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ABSTRACT

This paper proposes a modeling approach to
the aggregation o f the various uncertainties and
for estimating the economic risks to electric
u t i l i t y companies of investing i n an individual
geothermal project. The 'intent of this concep-
tual model is to provide a structure for system-
atically examining the major uncertainties
developing and operating a geothermal plant and
their potential effects on the busbar cost of
electrici ty and i t s probabi 1ity distribution.

INTRODUCTION

The plumes of steam rising from the geo-
thermal steam-electri c generators i n Northern
California only hint a t the vast amount o f
energy stored i n geothermal reservoi through-
out the western United States. Following t h e
successful exploitation of this resource, b o t h
for generation of electricity (New Zealand,
Italy, Mexico) as well as space heating (Ice-
1and, Hungary, France, Cal fornia ) geothermal
energy-has emerged as a promising energy
source during the las t decade i n the U.S.,
and has received serious attention from
developers, potential users, as well as the
federal and western s ta te governments. S t i l l
despite apparent environmental advantages of
this resource, including i t s potential cost 
competitiveness and acceptance , the
commercial and use of geothermal
energy has been rather slow. Main impediments
t o the development of this resource have been
financial, environmental, technical and in ,
some cases, regulatory uncertainties, Since
geothermal power is unique in t h a t the user 
fac i l i ty i s tied to a single fuel a t a sin-
gle s i t e , these uncertainties are o f par t i -
cular concern t o potential users.

Traditionally, there has been a difference
of opinion between developers and pofential
users of geothermal energy regarding uncertain-
t ies and the degree of risk associated w i t h the
exploitation of a geothermal field. Part of
the difference arises from institutional a t t i -
tudes towards risk. Developers tend t o be risk
takers and, with some justification, do not view
the development of geothermal fields very dif-
ferently from the exploitation of oil and gas
fields.
companies are heavily regulated, and their

On the other hand, electric ut i l i ty

management are generally risk-averse . To incor-
porate any unforeseen losses i n their rate struc-
tures , u t i l i t y companies have t o that
their investment decision has been 'prudent ' and
that alternatives, as well as uncertainties as-
sociated w i t h the investment, have been adequate-
ly addressed,

The areas of uncertainty are known.
During the las t few years, several workshops and
various studies have addressed risks
and particular, the financial risks of geo-
thermal energy. (EPRI, 1978; Golabi 1980; Stock,
1981) these discussions several viewpoints
regarding the adequacy o f available measures for
reducing the financial risks of developing and
using geothermal energy have emerged. These mea-
sures range from contractual agreements between
developers and users t h a t would place the risk
of reservoir loss on the supplier, t o government-
sponsored insurance programs t h a t would basically
ask the taxpayers t o shoulder the financial risks
of developing geothermal energy.
Falick, 1978).

(Aidlin, 1978;

Each of these options covers risks to certain
users w i t h the possible exclusion o f others, re-

t i n g i n different groups having widely diver-
gent views on the relative attractiveness and
feasibility of one scheme versus another.
i t ion, each scheme is accompanied by either d i -
rect costs to the potential end user whose views
would be represented either by public interest
groups or regulatory agencies mandated w i t h pro-
tecting the interest of the public. 
difficulty with evaluating the different
tives has been the central question i t se l f : How
risky i s a particular geothermal development, and
how can the risks be quantified? From the point
of view of electric ut i l i ty companies and their

who would be the main users of this
energy source, this translates into the .
ty associated w i t h the price of the generated
electricity, the busbar cost of geothermal power.

In add-

The main

This paper proposes a modeling approach t o
the aggregation of the various uncertainties and
for estimating the economic risks t o electric

t y companies investing in an individual
geothermal project. The intent of this concep-
tual model is to provide a structure for system-
atically examining the major uncertainties in
developing and operating a geothermal p l a n t and
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t h e i r potent ia l  ef fects on the busbar cost of
e l e c t r i c i t y and i t s probabi l i ty d is t r ibut ion.
The modeling approach i s not only useful
evaluating the costs o f a geothermal
pro jec t but i s also a valuable t o o l i n evalu-
at ing the ef fec t o f the various schemes i n
reducing the economic r isks o f geothermal
power. It can also serve as a basis f o r
paring the cost o f t h i s energy resource t o
those o f other ternat i ves .

THE DECISION PROCESS

Before presenting the interconnection
between the various submodels tha t comprise
the model and the relationships between exter-
n a l i t i e s such as environmental ef fects and
costs, i t i s helpful t o div ide the decisions

'

and a c t i v i t i e s that lead t o
o f a geothermal plant i n t o three general
stages (See Figure 1):

Pre-const ruct ion feasibi 1ity studies
Plant construction and start-up
Operation and maintenance

There are uncertainties a t each stage o f
the process and r isks which should be evaluated
and accepted before proceeding. A t each step,
more information becomes available and many un-
cer ta in t ies are reduced or bounded. However, a
too l i s needed t o quantify the uncertainties and
the reduction i n these uncertainties. As the
model can be used a t each decision point, wi th .
the input t o the model d i f f e r i ng t o r e f l e c t the
changing information base, the r i sk model pro-
vides a framework f o r the u t l i t y company t o
make appropriate decisions a t each step.
major decision models are iden t i f i ed i n Figure 1:

Five
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:

I s geothermal a potent ia l ly feasible a l ter-
native ( re la t i ve t o other ternatives)?

I s the propose promising?

decision node. It involves a
o f funds f o r pre-construction studies and
ac t i v i t i es .

This i s a spec

I s the proposed comnitment prudent? This
i s the f i n a l decision node p r i o r t o accept-
ing l i a b i l i t i e s o r resources t o
construction and operation. Once the deci-
sion has been made t o proceed with a par t i-
cu lar project, the r i s k increases due t o the
r e l a t i v e l y high costs of construction (com-
pared t o pre-construction f e a s i b i l i t y studies).

Is the project economically viable or otherwise
cost-effective? Even ifthe project i s not
economically successful by i t s e l f , i t may be
considered cost-effective. For example, a
small-scale, f i r s t generation plant may pro-
vide useful information about the reservoir
and valuable experience which can be used as
a basis f o r subsequent capacity expansion and
f i e l d development recognizing that the average
cost o f power from a f i e l d i s l i k e l y t o be
s ign i f i can t l y lower than that f o r the f i r s t
generation plant.

I f the project turns out to be non cost-
effective, should the project be terminated?
The options open i n th i s stage would include
modifications i n the project o r termination.

The loop following decision node 3 , i n
1 indicates the decisions expan-

sions of capacity o r addit ional
plants. In. t h i s decision, information gen-
erated from the f i r s t plant w i l l be available t o
reduce uncertainties. A r i sk model should be
able t o accomnodate t h i s sequential decision mak-
ing process with the inputs re f l ec t i ng the chang-
ing information base.

izat ion of the uncertainties a t each o f three
stages of development of the geothermal power plant.

The model construction begins by a character-

MAJOR SOURCES OF UNCERTAINTY

I n considering potent ia l variations i n cost,
i t i s important t o be able t o ident i fy those fac-
tors and t h e i r associated uncertainties, which
can cause the various components o f the cost o f
power t o exceed o r drop below given c r i t i c a l
levels. Once such factors and the costs they
a f fec t have been ident i f ied, the relationship bet-
ween them and the cost of power can be examined,

the l ike l ihood of occurrence and the ef fec t
on t o t a l cost of each factor can be

A l i s t o f uncertainties (factors) which could
impact the cost of geothermal power i s provided
by Table 1. I n order t o focus on the most impor-
tant factors the uncertainty associated w i t h each
factor needs t o be evaluated.



The uncertainty comes from two sources:
uncertainty associated w i t h the magnitude and
occurence of the factors, and ( 2 ) uncertainty as-
sociated with the abil i ty to predict the conse-
quences cost effects) associated with the
occurrence of these factors. The l a t t e r source
of uncertainty i s related t o the t o which
submodels that 11 be shortly discussed, depict
the real world and is a function of modeling
abil i ty. One way that each factor i n the l i s t
can be classified on these two uncertainties is
using the scheme:

i f the range of possible values is 10
percent of the most likely value assign
the numerical value of 1; i f the range
is + 25 percent assign 2, greater
than + 25 percent assign 3. Possible

refers t o the ranges w i t h i n which
90%of a l l values would 1.

In Table 1 , based on the judgment of Wood-
ward-Clyde s ta f f and the San Gas and

Co., the that were considered
significant (either a score of 3 on one of the
two sources o f uncertainty, or 2 on both) for
a geothermal power plant in the Imperial
Valley are denoted by

Table 1 A UNCERTAINTIES

Area of Uncertainty

I . Technical and Environmental

A. Reservoir
Proven Reserves of Resource
* State of the Art

Instrumentation and Access
* Extent

Recoverabi l i ty
Failure Modes
In Situ Constituents .
Strength and Integrity
Horizontal Vertical Permeabi 1 ty

* Convection or Drainage

2. Reservoir on
Placement of Wells

Hole Data
Thermal and Flu id Recharge
Transient Response
Fault or Fracture Flows
Effect of Major Events
Effect of Withdrawal and Injection

* Performance w i t h Time
Performance w i t h Use
Liabi1i t y
Faul t Lubrication
Induced ng
Induced Seismic Activity
Reaction of Injected Fluid w i t h In

Affect o f Nei ghbori ng Springs Mud

Cooli ng Front Location and Materi

Bacteria Growth Affects

Situ Materials

Pots, Wells

Contraction
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3. Brine Supply, Wellhead
* Temperature
* Pressure

Chemical Analysis
Phase Quantity and Distribution

* Heat Content
Stability
Transient Response ,

* Changes w i t h Time
* Changes with Use

Fixed and Variable Costs
*

Materials Compatibility
Failure Modes
Location of Wells

r Drawdown
Well Bore Flash Point

* Effect of Major Event
* Well Scaling or Blockage

1 Corrosion
Cost Escal a t ion
Noise
Air Emissions
Intrusion or Leakage from or into

other "Strata
* Surface Leakage

Cement Leakage
Pump and i abi1 ty
Waste Disposal

* Expected Life

Temperature
Pressure

Solids Content
Chemi t ry
Transient Response
Changes i n Time
'Changes in Usage
Fixed and Variable Costs
Failure Modes
Reservoir Pressure Bui 1dup
Location o f Wells
Scaling or Blockage

1 Corrosion
Cost Escalation

Cement Leakage

other Strata

4. Injection Well

* Expected Life

* Intrusion or Leakage from or into

B. Plant
1. Design

Two Phase Supply Regime
Stability
Scale

* Corrosion
* Plant Efficiency

i abi1i ty
* Separator and Scrubber Performance

Effluent Treatment
Solids Removal

* Cooling Water Chemistry and Supply
Non-condensible Gas Removal

Treatment
Foul ing Factors
Planned Maintenance



2.

Supply Lines

Gas
Cooling Tower Emissions
Seismic, Flood, Wind and

Cr i te r i a

Construction
Capital Cost
Cash Flow
Schedule.
Interest Charges
Escala t ion
Star t Up Problems
Scope Changes
Taxes

3. Operation and
Size of Operating Crew
Fa 1ure Rates
Spare Parts
Escala t i on
Expendable Materials Required

Size, Location and Capabil i ty of

Waste Disposal Charges
Taxes

* Plant R e l i a b i l i t y
* Ava i l ab i l i t y o f

Scheduled
Expected f e o f

ing and Scale

Learning Curve

* Chemical Treatment Required

Maintenance Crew

* Corrosion

Area o f

Technical and Envf

Ambient Conditions

.
3. Operation and Maintenance

* Ava i lab i l i t y .

Social and Ins t i t u t i ona l

Contractual Relationships
1. Architect and Firm

Type of Contract
Performance
Schedule

abi it y
Financial In teg r i t y

2. A Review Fi rm
Type o f Contract

L i a b i l i t y
In teg r i t y

3. Construction

Type of

Ins

* Financial In teg r i t y
Warrantees

scope

4. Equipment Vendors
Guarantees

Liquidated
Maintenance Contracts
Warrantees
Lease Conditions
Scope o f Responsib i1 t y

Resources Company
Min. Guaranteed Supply

* Financial Resources and In teg r i t y
* Type of Contract

Ins
* Performance
* Liquidated Damages
* Escalation
* Rate of Return

6. U t i l i t i e s (Water, etc.)
Ava i l ab i l i t y o f Resources

abi1 o f Service,
Cost o f Service
L i a b i l i t y

Materials, etc.)
Scope o f ty

i a b i1it y
cost
L i it y
Type o f Contract

nanci
War

7. 0 M Service (Cleaning, Repair, 

8. Lease or Purchase Agreements
(Land, etc.)
Size
Flood o r other Easements
Liabi1ity

9. Financial Ins t i t u t i on
Loan Size
Interest Rate
L iabi 1 ty
Risk Acceptance

* Conditions
Fees

* Schedule
* Limitations

fications

B. Regulatory
1. County an Regional Permits

2. State and Federal Agency Licensing
Authority
Conditions

* Schedule
* Limitations

Modifications

3. Public U t i l i t y
* Rate Treatment
* Rate o f Return

* Customer Charges

Rate Base
Schedule
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FIGURE 2

FOR RELATING TO COSTS

:tr

I

Shutdown
of Plant

7

Plant

I I
I

Capitol Costs Capitol Costs

Probability

I n general, uncertainties can be divided into
two groups, those significantly affect the
expected cost of power a t an operating plant 
(Level I ) , and those which could affect cost by
resulting i n a premature shutdown of the plant 
(Level Level I uncertainties are factors
which are most likely t o impact the cost of power
of an operating plant. These uncertainties are
generally related t o the economics of the project
construction and reservoir p l a n t operation over
time.

Projected characteris t ics o f the reservoi r ,

Once the

projected seismic activity, and existing and
anticipated regulations, all influence the design
(and therefore the cost) of the plant.
design has been specified, and assuming the plant
will continue t o operate over i t s design l i f e , the
remaining major uncertainties are those ated
to the costs of construction and operation of the
plant, the terms o f the heat contract with the re-
source company, and any modifications to plant
or reservoir design t h a t may be necessary over
i t s expected l i fe .
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All of these uncertainties may affect the
busbar cost of power generated by the plant, b u t
are unlikely t o result i n a premature shutdown
of the p l a n t .

Level uncertainties are those which could
potentially result i n a shutdown o f the plant

t o i t s design l i f e and hence should be dis-
tinguished from Level I uncertainties. A premature
shutdown could be caused by: new regulations t h a t
make it economically unattractive to operate the
plant ; major seismic activity severely damaging
the p l a n t and/or the reservoir; major environmental
impacts such as subsidence o r groundwater contami-
nat ion , resulting i n a shutdown of the p l a n t by
regul ators ; poor reservoir and/or a n t performance
due t o inadequate or faulty design, resulting i n
an economic decision t o close the plant .

THE MODEL

The objective of the risk model is t o provide
a framework for integration of various submodels
t h a t address the environmental, economic and res-
ervoir-re1ated uncertainties. This framework de-
fines the major decision points in the exploita-
t ion of geothermal energy for electric power gen-
eration., and develops the ationships between
major uncertainties and costs. I t allows sub-
sequent efforts t o focus on those factors which
significantly influence the cost of geothermal
power.

The inputs t o the model are the factors
t h a t influence cost component. This would
entail development o f probability distributions
(mostly subjective) for the i n p u t variables and

for combining the probabilities.
techniques of scenario generation and
of subjective probabilities are well known

(see Tversky and Kahneman (1974) for example)
and we do not discuss these here. I t suffices
t o note tha t the uncertainties associated w i t h
many factors cannot be based on objective data
o r on evaluation of specific submodels, and t h a t
these probability distributions need t o be ,
assessed. The set of o u t p u t distributions on
each cost component are then combined into a
ingle distribution for each cost component--
he model takes the set of conditional prob-

a b i l i t y distributions for each component (con-
ditional on the factors) and combines these
i n t o an unconditional probability distribu-
t i o n each cost component.
distribution on a l l cost components are com-
bined into a single distribution on total
busbar cost of geothermal power.

Finally, the

The emphasis of this section will be on
the demonstration of the fact t h a t nearly
all of the uncertainties related t o geothermal
power development (seismic, environmental,
economic, regulatory , and physical can be
translated i n t o economic uncertainties , and

‘ t h a t through the use of submodels (mostly exist-
ing models i n different areas related t o geo-
thermal development) these uncertainties can be
combined in to a single measure. Figure 2 shows
the relationship ( v i a submodels) of the factors

and their associated uncertainties to the
bar cost. Numbers i n the figure correspond to
submodels belaw.

Level I Uncertainties

Submodels far Estimating Plant

The i n i t i a l plant design i s a function of
the estimated reservoir characteristics, s i te
conditions, existing and anticipated regulations ,
and projected seismic activity. Each of these
submodels are briefly described below.

1. Reservoi r Submodels

The characteristics o f the reservoir and the
brine and their spatial and temporal variations
have a significant effect on the economics of

power and reliability of the resource.
Since the power plant may become inoperable i f
the pressure and temperature o f the heat source
and the flow rate drop certain critical
levels, the likelihood and magnitude of decline
in these parameters over time and the variation
of the physical parameters over space should be
estimated.

These three parameters , particularly tem-
perature and pressure, are ted i n the
sense t h a t variations i n one er may be
partially or completely compensated by adjust-
ments i n the other two. Assuming t h a t the
reservoir total heat content is adequate,
gradual declines in one or more of these para-
meters may be offset by providing addi t ional

The p lan t design can be specified based on
ini t ial estimates of these parameters a t the

selected-site. The relationship between these
in i t i a l estimates and the cost of geothermal
power 1 known through various engineering
cost estimates and can be used as the submodel,
with judgmental probability distributions assess-
ed for the significant parameters ¶ tempera-
ture, pressure, and flow rate) t o account for the
uncertainties i n these parameters.

acteristics over time, a dynamic reservoir model
should be used t o predict the reservoir behavior
as a function of i t s physical parameters and pro-
duction and reinjection flow rates. The model
should be able t o reflect the unique characteris-
t ics of the and should be updated as
more information about the reservoir becomes
avai1able.

estimate the variations of the f l u i d char-

One or more of the models currently available
can be used t o predict the reservoir behavior.
Among these are the models developed by Tsang,
Witherspoon and Gringarten (1976), Tsan
son, Lippman and Rivera Coats
and Pruess e t . (1979).

2. Anticipated Decisions Submodel

Existing regulations will have t o be accom-



the in i t i a l plant design.
plant effluents (gaseous, solid and liquid),

for example, have t o be incorporated i n plant pro-
cesses and equipment.
affect p lan t and operation i n different
ways. together, their effect will translate
i n t o higher capihal and 0 M costs.

In this submodel, the effects of regulatory
decisions will be limited to the uncertainty

w i t h anticipated future regulations. These
are assumed t o affect the p l a n t design, and will
be estimated using subjective assess-
ment. The effects of unanticipated regulatory
decisions are discussed belw.

3. Seismic Activity

Other regulations

Even though the probability of occurrence
of hazards cannot be affected, actions

be taken t o reduce the damage t o the p l a n t
and i t s operations. The procedure is to (1)
identify those seismic events that severe-
ly impact plant operations and assess their prob-
abil i t ies by one of several seismic prediction
models; and (2) determine the critical
a t which plant operations may be impared. I t
must be recognized tha t both tasks are dependent
on current regulations, plant design, and the
number and level of prevention mechanisms built
i n t o i t . The optimal plant design i s one t h a t
balances high in i t i a l capital costs due to more
conservative seismic against lower prob-
abil i t ies of damage given a major earthquake.

wardhan e t a l . and and Kagan (1977).
Some relevant models are: Esteva (1970), Pat-

4, Economic Submodels

models can be used t o describe the
cost and revenues associated w i t h extraction and
power generation. The revenue model should in-
cl ude taxes and depletion , royal t ies ,
interest rates and the rate of value
of energy over time. The cost model should in-
clude factors such as capital and 0 & M costs as
a function of extraction rate, interest rate,
and other design The revenue and
cost models, coupled w i t h an appropriate reser-
voir model can be used t o determine optimal ex-
traction rates. Such models may also provide
useful and timely information on the effect of
changes n economic parameters, tax incentives
and regulatory decisions on the profitability
of the project and optimal extraction rate.
Two models w i t h this approach are Golabi e t .
(1981) and Golabi and Scherer 1981).
Other relevant models are Bloomster (1975),
Ramachandran e t al . (1977) and Rao e t . (1979)

Submodels fo r Estimating Effects of Modifica-
tions t o Reservoi

Modi fi cations to an ng reservoir/
p l a n t may become necessary due t o unanticipated
regulatory decisions , changes in the reservoir
characteristics, or actual plant
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5. Unanticipated Regulatory Decision

Changes to existing regulations or new re-
gulations in the future & require modifica-
tions to the plant and would affect the busbar
cost of an operating plant. These effects will
be estimated using judgmental probabilities ( t o
asses potential future regulations) and account-

models ( to assess their effect on

6. Changes i n Reservoir Characteristics

cost).

Once the p lan t design i s the model
assumes t h a t differences between the actual and
estimated reservoir parameters will be accom-
modated through changes in the rate of well re-
placement. That is i f temperature and/or pres-
sure were overestimated, then additional
need t o be drilled over the design l i f e of the
plant. The effect of estimation errors will
therefore be in the replacement rate and cost.

7. Plant Performance Submodel

Characteristic of plant performance during
operation may require modifications t o the ori-
ginal plant design. Such characteristics in-
clude, for example, plant rel iabi l i ty, capacity
factor, waste disposal maintenance, etc. The
probability of changes i n these characteristics
will be estimated by subjective probability
assessment w i t h design and process engineers.
The cost effect will be estimated using standard

ng models.

Level I I Uncertainties

An operating plant could be shutdown prior
t o i t s expected design l i f e due to: damage from
a major earthquake; marked changes i n existing
regulations; unacceptable plant o r reservoir

due t o faulty design, or major
plant or reservoi r-induced environmental impacts
such as subsidence o r groundwater contamination.

All of these are low probability, h igh con-
sequence events. The submodels t h a t will be
used t o estimate the probabilities of these
events and their cost consequences are shown i n
Figure 1. The numbers i n the figure correspond
to the submodels described below.

Costs of a premature shutdown will depend
on the year i n which the shutdown occurs, the

of revenue the plant has generated, and
the extent t o which the capital costs have been 
amortized. These shutdown costs will be esti-
mated using standard economi ng models.

8. Seismic Activity Submodel

Once the design level acceleration has been
determined and p l a n t has been constructed ,
i t is s t i l l possible (although unlikely) t h a t an
earthquake of an acceleration 1 greater t h a n
t h a t which the plant was designed to withstand
will occur. Current seismic predictive models
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account for the s ign i f icant earthquake parameters :
occurrence, attenuation, ground and
st ructura l design.

9. Unanticipated atory Changes

It is possible, although unl ikely, tha t fu-
ture regulat ion may be so str ingent that i t be-
comes economically infeasible t o continue
operate the plant. The that the
u t i l i t y company w i l l decide t o prematurely shut-
down the plant due to regulatory decisions can
be estimated using judgmental probabi l i t ies.

10. Envi ronmental Impacts Submodel

Subsidence and groundwater contamination
are examples o f major environmental impacts that
could resu l t i n a o f the plant by regul-
atory agencies .

o f potent ia l importance t o many geothermal opera-
t ions i s the possibi1ity o f unintent ional ly con-
taminating resources. though t h i s
i s thought t o be a r i s k o f acceptable magnitude
i n the proposed geothermal , regula-
tory considerations * EPA guidelines) may
require that the potent ia l f o r such problems be
considered and evaluated. There are wel l estab-
l ished models and techni ues f o r the design of
waste in jec t i on systems 1977).

Groundwater Contamination Models: An area

Subsidence Models: The development of
thermal resources w i l l cause changes in hydrody-
namic regimes. These regimes i n the geothermal
zones can be assumed t o be i n a state o f equ i l i -
brium before exploi tat ion. Reservoir exploi tat ion

. w i l l f l u i d withdrawal, in ject ion, and re-
charge and w i l l introduce disturbances i n these
regimes. These conditions may induce stresses
and i n the overburden that could re-
s u l t i n subsidence o r bulging a t the ground sur-
face.

To compute overburden numerical
mathematical techniques may be used. These tech-
niques include the f i n i t e element approach and
the nucleus o f s t ra in approach. The f i n i t e ele-
ment method Nai r , 1979, Chang and Nair,
1973) i s the more versat i le. This method enables
complex geometrics , arb i t rary boundary tions ,
heterogeneity ,and nonl inear i t y , t o be included
i n the calculations.

11. P l a n t Performance Submodel

Actual p lant performance could be so poor
that the u t i l i t y company may decide i t i s unecon-
omical t o continue t o operate the plant. Although
unl ike ly , such a decision could resu l t from inade-
quate o r fau l t y plant design, major problems wi th

ing and corrosion, major and frequent break-
downs, unrel iable operation o r unstable output.
The probabi’lity can be estimated using subjective
probabi 1ity assessment techniques wi th design and

engineers and experts.

CONCLUSION

The conceptual model presented
paper provides a framework f o r a systematic
examination of the uncertainties that
a comnitment t o a geothermal project. The

u t i l i z e s exist ing information about the
effect of key uncertainties and incorporates
fessional judgment o f experts i n areas where
adequate data i s not available. e goal i s t o

and integrate these nties and
t o demonstrate that the main uncertainties,
whether environmental, reservoi r- related or
regulatory, can be related t o economic aspects,
and should be treated as such. The tools for
th is , derived from the o f operations re-
search, engineering and economics are well
developed and have been used by maqy industr ies
f o r many years. Now that the main technical
d i f f i c u l t i e s o f geothermal energy production
have been overcome, i t i s t i m e t o concentrate
on long-term objectives. A f i r s t step i n t h i s
d i rec t ion i s the gap between percep-
tions regarding f inancial r isks o f

development and a r e a l i s t i c assessment
o f costs and benefits .
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