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PRIC ING OF GEOTHERMAL ENERGY 

Bob Greider 

Chevron Resources Company 

This opportunity t o  discuss p r i c i n g  concepts with the u t i l i t y  indust ry  i s  one 
t h a t  i s  needed. The u t i l i t y  f ue l  purchasers may discuss together how much they 
w i l l  pay f o r  fuel.  The fue l  f inders  cannot discuss among each other how much 
they w i l l  charge nor how they w i l l  develop a p r i ce  t o  charge. Federal law w i l l  
a l low us i nd i v idua l l y  t o  discuss these questions w i th  our customers. My presen- 
t a t i o n  w i l l  be l i m i t e d  t o  t h a t  which i s  a p a r t  o f  the formal testimony given 
before the State o f  Ca l i f o rn ia  Geothermal Task Force o f  1977. 

The p r i ce  o f  any fue l  i s  the amount o f  money a w i l l i n g  buyer and a w i l l i n g  s e l l e r  
can agree upon. rosted pr ices f o r  commodities are a v i s i b l e  gauge o f  a s e l l e r ' s  
desired price, and repor ts  on fue l  costs by the u t i l i t y  are evidence o f  the f i n a l  
f ue l  costs. To der ive the actual p r i ce  f o r  the fue l  a t  the producing f a c i l i t y  
requires a carefu l  analysis o f  f ue l  transportat ion, preparation, and hand1 i n g  
charges. I n  a f ree  economy the fue l  producer, i n  estab l ish ing h i s  price, has 
strong const ra in ts  establ ished by h i s  costs, the p r i c e  o f  competing fuels, and 
the desire o f  po ten t ia l  customers t o  use h i s  fuel.  The suppl ier  and user o f  
geothermal energy has t o  consider ca re fu l l y  i f  the p r i ce  provides a reasonable 
re tu rn  on investment. A company w i th  l i m i t e d  funds t o  inves t  must se lect  the 
investment oppor tun i t ies w i t h  the best chance o f  having the most favorable re tu rn  
from these f i n i t e  funds. The customer must se lect  the fue l  t o  buy t h a t  w i l l  
r e l i a b l y  provide a product a t  an a t t r a c t i v e  price. The amount o f  money needed t o  
construct and operate p lan ts  t o  use the fue ls  i s  a strong component o f  how much 
the customer w i l l  pay per u n i t  o f  fuel.  

The p r i c i n g  systein used i n  the past a t  The Geysers was d i r e c t l y  re la ted  t o  the 
number o f  k i  lowatthours o f  e l e c t r i c i t y  produced. The disadvantage o f  p r i c i n g  
energy by the k i l o w a t t  produced i s  t h a t  there i s  no incent ive f o r  the u t i l i t y  t o  
i nves t  money i n  making i t s  p lan ts  more e f f i c i e n t .  An increase i n  e f f i c iency ,  
resu l t i ng  i n  more kWh per. kildgram (pound1 o f  steam, resu l t s  i n  the steam 
producer, no t  the u t i l i t y ,  being paid more. The dry steam system o f  The Geysers 
i s  r e l a t i v e l y  low-cost, so an increase i n  e f f i c iency  i s  no t  needed t o  be s t rongly  
competitive. Dry steam reservo i rs  are a t  a nearly constant temperature so tnere 
i s  l i t t l e  incent ive  f o r  the producer t o  conduct research and explore 
f o r  higher-temperature reservoirs. 

The costs i n  the ho t  water systems t h a t  w i l l  be developed i n  Ca l i f o rn ia  are of 
such magnitude t h a t  incentives must be provided t o  encourage increased e f f i c i ency  
i n  generation and increased search f o r  ho t te r  water reservo i rs  a t  depth. 80th 
are necessary i f  these systems are t o  compete successful l y  (commercially) w i t h  
other fuels. 

1 

A way o f  s t ruc tu r ing  p r i ce  i s  shown below. 
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PRODUCT P R I C I N G  CONCEPTS 

SALE OF GEOTHERMAL ENERGY TO BE BASED ON COST PER KILOJOULE (PER lo6 
BTU) OF "USEABLE HEAT" DELIVERED TO PLANT INLET OR PLANT'S PIPELINE. 

"USEABLE HEAT" I S  THE TOTAL ENERGY DIFFERENCE BETWEEN THE DELIVERED 
FLUID MIXTURE AND THE FLUID RETURNED TO THE PRODUCER AT A SPECIFIED 
TEMPERATURE FOR DISPOSAL. 

ENERGY SALES AGREEMENT SHOULD INCLUDE CLAUSES THAT PROVIDE FOR EFIERGY 
SALES AT A FAIR MARKET VALUE WITH ESCALATION DETERMINED BY 
NEGOTIATIONS BETWEEN BUYER AND SELLER. 

The p r i c i n g  concept f o r  geothermal energy includes the p r i c e  and the s t ruc tu r ing  
o f  the price, as t h i s  may be a strong template f o r  f u tu re  generating u n i t s  i n  the 
f i e l d .  The basic s t ructure o f  p r i c e  must provide an a t t r a c t i v e  r a t e  o f  re tu rn  t o  
the prospector. 
minimized. 

To achieve th i s ,  the prospector's cap i ta l  investment must be 

P R I C I N G  CONCEPT 

DEVELOP METHOD TO COMPETE WITH FOSSIL FUELS 

1. ENVIRONMENTAL ACCEPTABILITY 
2. LOWER CAPITAL REQUIREMENTS 
3. BUSBAR PRICE 

The u t i l i t i e s  pa r t i c i pa te  i n  the lowest r i s k  segment o f  the business. 
r i s k  segments should require a lower r a t e  o f  re tu rn  on investment than the higher 
r i sk .  
competit ive i f  equipment t o  t ransport  and convert the geothermal energy t o  
e l e c t r i c i t y  i s  b u i l t  by the u t i l i t y .  The fue l  p r i ce  should provide f o r  de l iver ing 
fue l  t o  a productive s i t e  manifold and receiv ing the f l u i d  a t  a disposal wel l  
i s l a n d  s i te .  

The lower 

Therefore, the busbar p r i c e  f o r  each k i l o w a t t  generated w i l l  be more 

P R I C I N G  COFICEPT 

DELIVER FUEL TO: 

A. MANIFOLD AT PRODUCTIOFI S ITE 
B. A PLAhlT SEPARATOR 

RECEIVE SPENT FLUID AT: 

A. DISPOSAL ISLAND SITE 
B. PLANT COFIDENSER 

PLAN "A" 114 EACH, RESULTS I N  LOWER FUEL COST AND BUSBAR PRICE. 

It i s  good business t o  consider the revenue stream f o r  the producer as being 
composed o f  two parts. The f i r s t  i s  money f o r  providing useful heat t o  the 
u t i l i t y ,  and the second i s  money f o r  disposing o f  the f l u i d  a f t e r  the useful heat 
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u t i l i t y ,  and the second i s  money f o r  disposing o f  the f l u i d  a f t e r  the useful heat 
has been extracted by t h e i r  machines. By buying fue l  on a k i l o j o u l e  (Btu) basis, 
incent ive i s  provided f o r  continued improvement i n  the e l e c t r i c i t y  generating 
system. The more k i l owa t t s  produced per k i l o j o u l e  ( m i l l i o n  Btu), the more 
competit ive the geothermal busbar p r i ce  becomes. 

(BASIC CONCEPT PAY FOR USEFUL KILOJOULES [BTUI) 

A. 

B. 

PAY ON BASIS OF ALL KILOJOULES (BTUS) DELIVERED ABOVE A 
"REFERENCE" TEMPERATURE 
PAY FOR KILOJOULES IBTUS) DELIVERED AND DISPOSAL AT 
KILOGRAM (MILLION POUNDS) DISPOSED 

DOLLARS PER 

The producer o f  f ue l  i s  st imulated t o  f i n d  and produce the highest heat content 
f l u i d  from h i s  system. This lowers h i s  operating costs f o r  production and 
disposal, since volumes o f  f l u i d s  t o  be moved are minimized. 

The jou les (Btu) provided should be pr iced  on jou les  (Btu) de l ivered above a 
reference temperature. These w i l l  be known as "useful jou les"  ("useful  tltu" 1. A 
useful k i l o j o u l e  per kilogram o f  b r ine  (Btu per pound) i s  the remainder o f  the 
d i f ference between the enthalpy o f  the f l u i d  a t  de l ivery  temperature and the 
enthalpy o f  the f l u i d  a t  a reference temperature such as 93°C (200°F). (Reference 
temperature depends upon agreement w i th  purchaser and i s  l i m i t e d  by composition o f  
the geothermal f l u i d .  1 

USEFUL JOULE (BTU) 

DELIVERY TEMPERATURE C 185" 
(F) (365" 

ENTtiALYY ( INLET) KJ/KG 784.5 
( BTU/LB) ( 337.5 1 

ENTHALPY @ REFERENCE TEMPERATURE 93°C 390.5 
( 200°F 1 ( 168) 

171" 
340" ) 

723.1 
311.1 

390.5 
168 1 

A H  = USEFUL KJ/KG OF BRINE 394 332.6 
" (BTU/LB) (169.5) (143.1) 

166" 
330" 1 

69&.9 
300.7 

390.5 
168 1 

308.4 
(132.7 1 

5-23 



BRINE KG (LB) 

DELIVERY TEMPERATURE C 185" 
(F) (365") 

FLOW FOR 50 MW [G/S 955 
(10 LB/H) (7.58 

NET MW PRODUCED 45.5 
BRINE REQUIRED: KG/NET KWH 75.7 

(LB/NET KWH) (167) 
USEFUL KJ/NET KWH 29,826 

(BTU/NET KWH) (28,300) 

171" 
(340" 
913.4 
(9.25) 
45.2 
93 

(205 1 
30,932 
(29,300) 

166" 
(330" 
1285.1 
(10.2) 
45.0 
103 
(227 1 
31,765 

( 30,100 
(CALCULATION: BRINE REQUIRED TIMES 
USEFUL KJ/KG [BTU/LB]) 
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