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land General E l e c t r i c  Company 

I NTRODUCTIOil 

The decision o f  an e l  
resource depends on the "value" placed upon t h a t  resource by the u t i l i t y .  
"value" includes a va r ie t y  o f  factors,  some o f  which consis t  o f  d i f f e r e n t  
port ions o f  the cost  o r  p r i c e  o f  the resource, bu t  many o f  which are not  d i r e c t l y  
re la ted  t o  the cost  o f  the resource, and some o f  which are in tangib le  and thus 
d i f f i c u l t  t o  quanti fy. A decision whether o r  not  t o  i nves t  i n  a geothermal 
resource would depend upon a l l  o f  these factors. The fac ts  considered by a 
u t i 1  i ty i n  evaluating and comparing a1 ternat ive sources o f  e l e c t r i c i t y  are 
presented below, and an evaluation o f  geothermal energy i s  given w i t h  a view 
toward i d e n t i f y i n g  some o f  i t s  advantages and disadvantages, and some o f  the 
d i f f i c u l t i e s  t h a t  would have t o  be resolved i n  a p r i c i n g  arrangement. The 
p a r t i c u l a r  viewpoint taken i s  t h a t  o f  an investor-owned u t i l i t y  i n  the Pac i f i c  
Northwest - Port land General E l e c t r i c  Company (PGE). 

i c  u t i l i t y  t o  accept a p a r t i c u l a r  p r i ce  f o r  a geotherma 
This 

hermal industry are considered impor- 
t a n t  i n  an evaluation o f  geothermal energy. The most o f ten  noted o f  these char- 
a c t e r i s t i c s  i s  the requirement t h a t  geothermal, energy be used where i t  i s  
produced, and, therefore, t h a t  a power p lan t  t o  convert geothermal f l u i d s  t o  
e l e c t r i c i t y  must be b u i l t  a t  o r  near the reservoir.  This resu l t s  i n  a 
re la t i onsh ip  between f i e l d  producer and power p l a n t  operator t h a t  has been char- 
acter ized as a "one market-one suppl ier"  s i tuat ion;  t h i s  re la t ionship poses 

onst ra i  n t s  on the types o f  f i e l  d-pl ant  arrangements t h a t  are v i  ab1 e. 

Another s i g n i f i c a n t  ch c t e r i s t i c  o f  geothermal energy 
optimal p l a n t  s ize - o he order o f  50-100 MU, While t h i s  cha rac te r i s t i c  i s  
disadvantageous from a i l i t y ' s  viewpoint because economies o f  scale are not  
possible, t h i s  property o f  geothermal power plants also has advanta 

re1 i abi 1 i t y  o f  opera 

the re1 a t i  vely small 

i n  most case 1s w i l l  have t o  
sed f l e x i b i  1 i ty i n  the operation o f  the 
e not  expected t o  be load-fol lowing 
ously whi le a t  times bypassing the power 

p l a n t  and - d i r e c t l y  r e i  n j e c t i  ng the f l u i d  i n t o  the reservoi r; however , the extent 
t o  which t h i s  p rac t i ce  i s  possible and the e f f e c t  o f  such a pract ice on the 
q u a l i t y  and longevi ty o f  the reservo i r  i s  d i f f i c u l t  t o  p red ic t  a t  the present 
time. It may also be possible t o  contro l  the f low r a t e  o f  wells, p a r t i c u l a r l y  
pumped wel ls,  o r  t o  t u r n  o f f  the wel ls  during seasonal periods o f  low energy 



r--- demand. However, our current  s ta te o f  knowledge i s  such t h a t  the f e a s i b i l i t y  o f  

The r e l a t i v e  youth o f  the geothermal industry, compared w i t h  more t r a d i t i o n a l  
forms o f  generation, a lso must be considered when est imat ing the value o f  a 
geothermal resource t o  an e l e c t r i c  u t i l i t y .  Large uncer ta in t ies e x i s t  w i th  
respect t o  the cost  o f  the resource and t o  the size, r e l i a b i l i t y ,  and longevi ty 
o f  the f i e l d .  Because o f  the unique re la t ionship between f i e l d  producer and ' 

u t i l i t y  noted above, uncertaint ies w i t h  respect t o  the s ize and l i f e  o f  the re- 
source are especial ly s ign i f i can t .  U t i l i t i e s  w i l l  need t o  have some assurance 
t h a t  the fue l  supply ex i s t s  and i s  re l i ab le ,  o r  e lse must fac to r  t h i s  aspect o f  
r i s k  i n t o  the revenue requirements f o r  a geothermal power plant. On the other 
hand, geothermal energy i s  one new fue l  a l t e rna t i ve  t h a t  appears t o  be commer- 
c i a l l y  v iab le  now o r  i n  the near fu ture and as such should be given serious 
a t ten t i on  by u t i l i t i e s .  

these options i s  uncertain. LJ 

For an Oregon u t i l i t y ,  geothermal energy has a spec a1 at t ract iveness i n  t h a t  i t  
i s  one o f  few fue l  resources indigenous t o  t h a t  s ta  e (besides hydroelectr ic 
power; Oregon has only a few minor coal deposits). F ina l l y ,  although some 
environmental d i f f i c u l t i e s  ex is t ,  these d i f f i c u l t i e s  appear t o  be surmountable 
and, on the whole, geothermal energy appears t o  be an environmentally acceptable 
resource. These character is t ics  may help t o  make i t  an a t t r a c t i v e  fue l  
a1 te rna t i ve  t o  government and the general pub1 i c .  

OPTIONS FOR OBTAINING GEOTHERMAL ENERGY 

Three basic options e x i s t  f o r  a u t i l i t y  considering investment i n  geothermal 
energy. The "c1 assic'' arrangement i s  where a resource company explores, devel - 
ops, and operates the f i e l d ,  and s e l l s  the f u e l  t o  an e l e c t r i c  u t i l i t y  which 
bu i l ds  and operates the power p l a n t  and transmission l ines.  A l ternat ive ly ,  a 
u t i l i t y  might purchase p a r t  o r  f u l l  ownership o f  the f i e l d  and thus be respon- 
s i b l e  f o r  development and operation o f  both f i e l d  and power plant.  
p o s s i b i l i t y  i s  f o r  the u t i l i t y  t o  purchase busbar power from some company who 
owns and operates a power p l a n t  producing e l e c t r i c i t y  from geothermal energy. I n  
t h i  s t h i r d  a1 ternat ive,  the u t i  1 i ty woul d s t i  11 be responsible f o r  t ransmi t t ing 
the e l e c t r i c i t y  t o  the load center. The costs, benef i ts,  and r i s k s  t o  a u t i l i t y  
(and consequently the "pr ice" acceptable t o  the u t i l i t y )  d i f f e r  f o r  each o f  these 
three a1 t e r n a t i  ves. 

A t h i r d  

CRITERIA USED I N  COMPARING GENERATION ALTERNATIVES 

The f i nanc ia l  c r i t e r i a  used t o  evaluate generation a1 ternat ives can be summarized 
as follows. The major goal i s  t o  minimize the cost o r  the revenue requirements, 
l eve l i zed  over the l i f e  o f  the plant,  f o r  the generation o f  e l e c t r i c i t y ,  usual ly 
expressed i n  $/kW-yr o r  mills/kWh. 
revenue requirements, a second major goal i s  t o  minimize the r i s k  associated w i t h  
the cost  o f  the resource; t h a t  i s ,  t o  consider the range o r  the p robab i l i t y  
d i s t r i b u t i o n  o f  the revenue requirements f o r  each a1 te rna t i ve  resource. While an 
analysis o f  the expected revenue requirements and the r i s k s  associated with 
various generation a1 ternat ives usual ly determines which a1 te rna t i ve  should be 
selected, a t h i r d  c r i t e r i a  exists,  which may overr ide the r e s u l t s  o f  analyzing 
the f i r s t  two c r i t e r i a .  This t h i r d  consideration i s  the impact o f  an opt ion on 
the near-term fu tu re  o f  the u t i l i t y  i n  terms o f  revenue requirements, r a t e  
adjustments, c a p i t a l i z a t i o n  structure, and so on. An opt ion which appears most 
desirable over the long-term may be re jected because o f  unacceptable impacts i n  
the near future. n 

Given a "best estimate" f o r  the l eve l i zed  
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Therefore, when evaluating a geothermal resource and determining what p r i ce  would 
be acceptable, PGE would analyze: (1) the busbar p r i c e  o f  the e l e c t r i c i t y ,  
(2 )  transmission system cap i ta l  and operating costs, ( 3 )  t o t a l  f i x e d  (o r  "owner- 
ship")  costs versus operating (o r  "incremental") costs, ( 4 )  long-term level ized 
costs versus i n i t i a l  year costs, (5) costslkblh versus absolute cost  i n  $/yr 
revenue requirements, (6) impacts on near-term r a t e  adjustments, and 
( 7 )  existence o f  t ax  incent ives and the a b i l i t y  o f  the company t o  take advantage 
o f  them. The importance o f  each o f  these c r i t e r i a  w i l l  vary f o r  d i f f e r e n t  
al ternat ives;  again, the decision would be based on minimizing the expected 
revenue requirements subject  t o  the existence o f  unacceptable r i s k s  o r  near-term 
impacts . 
I n  addi t ion t o  the factors  noted above, several important considerations e x i s t  
t h a t  do no t  d i r e c t l y  involve the cos t  o f  the generation resource being evaluated. 
Perhaps most obviously, the acceptabi l i ty  o f  a p r i c e  f o r  a p a r t i c u l a r  resource 
depends on the pr ices o f  competit ive resources. Whether o r  n o t  a p r i c i n g  
strategy f o r  e l e c t r i c i t y  from geothermal energy i s  indexed t o  the pr ices o f  
competit ive fuels, PGE w i l l  consider the pr ices o f  competit ive fue ls  when 
evaluating geothermal opportunit ies. Not only current  pr ices must be considered 
bu t  a lso the expected fu ture pr ices o f  competit ive fuels. It may be desirable t o  
i nves t  i n  a resource which i s  current ly  higher i n  p r i c e  b u t  which may be expected 
no t  t o  escalate as rap id l y  as i t s  competitors o r  whose fu tu re  p r i ce  may be less 
uncertain. Addi t ional ly,  the expected p l a n t  operating factors  (number o f  hours 
operating per year) can have a s i g n i f i c a n t  impact on the r e l a t i v e  economics o f  
competi ti ve resources. 

A c r i t i c a l  consideration i s  t h a t  o f  a v a i l a b i l i t y .  As i s  wel l  known, t h i s  issue 
o f  avai 1 abi 1 i ty , o f ten  determined pol  i t i c a l  l y  rather  than otherwi se, has become 
c ruc ia l  over the l a s t  several years. I n  addi t ion t o  current  a v a i l a b i l i t y ,  the 
assurance o f  f u tu re  supply i s  important. F l e x i b i l i t y  i n  adding generation 
capacity o f  a p a r t i c u l  a r  type o f  resource i s  another somewhat in tangib le  
consideration. I n  pa r t i cu la r ,  r e l a t i v e  lead times f o r  d i f f e r e n t  types o f  power 
p lants  can be a c r i t i c a l  factor.  

The la rge r  p i c t u r e  o f  a balanced resource mix and the a v a i l a b i l i t y  o f  d i f f e r e n t  
options f o r +  generating e l e c t r i c i t y  are also important considerations. Geothermal 
energy should be evaluated according t o  the p a r t  i t  w i l l  p lay i n  a mix o f  
baseload, intermediate, and peaking resources. It i s  a lso useful  simply as an 
addi t ional  opt ion f o r  generating e l e c t r i c i t y ;  i n  t h i s  sense i t  helps t o  provide 
the va r ie t y  o f  resources necessary t o  provide secur i ty i n  an uncertain 

r 

l i c  acceptance o f  a resource, much o f  which revolves around the 
question o f  environmental s u i t a b i l i t y ,  i s  becoming increasingly c r i t i c a l .  Public 
acceptance of a resource no t  only eases the implementation o f  t h a t  pa r t i cu la r  
,resource, b u t  may also improve the general a t t i t u d e  o f  the pub l i c  toward a 
u t i l i t y  which then impacts on the success o f  other u t i l i t y  projects. 

The importance of these less  tangib le  c r i t e r i a  f o r  the p r i c i n g  o f  e l e c t r i c i t y  
from geothermal energy i s  t h a t  these considerations w i l l  enter i n t o  an estimation 
o f  i t s  value as a resource a1 ternat ive,  and thus i n t o  the determination o f  what 
would be an acceptable p r i c e  f o r  geothermal energy. 

EVALUATING GEOTHERMAL ENERGY 

The f o l  1 owing discussion provides a background f o r  an eval uat ion o f  geothermal 
energy, and the three options for  obtaining geothermal energy, from the viewpoint 
o f  an e l e c t r i c  u t i l i t y .  u 

5-9 i 
I 



- 
u Assuming t h a t  the f i e l d  producer s e l l s  the geothermal f l u i d  t o  a u t i l i t y ,  the 

p r i c e  o f  the fue l  f o r  a hot  water resource i s  estimated t o  run from h a l f  t o  
s i g n i f i c a n t l y  more than h a l f  o f  the t o t a l  busbar cost  o f  e l e c t r i c i t y .  This 
r e l a t i v e l y  high incremental cost  would tend t o  suggest t h a t  e l e c t r i c i t y  from 
geothermal energy be used as a peaking or,  more l i k e l y ,  an intermediate resource 
( s i m i l a r  t o  coal); however, the requirement t h a t  wel ls  be run continuously seems 
t o  r e s t r i c t  i t t o  a baseload resource. The degree t o  which some f l e x i b i l i t y  may 
be gained so t h a t  the power p lants  need no t  operate continuously i s  uncertain. 
From a u t i l i t y ' s  viewpoint, some degree o f  control  over maintenance downtime o f  
f i e l d  equipment would be desirable i n  order t o  schedule such downtime w i t h  
periods o f  low energy demand. These factors  w i l l  have t o  enter i n t o  any p r i c i n g  
arrangement between f i e l  d producer and u t i  1 i ty . Where geothermal energy i s used 
as a baseload resource, i t s  record o f  h igh p lan t  operating factors  may have a 
pos i t i ve  impact on i t s  economics r e l a t i v e  t o  competit ive fuels. 

The "one market-one suppl ier"  property o f  e l e c t r i c i t y  from geothermal energy 
r e s u l t s  i n  s i g n i f i c a n t  uncertaint ies i n  f i e l d  size, r e l i a b i l i t y ,  and longevi ty 
t h a t  must be worked i n t o  any arrangements between a f i e l d  producer and a u t i l i t y .  
The f i e l d  producer w i l l  want t o  assure a buyer f o r  a fu tu re  f i e l d  t h a t  i s  n o t  y e t  
proven, whi le the u t i l i t y  may no t  wish t o  commit i t s  funds u n t i l  a f i e l d  o f  
adequate s ize i s  proven. The u t i l i t y  w i l l  also wish t o  requi re  insurance i n  the 
event o f  decl ine o f  f l u i d  q u a l i t y  o r  ear ly  deplet ion o f  the f i e l d .  Hopeful ly 
these uncertaint ies w i  11 become less c r i t i c a l  as the geothermal industry matures. 
I n  addit ion, the unique f i e l d - p l a n t  re la t i onsh ip  makes the l oca t i on  o f  the f i e l d  
w i t h  respect t o  load center and transmission f a c i l i t i e s  especia l ly  c r i t i c a l .  A 
f i e l d  o f  lower q u a l i t y  close t o  a major load center may be more valuable than a 
f i e l d  o f  higher q u a l i t y  f a r  away from load centers o r  e x i s t i n g  transmission 
f a c i  1 i t ies .  

The small s ize o f  a geothermal e l e c t r i c  plant,  whi le  n o t  providing economies o f  
scale, may prove t o  be more r e l i a b l e  and may provide greater f l e x i b i l i t y  i n  
scheduling small addi t ions o f  generating capacity. I n  addi t ion t o  the greater 
r e l i a b i l i t y  o f  small power plants, f a i l u r e  o f  a small p l a n t  w i l l  have f a r  less 
impact on the t o t a l  generating system. The economics o f  a smaller p l a n t  w i l l  
have l ess  impact on t o t a l  u t i l i t y  revenue requirements; thus a somewhat higher 
p r i c e  i n  mills/kWh might be acceptable f o r  a smaller p l a n t  i f  other advantages 
accrue t o  t h a t  plant. 

. 
The indigenous nature o f  geothermal energy, besides enhancing pub1 i c  acceptance, 
a1 so provides greater re1 i a b i l  i ty o f  supply and possibly greater cont ro l  and, 
hence, less uncertainty w i t h  respect t o  the p r i ce  o f  the resource. F ina l l y ,  as 
noted, although geothermal energy i s  s t i l l  an emerging resource, i t  i s  hoped t h a t  
it w i l l  provide s i g n i f i c a n t  quant i t ies  o f  commercially competit ive power w i t h i n  
the near o r  middle term future. Therefore, i t  i s  a resource t h a t  u t i l i t i e s  
should support. 

No absolute preference ex i s t s  a t  the present time f o r  any o f  the three options 
f o r  obtaining geothermal energy out1 i ned above. Nevertheless, some o f  the 
advantages and disadvantages o f  each o f  these options, and the d i f f i c u l t i e s  t h a t  
would have t o  be resolved i n  each case, are summarized below. 

PGE does no t  current ly  foresee a large a v a i l a b i l i t y  o f  geothermal busbar e l e c t r i -  
c i t y  produced by n o n - u t i l i t y  companies. It i s  bel ieved t h a t  a u t i l i t y  would be 
able t o  generate e l e c t r i c i t y  cheaper and more re l i ab l y ;  therefore, the p r i ce  o f  
purchased e l e c t r i c i t y  i s  expected t o  be higher than the busbar cost  would be i f  
the u t i l i t y  generated the e l e c t r i c i t y .  This option, however, does possess 
c e r t a i n  advantages t h a t  may o f f s e t  the expected higher price. These advantages 

r i s k  t o  the u t i l i t y  i s  involved i n  construct ing transmission f a c i l i t i e s  f o r  a 
mostly involve a low cap i ta l  out lay w i t h  consequently low r i s k  (although some /---- 
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power source t h a t  may prove unrel iable).  On the other hand, t h i s  option provides 
the l e a s t  degree o f  u t i l i t y  control  over the amount and t iming o f  e l e c t r i c i t y  
generation and over production r e l i a b i l i t y .  The f a c t  t h a t  the cost  o f  t h i s  
busbar e l e c t r i c i t y  i s  t o t a l l y  incremental - and may be expensed t o  o f f s e t  
revenues - may o r  may no t  be an advantage, depending on the ind iv idual  u t i l i t y .  

The "c lassic" arrangement provides the u t i l i t y  w i t h  costs t h a t  are div ided 
between f i x e d  and operating. Capi ta l izat ion i s  s i g n i f i c a n t  i n  t h i s  case, 
although incremental costs (mostly f u e l )  are a lso high. The u t i l i t y  would no t  
bear the r i s k s  associated w i t h  f i e l d  explorat ion and development, except as they 
are re f l ec ted  i n  the fue l  costs. The u t i l i t y ' s  major concern l i e s  w i th  the 
uncer ta in t ies i n  f i e l d  size, r e l i a b i l i t y ,  and longevity. The uncertainty i n  
f i e l d  s ize impacts on the question o f  when power p l a n t  construct ion should begin, 
and when and what s ize o f  transmission f a c i l i t i e s  should be constructed. These 
factors  w i l l  need t o  enter i n t o  the agreement between f i e l d  producer and u t i l i t y ,  
inc lud ing the amount and t iming o f  prices. The u t i l i t y  w i l l  a lso wish t o  have 
some insurance w i t h  respect t o  f i e l d  re1 i a b i l  i ty and longevity; several sugges- 
t i o n s  f o r  resolv ing t h i s  uncertainty have been offered, inc lud ing federa l ly  
funded insurance and accelerated depreciat ion methods. F ina l l y ,  as has been 
noted, i t  may be desirable t o  include provisions f o r  obtaining f l e x i b i l i t y  i n  
capacity expansion and p l a n t  operating schedules. Any such provisions f o r  f l ex -  
i b l e  f i e l d  expansion and p l a n t  operation w i l l  a lso have t o  enter i n t o  the p r i c i n g  
agreement. 

The t h i r d  opt ion i n  rea l  i ty encompasses many options consi s t i ng  o f  various 
degrees o f  u t i l i t y  p a r t i c i p a t i o n  i n  f i e l d  development. This opt ion resu l t s  i n  a 
higher percentage o f  f i x e d  costs and lower incremental costs, since f i e l d  cap i ta l  
costs would be assigned t o  f i x e d  charges. The at t ract iveness o f  t h i s  opt ion 
stems mainly from the greater cont ro l  over f i e l d  development and operation t h a t  
the u t i  1 i ty woul d possess. Whether t h i s  opt ion woul d be economical l y  
advantageous f o r  the u t i l i t y  i s  uncertain a t  t h i s  time, as the r a t e  o f  re turn 
required by a u t i l i t y  depends upon the perceived r i s k  o f  a project .  Much depends 
upon whether o r  n o t  the Publ ic U t i l i t i e s  Commission would al low the ratepayers t o  
bear the r i s k s  o f  such a venture ( t h i s  i s  p a r t i c u l a r l y  t r u e  i f  the u t i l i t y  
pa r t i c i pa tes  i n  f i e l d  explorat ion as wel l  as development). The wi l l ingness o f  
the PUC t o  al low the r i s k s  o f  f i e l d  development t o  f low i n t o  the r a t e  base w i l l  
depend la rge ly  on how great these r i s k s  are perceived t o  be i n  terms o f  the prob- 
a b i l i t y  and magnitude o f  loss. 
favorably upon j o i n t  ventures, f o r  example, between a u t i l i t y  and a resource 
company. 
ra the r  than the ratepayers, the PUC w i l l  have contro l  over the r a t e  o f  the re tu rn  
t o  the stockholders by c o n t r o l l i n g  the p r i ce  the u t i l i t y  i s  allowed t o  pay 
( i t s e l f )  f o r  the fuel.  
administrat ive headaches, due t o  a new type o f  u t i l i t y  project ,  which are lack ing 
i n  the other options. 

It i s  hoped t h a t  the preceding discussion w i l l  g ive resource companies and others 
an idea o f  the type o f  analysis performed by one u t i l i t y  i n  evaluating and 
comparing a l t e r n a t i v e  sources o f  e l e c t r i c i t y ,  and how one u t i l i t y  might evaluate 
d i f f e r e n t  options f o r  obtaining geothermal energy. 

w 

It i s  l i k e l y  t h a t  the PUC would look more 

Even i f  the r i s k s  o f  f i e l d  'development are born by the stockholders 

I n  addi t ion t o  these d i f f i c u l t i e s ,  t h i s  opt ion includes 
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