s t a t e s  t h a t  have geothermal resources have active programs 
t o  a s s i s t  private i ndustry t o  develop t h e i r  yeot hemal resources. Respons- 
i b i l i t y  for  t h i s  usually resides with the s t a t e  energy agency or s t a t e  
geol ogi st.  
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The ma jo r  organization representing the private sector in geothermal 
energy devel opirient i s  t h e  Geothermal Resources Counci 1 ,  P .O.  Box 98, 
Davis, CA 95616. The Geothernial Resources Council has a nieinbership of 
approxiniately 1000 individuals representing a1 1 aspects of geot herrnal 
energy development and uti1 ization. I t  sponsors workshops and symposia, 
holds an  a n n u a l  meeting w i t h  technical sessions, and publishes reports a n d  
a bi-inonthly bulletin.  

The use of geothermal energy i s  j u s t  beginning. The increas ing  
cost of petroleum and natural gas since 1973 i s  providing the impetus 
t o  very carefully examine geothermal energy as a resource and t o  determine 
where i t  will f i t  into the energy source spectrum. The question i s  not 
which eneryy source will we use, b u t  in w h a t  ways can we best use each 
source. There are many a t t rac t ive  match-ups between geot hernial eneryy 
resources and industrial  process heat requirements. As time goes by, 
industrial  plants si ted and designed t o  u t i l i ze  geothermal energy will be 
bui l t .  
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Appl i ca t ion  

Pulp & paper  mil 1 
Kawerau , New Zeal and 

EXISTING GEOTHERMAL PROCESS HEAT APPLICATIONS 

Kesou r c e  
temperature  

390°F 
s t earn1 

Capaci ty  

200,000 1 b/ hr 
steam 

Li Br a b s o r p t i o n  
a i r  c o n d i t i o n i n g  
Rotorua , New Zeal and 

300°F 130 t o n  
cool i ng 
1 oad 

A l f a l f a  p e l l e t  d ry ing  
Broadlands,  New Zealand 

350°F 
s t eaiiil 

40,000 l b / h r  
s t  eain 

D i  atornaceous e a r t h  d ry i  ng 
Lake Myvatin, Ice land  

340°F 90,000 1 b/ hr 
steam 

Vegetable  d r y i  ng 
Brady Hot 
Spr ings ,  Nevada 

270°F 

Reference 

0 z 

1This  i s  the tempera ture  a t  which t h e  steam i s  used. The re source  tempera ture  i s  higher .  

TABLE 2 



TYPICAL U.S. HYDROTHERMAL CONVECTION SYSTEMS 

Name of Urea 

C1 e a r  Lake, Cal i f o r n i a  

Westrnorel and, Cal i f o r n i  a 

Heber, Cal i f o r i n a  

Brady Hot Spr ings ,  Nevada 

Bruneau - Grand View, Idaho 

R a f t  River, Idaho 

/1 Ref. 3. - 

Est. Rese rvo i r  Est. We1 1 head Typ. We1 1 Total  
Temperature Thermal Energy F1 ow Rate  D i  ssol ved 

("C) (Quad 1 
- /1 

195 9.8 

21 5 16.7 

180 7.7 

155 2.0 

110 113. 

14 7 1.85 

Sol i d s  
(PPm) 

N/A 

N/A 

80 0 
pumped 

N/A 

N/A 

60 0 
unpumped 

TABLE 1 

m 

15,000 

N/A 

N/A 

<zoo0 

I 

P 
Iu 

m .  
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TWO-STAGE FLASHED STEAM ENERGY CONVERSlON PROCESS 

@ STEAM . 
Ull I n J IUKtllNt-btNtHH 

FLASH VESSEL 
CONDENSER 
7 

COOLING TOWER 

I BRINE [BRINE I WATER PU IM'P I 

MAKEUP 
WA TER 

-rl 
c 
r 
--I 
0 z 
I 

+ 

+ FROM 
PRODUCTION TO 

WELLS REINJECTION 
WELLS 

XBL 784-636 cn 

. =  . '  F i g .  3 Diagram o f  a t w o - s t a g e  f l a s h e d  s t e a m  g e o t h e r m a l  power p l a n t .  



BINARY ENERGY CONWERSION PROCESS 

TURBINE-GENERATOR 

WATER PUMP 

LOW-PRESSURE 

-rl c 
I- 
-I 
0 

+ FROM 

WELLS REINJECTION 

PRODUCTION TO 

WELLS z 
I 

w 
Fig. 4 Diagram of the binary cycle process 

geothermal f 1 u i d . 
for  e lec t r ica l  energy production from XBL 784-635 a 

i 

m a 
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