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ABSTRACT

I discuss suggested a l t e r n a t i v e s f o r
reduc ing t h e f i n a n c i a l r i s k s o f geothermal
development and propose a modeling approach t o
the p r e d i c t i o n o f the busbar cost , and t o the
e v a l u a t i o n o f the f i n a n c i a l opt ions.

I n recen t years, geothermal energy has
emerged as a promising energy source and has
rece ived ser ious a t t e n t i o n from developers and
p o t e n t i a l users. S t i l l , desp i te apparent
environmental advantages of t h i s resource,
i n c l u d i n g i t s p o t e n t i a l cos t competi t iveness
and ic acceptance, the devel
ment and use o f geothermal energy has been
r a t h e r slow. Main impediments t o the develop-
ment o f t h i s resource have been f i n a n c i a l ,
environmental, techn ica l and i n some cases,
r e g u l a t o r y uncer ta in t ies . Since geothermal
power i s unique i n t h a t t h e user f a c i l i t y i s
t i e d t o a s i n g l e f u e l a t a s i n g l e s i t e , these
u n c e r t a i n t i e s are of p a r t i c u l a r concern t o
p o t e n t i users.

The areas o f uncer ta in ty are w e l l known.
Dur ing t h e l a s t few years, several workshops
and var ious  s tud ies  have addressed p o t e n t i a l
r i s k s and i n p a r t i c u l a r , the f i n a n c i a l r i s k s o f
geothermal energy. From these discuss ions
severa l  v iewpoints  regard ing the adequacy o f
a v a i l a b l e measures f o r reducing the f i n a n c i a l
r i s k s o f developing and using geothermal energy 
have emerged. These measures range from con-
t r a c t u a l agreements between developers and
users t h a t would p lace the r i s k of r e s e r v o i r
l o s s on t h e supp l ie r , t o government-sponsored
insurance programs t h a t would b a s i c a l l y ask the
taxpayers t o shoulder the f i n a n c i a l r i s k s o f
develop ing geothermal energy. I w i l l d iscuss
these op t ions and t h e i r advantages and disad-
vantages.

Each of these opt ions covers r i s k s t o
c e r t a i n users w i t h the  poss ib le  exc lus ion  o f
others , r e s u l t i n g i n d i f f e r e n t groups having
w i d e l y d ive rgen t views on the r e l a t i v e a t t r a c -
t i veness and f e a s i b i l i t y o f one scheme versus
another . I n a d d i t i o n , each scheme i s accom-
panied by e i t h e r d i r e c t o r i n d i r e c t costs t o

the p o t e n t i a l end user whose views would be
represented e i t h e r by p u b l i c i n t e r e s t groups
o r regu la to ry agencies mandated w i t h
p r o t e c t i n g  t h e  i n t e r e s t  o f t h e pub l i c .

I n order t o evaluate t h e d i f f e r e n t  a l -
t e r n a t i v e s and achieve a consensus regard ing
the e f fec t i veness o f these opt ions, two
c e n t r a l issues need t o be resolved. The
f i r s t issue i s t o a r r i v e a t a procedure t h a t
would de f ine  spec i f i c  shor t- term and
long- term goals and which would q u a n t i f y  t h e  
outcomes o f the d i f f e r e n t te rna t i ves .
Developing a r a t i o n a l c r i t e r i o n f o r
eva lua t ion i s essen t ia l f o r measuring how
w e l l any o f these op t ions meets t h e
s p e c i f i e d goals. I submit a procedure f o r
a r r i v i n g a t such measures, and propose a
model ing approach t o the q u a n t i f i c a t i o n o f
the most impor tant c r i t e r i o n : t h e l e v e l i z e d
busbar cos t and i t s p r o b a b i l i t y
d i s t r i b u t i o n .

I discuss how d i f f e r e n t k inds o f uncer-
t a i n t i e s associated w i t h geothermal energy
development can be aggregated i n t o a r i s k
model. The model would c o n s i s t o f var ious
submodels t h a t r e l a t e t h e endogenous and
exogenous u n c e r t a i n t i e s of major  cost  compo-
nents, i n c l u d i n g the  cos t  o f p l a n t shutdown
due t o unforeseen environmental and seismic
hazards. I t w i l l f u n c t i o n bo th as a means
f o r
cos t
t h e
t h a t
mode
more
d i f f

i n t e g r a t i n g the  va r ious  p r o b a b i l i s t i c
components, and a method t o u n t f o r
f i n a n c i a l and economic i e s
a f f e c t these costs. Therefore, t h e

i n g approach t o r i s k aggregat ion i s
than a t o o l f o r eva lua t ing t h e

r e n t programs; i t t h a t a l l. .
uncer ta in t ies , - whether due t o seismic
hazards, changes i n regu la t ions , o r
reservo i r- induced f a c t o r s , can be combined
i n t o a s i n g l e measure. The e f fec t i veness o f
each o f the proposed programs can be
measured against t h i s model, o r a t l e a s t
aga ins t those submodels t h a t are a f fec ted by
the p a r t i c u l a r program under cons iderat ion.

A second c e n t r a l quest ion i s t h a t o f
developing a procedure when t h e values o f a
number of i n d i v i d u a l s ,  o f t e n  w i t h
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conflicting interests, are incorporated into
the risk model. While there are practical
problems associated with encoding the values o f

decision maker in a format required for
the appl ication of the model, conceptually,
th i s case does n o t present a problem. The
unresolved problem arises when either a
decision maker wishes to take the values of the
interested parties i n t o account, or when the
decision-making entity consists o f a group o f
individuals with differing values. I present
some thoughts on how this problem can be
addressed in a systematic way.
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