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ABSTRACT 

The 1981 annual EPRI survey of t he  nation's 
e l e c t r i c  u t L l i t i e s  continues t o  show a rapid 
growth of geothermal e l e c t r i c  generating capaci- 
t y  through the  year 2000. Announced plans for 
geothermal capacity f o r  2000 has grown t o  4480 
We, an increase of 36% from the  1980 survey. 
More than ha l f  of t h i s  capac i ty  i s  from l iqu id-  
dominated resources i n  the  western s t a t e s .  Sur- 
vey r e s u l t s  are reinforced by data  from the 
Western Systems Coordinating Council which ind i -  
ca t e  t h a t  geothermal e l e c t r i c i t y  could account 
f o r  5% of the  system's t o t a l  energy requirement 
by 2000. Survey t rends  ind ica t e  t h a t  the poss i -  
b le  growth of geothermal e l e c t r i c i t y  could reach 
10,800 me by2000representing an overa l l  growth 
r a t e  of 12% per  annum over the  rest of t h i s  cen- 
tu ry .  

Power p l an t  s i z e  w i l l  vary. The f i r s t  generat- 
ing u n i t  a t  each new geothermal f i e l d  i s  l i k e l y  
t o  be small. The minimum commercial-size power 
p l an t  will be as low a s  1 Mwe but i s  more l i k e l y  
t o  be i n  the  range of le20 MWe f o r  smaller u t i l -  
i t ies .  About one t h i r d  f e l t  t h a t 5 0  Wewould be 
the  opthum commercial s i z e  while two t h i r d s  f e l t  
t h a t  100 W7e would be optimum. 

INTROCUeTION 

The po ten t i a l  f o r  producing e l e c t r i c  power from 
indigenous United States geothermal resources, a s  
estimated by t he  electric u t i l i t i e s ,  has been sur- 
veyed annually since 1977. Data fo r  these reports 
are taken from two sources: forecas ts  of f u t u r e  
year generating capacity as de ta i l ed  by t he  N a -  
t i ona l  Electric Re l i ab i l i t y  Council (NERC); and 
informal estimates by individual u t i l i t e s  i n  re- 
sponse t o  the  annual EPRI survey. 

Since most of t he  NERC fo recas t  of geothermal ca- 
pac i ty  is from the  western s t a t e s  comprising the  
Western Systems Coordinating Council (WSCC) , these  
data are examined separa te ly .  
the  United S t a t e s  where geothermal development is 
proceeding rap id ly  i s  t he  Gulf S t a t e s  region. 
Based on present exploration a c t i v i t i e s ,  t he  u t i l -  
i t ies  i n  t h i s  area have begun t o  consider elec- 
t r ic i ty-grade  geopressured resources i n  long-term 
plans. A t h i r d  type of geothermal resource, t he  
petrothermal depos i t s  t h a t  may be d i s t r ibu ted  
widely, has not y e t  been su f f i c i en t ly  developed 
f o r  consideration as fu tu re  generating capacity by 
the  electric u t i l i t i e s .  

Another a rea  of 

NERC DATA 

The annual changes f o r  addi t iona l  i n s t a l l e d  geo- 
thermal generating capacity, included i n  these  an- 
nual r epor t s ,  were not ava i lab le  from NERC s ince  
the  last  one was reported (Kruger and m b e r t s ,  
1980). The annual changes fo r  t he  ten-year period 
1980-1989 are thus given i n  terms of e l e c t r i c i t y  
generation by energy source (NERC, 1980). Table 1 
shows the  d i s t r ibu t ion  by energy sources i n  giga- 
w a t t  hours (GWh) ac tua l  for  1980 and estimated f o r  
1989. The data f o r  t he  WSCC western states com- 
pared t o  the  da ta  for the  contiguous 48 s t a t e s  show 
severa l  i n t e re s t ing  features.  

The na t iona l  p i c tu re  f o r  the 10-year period shows a 
modest growth r a t e  i n  e l e c t r i c i t y  generation of 
3.3% per annum, less ha l f  that of the  p r io r  dec- 
ades. This growth i s  noted by a major increase i n  
coa l  u t i l i z a t i o n  coupled t o  a major decrease i n  o i l  
and gas consumption. Although moderate i n  s i ze ,  a 
major growth occurs i n  nuclear power. Geothermal 
resources on a national basis continue as a small 
f r ac t ion  of t h e  energy mix. 

In  the  western states, hydro power i n  1980 w a s  
s t i l l  the  most u t i l i z e d  energy source, s l i g h t l y  ex- 
ceeding o i l  and gas. The 10-year forecas t  fo r  WSCC 
shows a constant generation by hydro power with no 
growth i n  capacity,  thus representing a declining 
f r ac t ion  of the  t o t a l .  O i l  and gas shows a sig- 
n i f i can t  decrease more than o f f s e t  by the  l a rge  in- 
creases i n  coa l  and uranium u t i l i z a t i o n .  The fore- 
c a s t  growth of more than 10% per  annum over the  
decade brings geothermal energy t o  a s ign i f i can t  
f r ac t ion  of the  t o t a l  e l e c t r i c  energy generation i n  
the  western states. I f  the growth rate continues 
through t h e  remainder of t h i s  century, geothermal 
e l e c t r i c i t y  w i l l  grow t o  about 50 GWh by t h e  year 
2000, representing more than 5% of  the  western 
states' e l e c t r i c i t y  budget. 

EPRI SURVEY RESULTS 

The r e s u l t s  of t h e  f i f t h  annual EPRI survey of the  
geothermal p lans  of t he  na t ion ' s  electric u t i l i t i e s  
most l i k e l y  t o  include geothermal capacity a r e  
shown i n  Table 2 .  Contributions from Canadian prov- 
inces '  p a r t  o f  WSCC are included with the  north- 
w e s t  states region. Mexican u t i l i t i e s  were sur- 
veyed f o r  t h e  f i r s t  time, and t h e i r  data are com- 
pared t o  the  United S ta t e s  data. 

*Stanford University, consultant t o  EPRI 
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The reg iona l  forecasts f o r  t h e  1981 survey i n  
Table 2 were compared t o  the  1980 survey (Kruger 
and Roberts, 1980). The data still  show a major 
f r ac t ion  of the t o t a l  capac i ty  i n  the  California/  
Hawaii region representing t h e  es tab l i shed  Geysers 
vapor-dominated resource, bu t  a s ign i f i can t ly  grow- 
ing cont r ibu t ion  from t h e  liquid-dominated re- 
sources i n  the remainder of t h e  area.  A rap id  
growth of  geothermal energy u t i l i z a t i o n  is fore- 
c a s t  f o r  t h e  Northwest (which includes B r i t i s h  
Columbia and Alaska). 
estimates is the  southwest states, ind ica t ing  a 
much slower growth r a t e  than previously considered 
probable. 

The only  region t o  lower i t s  

The o v e r a l l  national p i c tu re  is shown i n  Table 3 
which compares the f ive  annual surveys (Kruger and 
Fbberts, 1977, 1978, 1980; Roberts and Kruger, 
1979). It appears t h a t  t he  1985 forecas ts  are be- 
coming w e l l  f ixed i n  t h a t  t h e  announced, probable, 
and poss ib le  capacity i s  asymptotically approach- 
ing about 1880 MWe, an increase  of approximately 
20% from t h e  announced value of 1574 MWe i n  the  
1980 survey and about t he  same magnitude as the  
probable value of 1912 MWe. The announced values 
fo r  fu tu re  years all show increases  from the  1980 
survey values.  The probable totals show a more 
moderate growth r a t e  but a g r e a t e r  probable ca- 
pac i ty  of  about 7800 We i n  t h e  year 2000. The 
l eve l  of poss ib le  capacity appears t o  have reached 
an asymptotic value of about 10,800 m e .  Based on 
the  probable 1985 value of 1880 MWe, t h i s  capacity 
represents  a growth rate of 12% per  annum, which 
is  considered s igni f icant  by the  e l e c t r i c  u t i l i t i e s .  

Part  of t h e  1981 survey w a s  devoted t o  severa l  
questions regarding geothermal power p l an t  s i ze .  
The objec t ive  was t o  gain some ins igh t  i n t o  the  
s i ze  d i s t r i b u t i o n  of power p l a n t s  i n  the  near and 
intermediate term. One can conclude from t h e  re- 
s u l t s  of t h i s  pa r t  of t he  survey that there  i s  a 
trend toward smaller power p l a n t s  f o r  the  f i r s t  
generating un i t  a t  each new geothermal f i e l d .  

The da ta  a r e  sca t te red  but 10 MWe appears t o  be 
most prefer red ,  
f o r  commercial use is a s  low as one MWe but t he  
s t ronges t  preference is f o r  50 MWe with somewhat 
lesser i n t e r e s t  i n  the  10-20 MWe range. 
gard t o  t h e  optimum commercial s i z e  un i t  about two 
t h i r d s  indicated a preference f o r  100 MWe with 
about one t h i r d  showing i n t e r e s t  i n  t he  50 MWe 
s ize .  

The minimum s i z e  being considered 

With re- 
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TABLE 1 

1 9 8 0  - A c t u a l  

( %  t o t a l )  

1 9 8 9  - E s t i m a t e d  

( %  t o t a l  ) 

r g r o w t h ,  %/a] 

1 9 8 0  - A c t u a l  

( %  t o t a l )  

1 9 8 9  - E s t i m a t e d  

( %  t o t a l )  

- Tgrowth,  %/a] 

E L E C T R I C  G E N E R A T I O N  BY ENERGY SOURCE* 

NERC ( U . S . ,  GWh) 

O i l / G a s  Coal Hydro N u c l e a r  G e o t h e r m a l  T o t a l  

2370  638 1 1 8 5  235 308  5 . 9  

( 2 6 . 9 )  ( 5 0 . 0 )  ( 9 . 9 )  ( 1 3 . 0 )  ( 0 . 2 4 )  - 

3280  462 1 7 2 2  226 8 4 6  1 6  

( 1 4 . 1 )  ( 5 2 . 5 )  ( 6 . 9 )  ( 2 5 . 8 )  ( 0 . 5 )  - 
1 - 3 . 2 1  [3.8] [-0.41 c 1 0 . 6 1  L10.51 1 3 . 3 3  

WSCC (West, GWh) 

O i l / G a s  C o a l  Hydro N u c l e a r  G e o t h e r m a l  T o t a l  

1 4 6  1 2 5  1 5 3  2 0 . 9  5 . 9  453  

( 4 . 6 )  ( 1 . 3 )  ( 3 2 . 2 )  (27  .5)  ( 3 3 . 7 )  - 

1 0 9  235 1 5 3  1 1 5  1 6 . 0  . 639 

( 1 7 . 1 )  ( 3 6 . 7 )  ( 2 3 . 9 )  ( 1 8 . 0 )  ( 2 . 5 )  - 
c-2.91 c6.51 [ o ]  [l8.6] L i 0 . 5 1  C3-5J  

* N a t i o n a l  E l e c t r i c  R e l i a b i l i t y  C o u n c i l ,  1 0 t h  Annual  R e v i e w  of  O v e r a l l  R e l i a b i l i t y  o f  
t h e  N o r t h  American B u l k  P o w e r  S y s t e m s ,  A u g u s t ,  1 9 8 0 .  

, 
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TABLE 2 

1 9 8 1  E P R I  U T I L I T Y  GEOTHERMAL SURVEY 

Area 

AZ/NM/NV 

Announc e d 

P r o b a b l e  

P o s s i b l e  

CA/HA 

Announc e d  

P r o b a b l e  

P o s s i b l e  

0 R/W A/B C/ AL 

Announ c e d 

P r o b a b l e  

P o s s i b l e  

CO/ I D / M O / U T  

Annou n c e d 

P r o b a b l e  

P o s s i b l e  

GULF STATES 

Announced 

P r o b a b l e  

P o s s i b l e  

TOTALS 

An no unc  e d 

P r o b a b l e  

P o s s i b l e  

\ 

C a p a c i t y  ( M W e )  by Year 
1 9 8 5  1 9 9 0  1995  1 9 8 0  

A c t u a l  E s t  E s t  E s t  

0 

50  50  50  

5 0  1 5 0  300 

5 0  275  600 

918 

1 7 9 5  3229  3740 

3307 4191  1 8 1 0  

1 8 1 0  3487 4751 

0 

0 0 0 

7 2 02 654 

7 479  1 6 8 9  

0 

20 1 2 0  1 3 0  

20  1 8 0  280 

20  1 8 0  280 

0 

0 0 0 

0 1 0  1 5  

0 27 70  

2000 
E s t  

50  

350  

800  

4301  

5377 

6371 

0 

1814  

3289 

1 3 0  

280 

280 

0 

30 

1 2 5  

918 

1 8 6 5  3399  3920 4481  

1 0 8 7  3849 5 4 4 0  7851  

1 8 0 7  4 4 4 8  7390 1 0 8 1 1  
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TABLE 3 

COMPARISON OF THE ANNUAL E P R I  S U R V E Y S  

U . S .  G e o t h e r m a l  E l e c t r i c  P o w e r  C a p a c i t y  (MW) 
1985 1990 1995 2000 -- 

A n n o u n c  e d 

1977 
1978 
1979 
1980 
1981 

P r o b a b l e  

1977 
1978 
1979 
1980 
1981 

P o s s i b l e  

1977 
1978 
1979 
1980 
1981 

1178 1378 1678 
2019 3019 3619 
2057 2242 2512 
1574 2294 2599 
1865 3399 3920 

2528 3258 4358 
2664 5414 7473 
2564 4577 6108 
1912 4216 5681 
1887 3849 5440 

6268 2858 4268 
3374 7664 11323 
2999 6443 9188 

8106 2177 5203 
1887 4448 7390 

1828 
3919 
2832 
3299 
4481 

5358 
9023 
7288 
7416 
7851 

8868 
14723 
10888 
10761 
10811 
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