
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.

 



'tr 

CONSIDERATIONS FOR THE YRIC4NG OF GEOTHERMAL ENERGY 

Wil l iam M. Dolan 
AMAX Exploration, Inc. 

1. 

2. 

U t i l i t i e s  i n s i s t  t h a t  the cost  o f  e l e c t r i c i t y  from geothermal energy be 
competit ive w i t h  a1 ternate methods o f  generating e l e c t r i c 1  ty. 

Most producers consider i t  appropriate t h a t  they receive compensation on the 
basis o f  de l ivered fuel  ra ther  than ki lowatthours a t  the busoar. This 
posture corresponds w i t h  the sales pract ices invo lv ing  a1 ternate fuels, f o r  
example, coal. It a1 so provides an incent ive fo r  u t i l i  t i e s  t o  operate t h e i r  
geothermal p lan ts  e f f i c i e n t l y .  

However, several problems requl r e  a t t e n t i  on: 

(a) Geothermal power conversion experience i s  l i m i t e d  and s t i l l  improving. 
Accordingly, p lan t  performances might vary subs tan t ia l l y  from design 
c r i t e r i a .  

Noncondensible gases may a f f e c t  a p lan t ' s  performance adversely and 
hence l i m i t  the value o f  the resource t o  the u t i l i t y .  

Producers requ i re  assurance t h a t  the u t i l i t y  w i l l  employ state-of-the- 
a r t  p l a n t  designs t h a t  are appropriate t o  the resource. 

(b )  

( c )  

The fo l lowing procedures can be j u s t i f i e d  f o r  deal ing w i th  the above-mentioned 
problems : 

r e  t h a t  i t s  design e f f o r t s  w l l l  sa t f s f y  such wel l  

cy f o r  l i q u i d  resources > 232OC (450OF) w i l l  be 1. 

cy f o r  dry steam resources w i l l  be 

a te  o r  steam rate, depending on the 
nea by the f i r s t  180 days o f  operation, during which time the 
41.1 be paid a t  the busbar on the basis o f  design h o t  water 

I '  

' 

( c )  Thereafter, the producer w i l l  be pa id  f o r  the geothermal energy 
del ivered t o  the p l a n t  i n l e t  with the p r i ce  having been established on a 
busbar basis dur ing the f i r s t  180 days o f  performance, 

i 
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3. 

4. 

5. 

6.  

(d) I n  the event t h a t  the resource changes proper t ies (e.g., enthalpy, 
noncondensi b l e  gases) necessi t a t i  ng p l  an t  rev is ions resu l t i ng  i n  e i t h e r  
a reduced o r  improved p lan t  performance, then the producer and the 
u t i l i t y  wim share i n  the resu l tan t  change i n  t o t a l  e l e c t r i c i t y  cost, 
subsequent t o  the u t i l  i t y ' s  recapturing investments necessary t o  such 
p l a n t  revisions, 

I n  the event t h a t  the u t i l i t y  i s  able t o  improve p lan t  performance i n  
the instance o f  no change i n  the resource, then the producer and the 
u t i l i t y  w i l l  share the resu l tan t  incremental changes i n  the cos t  o f  
e l e c t r i c i t y ,  providing t h a t  the u t i l i t y  may f i r s t  recapture the 
i nvestment necessary t o  such improvements. 

I n  the event t h a t  the p lan t  performance declines through no reduction i o  
resource qual i ty , appropriate p l a n t  rev is ions w i  11 be absorbed by the 
u t i  1 i ty . 
I n  the event t h a t  changes i n  resource proper t ies adversely a f f e c t  the 
p l a n t  performance i n  a manner no t  resolvable by p l a n t  revisions, then 
the u t i l i t y  w i l l  be obl iged t o  rev ise  the p r i ce  o f  the resource 
appropriately. 

I n  the event t h a t  the p l a n t  operation by the u t i l i t y  necessitates 
rev is ions i n  the producer's production pract ice,  bu t  t h a t  the 
requirement f o r  such rev is ions i s  no t  through f a u l t  o f  the producers, 
the producer w i  11 be appropriately compensated by the u t i  1 i ty . 

(e) 

( f )  

(g) 

(h) 

The f i x e d  costs f o r  a coa l - f i r ed  p lan t  p lus the p r i c e  o f  the coal t o  fue l  i t  
less  the geothermal f i x e d  costs equal the equivalent p r i ce  o f  geothermal en- 
ergy, a l l  e lse  remaining equal ( load factor ,  operating costs, etc.) 
(Figure 1). 

AREA A AREA B 
r 

STERE.? 

[COSTA + COSTB] - [COST B ] = 

G E O T H E R M A L  PRODUCER PRICE 

Figure 1 

Due t o  u t i l  i ty-producer accounting differences, the i n i t i a l  p r i ce  f o r  
e l e c t r i c 1  ty  from geothermal energy might exceed the aforementioned 
equivalency price, prov id ing t h a t  the geothermal p r i ce  escalates a t  a lesser  
r a t e  than t h a t  f o r  coal, 

The producer p r i ce  involves t o t a l  service (i.e., steam de l ivery  t o  the p l a n t  
i n l e t ) ,  which, o f  course; incorporates e f f l u e n t  disposal by the producer, 

Most u t i l i t i e s  are no t  disposed t o  r i s k  the e n t i r e  p l a n t  investment i n  the 
i n i t i a l  plant, i n  view o f  the question o f  reservo i r  longevity. The producer 
might consider escrowing a por t ion  o f  the p r i ce  f o r  e l e c t r i c i t y  from geother- 
mal energy during the i n i t i a l  years as a means o f  accommodating t h a t  concern. 
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7. The producer must De concerned about the u t i l i z a t i o n  schedule f o r  a geother- 
mal p l a n t  (wel l  t h r o t t l i n g  i s  undesirable). Hence, a reward f o r  increased 
u t i  1 i zat ion i s  contemplated. 

The foregoing considerations are re f l ec ted  i n  the fo l lowing formula f o r  
p r i c i n g  geothermal energy: 

U 

8.  

Pg = KO + Bo when L = 80% where: 

Pg = geothermal steam p r i ce  based on coal equivalency 

KO = the f i x e d  costs f o r  a coa l - f i r ed  p l a n t  (Fc) less the f i x e d  
costs f o r  the geothermal p l a n t  (Fg) i n  mills/kWh (common time base) 

Bo = the t rue  cost f o r  coal p lus average coa l - f i r ed  operating costs 
m i  nus the average geothermal power p l a n t  operating costs. 

L = load fac to r  

For load factors  other than 80% the formula becomes: 

where: 

h = - -  'A - 1.33 f o r  L< 0. U.6 - 

=E f o r  L > 0.6 
L 

This system provides incent ive f o r  the u t i l i t y  t o  maintain a high load factor  
(Figure 2 ) .  

I n f l a t i o n  i s  a rea l  concern i n  any long-term contract. Figure 3 shows how 
i n f l a t i o n  would a f f e c t  the p r i ce  o f  geothermal energy ( a , )  over time. 

PRICEIKWH 

W 
I 

0 8  h =  0.6 for 1 < 0.6 

I 

0.2 0.4 0.6 0;8 1.0 
- 1  b L =  LOAD FACTOR 

Figure 2 
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Pg-GEOTHERMAL PRICE BASED ON COAL 
INFLATION FACTOR 

Figure 3 

Due to  the producer-uti 1 i ty accounti ng differences ( the producer needs early 
income for a h i g h  ra te  of return, while the u t i l i t y  is concerned w i t h  total  cost 
t o  i ts  customers), both en t i t i es  m i g h t  be i n  a better position i f  the in i t i a l  
price for geothermal exceeded the equivalency price w i t h  the geothermal prices 
(P  a)  escalating a t  a lesser ra te  than that  for  coal. Figure 4 shows the 
adlantage to  both the producer and the u t i l i ty .  

t r -t _. 1. ~ 

Load Factor 80% 
Pg-GEOTHERAlAL PRICE BASED ON COAL 

Pga - GEOTHERMAL PRICE BASED ON ADJUSTED 
I N  FLATION FAC.TOR 

COAL INFLATION FACTOR 

Figure 4 
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The fo l lowing equation, provided only f o r  your ed i f i ca t i on ,  i s  one representation h) o f  the l i n e  Pga: 

E t -11 )  ( 2 4 )  +1 l )  = h (  KO + nBo [ Pga 
where: 

Pga = geotherma 

n = a fac to r  t o  

p r i ce  based on decreased coal i n f l a t i o n  

be negotiated 1c n c 2 

- C t -  1 
E t 1  - c, 
where: Co = the'average t r u e  cos t  o f  coal p lus the average coal- 

f i r e d  operating costs 

Ct-l = average coal cost  p lus operating cos t  i n  the 
previous time period, probably quarter 

Reservoir r i sk ,  which seems t o  be the paramount u t i l i t y  concern, i s  no t  covered by 
the equations o r  graphs. The producer can share the u t i l i t i e s '  reservo i r  r i s k  
through the f o l  lowing escrowing arrangement: 

X percent of P a w i l l '  go t o  the producer whi le Y percent o f  P 
w i l l  go t o  an &crow account f o r  time 0 t o  time M. The escro8a 
account w i l l  De capturable by the producer i f  the reservo i r  i s  
sa t i s fac to ry  a t  time M. Otherwise, i t  w i l l  be capturable by the 
u t i l i t y ,  serving as p a r t i a l  compensation. 

The increased u t i l i t y  secur i ty  provided by t h i s  arrangement depends on the values 
o f  Y and M. Tne r e a l  u t i l i t y  secur i ty i s  t h a t  the producers are no t  going t o  r i s k  
investments i n  wel ls  and p ip ing u n t i l  they are s a t i s f i e d  w i t h  the reservo i r  
parameter. 
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