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WORLDWIDE GEOTHERMAL POWER PLANTS: 

STATUS AS OF JUNE 1980 

Ronald DiPippo* 
Mechanical Engineer ing Department 

Southeas te rn  Massachuset ts  U n i v e r s i t y  
North Dartmouth, Massachuset ts  02747 

I n t r o d u c t i o n  There are 100 geothermal  power 
u n i t s  now i n  o p e r a t i o n  throughout  1 2  c o u n t r i e s ,  
w i t h  a t o t a l  i n s t a l l e d  c a p a c i t y  of  j u s t  over  
2110 MW. The average  u n i t  t h u s  i s  r a t e d  a t  
2 1 . 1  MW. N e w e r  u n i t s  may b e  broadly  c l a s s i f i e d  
as fo l lows:  (a)  wel lhead u n i t s  o f  less t h a n  
5 MW; (b )  s m a l l  p l a n t s  of  about  1 0  MW; 
( c )  medium p l a n t s  of  30-35 MW; ( d )  l a r g e  p l a n t s  
of about  55 MW; and (e )  complexes t y p i c a l l y  
c o n s i s t i n g  o f  s e v e r a l  55 u n i t s  i n  a l a r g e  
geothermal f i e l d .  There i s  a t r e n d  toward 
t u r b i n e  u n i t s  o f  t h e  double-flow t y p e  w i t h  a 
55 MW r a t i n g ,  used e i t h e r  a l o n e  o r  i n  a tandem- 
compound arrangement g i v i n g  110 MW i n  a s i n g l e  
p o w e r  house. This  i s  p a r t i c u l a r l y  e v i d e n t  a t  
The Geysers f i e l d  i n  C a l i f o r n i a .  Double-flash 
u n i t s  (separated-steam fol lowed by a s u r f a c e  
f l a s h )  are s u i t e d  ,to h igh  q u a l i t y  r e s e r v o i r s  
having h i g h  temperature, h i g h  steam f r a c t i o n s  
a t  t h e  wel lhead,  and low s c a l i n g  p o t e n t i a l .  
S i n g l e - f l a s h  u n i t s  ( s e p a r a t e d  steam) may be  
c a l l e d  f o r  where s c a l i n g  by t h e  s p e n t  b r i n e  i s  
a p o t e n t i a l  problem f o r  t h e  l i q u i d  d i s p o s a l  
system. Binary plants are  be ing  used f o r  some 
v e r y  l o w  tempera ture  r e s e r v o i r s ,  p a r t i c u l a r l y  
i n  t h e  P e o p l e ’ s  Republ ic  o f  China, a l b e i t  i n  
extremely small u n i t s .  A l a r g e - s c a l e  p i lo t  
p l a n t  o f  t h e  b i n a r y  t y p e  i s  be ing  planned f o r  
t h e  Imper ia l  Val ley  o f  C a l i f o r n i a .  

Summary Table 1 c o n t a i n s  a summary of t h e  qeo- 
thermal  p o w e r  p l a n t s  i n s t a l l e d  around t h e  world 
by country.  

Table  1. Summary of I n s t a l l e d  
Geothermal Power P l a n t s  

I n s t a l l e d  
Country No.  o f  U n i t s  Capac i ty ,  MW 

China 
E l  Sa lvador  
I c e l a n d  
Indones ia  
I t a l y  
Japan 
Mexico 
N e w  Zealand 
P h i l i p p i n e s  
Turkey 
U . S  . S. R. 

9 
3 
2 
1 

37 
7 
4 

14 
6 
1 
1 

5.186 
95 
32 

0.25 
420.6 

166 
150 

202.6 
224.2 

0 . 5  
5 

United S t a t e s  1 5  809.2 
2110.536 MW 

I t  may b e  seen  t h a t  t h e  U . S .  h o l d s  t h e  l e a d  i n  
i n s t a l l e d  c a p a c i t y .  Futhermore, t h e  average  
u n i t  s i z e  i n  t h e  U.S. i s  about  54 MW, whereas 
i n  I t a l y ,  which o p e r a t e s  t h e  most u n i t s ,  t h e  
average  s i z e  i s  only  11 MW. I t  should a lso b e  
poin ted  o u t  t h a t  t h e  a c t u a l  capacities of t h e  
u n i t s  i n  I t a l y  and i n  New Zealand, t h e  f o u r t h  
l a r g e s t  geothermal  power count ry ,  a r e  w e l l  
below t h e  i n s t a l l e d  v a l u e s  owing t o  d e c l i n e  o f  
t h e  r e s e r v o i r s .  I t a l i a n  gothermal  p l a n t s  have 
been o p e r a t i n g  s i n c e  1904 and t h o s e  i n  N e w  
Zealand s i n c e  1958. The m o s t  r a p i d  g a i n s  are  
t a k i n g  p l a c e  i n  the  P h i l i p p i n e s ,  now t h e  t h i r d  
l a r g e s t  i n  i n s t a l l e d  c a p a c i t y ,  where 220 MW have 
been brought  on-.Line w i t h i n  t h e  l a s t  1 6  months. 

Now w e  s h a l l  p r e s e n t  more d e t a i l e d  t a b u l a r  
surveys  of  t h e  geothermal  p l a n t s  i n  each country 
a long  w i t h  a few b r i e f  remarks i n  each case .  

China (See Table  2 )  W e  have r e c e n t l y  l e a r n e d  
about  t h e  geothermal  a c t i v i t i e s  i n  t h e  P e o p l e ’ s  
Republic o f  China. A more thorough s tudy  i s  
conta ined  i n  a companion paper  i n  t h e s e  Pro- 
ceedings  by t h i s  au thor .  

T a b l e  2 .  CHINA ~- 
P l a n t  

Fengshun 
U n i t  1 
Unit 2 
U n i t  3 

H u a i l a i  

Wentang 

Hu it ang 

Yinqkou 

Yangba j i n g  
Unit  1 
Unit  2 

Y e a r  -_ 

1970 
1971 
19713 

197:L 

1971 

1975 

1977 

1977 
1979 

Type Rat ing ,  bW 

1 -F1 ash 0.086 
Binary:  i-C H 0.200 

n.a.  lo 0.250 

Binary:  C H C 1 ;  0.200 
2 5  

‘qH1O 

Binary:  C H c1 0.050 

1 -F1 a s h  0.300 
2 5  

Binary:Freon;  0.100 

‘qH1O 

1-Flash 1 . 0  
1-Flash 3 . 0  
Tota l ,  i n s t a l l e d  5.186 MW 

* ~ l s o ,  Div is ion  o f  Engineer ing,  Brown Univers i ty  
Providence, Rhode I s l a n d  02912 
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E l  Salvador  (See Table  3 )  AhuachapAn i s  t h e  
s i t e  of  one of t h e  most s u c c e s s f u l  f lash-s team 
p l a n t s  i n  t h e  world. I t  i s  t h e  s u b j e c t  of a 
companion paper  i n  t h e s e  Proceedings by t h i s -  
a u t h o r .  

Ice land  (See Table  4)  Only two u n i t s  are i n  
o p e r a t i o n ,  one a t  Kraf la  and one a t  t h e  d i s -  
t r i c t  h e a t i n g  p l a n t  a t  S v a r t s e n g i .  The 30 MW 
u n i t  a t  K r a f l a  i s  a double- f lash  p l a n t  t h a t  h a s  
experienced c o n s i d e r a b l e  d i f f i c u l t y  i n  main- 
t a i n i n g  an adequate  and s t a b l e  f low of  geo- 
f l u i d .  The a c t i v e  se i smic  n a t u r e  of t h e  f i e l d  
h a s  c o n t r i b u t e d  t o  t h e  o p e r a t i o n a l  problems. 
The p l a n t  can produce o n l y  a f r a c t i o n  o f  i t s  
r a t e d  c a p a c i t y .  Two 1 MW s t e a m  t u r b i n e s  a r e  
i n c o r p o r a t e d  i n t o  t h e  Sudurns d i s t r i c t  h e a t i n g  
p l a n t  a t  S v a r t s e n g i  near  Grindavik on t h e  
Reykjanes p e n i n s u l a  i n  southwestern I c e l a n d .  
The t u r b i n e s  r e c e i v e  a p o r t i o n  of  t h e  steam 
f l a s h e d  and s e p a r a t e d  from t h e  hot  geothermal  
w e l l s ,  t h e  bulk  of t h e  steam being suppl ied  t o  
a number o f  h e a t  exchangers  t o  r a i s e  t h e  
tempera ture  o f  w a t e r  from c o l d  w e l l s .  
power i s  used on s i t e  t o  run  pumps and o t h e r  
s t a t i o n  a u x i l i a r i e s .  

The 

I t a l y  (See Table  5) A l l  o f  I t a l y ' s  geothermal  
e l e c t r i c i t y  comes from d r y  s t e a m  r e s e r v o i r s  in 
t h r e e  r e g i o n s :  L a r d e r e l l o ,  T r a v a l e ,  and Monte 
Amiata. Cons iderable  e x p l o r a t i o n  i s  underway 
t o  l o c a t e  and d e f i n e  t h e  l iquid-dominated 
r e s e r v o i r s  t h a t  e x i s t  i n  t h e  count ry .  It i s  
e s t i m a t e d  t h a t  about  2000 MW may e v e n t u a l l y  
come from l iquid-dominated f i e l d s .  The b e s t  
areas l i e  on t h e  southwestern s i d e  o f  t h e  
I t a l i a n  p e n i n s u l a  and i n c l u d e  t h e  reg ions :  
Monti V o l s i n i ,  Monti C h i n i ,  Monti S a b a t i n i ,  
C o l l i  Albani ,  Roccamonfina, Campania West and 
Monte Vul ture .  

Japan (See Table  6) The f i r s t  geothermal  p l a n t  
i n  Japan was t h e  d r y  s t e a m  p l a n t  a t  Matsukawa. 
S i n c e  t h e n  s e v e r a l  p l a n t s  have been b u i l t  on 
l iquid-dominated r e s e r v o i r s ,  most of t h e s e  
be ing  o f  t h e  f lash-s team type .  Two e x p e r i -  
mental  b i n a r y  p l a n t s  were b u i l t ,  t e s t e d  and 
dismantled.  One of  t h e s e ,  a t  t h e  Otake f i e l d ,  
w a s  of t h e  "steam-assist" t y p e  t h a t  used an 
advanced, m u l t i s t a g e  f l a s h  h e a t e r  t o  g e n e r a t e  
s a t u r a t e d  i sobutane  vapor  f o r  use  i n  a r a d i a l -  
in f low t u r b i n e .  The waste h e a t  r e j e c t i o n  
system i n c o r p o r a t e d  a d r y  c o o l i n g  tower w i t h  a 
l i q u i d  a s s i s t .  
(Nigorikawa) on t h e  n o r t h e r n  i s l a n d  of 
Hokkaido employed r e f r i g e r a n t - 1 1 4  as  t h e  work- 
i n g  f l u i d ,  used an a x i a l  f low t u r b i n e ,  and more 
convent iona l  she l l -and- tube  h e a t  exchangers  a t  
both  t h e  h o t  and c o l d  s i d e s  o f  t h e  c y c l e .  The 
newest p l a n t  i n  Japan i s  a s m a l l  1 MW u n i t  t o  
supply t h e  needs of t h e  Suginoi  r e s o r t  h o t e l  
a t  Beppu on t h e  i s l a n d  of Kyushu. T h i s  i s  i n  
a world famous h o t  s p r i n g s  a r e a  t h a t  w a s  t h e  

The o t h e r  p l a n t  a t  Mori 

Table  3.  EL SALVADOR 

Year Type Rat ing ,  MW P l a n t  

Ahuachapsn 
Unit 1 
Unit 2 
Unit 3 

B e r i i n  

Chinameca 

Chip i lapa  

San Vicente  

1975 1-Flash  30 
1976 l -F lash  30 
1980 2-Flash 35 

Future  F lash  100 ( E s t .  

Fu ture  F l a s h  100 ( E s t .  

Fu ture  F lash  50 ( E s t .  

Fu ture  F l a s h  100  ( E s t .  

T o t a l ,  I n s t a l l e d  95 MW 

-~ Table 4. ICELAND 

P l a n t  __ Year Type Rat ing ,  MW 

NQmaf j a l l  1969 l - F l a s h  3* 

K r a f l a  
Unit 1 1978 2-Flash 30 
Unit 2 n i t u r e  2-Flash 30 

S v a r t s e n q i  1978 1-Flash 2 

*Dismantled a f t e r  ear thquake  damage. 
T o t a l ,  I n s t a l l e d  32 MW 

~- Table 5. ITALY 

P l a n t *  Year __ 
L a r d e r e l l o  

Unit 2 
Unit  3 1969 

Gabbro 1060 

Castelnuovo n .a .  

Ser razzano n . a .  

Lag0 2 n . a .  

Sasso  P isano  n .a .  

Monterotondo n . a .  

T r a v a l e  1973 

Piancas tagnaio  1969 

Others  (8 u n i t s )  - 

c.1946 

Rat ing,  MW 

69.0 
120.0 

15.0 

50.0 

47.0 

33.5 

15.7 

1 2 . 5  

15 .0  

15 .0  

27.9 

T o t a l ,  I n s t a l l e d  420.6 MW 

" A l l  p l a n t s  use  d r y  steam; t u r b i n e s  are 
e i t h e r  condensing o r  noncondensing. 
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s i t e  of ear l ies t  Japanese  a t t e m p t s  t o  h a r n e s s  
geothermal  energy i n  t h e  1 9 2 0 ' s .  Geothermal 
p l a n t s  i n  Japan must m e e t  v e r y  tough environ-  
mental  r e s t r i c t i o n s  owing t o  t h e i r  l o c a t i o n  i n  
s c e n i c  n a t i o n a l  parks .  

Mexico (See Table  7 )  F i f t e e n  y e a r s  a f t e r  t h e  
beginning o f  t h e  e x p l o r a t i o n  of  t h e  Cerro 
P r i e t o  f i e l d ,  t h e  f i r s t  power u n i t  s t a r t e d  
producing e l e c t r i c i t y .  Now t h e r e  a re  f o u r  
u n i t s  g e n e r a t i n g  150 MW i n  a v e r y  r e l i a b l e  
f a s h i o n ,  w i t h  a f i f t h  u n i t  of  30 MW under con- 
s t r u c t i o n .  This  w i l l  complete t h e  development 
o f  Cerro P r i e t o  I. A d d i t i o n a l  development w i l l  
n e c e s s i t a t e  t h e  c o n s t r u c t i 2 n  of a new p l a n t  
complex i n  a n c t h e r  p a r t  o f  t h e  f i e l d .  Some o f  
t h e  e l e c t r i c i t y  from t h e  p l a n t  i s  be ing  s o l d  
t o  t h e  U.S. f o r  use  i n  communities i n  southern  
C a l i f o r n i a .  

N e w  Zealand (See Table  8) Although N e w  
Zealand was t h e  f i r s t  c o u n t r y  t o  e x p l o i t  suc- 
c e s s f u l l y  l iquid-dominated r e s e r v o i r s ,  it h a s  
not  brought  a new u n i t  o n - l i n e  s i n c e  1963 when 
t h e  l a s t  u n i t  s t a r t e d  up a t  Wairakei. The i n -  
s t a l l e d  c a p a c i t y  there is  192.6  MW, b u t  it h a s  
never  reached t h a t  v a l u e .  Peak power w a s  173 
MW i n  1964-65; c u r r e n t l y  it produces about  
145  MW and it is  expected t o  g e n e r a t e  about  
125 MW i n d e f i n i t e l y .  A new p l a n t  named Ohaki 
a t  t h e  Broadland-Ohaki f i e l d  h a s  been i n  t h e  
planning s t a g e  f o r  a long  time b u t  v a r i o u s  
i n s t i t u t i o n a l  impediments have caused d e l a y s  i n  
i t s  implementat ion.  The pl.an i s  t o  c o n s t r u c t  
t w o  50 MW d o u b l e - f l a s h  u n i t s  a t  t h e  s i t e  w i t h  
an a d d i t i o n a l  50 MW p o s s i b l y  f o r  t h e  f u t u r e .  
It  appears  t h a t  1984 i s  t h e  most o p t i m i s t i c  
d a t e  f o r  i n a u g u r a t i o n  o f  t h e  f i r s t  u n i t .  

P h i l i p p i n e s  (See Table  9)  Geothermal develop- 
ment is proceeding f u l l  tilt i n  t h e  P h i l i p - -  
p ines .  Two sites,  Makiling-Banahaw and T i w i ,  
both on t h e  n o r t h e r n  i s l a n d  of  Luzon, are t h e  
l o c a t i o n s  of  l a r g e  power complexes. Already 
t w o  u n i t s  of 55 MW each are o p e r a t i n g  a t  b o t h  
o f  t h e s e  si tes.  [Personal  communication, 
D r .  L. Rivero . ]  The i n s t a l l e d  c a p a c i t y  a t  each 
p l a n t  i s  expected t o  double  by 1982. On t h e  
i s l a n d  o f  Leyte  a 3 MW wellhead u n i t  has  been 
running s i n c e  1977 t a k i n g  steam from one w e l l  
i n  t h e  Mahiao area. Three 37.5 MW are planned 
f o r  t h i s  s i t e .  Although double- f lash  u n i t s  
w i l l  b e  s p e c i f i e d ,  it i s  l i k e l y  t h a t  i n i t i a l l y  
t h e y  w i l l  be  opera ted  as s i n g l e - f l a s h  u n i t s  
owing t o  u n c e r t a i n t i e s  about  t h e  economics,and 
p o t e n t i a l  problems w i t h  s i l i c a  d e p o s i t i o n  i n  
t h e  waste  b r i n e .  

Table  6. JAPAN 

P l a n t  Year Type Rat ing,  MW 

-- 
- 

Mat sukawa 1966 Dry Steam 2 0  

Otake 1967 1-Flash  1 0  

Onuma 1973 1-Flash 10 

Onikobe 1975 1-Flash 2 5  

Hatchobaru 1977 2-Flash 50 

K a  kkond a 1978 1-Flash 50 

Otake P i l o t *  1978 Binary:  1 

Mori P i l o t *  1978 Binary:  1 

Suginoi  (Hote l )  1980 1-Flash  1 

i - C  H 
4 10 

R-114 

Nigorikawa 1981 1-Flash 50 

Kuz eneda F u t u r e  F l a s h  50 ( E s t . )  

Kumamoto Future  2-Flash 55 ( E s t . )  
T o t a l ,  I n s t a l l e d  166 MW 

*Tes ts  Complete; P l a n t s  Dismantled. 

P l a n t  

Cerro P r i e t o  
Unit 1 
Uni t  2 
Unit 3 
Unit 4 
Unit 5 

Cerro P r i e t o  

Table  7. 

Year - 
I 

1973 
1973 
1979 
1979 
1982 

I1 F u t u r e  
T o t a l ,  

MEXICO 

Type Rat ing,  MW - 

1-Flash 37.5 
1- F1 a s h  37.5 
1-Flash  37.5 
1-Flash 37.5 
2-Flash 30 .0  

F l a s h  110 ( E s t .  ) 
I n s t a l l e d  150 MW 

T a b l e  8. NEW ZEALAND 

P l a n t  - Year Type Rat ing ,  MW 

S t a t i o n  A 1958-1962 M u l t i f l a s h  102.6 
Wairakei  

S t a t i o n  B 1962-1963 2-Flash 90.0 

Kawerau 1961 1-Flash 1 0 . 0  

Ohaki ,1984 2-Flash 100.0 
T o t a 1 , I n s t a l l e d  202.6 MW 
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Table  9 .  PHILIPPINES 

P l a n t  Year ~ y p e  Rat ing ,  MW - 
Tongonan 

Wellhead Unit  1977 1-Flash 3 . 0  
Unit 1 1980 2-Flash 37.5 
Uni t  2 Future  2-Flash 37.5 
Unit 3 F u t u r e  2-Flash 37.5 

Wellhead Unit 1977 1-Flash  1 . 2  
Makban (Makiling Banahaw) 

Unit 1 1979 2-Flash 55.0 
Unit  2 1979 2-Flash 55.0 
Unit 3 1981 2-Flash 55.0 
Unit  4 1982 2-Flash 55.0 

T i w i  
Unit 1 1979 2-Flash 55.0 
Unit 2 1979 2-Flash 55.0 
Unit 3 1980 2-Flash 55.0 
Unit  4 1980 2-Flash 55.0 

Other  S i t e s  F u t u r e  F l a s h  775 
T o t a l ,  I n s t a l l e d  224.2 MW 

United S t a t e s  (See Table  10) The l a r g e s t  
geothermal  p o w e r  complex i n  t h e  world i s  a t  
The Geysers where t h r e e  u t i l i t i e s  are involved  
i n  s e v e r a l  p r o j e c t s .  The P a c i f i c  G a s  and 
E l e c t r i c  Company now o p e r a t e s  14 u n i t s  ( N o s .  1- 
1 3  and 1 5 ) ,  account ing f o r  798 MW. When u n i t  
14  comes on- l ine  l a t e r  i n  1980 t h e  t o t a l  w i l l  
r each  908 MW. Before t h e  end o f  1984 it i s  
planned t o  p u t  an a d d i t i o n a l  660 MW on- l ine .  
The Northern C a l i f o r n i a  Power Agency p l a n s  t o  
o p e r a t e  two u n i t s  a t  The Geysers. Unit  2 w i l l  
c o n s i s t  of  t w o  55 MW t u r b i n e s  i n  a s i n g l e  power 
house and i s  expected i n  1981. It w i l l  b e  
fol lowed i n  1983 by a 66 MW u n i t .  The 
Sacramento Municipal U t i l i t y  D i s t r i c t  i s  moving 
ahead w i t h  SMUDGEO no. 1, a 55 MW u n i t  sched- 
u l e d  f o r  commercial s t a r t - u p  i n  December 1983. 
I n  a d d i t i o n  t h e  C a l i f o r n i a  Div is ion  of Water 
Resources h a s  p l a n s  t o  b u i l d  two p l a n t s ,  each 
of 55 MW, a t  B o t t l e  Rock and South Geysers ,  
w i t h  expected s t a r t - u p  d a t e s  i n  1983. S t r i n -  
gent  a i r  p o l l u t i o n  r e g u l a t i o n s  make it nec- 
e s s a r y  t o  i n s t a l l  hydrogen s u l f i d e  abatement 
systems on a l l  p l a n t s .  Up-stream t r e a t m e n t  
w i l l  m o s t  l i k e l y  b e  r e q u i r e d  t o  avoid  a i r  
q u a l i t y  d e g r a d a t i o n  d u r i n g  out -of -serv ice  
p e r i o d s  when v e n t i n g  of steam t a k e s  place. 
R e i n j e c t i o n  o f  condensate  i s  s t a n d a r d  practice.  

P l a n t  

The  Geysers  
PG&E 1-12,15 
PG&E 13,14  
PG&E 16-21 
NCPA NO. 1 
NCPA NO. 2 
SMUDGEO 1 
B o t t l e  Rock 
South Geysers 

E a s t  Mesa - Maqmamw 

E a s t  Mesa - SDG&E 

Brawley - SCE 

Niland - SCE 

Niland - SDG&E 

H e b e r  - SCE 

Heber - SDG&E 

W e  s t m o r  1 and 

R a f t  River ,  Idaho 

Puna, H a w a i i  

Baca NO. 1, N e w  Mexico 

Roosevel t  H.S., U t a h  

Desert Peak, Nevada 

Table  10 .  UNITED STATES 

Year - 

1 9  60-19 79 
1980 

1983 
1981 
1983 
1983 
1983 

1980 

1982-1984 

1980,82 

1980 

1982 

1982 

1982 

F u t u r e  

F u t u r e  

1980 

1980 

1982 

F u t u r e  

F u t u r e  

Type 

Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 

Dual Binary:  
C3H8; i - C  H 

1- and 2-Flash 

1-Flash  

1-Flash 

4 10  

Rat ing,  MW 

663 
245 
660 

66 
110 

55 
55 
55 

1 1 . 2  

48 

1 0  

10 

F l a s h  50 

2 -Flash 50 

Binary:  50 
mixt. i-C5H12; i - C  H 4 1 0  

2-Flash 50 

D o u b l e  Binary:  i - C  H 5 

1-Flash 5 

1 -Flash 50 

F l a s h  55 

Flash  50 

4 1 0  

T o t a l ,  I n s t a l l e d  809.2 MW 

T o t a l ,  P r o j e c t e d  2353.2 MW 
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Although t h e  l iquid-dominated p o r t i o n  o f  t h e  
f i e l d  h a s  y e t  t o  be  d e f i n e d  o r  even charac-  
t e r i z e d ,  it i s  expected t h a t  about  700 MW could  
b e  g e n e r a t e d  from t h a t  par t  o f  the f i e l d  by 
1990. I n  t h i s  r e g a r d  it should b e  noted t h a t  
it t a k e s  about  8 kg/h (18 lbm/h) o f  d r y  steam 
t o  g e n e r a t e  1 kW of e l e c t r i c  power, about  one- 
q u a r t e r  of which ends up as condensa te  t o  be  
r e i n j e c t e d  (assuming a shel l -and-tube condenser  
i s  u s e d ) .  On t h e  o t h e r  hand a f lash-s team 
p l a n t  r e q u i r e s  about  4 5  kg/h (100 lbm/h) o f  
g e o f l u i d  p e r  1 kW o f  power, o f  which about  87% 
must be  r e i n j e c t e d .  Thus, t o  g e n e r a t e  t h e  same 
power, a f l a s h  p l a n t  must r e i n j e c t  almost 20 
t i m e s  more l i q u i d  t h a n  a d r y  steam p l a n t .  

From Table  10  it can be  seen t h a t  a v a r i e t y  of  
p r o j e c t s  are  under way i n  t h e  Imperial Val ley  
of southern  C a l i f o r n i a ,  which accord ing  t o  some 
estimates holds  t h e  p o t e n t i a l  f o r  about  9000 
MW. Resources i n  a t  least  f i v e  o t h e r  s ta tes  
are expected t o  b e  e x p l o i t e d  f o r  power i n  t h e  
n e a r  f u t u r e .  

Other C o u n t r i e s  (See Table  11) Of t h e  coun- 
t r ies  l i s t e d  o n l y  t h e  S o v i e t  Union h a s  a p l a n t  
o f  any s i z e  ( 5  MW) i n  o p e r a t i o n .  Indones ia  i s  
beginning t o  develop  i t s  g i g a n t i c  geothermal  
p o t e n t i a l  by means o f  s m a l l  wel lhead u n i t s .  

Turkey h a s  a t i n y  wel lhead g e n e r a t o r  a t  
K i z i l d e r e , b u t  severe s c a l i n g  has  p r o h i b i t e d  any 
f u r t h e r  development t h e r e .  The Olkar ia  f i e l d  
i n  t h e  R i f t  Val ley  of  Kenya i n  east A f r i c a  
seems t o  be  a good prospect, and p l a n s  are mov- 
i n g  ahead f o r  t h e  Kenya Electr ic  Power 
Corporat ion t o  b u i l d  a 15 MW p l a n t .  A " t o t a l  
energy" system i s  planned f o r  t h e  Portuguese 
i s l a n d  o f  Sso Miguel i n  t h e  Azores. The geo- 
thermal  energy w i t h  which t h e  i s l a n d  abounds 
w i l l  b e  p u t  t o  u s e  t o  g e n e r a t e  power ( 3  MW), 
provide  h e a t i n g  and r e f r i g e r a t i o n ,  as w e l l  as 
f o r  a g r i c u l t u r a l ,  h o r t i c u l t u r a l  and 
a q u a c u l t u r a l  uses .  

Table  11. OTHER COUNTRIES 

Country P l a n t  - Year Rat ing ,  MW 

C h i l e  E l  Tatio F u t u r e  15 

Costa  R i c a  M i r a v a l l e s  F u t u r e  40  ( E s t . )  

Guatemala AmatitlAn F u t u r e  50 ( E s t .  ) 

Honduras Pavana F u t u r e  50 ( E s t .  ) 

Indones ia  Kamojang 1978 0.25 
Kamojang Future  100 ( E s t . )  
Dierig 1980 2 

Kenya O l k a r i a  1982 1 5  
O l k a r i a  Future  30 ( E s t . )  

Nicaragua Momcitombo Future  30 ( E s t .  ) 

Panama Cerr-o Pando Future  30 ( E s t . )  

P o r t u g a l  
(Azores) Siio Miguel 1980 3 . 0  

Turkey K i z i l d e r e  F u t u r e  1 4  ( E s t . )  

USSR Pauz h e t k a  1967 5 
Other  S i t e s  F u t u r e  78 ( E s t . )  
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