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CHAPTER 1

INTRODUCTION

As its critics are quick to point out, geothermal energy does entail
risk. There are risks resulting from unknowns in physical factors such as
required well depth, fluid temperature, and flow rates, and there are risks
resulting from unknowns in institutional factors such as length of permit
procedures, negotiations for price between the energy producer and the energy

user, and liability for faulty performance. To the investor these unknowns
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create uncertainty about the of the project.

In Part One of this study we present a tool to quantify the risxs of
geothermal projects, the Geothermal Probabilistic Cost Model (GPCM). The GPCM
model is used to evaluate a gecthermal reservoir for a binary-cycle electric
plant at Heber, California. In rfart Two we analyze three institutional aspects
of the geothermal risk which can shift the risk among different agents. We
€xamine the leasing of geothermal Land, contracting between the producer and

tne user of the geothermal heat, and insurance against faulty performance.

Ihe Heber Site Study is Chapter ¢. The basic result is that under
the assumptions and data used, a geotnermal reservoir to supply heat for a
45-MW (net) binary-cycle plant at Heber, California, is an economically
feasible project and would allow the reservoir developer to recover all
nis costs and earn a rate of retu~n suitable for projects of this nature.

The GPCM is discussed in Chapter 3. The primary output of the GPCM
15 the distribution of key financial parameters such as profit, capital
requirement 5, and cost. These distributions can be used to make a rational

investment decision incorporating the inves%or's attitude toward risk.

1-1




Two characteristics of tne CPCM make it distinct from other probabi-
listic financial models. First, the GPLM does not merely solve for the mean
and variance of the distributions of financial variables--it solves for the
distributions themselves. This is important because many decision makers care
about more than merely the first two moments of a cistribution. Second, the
GPCM can model cases where different uncertain events are not stochastically
independent; that is, the GPCM does allow the outcome of an uncertain event to
be infiuenced by the outcome of another uncertain event. Such correlations
between different events is often reality, but cannc. be modeled in the

typical Monte-Carlo-type simulation model.

Part Two

Chapter 4 analyzes institutional questions in geothermal leasing,
contracting between producer and user of geothermal resources, and insurance
for geothermal. After an exzmination of current procedures of geothermal
leasing, the paper examines the effect of information about the nature of the
resource on bidding for leases. The contracting problem is examined in a game
theory model wnich examines how contracting arrangements can ! eéeate market
structure barriers to the development of geothermal resources. The paper
examines how insurance can spread the risk among different participants and

examines the question of who should provide the insurarce--government or

private i1nsurers.




CHAPTER &

THE HEBER GEOTHERMAL RESERVOIR SITE STUDY

Zel INTRODUCTION

Ihe Geothermal Probabilistic Cost Model (GPCM) evaluated tiie economics
of a geothermal reservoir at Heber, California, to provide geothermal fluid for

electric generating plant. If such a commercial
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ize binary facility could be successfully built at Heber, it would mean that

matr mea i ur emperature geothermal sites cou.id proguce economical electricity.

' The proposed Heber Geothermal Project consists of the reservoir, binary-cycle
plant, and a demonstration period. The power plant and demonstration period

‘ would be a ration project to prove the binarv techn EY, but the

i reservoir would be developed as a for-profit commer al venture. On¢ con-

‘ clusion of this study is that the reservoir portion of the Heber Gecihermal

' Froject seems to be economically viable, although the degree of profitability
is sensitive to certain Key parameters.

The Heber site was cnosen for study using the GPCM model for twc
reanons: i the desire to study a Dinary ite; and (< extensive engineering
evaluation has been done for the Heber Geothermal ri ect and muct f the work
rnas Deen made public. Altnougl FL contacted the major part pan.s in th¢

eber Project, this study is based primarily on put ly available information.
T_W'it proposed participants in the funding of the generati: L are
the U.S. Department of Energy, San Diego Gas and Electric Co., Imperial
Irrigation District, Southern Calirornia Edison Co., California Department
f Water Resources, Electric Power Research Institute, and others. “he

plant would be operated by SDG&E.

s a joint venture of Chevron Resources Co., Union O.l Cg.,
and New Albion Kesources (a subsidiary of SDG&E). Chevron would develop

l and manage the reservolir.

ine reservolr 1




IThis study modeis the reservoi: at Heber, but not the power plant.

The difficulty with the power plant ic that the relationship between costs

and changes in physical parameters is not thoroughly understocd. For the

reservoir, the relationship between physical parameters such as well depth,

flow rate, resource temperature, and cost is understood.” With sufficient

additional engineering relationships, or vy ignoring physical uncertainties

and considering only time uncertainties, the power plant could be modeled by

the GPCM.

[his study models a reservoir development at Heber with the same

techniczl characteristics as the proposed reservoir develuvpment; however, the

actual reservoir to be developed could have a slightly different development

path and possibly different costs. The reasons for the difference are that
the initial exploratory activities with the Heber Reservoir were 1n searcn {
, not geothermal at. Therefore, it seemed unwise to model this period
based on what had occurred as the intent was not to find a g=othermal reser-
voir. hus, we have modeled the early develonments on the Heber Heservo
35 e n a reasonable pattern of development for a geothermal reservoir
beginning in 1980. Much of the pertinent data about tne Heber ngservoir,
articularly st data proprietary and is not availat t F [oc the
extent that our condary urce data differ I € true data, our predict
{ Jit ' Lne er r ma 11 Y m the actua €8Ultls [t pr p
. DATA DESCRIPTION
Ine data cesoription is ided into five parts: financial vari-
ables, technical description, costs by stage of development, revenue, and

probabilistic assumptions. opeciilic assumptions have Deen made and reference

are given. Unless otherwise stated, all dollar amounts are in 1900 dc ars.

3 See discussion of OPT Functions in Section 3.4.2.2 of this report.
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The description of the Reference Scenario and other described inputs
form what is termed the Base Case Set of Assumptions. The Base Case Set of
Assumptions includes the Reference Scenario (which is supplied . input) and
all other scenarios that are created by the model from perturbations in the
Reference Scenaric's stage times or physical parameter values.“ Sensi~-
tivities to specific parameters in the Base Case are made in a later
section.
2e241 Financial Variables

Energy Price - 17.5 mills/kKWh

- This is the price received by the reservoir for each XWh
produced gross. The price used is the price which Cassel
(Reference 1) claims is the competitive price for Heber.
Based on Y years required to develcp the field before
operation and tne 10% escalation rate assumed below, this
would grow to 41.3 mills/kWh fcr the first year of
operation.

Energy Price Escalation - 10%/yr

- It is assumed that the energy price will escalate along
with fuel costs. DRI (Reference Z) forecasts residual fuel
wholesale price escalation of 13.3% between 1980 and 1990
and 8.9% betweer 1990 and 2000. The 10% rate selected is a

compromise between these figures.

If any of the financial parameters, 2o0st accounts, or probabilistic
assunptions are changed by the user, a new set of assumptions, diirferent
from the Base Case Set, is created. Any such new case would again include
a Reference Scenario, and the model would generate other scenarios as
perturbations of this Reference Scenario. For a discussion of this

aspect of the model, =ee Section 3.4.7.

I
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General Inflation - 9%/yr
- All prices other than electricity will be assumed to grow
at this rate. It is based on the DRI (Reference 2)
forecast of' the wholesale price incdex growing at 10.1%
from 1980 to 1990 and 6.7% from 1690 to 200C.
Discount Rate - 15%/yr
- The rate used is the required after tax rate of returna on
capital invested in projects of this risk class. The
figurs was obtained from the Atlantic Richfield Co.
Royalty Rate - 1C% on Gross Revenue
- A comxin rate used for geothermal property.
Federal Tax Raic - 46%
- Standard corperate tax rate.
State Tax Rate - 9%
- Corporate tax for California.
Local Tax Rate - 1%
- Standard for California.
Investment Tax Credit - 1UZ
- Geothermal would receive an additional credit of 15% for a
total ITC of 25%. However, this extra 15% is due to expire
December 31, 1985, before the major capital expenditures
for this site study would occur. (Reference 3)
Depletion Allowance - 15%
- Although the present rate is 21%, it will decline to 15% by

1984, which is before scheduled operation of the plant.




-

Depreciation Method - Sum of years dig'.ts
This form of accelerated d:preciation is used.

Technical Descriotion

n
.

n
n

The pertinert technical actails about the reservoir are in Tables 2-1,

2-2, and 2-3.

-
! Table 2-1 Production Wells
i humber il in production, plus 2 spares for tctal of 13
Depth o at 4000 f
6 at 600C ft
1 at 10,000 ft
Diameter 9 5/8 in. at bottom
Flow per well Start 1380 GPM

Maximum 1600 GPM

Total flow to plant Start 7.14 m 1b/h at 360°F
End 8.88 m 1b/h at 338°F
Well lifetime 15 years
Cost estimate® Depth Cost Per Well in 1980 $
4000 ft $ 611,000
6000 ft 805,000
10,000 ft 1,21c,000

*This cost is an estimate for a trouble-free well, pumps not included.
To this cost must be added a "dry hole/driliing problem" expense.

Source: Number, depth, diameter, flows, and well iifetime are from
San Diego Gas & Electric (Reference 6) and conversations with
Chevron. Well cost estimates are from Livesay Consultants,
modified by JPL.




Source:

Table 2-2. Injection Well:

Number 6 in use, plus 1 spare for total of 7
Depth 3 at 4000 ft
3 at 5000 ft

l at 10,000 ft

Di~meter 10 3/4 in. at bottom

Well Lifetime 15 years
Cost Estimate® Depth

4000 ft
6000 ft
10,000 ft

'Cost is an estimate for trouble-free well.
"dry hole/drilling problem" expense.

Cost Per Well in 1980 $

$ 693,000

1,317,000

To this cost must be added a

Number, depth and diameter are from conversations with Chevron.
Well cost estimates are from Livesay Consultants, modified by JPL.

Table 2-3. Power Production and Consumption

Gross Power Production (MW)
Auxiliary Power Consumption (MW)

Plant
Chevron Production Well Pumps

Total Auxiliary Consumption

Net Power Production (MW)

Capacity Factor

San Diego Gas & Electric (Reference

r

Start

IO‘

64.1

—

w un

. .
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2¢2+3 Cost Accounts by Stage of Development

The cdevelopment of the geotherral reservoir is divided into four
stages of development: resource proving, permit process, ceveloping the
resource, and operating the r‘eser‘voir.5 In this section we describe the
cost accounts in the stages for the Heber Site Study, and list the ac:ual
ccsts used in the Reference Scenario.

2.2.3.1 Description of Costs in Stage I: Resource Proving

Rent

This is the payment to the owners of tne land. This payment is
replaced by royalty payments when production starts in Stage IV.
Source: Estimate from SDG&E

Exploration Permits
Cost cf securing permits for surface exploration and exploratory
drillirg.
Source: Estimate from SDG&E

Exploration and Well Logging

Expenses of surface exploration, drilling expioratory

’ ill y wells and
well logging.
Source: Grieder (Heference

C&A
General and administrative expenses, including project
management.
source: Estimate from SDG&E

Contingency
Additional allowance of 10% of a the above Stage 1 expenses

is more thoroughly discussed in Section 3.2.2.

2=7




Lease Acquisition Cost
Payment to land owners to obtain lease.
Source: Estimate from SDG&E
Surface Occupancy
Purchase of 5 acres for surface installation facilities such as
pad for wells, pipes, roads, and required structures.
Source: Estimate from SDG&E

.2 Description of Costs in Stage II1: Permit Process

rent
See description in Stage I.
G&A
ee descriptior n otage
neg : | nvironmenta. As ment
reparaticr f required document on environmental assessment
De = taining permit t jevelop the reservoir.
iy Estimate from SDG&E
ntingency
0% of a he above.
. Description of sts in oStage IIl: Develioping the Resource

See description in Stage I.

Development Well Cost
I'his is the expense of drilling 2ll production and injection
wells. This expense is divided into in 75% intangible drilling

costs and 25% capitalized expense.

Source: Livesay Consultants

no
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' Dry Hole and "riliing Problem

The deviiopment well costs are for trouble-free wells.

To accourt for expec 2d trouble during drilling, 208 .f the
development wel! cost is added. This expense is divided into

75% intangible drilling costs and 25% capitalized expense.

Source: .ivesay Consultants

Surface Instal .ation

- - P 14 3 - - - w -
w inis is Lne expease of all facilities other than the weils.

[
“*

"
al

1is expense is divided into 50%

intangible driziing costs and 503 capitalized expense.

i0% of surface installation, leasing, and G&A.

2.2.3.4 Des~ription of Costs in Stage IV: Operating the Reservoir

Deper1ing on the lifetime assumption, all wells will be

redrilled. This expense wilil be made in the last year of

the lifetime of the well. The expense will be divided into
' 75% intangible drilling costs and 25% capitalized expense.

Dry Hole and Drilling Problem

| ‘ Same as described in Stage III.

Operation and Maintenance
This is the expense of G&A, well maintenance, surface
maintenance, down-hole surveys, and miscellaneous supplies.

Source: Holt/Procon (Reference 7)




S is the cost of electricity to drive the down-hole pumps
he power required increases fom an
nitial 2.3 MW to an eventual 3.0 MW. We assume that power

tion increases linearly. The price of the electrici

1]

-

-
-

based on tne assumption that the reservoir buys electricity

€ anun Al s 5 i - 'S . o P 1 .
from the plant at cost, and 48% of the cost of electricity is

10% of O&M expense.

g 0sts used in the Referenne Scenari
Ihe costs used in the Reference Scenarioc for the Heber Site Study are
iT dULES =%dy £, and =5C.
Ihe set of distributions for the four urncertain variables generates
(3) x (2) x (1) x (3) x (3) = 54 scerarios.

inese scenarios and their associated probabii.ties are shown in Tables 2-5 and

2.2.4 Revenue

Revenue to the reservoir will be based on the gross output of the
generating plant during Stage IV. We assume that the effective operating
capacity of the plant will be 70%. Thus, for the first year of operatinn the
plant will produce

(.70)(8760 hours)(61.9 MW) = 3.80 x 108 kwn
ne revenue during the first year will be this energy multiplied by the energy

rice. The energy price will escalate as described in Section 2.2.1.

©




Table 2-4a
Cost Accounts: Stages I and 11
(thousands, 1980 $)
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Stage II

Environmental
Assessments
Contingency

G&A
Regional

Interval

1 75.0 100.0

n
o
o
o

38.0

Accounting
Lifetime 1l yr 1l yr 1l yr 1 yr

Cost
Escalation 9% 9% 9% 9%




Stage III

Contingency (10% of
Surface Installation)

Surface Installation-
507% Capitalized

Dry Hole & Drilling
Problems: Capitalized
Portion

Development Well Cost
257 Capitalized

Contingency
10%

G&A -
$100,000/yr

Leasing -
$75,000/yr

IDC Portion of
Surface Installation

Dry Hole &
Drilling Problems:
IDC Portion

Development Well
Cost - 757 of
Total IDC

Interval

263.25 1566.7 157.0

1316.25
1316.25

12

171.0
171.0

1566.7 62.5 83.33
83.33

789.5

3948.75

1

1566.7 157.0

263.25

62.5

1566.7

789.5

3948.75

1566.7 157.0

263.25

16 .25

789.5 1566.7 62.5 83.33 171.0

3948.75

Accounting
Lifetime

yr 10 yr 10 yr 10 yr 10 yr

1

1l yr

yr yr

1 yr

Cost

9% 9% 9% 9% 9% 9% 9% 9% 9%

9%

Escalation

Table 2-4p

Cost Accounts:

Stage III

(thousands, 1980 %)




I Table 2-4c
Cost Accounts: Stage LV
l (thousands, 1980 £)
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8 0 0 2093.0 209.0 565.0 0 0
9 0 0 2093.0 209.0 607.0 0 0
10 0 0 2093.0 200.0 618.0 0 0
1 0 0 2093.0 209.0 630.0 0 0
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23 0 0 2093.0 209.0 769.0 0 0
24 0 0 2093.0 209.0 780.0 2 0
| 25 0 0] 2093.0 209.0 792.0 0 0
26 0 0 2093.0 209.0 803.0 0 0
27 0 0 2093.0 209.0 815.0 0 0
' 28 0 0 2093.0 209.0 826.0 0 0
i 29 0 0 2093.0 209.0 838.0 0 0
30 0 0 2093.0 209.0 850.0 0 0
' Accounting
Lifetime 1l yr 1 yr 1 yr 1 yr 1 yr 10yr 10yr
I Cost
Escalation 9 % 9 % 9 % 9 % 10% 9 % 9 %
I 2=-13




The energy output will grcw linearly as the gross power output expands to
64.1 MW at the end of 30 years.

There is no other source of revenue for the reservoir other than
the sale of heat for electricity production during Stage IV. We assume a
zero scrap value; this is based on the assuasption that the resale value of
the land and facilities at the end of Stage IV, would be offset by the
expense of restoring the land for the alternative uses in agriculture.
2elsD Probabilistic Assumptions

Uncertain variables are entered in the GPCM as probability distribu-
butions rather than point estimates. In the Heber Site Study there are four
uncertain variables: length of stages 1, 2, and 4, and well flow rate. The
density functions for the Base Case Set of Assumptions are shown in Table 2-5.
The Base Case Set scenarios and their associated probabilities are shown in
Tables 2-6 and 2-7.

The probability for an entire scenario is the product of the
probabilities of the outcomes for each of the uncertain events. For example,

using Table 7 the probability of Scenario 1 is
(.2) X (.,8) x (1:0) x (.2) x (.2) = .0006H,

(This is shown in Table 2-8.)

In the Base Case, uncertain events are not conditional upon the
outcomes of other uncertain events; however, the GPCM does have the power
to have uncertain events conditional upon the outcome of other events.

This capability is used in a sensitivity anaiysis in Section 2.4.6.




Table 2-5. Dens.ty Functions of Uncertain Input Variables

Variable Possible Values Associated Probability
Stage 1 3 yr 0.2
5.5 yr¥ 0.6
o yr 0.2
Stage 2 1 yr* 0.8
L B I o 0.2
Stage 3 2.5 yr*® I C
otage 4 <V yr U.cZ
30 yrt* 0.7
35 yr 0.1
Well Flow Rate 1035 GPM 0.c
1380 GPM* 0.6
1725 GPM 0.c

. - o
This value is used in the Reference oCenario.

Source: Bated on information provided by Chevron.
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Table 2-6

)

Scenarios

1000
104
00

10300
JUnY
JUOU
1300
100
LRV EN IS}

GPM per production well)

Stage 4
42\ e

2000000
Z0.003000
2040002300
30.02)20)
30.900)000
0. 049409
%0000
15.000200
$5.000000
PRSIV I
Z20.00)240
000000
30 .00J000
10,0003
30020020
$5.00)9)0
3900300
35 .03))00
204000200
Z0.,000000
201000200
30.000920
30.000000
30 .000090
35.0329)0
35.00)200
15.00)000
20.000900
20 .00J0J0
20.000200
30.00%900
30.,000000
30.000000
3% .000J90
$5.000000
35.000000
20.0003)0
2C.00399)
20.00)000
30.,000J00
30.000000
30,0200
35.0222400
35.000000
35.092)00
20,0009
20.00)000
20,0)00W0
30.0N0)3900
NV
30033000
3%.00))0)
511300
35.0000%

Flow PRate

1D0355%:.09039)
138 )009000)
17¢%400000)
103%.009000)
1380,00900)
1725400000)
1U35%.00000)
13804002029
1725%.00000)
10559000003
1380.00290)
1754000000
1035.0u0000
1352.000000
17£5.00000)
1035.000000
13860.030000
L125%.000000
1035.00000)
1380,000000
1125.,000000
1035.00000)
1360.000000
172%.,020000
1035.,000000
1380.000000
17254000000
1035.000000
13680.000000
17¢5.00000)
1035.000000
1350.900020
1725.000000
1055.000000
1350.200000
172%.000000
1035.,000000
15380.00000)
1725.000000
1035.000000
1380.000000
17£45.000000
1045.0092000
1380.000000
1725.00

1035.02500)
1360.000000
1725.000000
103%.020G60)
13680.00300)
L725.002300)
1035.,000009
1380.009009
L7¢5.00000)




sCehak U

Stage |

Ue23030)
J.2U090)
Jo 200099
020000 )
Je2JUV))
Je2000UI
J«Z20000)
J«20000)
J.20000)
),20300)
J. 200000
J+20000)
J.20000)
Je200000
)«2J000)
J.20000)
J«2000u0
0429000
J.600000
).60000)
J.0000Y)
PRVIVIVIVES )
U.00000)
0.600000
J.600000)
)«600000
0.00000)
J.600000
U.600000
0.60000)
» 600000
Le60J0UD
0.0J0000
U«600000
1.600000
0,60000)
0.20000)
0.200000
2.2000004
J.200000
J.200000
J.200020
0.200000
04200000
J«200000
0,20000)
J«20000)
U.20000)
J.20000)
J.20000)
J«20000)
1.20000)
SPWAVIVI D
UJ.20000)

Probabilities in Base Case Set Scenarios

Stage 2

UeDDNUY
) L8000
e0003IN
) s HUUJO0
)« 00000
). uJ0N00
0«d8G2000
0.800000
J.ACU000
J«£U0UID
U.200000
U.200000
U«200000
Ue U000
J.200000
U.200000
U.200000
),200000
0.,800000
U.820000
0.830000
J«B800000
).820000
V.d)0000
V.400000
0.800000
U.H00000
U.200000
V.2C0000
0.200000
U.2000060
0.200000
0.290000
J.200000
J.200000
U.200000
U.400200
U.800000
0.800002
0.890000
0.A00000
U.800)00
J.800000
J«.820000
J.800300
J«200000
J.200000
J.200000
).200000
J 200000
1)4290000
04200000
J.2J30000
Je< 00000

Table 2-7

Stage 3

19209000
i«J00300
1.000090
1.030000
1.000000
1 «0002000
1 «J37300
1.030000C
1.000000
1.2092000
1.900C90
1.000000
1200000
14200009
1.0J0000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1 000000
1.000000
1.000000
1.000000
1.000000
1.003000
1.000000
1.000000
1 000000
1.000000
1 «000000
1.C00000
1.002000
1 .000000
1.000000
1.000300
1 «000000
1.000000
1.000000
1.000000
1000000
1.002000
1.J00000
1 002000
1.000000
Il «0000200
1000000
1.000000
1.000000
1.003000
1.000000
1.000000
L «J0J0J0

Stage 4

0.200000
J«¢03000
0.200000
0.7C2000
0. 700000
Us793200
J.102300
J.100000
0.100000
0.200000
U.<£00000
0.220000
04700000
0.700009
0.1702000
04100000
0.100000
0.100000
0.200000
0.200000
0..00000
0.702000
J. 700000
0.703300
0.103000
0.100000
0.100000
0.200020
0.c00000
0.200000
0. 700000
0.700000
04702000
0.100000
0.100000
0.100090
0.203000
0.200000
J.200000
0.700000
0.7009200
J. 700000
Jg.100000
0.100000
0.100000
0.200000
Le£é00000
0.200000
J. 7120000
0. 700000
0.780000
)« 100000
0.100300
J.100000

Flow Rate

U.20G009
1.60309)
Je £0000)
D.22000)
2.600000
J« 200000
)J.20000)
J. 603000
0.20000)
0.20009)
). 600000
1.23C000)
0.20000)
0.600009
).20000)
0.20000)
0.000000
0.200009
0.200000
2.600009
).220000
2.20000)
J.600009
0. 200000
2.200000
0.600000
0.200000
J.20000)
0.600000
0.200000
0.230009
J0.600000
J.,202000
J,2J0000
0.600000
0.200000
0.20000)
0.60G0000
J.200C0)
J.200009
0.600003
J.200000
0.200000
0.60000)
J.2C0007
2.200000
J.600000
0.200000
0.200000
0.600000
0.20300)
0.20000)
N« 600000
0.203000




2.3 RESULTS OF THE BASE CASE SET OF ASSUMPTIONS

This section presents the results of operating the GPCM with the Base
Case Set inputs as described in Section 2.2.
2+3:1 Profit in the Base Case Set

The present value of profit in the Base Case Set has an expected value
of $5.78 million; however, the Reference Scenario value is $7.64 million. It
nmust Le remembered that the model uses a revenue-requirements method of compu-
tation (Reference ¢). Therefore, profit is the residue from revenues after
substracting all costs including taxes anu a 15% capital payment.

The profit for all scenarios is shown in Table 2-8. The cumulative
distribution profit function is shown in Figure 2-1.
U Cost in the Base Case Set

The costs of prcducing heat in the Base Case Set are shown on
Table 2-Y. For each scenario the cost shown is the cost in a real levelized
stream beginning in the first year of the operation, Stage IV, and continuing
to the end of the operation.0 The stream is real levelized and will rise
with the rate of energy inflation. Thus, for the Reference Scenario, the cost
is 3t.97 mills/kWh beginning 9 years after tne start of exploration in 1980.
This cost will be 40.67 mills/kWh, or 10% nigher, the following year. In the
ninth year after exploration, the energy price will have risen from 17.5
mills/kWh to 41.20 mills/kWh. Comparing the first year real levelized cost,
306.97 mills/kWh, to the first year price, 41.26 mills/kWh, we see there is a
profit based on levelized costs of 3.70 mills on each kWh sold. There will
also be positive profits in each of the remaining years of operation as both

the price and the real levelized cost stream rise at 10%.

6 See Appendix B for discussion of levelization.
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Table 2-8

Profit for the Base Case

Set of Assumptions
(thousands, 1980 $)

ET749855, 000000 DOLLARS
26N21495,000000

3e3¢cl7,187150C
125P2125.020000

1635672, 000000




CUMULATIVE DENSITY FUNCTION
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Table 2-9
Base Case Set l.evelized Cost for First Year of Operation

Years to Years to
Scenario Operation LEC* LEC in 1980$ Scenario Operation LEC#* LEC in 1980%

1 6.5 31.80 17+12 28 9.5 42.62 17.23
2 6.5 30.33 16.32 29 9.5 40.72 16.46
3 0.5 29.45 15.85 30 9.5 29.57 16.00
y 6.5 30.19 16.25 31 9.5 40.38 16.33
5 0.5 28.95 15.58 32 9.5 38.77 15.68
) 6.5 26.20 15.18 33 9.5 37.80 15.29
T 6.5 29.72 16.00 34 9.5 39.73 16.07
8 6.5 28.55 15.37 35 95 38.21 15.45
9 6.5 27.85 14.99 36 9.5 37.30 15.08
10 7 33.35 1712 37 11.5 51.97 Y7537
18 | 7 31.81 16.32 38 11355 49.70 16.61
12 ff 30.89 15.85 39 1155 45.34 16.16
13 7 31.65 16.24 40 11.5 4g.14 16.42
14 7 30.35 15.58 4 11.5 47.23 15.78
15 7 29.58 15.18 Y2 11.5 46.08 15.40
16 7 31.16 15.99 43 11.5 48.33 16.15
17 7 29.94 15.36 yy 11.5 46 .52 15.55
18 7 29.20 14.98 us 11.5 45, 44 15.18
19 g 40.63 17.23 46 12 54 .43 17.38
20 Yy 38.81 16.46 47 12 52.17 16.62
21 4 3T 15.99 48 12 50.75 1607
22 g 38.50 16.33 49 12 51.55 16.43
23 9 36.96 15.67 50 12 49.56 15.79
24 9 36.03 15.28 51 12 48.36 15.41
25 Y 37.86 16.07 52 12 50.70 16.15
‘ 26 g 36.43 15.45 3 12 48.81 15.55
27 - 35.55 15.08 54 12 47.68 15.19

g :on ~ g .
LEC is real levelized energy cost starting the year of
operation in Stage IV, expressed in mills/kWh.
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Comparisons of cost between different scenarios with different
times before operation can be misleading. For example, the first year real
levelized cost for Scenario 10 is 33.35 mills/kWh. Because this cost is less
than the first year real levelized cost of the Reference Scenario, one is
tempted to conclude that Scenario 10 is more profitable than the Reference
Scenario. However, the real levelized stream f'or Scenario 10 would start only
7 years after exploration, rather than 9, and the energy price would be only
34.10 mills/kWh. The actual profit for Scenario 10 is $1.41 million, which

would make it less profitable than the Reference Scenario, even though its

first year levelized cost is lower.

When first year levelized costs are deflated to 1980 dollars, the
cost can be cnmpared to the energy price of 17.5 mills/kWh to deteruine
whether a scenario is profitable. However, comparing the LEC in 1980 dollars
for scenarios with different times before the start of operations can still be
misleading. For example, comparing the LEC in 1980 dollars for scenarios 26

and 51, it might be concluded that Scenario 51 is more profitable because it

has a lower cost; however, Table 2-8 shows that Scenario Z2b is more profit-
able. [his is true because the profit in Scenarioc 51 must be discounted back
more periods than Scenario 2b as it is )2 years before Stage IV in Scenario

51, and only Y years in Scenario ¢b.
Zs2s3 Base Case Set in 1990

While the project has been viewed from the year 1980, it is also
useful to examine the project in terms of a different year to see the impact
of inflation. Table 2-10 examines selected items of the Reference Scenario

for the year 1990, which is the second year of the operating stage, Stage IV.

Table 2-11 expresses the profits in terms of 1990 dollars.

n
4
n
"




Table 2-10

Reference Scenario in 1990 (1990%)

Energy Price 45.39 mills/kWh
Real Levelized Energy Cost 40.67 mills/kWh

Annual Operating Expenses (thousands, 1990%)

O&M 455
Electricity Expense for Pumping 1245
Contingency 495

f Wells*




2.4 SENSITIVITY ANALYSIS OF THE BASE CASE SET OF ASSUMPTIONS

Sensitivity analysis on the Base Case Set was done for energy, price,
discount rate, capacity factor, investment tax credit, energy escalation,
general price escalation, weil life, and correlated uncertain events. Results
are shown in Table 2-12.
2.4.1 Sensitivity to Energy Price

As would be expected, profit is very sensitive to the price received
for the electricity produced. A 2.5 mill/kWh incrcase in price translates
into a $4.4 million increase in the present value of expected profits and a
$4.6 million increase for the Reference Scenario.

A change in the energy price also affects the cost of produc-
tion. A 2.5 mill/kWh increase in the 1980 price results in 3.3 mill/kWh
increase, or 1.4 mill/kWh in 1980 dollars, in first year real levelized cost
for the Reference Scenario. Costs increase with price because cost includes
royalty and taxes; royalty payments increase with price, and taxes increase
with profit which increases with price.
2.4.2 Sensitivity to biscount Rate

An increase in the discount rate will lower profits and raise costs.
When cash flows are evaluated using a 20% discount instead of 15%, as in the
Base Case Set, present value of expected profits declines by $7.1 million

dollars, making it negative; and first year real levelized cost rises by

5 mills/kWh.

The discount rate used in this analysis is tne required after tax
return on capital. Although 20% may seem high, it must De remembered that it
is a nominal rate of return. When adjusted for 9% general inflatior, nominal
returns of 15 and 20% become 5.5 and 10.1% real returns, respectively. For a
project with the risks of a gcothermal reservoir, these are

not unreasonable.

2-24




*UMM/STTTW ut passaJddxa
Jeaf 9sJ41J ayj3 JuTiaels 1500 AFJduUD

‘ATl @8e3g ut uotjedado jJo

POZTT2A3T Tead ST )F7

*

99°GT L6°9¢ T R) RG*21 qf * Qh*2 hR*G SquUaAjg

paj3e1aJddo)n
20°GT 2h "Gt LE* 0T 91°GT 00°f oh*2 £9°g J£ of
oh°9T L9°QE 29" h L9°6 062 G692 06°2 J4£ 01 3JT7 TTaM
S6°nT he* Gt L9°0T 0961 E1°€ Q9 °2 LL*9 iR uotjerjur
#G°91 00°6E 20t 96°Q aQ*2 G2 Qz°? 4071 TeJauan
16°9T £L°9f 702 GZ2*Qq GG*§ R T I9°0 {6 uoT3eTROSYy
£9°HT 2h*LE GG HT 2h 02 21°6 € T2°21 344 f3aouy
Oh*GT T1€°9€ 28°Q RLET £G6°1 E£hez 90°/ $G2 3TpaJd) xey

Juam}saAuy
8L°9T RG*6E G2 Ah* Q9 G2t 212 160 {00 J0j 0B 4
6T°9T L1 gf 60°6G £G*6 ch' T 0£°2 J2°¢ §G9 £110edE)
6L G6°Th 26°0 - 89°T hh*€ 0T 0£°'T - %02 ey
S0°9T1 GR*LE 90°6G 9Z°* 6 he o 20°2 Qh € 40T qUNODST(
99-°¢ce tih €S 0L"0f 2°0h 06°9T oL h 0£" L2 0f (Ymi/strTm)
L0 LT he* 0h G221 11°g1 6G°€ hg*2 9T1°0T 0z 20Tuy
g2 hl L9°£f 20°¢ 90° . 06" 912 wE*T GT £Basug
89°GT L6° 9t t9o° . 8G*21 9f *0 06°2 LG ase) aseg
wome TeutTwon CaLmaOW unwTt Xen unuwiuTty COauMH>®Q an ~m>

a0usaJdajay pJaepuelg pajoadxgy

#0477 OTJBU3DG 90UaJa Jay ($086T 'SUOTTTTW) 21JOdg entep Juasauyg

JdiQay 3® jeg ast, aseg 03 C3Insay A3TAT3TSuUag

aTqe],

o™N

™~




2.4.3 Sensitivity to Capacity Factor

A reduction in capacity factor from 70 to 65% will reduce the
quantity of output sold. It lowers both expected profits and Reference
Scenario profits by $2.5 million, and increases first year levelized cost
by 1.2 mill/kWh.

2.4.4 Sensitivity to Investment Tax Credit

The investment tax credit (ITC) was increased from 10 to 25% and only
marginal changes were observed. Present value profit rose about $1.2 million
for most scenarios. Th:. change in ITC had the gr .test impact on scenarios
with the greatest capital investment, namely, those with low flow rates and
high investment in wells.

The increase in ITC would have had a greater effect if a lower
percentage of drilling and surface installation expenses had been indirect
drilling costs (IDC). In the Base Case, 75% of drilling and 50% of surface
installation costs were IDC. With ITC at 25% rather than 10%, one might
consider capitalizirg a greater proportion.

RleD Sensitivity to Energy Escalation Rate

Profit is very sensitive to the energy escaiation rate, the rate
at which the price of the heat increases. A 1% increase in the energy
escalation rate, from 10 to 11%, increases expected profit by about $6.4
million. Because these projects are long, a total of 39 years for the
Reference Scenario, the addition of a 1% escalation increase is very
significant.

2.4.06 Sensitivity to General Infiation Rate

Profit was slightly less sensitive to changes in general inflation

than to changes in energy escalation. A 1% rate of increase in general infla-

tion from 9 to 10% reduced expected profits by about $3.5 million.

2-26




The high sensitivity of profits to energy inflation rate and the
general inflation rate indicates the use of caution when choosing their
values.

2:4:7 Sensitivity to Well Life

The Base Case Set assumed well life was 15 years. That meant the
wells would all be replaced once in a 30-yr operating life. If well life were
only 10 yr, wells would have to be replaced twice, and if well life were 30
yr, no replacement would be required.

As the results show, profit is sensitive to well life. It is
especially sensitive for scenarios where there is a low flow rate and more
wells are needed.

2.4.8 Sensitivity to Correlated Events

In this study we exploit a property of the GPCM not used in the
Base Case Set: the ability to model the reservoir where the distribution
of an uncertain variable depends upon the value taken by another uncertain
variable. We will assumne that the distribution of the flow rate depends upon
the length of time required in exploration, Stage I. The distribution used is
defined in Table 2-11.

Table 2-13. Flow Rate Correlated to Stage I

Outcome of Stage * Possible Value

(yr) (GPM) Associated Probability

3 1035 0.1
1380 0.1
1725 0.8

55 1035 0.15
1380 0.35
1725 0.50

8.0 1035 0.2
1360 0.6
1725 0.2

Source: JPL Estimates

2=27




The cumulative distribution of profit in this case is shown in

Figure 2-2. Comparison of Figures 2-1 and 2-2 shows that the distribution of
profit in the base case is probabilistically dominated by the distribution of
profit in the correlated event case.7 With no assumptions about the utility
function of an investor other than that more profit is preferred to less, we
can conclude that an investor would prefer to invest in a geothermal project
with the characteristics of the correlated events case, rather than a project
with the base case characteristics.

The correlated events case cannot be handled by the standard
Monte Carlo type model, and the ability to handle such correlated input

data is a prominent feature of the GPCM.

7

Probabilistic domirance is also known as stochastic dominance. For a
discussion of probabilistic dominance see Reference 9.
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CHAPTER 3

THE GEOTHERMAL PROEABTLISTIC COST MODEL

3.1 INTRODUCTION TO THE MODEL AND THE REFERENCE SCENARIO

The development of a geothermal energy resource presents a potential
investor with a number of uncertainties, both in the geothermal resource and
in the development process itself. These elements of uncertainty can be
incorporated into cost estimates properly if probabilistic cost models are
used. This chapter provides the reader with a description of one such model
that has been developed at the Jet Propulsion Laboratory. The model calcu-
lates the probability distribution for the cost of a project, as well as for
other financial factors such as profit and required capital. It has long been
a tradition to provide a single point estimate for these factors, but it is
our convietion that at best such estimates are expected costs and more often
tend to be on the low side. Expected cost alone provides a limited amount of
information. Usually, the expected cost for a new technology is higher than

the current conventional energy cost. Thus, based on the criteria of expected

cost alone, such a new technology would not appear econon-. aly attractive.
However, the variance of the cost estimate may be large enough to indicate
that there may be a significant probability that the new technology is

competitive. This is illustrated in Figure 3-1.

3.101 THE REFERENCE SCENARIO
Many projects or processes can be considerei as occurring in stages,

with the cost of the activities for the project being dependent upon the dura-

tion of the stage in which thev occur. In projects of this type with long
time-horizons, it is often the case that the duration of at least some of

the stages (and ., :n the cost of the activities in those stages) will be
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incertain. Thus, final -~ost and profit will be sensitive to the length of
time required to comolete eacn of those stages. In addition to the stage
durations, other variables that have an effect on cost, such as phvsical
parameters, may also be uncertain.

The model described in this paper deals with these uncertainties by
considering individually all permutations of times (for the stage durations)
and values (for the uncertain physical variables). From each such permutation

times and values, 3 'scenario' is ennstructed and then analyzed. It would

o
Y

be quite costly to have an architectural/engineering firm actually calculate
the costs associated with all possible combinatinns of these variables (e.g.,
well flow rates, reservoir depth, fluid temperature, and permitting and con-
struction times) for a given site. To avoid the enormous information costs of
generating these cost accounts for each such combination, the model makes use

erence Scenario is defined as th2 most likelvy

developmental pattern. Cost-accounts are input into the program for only this
Reference Scenario. For all other sczenariss, only %heir stage times, phvsiecal

parameter values, and the associated orobabilities are input: their cost

accounts are derived within th=2 program by modifyineg the appropriale Refaerence

’Sﬂa"-‘av\if) nost accounts for anv ii Ffeprennres in the length “F tra atapan ar ©Ar
DCel { -OSL - 1LS 1Ol | L1 [ 10 Lh 1 L 1KLT i
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the user desires. The Referenne Scenario framework described in Section 3.2
provides a suggested framework for aggregating the accounts in the model and
for organizing the data collection.

The user of this model should realize that the amount of data
required, and therefore the computer cost, will vary with the number of stages
identified, as can be seen from the sample decision tree in Figure 3-2. For
example, if there were eight stages with two alternatives in each stage, there
would be 256 (28) scenarios. If, additionally, there were two physical
variables with two possible outcomes each, the total number of scenarios would

be 28 X 22 = 210. Therefore, the user should always try to delineate

only the essen’ial stages.
It should be noted again that a Reference Scenario must be defined
for each site where the model is applied. This is in keeping with the Federal

Ceothermal Energy Program recognition of the need to focus "not only on

generic research and development, administrative and policy initiatives, but
also on site-specific development requirements." By demonstrating the risk

associated witﬁ éhe de;elopment of each site in that site's cost distribution
(i.e., density function), the model will be helpful in fulfilling these
requi.ements.

The next section describes the Reference Scenario framework for the
model. Section 3.3 provides the rationale for treating specific factors as
random variables. These are presented before the formal model (Section 3.4)

to provide the reader with background information that should be useful for

understanding the model.

3.2 REFERENCE SCENARIO FOR A GEOTHERMAL RESERY IR
As described in the preceding section, a probabilistic cost model has

been developed to analyze the development of a geothermal resource. Although

3-4
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the model can be applied to the development of the reservoir for the
production of steam as well as to the construction of a power plant for the
generation of e’ectricity, this section describes only the development of the
reservoir.1 The model examines the time-dependent activities, as well as
the time-independent activities, that must be completed before the developer
of the geothermal reservoir can provide steam to the owner of a power plant on
an ongoing basis. About 60% of the cost of electricity from a geothermal
facility is attributable to the production of steam (see Figure 3-3). About
10% is due to annual expenses related to the power plant, and the remaining
30% is allocated to the initial power plant investment. The cost of geo-
thermal steam is about equally dependent on the cost of field develoopment
(45%) and the cost of operating the field (46%). Th=2 remainder of the cost is
due to field exploration.z

The Reference Scenario for the development of a geothermal reservoir
is structured around the essential processes or stages of development. Only
ges that are important from the standpoint of cost or time will be
explicitlv incorporated in the Reference Scenario. Minor stages have been
aggregated to form these generic stages.

Each zeothermal area has different geologic 2haracteristics and

construction requirements and perhaps even dif'ferent permitting procedures

r rird £ ~y $ha Fatas in w n 2 ¢ fte lAanab nAd ) + : i e 2 <
lepending on the state in which it is loecated and whether it is on orivate,
state, or federa perty. Theretfore, data collented from the experienosa at
yne 31t might e svant in y ¢ S, ™ 10D 1t v ~ than Anat mAaAdc
L The mod - AL t \r ment » st Wit rtainty, as

ng as ar ca / 1 raquired 3t 4ata and engineering
1 = - -

relationships.

- The percentage liffer for individual sites. The ective here is to gzive
the reader a referer point for evaluating the imoortance of various cost
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Will require the definition of a Reference Scenario at each site. The
specific data (cost, time, conditional probabilities, and technology) is
site-dependent.
el Stages of Geothermal Reservoir Development

The developer is responsible for the exploration of the geothermal
resource and the definition of its capacity and characteristics. His
responsibilities also inzclude the subsequent drilling of the production and
reinjection wells, and the construction and operation of the transmission
system that brings the geothermal resource to the "front door" of the
utility's power plant. In essence, the developer's activities can be viewed

as occurring in four stages. The next four subsections will elaborate on

3.2.1.1 Stage I: Proving the Resource

Ob jective. The objective of Stage I is to find a geologic anomaly

that allows for the extraction of the Earth's internal heat at a cost

~ "ot s -~ & n) . 3 ] AV ara 3 A A ~ 3 a Nt hW]liahir
ompetitive with other electrical generation technologies. GEstablishing
- * amn + o f +tho roe a v o ’ w3 %
) iperature of 12 resource, as well as the existence of water to

transfer heat from the djeep iZneous heat source to 31 geothermal reservoir

)W enough to he tapped by drill holes, is the gnal fo~ this stage.
[he criteri "or success in this stage is the existence nf Lhe
- ma rv ge - 44 required %o nvinecas ar slantrin 1+ tvy company
A ment at the field Warsa . The last act it in the stage
i 3 m A » 4 t r3u2 the necessarv permits for © 1ing
1 power int.
Amou [ tim 180 Ary e mAa r alement F neertaint
t tage, raf . 2 th - - - 130artayint 1hout the .4]11 tv and

) the reservoir dDased on preliminary geologic data. For example




Reference 3 estimates that 128 areas must be examined in order to get one
successful site. This assumption is not aporopriate to the Heber site hecause
earlicr exploration by oil and gas companies had revealed the geothermal
anamoly while looking for natural gas reserves.

Cost Accounts. Stage T includes three major activities: preliminary

resource identification and land leasing; exploration well permitting; and
exoloratory drilling and complete well logging. The assumntions and data
sources for each activity are described below.

a. Preliminary Resource Identifization and Land Leasing. Few models

and sources consider this activity explicitly, so little detailed data is
available. For Heber, this activity (and the next) are already completed. Tn
fact, as noted above, this activity was completed by oil exploration companies
many years ago. In reality, elements of these three activities are usually
done at the same time.

Although the cost of a leas2 can become significant when viewed from
the perspective of the number of leases required before finding a2 successful
site, the time delay associa“ed with the leasing of federal land is of prime
importance in this model. There has been evidence that considerable varia-
tions in the time required may occur. Reference 4 has indizated 28 months as
a good working number (see Figure 3-4).

b. Exploration Well Permits. At this time, there seem to be two

B =

pnilosophies as to the nature of this earlv development permitting process:
(1) The application should be made for the entire geothermal
field and thus eliminate the future uncertainty regarding
the acquisition of the proper authority to develop the

sourne. The large 0il companiess seem o nrefar th

option because it helps them in their suhsequent negotia-
tions with electric utilities.

v L 10
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(2) The application should be made as if the one explora-
tory well is the only well to be drilled at the site.
Future production and reinjection wells must then be
approved under a separate permitting process if devel-
opment takes place. This approach is favored by smaller
companies that cannot afford the up-front costs of an
environmental impact analysis without having a nigher
assurance of the economic success of the geothermal
resource.

The former approach is more expensive becavse of the scope of

analysis. However, in California under AB884, the upper limit on the time

required to receive or to be denied authority to continue with the development

project is the same.

c. Exploratory Drilling and Complete Well Logging. During

exploratory drilling, some further resource identification tests are done,
including flow teists, reservoir modeling, material tests, and reinjection
e.periments.

Beginning now, the parties involved in the geothermal development
(e.g., the field developer and the plant operator) will start to negotiate
on the contractual terms for the sale of the geothermal energy to the elec-
tric utility. During the early development of geothermal resources this
has been a slow and tedious process because of utility skepticism over the
reliability and cost effectiveness of the investment. The electric utility
wants assurance of the capacity (MWe years) of the resource to justify its
investment in support facilities (substations, transmission lines) for its
power plants. A typical figure for the required capacity is 200 MWe for

30 years.




3.2.1.2 Stage II: Development Permits Application, Review, and Approval

Ot jective. Having completed Stage I, the producer and the electric
utility must now apply for the necessary permits from the federal, state, and
local authorities to develop the resource and construct a power plant. No
capital investment by either the producer or the electric utility will take
place prior to the completion of approval on all necessary permits. There-
fore, this stage must eventually include the activities of both the utility
and the developer.

Permits for the Developer. The necessary permits for the developer

were discussed under the process of exploratory well drilling. As noted, in
California, the upper limits of time allotted to application review should
help to reduce the uncertainty over the time required to get a decision.

This scenario assumes that the developer will seek approval for full
field development and not just for the wells required to produce energy for
the first scheduled jower plant. This assumption is made because full field
permits will provide the utility with greater assurance as to the viability of
capital investment at that site.

In addition, with the passage of the AB884, the maximum time required
for a full field permit and a one powe* plant reservoir permit is identical.
This maximum time is 1-1/2 years after the completed application is received
by the lead agency. Therefore, the producer will be saving time in the long
run by avoiding permit applications and reviews for the wells for future power
plants. The direct cost for the permits to the developer are minimal since
the required permits do not involve filing fees. However, the indirect costs
incurred for environmental studies and for preparing applications could be
expensive, though probably not influential, in relation to the total capital

cost.




‘ )
l 3.2.1.3 Stage TII: Reservoir Development
Objective. The developer and the electric utility are now in a
' position to begin the actual development and construction of their respective
| farilities. By now, the characteristics of the resource have been established,
the developer has agreed with the utility on the price and amount of heat f
' be sold, and all the necessary permits and authorizations have beaen received.
This stage for the developer includes the development and start-up
\ . yperation for all the oroduction and reinjecti N y, And the nstriunt
i and testing of the geothermal transmission system.
Stage III is different from Stages T and I in that engineerins
s and procurement uncertainties affect the actual time involved. Stage
haracterized by the geologic uncertainty, and Stage II1 is determined by the
! administrative procedures of several bureaucracies. The following tio
. 100Ks at the cost accounts and thelr relatil LpS 1 the ta v
Jost Accounts. The largest single expenditure for Stage III is the
' irilling of wells. The Reference Scenario for Heber has thirteen oroducti
P
wells and seven injection wells” at depths ranging from 4000 ft to 10,000

' ft. 75% of this cost will be treated as intangible drilling co~ts and 25%
will be capitalized. The second largest expense is for surface facilities
which also includes the cost of down hole pumps for the production wells.

' Half of this cost is treated as intangible drilling costs and the other jal

' 3.2.1.4 Stage IV: Operation of the Facility

Ob jective. Stage IV describes the costs incurred by the devel-
3ct ‘ L Ln J

»per over the economic life of the power plant. These include the general

| injection

5 O0Of the 13 production wells, two will be snares, and of the
wells, one will be a spare.




operation and maintenance of the existing equipment as well as the develoupment
of new production wells to maintain the necessary energy flow to the power
plant. For example, if the flow rate from existing wells decreases or the
temperature of the resource degrades, more wells will be required to make up
the difference. Also, with time, some wells might fail and have to be
abandoned necessitating new wells to be drilled nearby to take advantage of
the known resource. Although this degradation is not modeled explicitly by
this study, a redrilling program is assumed to take place and new wells are
scheduled to kerp the heat content constant for the life of the geothermal
field.

Success in this stage is defined as being abie to continually operate
the reservoir at some stated capacity for the life of the power plant. The
treatment of variocus levels of non-success and its effect on cost has not yet

een completed.

ost Accounts. The frequency of subsequent drilling-related

tivities and the annual operation and maintenance costs are given in

the site-study in Table 2-4c.

o3 SOURCES OF UNCERTAINTY IN THE DEVELOPMENT OF GEOTHERMAL RESOURCES
lhe uncertainty surrounding the successful aevelopment of a geco-

thermal can arise from a large number of sources. But, altihough many sources
may contribute to the uncertainty, only those that impact the ultimate cost to

3 substantial degree need to be considered further. If changing the value of

1 variable within a realistic range introduces significant changes in the

-

costs of power, then that variable is considered to be important. 1In this
section the identification of important variables will be done in two steps.

The firat step is to identify those variables whose per unit

variations have the greatest impact on final cost. This is obtained by




rying th alue of a given meter, and dividing the resulting change
varying the val & giv arameter nd d ding th 1t

in power cost by the change in the parameter.

The second step is the
reasonably be expected to vary f
be expected to have a value that
be expected to fall somewhere wi
step identifies those variables
fluctuation in their own values,
variables whose per unit changes
Accordingly, those variables who
114 which can fluctuate widely w
"hose variables whose per u

but which are not expected to f1

ijetermination of hcw much each parameter might
rom an assumed mean value. Some variables ean
falls within a narrow range, while others can
thin 3 wide range of values. Thus, the second
that can be expected t, have the largest

while the first step identifies those

’ause the largest variatinn in cost.
se per unit influence on total cost is high
ill be more important sources of uncertainty

nit influence on total cost is likewise high,

lctuate very much, and so on.

[he st step i xemplified by Table 3-1, which i the result of 2
] tivit analys from eference . Th 10W th ANg n final cos*

. 1 1N 2 1 2 given parameter. T f £t item has the highest final
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iescending order.

] 3 1 st the determination now much each parameter can
rea iDly De expected 1ange. For example, although the cost of capital
¢ 1d most 18iti variable, producing a 0.62% reduction in power
t  avery 1% 1Nk t ost f capital, it is not likely that the
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i LNOW ] 1 1 ut ty npany 10Wn, and 18 the cost of
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Table 3-1: Results of Sensitivity Analysis for

Reference Case with Power Cost = 28.2 Mills/kW-hr (from Reference 7)

Change in
Parameters, Reduction in
Parameter Reference Value New Value 5 Power Cost, %

Wellhead Temperature 200°C 2500 + 25 19
Cost of Capital (Reduced by half) - 50 31
Cost per Well $500,000 $300,000 - 4o 20
Well Flow Rate 500,000 1b/h 750,000 1b/h - 50 17
Plant Capital $14.9 million $7.5 million - 50 14
Internal Power
Consumption 10.5 Mwe 5.25 MWe - 50 11
Taxes (A1l tax rates reduced by 1/2) - 50 10
Cost of Transmission
and Disposal Systems (Reduced by half) - 50 9
Reinjection Costs Reinjection No Reinjection =100 16
Well Life 10 years 20 years +100 10
Excess Producing 20% of Projec- 5% of Production
Wells tion Wells Wells - 75 6
Cooling Tower Included Excluded -100 €
Operating Expenses (Reduced by half) - 50 3
Royalty Payments 10% 0 -100 5
Dry Wells 20% of Produc- 5% of Produc-

tion Wells tion Wells - 75 4
Exploration Costs Included Excluded -100 -
Plant Life 30 years U0 years + 33 1

Transmission and
Disposal Systems

Maintenance Rate 0.05 0.025 - 50 1

a
Intangible Write-off Allowed Not Allowed -100 =107
Plant Life 30 years 20 years + 33 -5

38 Indicates an increase in cost of power.
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significantly. Taking a 5000-ft well, temperatures as shown in Figure 3-6
vary from 3000F to about 36OOF, a 20% variation. Becaus2 most wells reach
3600F somewhere near that depth, and hold it over a wide range of depths,
360°F would be considered the resource temperature.

Temperature affects plant cost in several ways. Decreases in tempera-
ture are anticipated. Chevron estimates 3% per vear for Heber (Reference 10).
Such a degradation of the resource can Le compensated for by increased well
flow rate. However, this depletes the reservoir more quickly and increases
the capital cost requirements. Past a certain point, the power plants operat-
ing characteristics may need alteration. For example, Holt/Procon plans for
roughly 2 $4 million investment after 9 years of plant operation to re-optimize
the initial power plant design points for the new, lower temperature at the
Heber site (Reference 10).
33352 Cost per Well as a Function of Well Depth and Rock Type

In the literature, the quoted value for the cost per well has ranged
from $300,000 to $2 million dollars. Most of this variation is due to well
depth. Figure 3-7 snows an estimate as to well cost per meter, with a 90%
confidence interval. This estimate compares favorably with the medium hard
to hard rock curves in Figure 3-8 which shows that the hardness of rock is
an important determinant of drilling costs and thus well cost. The actual

drilling costs used in the Heber site-study are discussed further in

3343 Well Flow Rates

Figure 3-9 shows a 90% confidence interval for wellhead flow rate
versus well depth. Using a 5000-ft deep reservoir, flow rates are about
375 + 125 Mlb/h, a variation of about 33%. Table 3-1 indicates that this
variation would produce an 11% change in power costs. Figure 3-10 shows the

variability of well flow rate over time.
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Well Costs Including Drilling and Casing as a Function of Depth
(A1l costs are adjusted to 1976 dollars)(from Reference 5)
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3.3.4 Other Sensitive Variables

Table 3-1 indicates that the cost of power is also sensitive to the
cost of cadital and to plant capital requirements. These variables are not
treated stochasticaliy in the model for the reasons given in the following
paragraphs.
ost of capital was used as an example previously to show that,
although the cost of power might be sensitive to changes in a variable, the
likely value of this variable will fall within a small range. If the average
Py

cost of capital f'or an electric utility company is 12%, it is unlikely that

the cost of capital would fall ocutside the range of 11% to 13%. This small
variation would cnly lead to a 5% change in the power cost. Thus, the
effective influence of the cost of capital is not considered important. A
similar argument holds for the producer, even though a large oil companv has a
a small venture firm. Thus, once a firm
is specified, the range in cost of capital for that firm should be small.

able 3-2 shows a variety of "predictions" of geothermal capital
costs. Variation is due to different resource temperatures, technologies
used, cooling water availability and environmental controls required. Thus,
one must be careful as to which plants 2an be compared. For the 200-mW steam
plants, the cost per kilowatt was found to vary by 27% around the mean. Flash
plant predictions for the same size plant varied by 30% about their average,
and binary plants varied by 21% about their average. There were no% enough

small plants of the binary and flash type to do this for any but the 200-mW

plants. Based on these results, if a 25% variation in power plant capital
costs is assumed, only a 7% change in power cost is expected.

The other variables listed in Table 3-1 can be similarly evaluated.

Their effects on power cost c¢an be calculated, with end result being the



Table 3-2

Capital Costs (Field and Plant)
(from Reference 12)

Field
Investment Generating
Coats Plant
Capacity, (19768, Investment Total,
Source Type MW $/ kW $/ kW $/kW
Greider Steam 200 162 'kW 230 407
Greider Flash 200 17 L2q 617
Greider Binary 200 173 527 717
Barr Steam 200 140
Barr Flash 200 23
Barr Binary 200 U]
Armstead Steam 200 10 173 271
Bloomster Flash 55 174 274 uu7
Holt and Brugman Binary 50
at 2509F AN
at SNOOF 297
Holt2 Flash 5 200-30¢ 45055 £50 8¢
Binary 50 200-30 45N.550 ifr-,_:-:
Pan, Hersam Geysers
Kho and Krumland Unit 14 149
Kruml and® Geysers
Unit 14 110 260
Goldsmith (Flash 150-20 9«
Geyser Geysers
Historical 50z 11¢€ 166
Cerro Prietn® (Flash 75 314
Racine (Binary) 50 700-8004
Hankin (Flash) 50 TU:
Project
Independence (Brine) 200 560 =860
(Geysers) 1000 J6ue

Holt supersedes Holt and Brugman.
Krumland aupersedes Dan, Hersam, Kho, and Frumliand.

Racines costs projected for 1982.

a
b
C From Greider.
d
e

Project Independence projected costs for 1980.
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demonstration of the importance of the three variables--wellhead temperature,
cost per well (well depth and rock type), and well flow rate--relative to the
others.

The only variable whose effect on cost has not been examined in the
literature is the length of time required for the stages of development
discussed in Section 3.2. Figure 3-11 shows the effect of the time lag from
the signing of a contract betwe=n the producer and the electric utility to the
start of fluid sales on the expected present worth of the venture. Data from
PG&E demonstrate the unccrtainty about the time elapsed during one stage. The
last three units (13, 14, 15) at Geysers were expected to take 28, 36, and 28
months, respectively, to acquire the California Public Utilities Commission
Certificate of Public Convenience and Necessity. These predi2tions were made
almost two years before the certificate process. The actual realized times
for units 13, 14, and 15 certification processes were 32, 33, and 26 months,
respectiveiy.

The time effect is explicitly discussed and stressed in the previous
section. The computer model has the capability to handle this important

factor, in addition to the resource uncertainties discussed above.

3.4 GEOTHERMAL PROBABILISTIC COST MODEL
4.1 Introduction to Probabilistic Modeling
Because the cost of developing a geothermal resource is intrinsically

uncertain, no venture analysis technique can cvaluate the cost or profit of a
project with any degree of confidence without considering the uncertainties

sresent. Partial accommodation of these uncertainties can produce results

4 pata from attachment to 1 er from Richard H. Peterson, Vice Chairman of
the Board, Pacific Gas and ectric Company to Mr. Leo T. McCarthy, Speaker

of the Assembly, California. The attachment is dated January 12, 1976,

ot
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. which are misleading. Probabilistic cost modeling, however, does provide

the oppori:iity to properly incorporate thase uncertainties into the final

il

results. This paper describes one such model that has been developed at the
s Jet Propulsion Laboratory and discusses its application to a gsothermal site
4t Heber, California.
i The concept underlying probabilistic modeling is that the values
for the model inputs are nat known, but that their distributions can be
i estimated. A decision tree showing each possible sequence of events and the
associated probabilities can then be construzted, and from this, project costs
and other financial measures can be appropriately aggregated into orobability

i distributions. By

ua
(U]

nerating entire distributions, this model enables the

inclusion of a decision-maker's risk preference into his investment decisions.
i The shaded area in Figure 3-1 shows that even though the expected cost of a
new technology may be higher than the current cost of conventional technol-
ogies, there might be a considerahble probability that the new technology is
! competitive with the existing technology. Likewise, there may be a significant
probability that the cost of the new technology will reach unacceptable levels.
i The possibility for a decision maker to consider risk preference is
precluded when only point estimates 2re made. It might be argued that calcu-

lating a point estimate requires less information than constructing a comolete

i distribution. This is not true, however, because calculating the expected
value implicitly uses all the relevant information contained in a oprobabilitv

i distribution. This model uses that information explicitly and caiculates

the probability distributions for cost, required capital, and orofit. The

expected value and variance can be derived from these distributions, and risk
' preference may then be introduced.
The most distinguishing feature of the Geothermal Probabilistic Cost

that it allows the outcome of one variable to be dependent upon




the outcomes of the other variables. Conditional probability distributions
can thus be used. For example, the probability distribution for the length
of a development stage may be dependent upon the lengths of the stages that

orecede it or upon the depths of the wells that have to be drilled, none of

4

which may be known at the beginning of the project. n this way, any

e

correlation--sither positive or negative--between characteristics can be

considered explicitly and a joint probability distribution that has all
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.t s2 Formal Model
In section 3.2.1, four stages were identified for the Reference
Scenario of a geothermal resource development. These stages are:
(1) Stage 1: Proving the resource.
(2) Stage 2: Development permits apolication, review ani aporoval.
g
(3) Stage 3: Reservoir development.

(4) Stage 4: Operation of the facilitv until the field is deoleted
of an economiecally valuable genthermal resource.

These four stages v1ave been used to model %the Referance Scenarin
' here. Although any numbe» of stages is possible, to maintain a1 manageahle
number of stazZes and to pravant the number 2f alternitive scenarions from h2ing
‘ |2 large, six stages should be set as the upocr limit. 7T 1strate the
' problem, let there be Lwo aiternatives aq0h stagze. With H stages, thare
are 64 scenarios. If the number of alternatives is three, 3 9 31 total of
' ) seenarios! Thus, the users of this model are urged tn =2conomize on the
2noice C and physical parameters under n aration whils SAgZre-
' zating the proablem t£o capture some major elements of u rta .
3.4.2.1 The Methodology: An Overview
!
To incorporate the uncertainty arising from stage length times and
i ;ncertain variables into the analysis of project cost, the model ~onsiders
individually in succession all different possible permutations of values for
l those un22rtain variaoles., From each such permutation of values and times, 13
"scenario" is constructed and then analyzed.
:
A scenario thus represents one nossible path through a decision
tree. Specifically, a scenario is defined by four attributes:
(1 a set of durations specifying the length of each of the stages;
(2) a set of values for the uncertain physical parameters (e.g.,
wellhead temperature, flow rate);




(3) the probabilities that eac a
takes the value specified for it in

(4) the dollar value costs for all cost accounts in all stages.
To avoid the enormous information costs of deriving the cost

accounts (4 above) for each possible scenario, the model uses a baseline

rase, or Reference Scenario. The Reference Scenario is defined as the most

likely path throuzh the decision tree. In the computer program, the cost

iccounts are input to the program only for this Reference Scenario.

~ 33 " e . . -~ - 3 - 3 3 :
1long with Reference stage times and Reference physical parameter values

mpletely specify the Reference Scenario.) For all other scenarios, onlv
tneir stage times, physical parameter values, and i orobabilities are
yut 1A * cost accounts are derived within the program modifying the
R st accounts for any difference n the length of each stage or for
rences i > 1lu °f the physical parameters Thus, as described
W t ri is reallyv ase ne yae From W v 11 nther
ire derived. If this were not so, based on the previous desecrip-
‘equired amount of information would be enormous. Dollar costs for
3 t ;»—A.j 302nar 114 be required. Benrgiyse 3 Referen
1sed, the lengthy and difficult task of providing detailed cost
3 ) for the site under study lLias to be performed onlv once (for ¢
sfapence Scenario).
lo illustrate this procedure, if in the Reference Scenario, Stage J
is assumed to take 10 years, then a Cost Account i in Stage J is estimated
based upon the 10 year figure. If, however, Stage J i3 later assumed in
another scenario to last 20 years, then Cost Account i in Stage J for that

scenario would be doubled to reflect the now longer stage time. Additionally,

if a particular cost account is affected by an uncertain physical variable,




the model would make an adjustment through the use of appropriately defined
scaling functions. These adjustments are done in subroutine GSCALE.

In a like manner, the cost-accounts for =2ach of the other scenarios
are derived. Because the lengths of the stages are different from scenario %o
scenario, the cccurrence of the cost-account expenditures in each scenario
will be staggered. The model accounts for the staggared time frames by
appropriately accounting for time differences when the financial analvsis is
performed. The financial subroutine in the model calculates levelized energy
cost, life-cycle cost, and profit for each scenario. With the probability of

: : . &)

occurrence for each scenario (and thus of their outouts) having been input
as part of the scenario description, a complete set of values and their
probabilities are nbtained fo levelized energy cost, life-cvele cost, and
P

for profit. From these, separate orobability functions for both of the cost

categories and for profit can be constructed.

G L e The Computer Program

a. Stages. In the model the stages are designated by the variable
JX, with JX ranging in value from 1 to J. The operatinnal stage, the last
stage, is the Jih stage.

b. Stage Duration. Corresponding to each stage .IX there is a time
lapse for completing all activities in that stage. In order to raflent th
imcertainty for the completion time of any given stage, the stage time
treated as a random variadle and assumed to have iiscre! et of outrcomes.
In the Reference Scenario, t 2ngth of Stag ¢ T X): in
any other scenario, the length of Staze JX not |\ {,MM), where M

O Actually, only the conditional probabilities for each stage length time

™ 1

and physical parameter values are inout. Their oroduct caleul
program, yvields the probability of occurrence for each scenario and its
output.

ated in the




is the number of that scenario. Likewise, the length of the final stage
(Stage J) in the Reference Scenario is TPR(J), and the length of Stage J
in any other scenario is TP(J,MM) where again MM identifies that scenario.

c¢. Stage Intervals. Each stage is divided into intervals. The

number of intervals into which a specific Stage JX will be subdivided is
denoted by M(JX). The M(JX) remain fixed for all scenarios. All intervals
in a given stage are the same length, and thus are found by the quotient
TP(JX,MM) /M(JX). The M(JX) are judiciously chosen to correspond generallv to
the number of times costs will recur within a stage. By dividing long stages
into intervals, it is possible to specify costs for periods on the order of
one year which enables the modeling of non-uniform cash flows throughout the
stage.

i. Cost Accounts. There are two kinds of costs: time-dependent and

time-independent. Time-dependent costs, as their name implies, vary as the
l2ngth of a stage (and hence as the length of the stage's intervals) varies.
(Stage times vary from scenario to scsnario; the number of the stages and the
number of intervals in each stage are specified at the outset and remain fixed
or all scenarios.) Time-ind2pendent costs are assumed to remain constant
regardless of the length of the interval in which they occur.

An example of a timz2-dependent 2ast could he the legal f=2es paid
iuring the permitting process. The longer the process, the longer legal
services are required, and the greater will be the cost. An examole of a
time-independent cost zcould be a bulldozer purchased for the development of
the field. Once purchased, the cost will not change if the development of
the field takes an additional length of time. {Although strictly speaking,
operations and maintenance costs might change.)

As mentioned before, detailed cost accounts are input for the

Reference Scenario only. For each time-dependent cost account, expenditures
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are input for each interval of the specific stage in which that dependent cost
account occurs. This expenditure, or dependent cost for the Referance
Scenario, is denoted by CDR(JX,NX,MX,XDX). The index JX denotes the stage in
wnich the cost account occurs; NX signifies the accounting lifetime of the
expenditure; MX denotes the interval in which the cost occurs; and ¥XDX
designates which cost account is being described. Taus, CDR (2, 1, 4, 3)
signifies the time-dependent expenditure of the first accounting lifetime for
the third cost account in the fourth interval of Stage 2 of the Referencea
Scenario.

A typical cost account for a time-dependent activitv is shown below.
It is the Exploration and Well Logging account for Stage 1 of the Reference
Scenario. Note that the expenditure rate is not necessarily uniform for the
duration of Stage 1. This is indiecated by different dollar costs (in
thousands of 1980 dollars) for each of the six intervals ints which Stare 1 is

divided.
240.0 240.0 800.0 800.0 800.0C 800.0

The entire "matrix" of time-dependent cost accounts for Stage 1 would

appear then as follows:

68.75 68.75 68.75 68.75 68.75 68.75

0.0 25.0 0.0 0.0 0.0 0.0
240.0 240.0 800.0 800.0 800.0 800.0

91.67 91.67 91.67 91.67 91.67 91.67
79.0 43.0 96.0 96.0 96.0 96.0

An individual entry has the label CDR(JX,NX,MX,KDX) where JX,NX,MX and KDX are
defined as before. All costs given in this report and used by the model are

in 1980 dollars; if occurring any number of years after 1980, these costs
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are escalated appropriately by the model to acesunt for inflation and real
increases in price at rates specified by the user.

e. Subroutine GSCALE The aforementioned adjustments to the

Reference Scenario Costs Accounts are performed for e2ach scenario in the
GSCALE subroutine. Time-dependent costs are assumed to be nroportional to
the length of Reference Scenario stages. Thus, if another scenario has a
stage length (and hence stage interval length) twice that of the Reference
Scenario, all of its time-dependent cost accounts would be twice that of the
Reference Scenario. This effect is eaptured by the TP(JX,MM)/TPR(JX) term in
ADMOD.

The cost accounts are also escalated in GSCALE. The cost accounts
are multipiied by their cost escalation factors, AD(JX,N¥,XDX), raised %o the
exponent PWR, where PWR is the number of years up until the cost actually
occeurs. PWR is composed of two parts: PSUM(JY,MM), the number of years uo to
the JX stage; and MX « (TP(JX,MM)/RMJX), the number of vears intn the stage
tnat the cost occurs.

Once the cost azecounts have been adijusted for time diffarences,
3SCALE then calls subroutines that make adjustments for <ifferences in the
levels of physical variables. These subroutines are OPT 1 through OPT N.
Tnese are user specified and their forms are dependent on the 3pecific site.

~

f. OPT Function Subroutines. The "OPTn" function subroutines are

called by the FCTMOD subroutine in GSCALE to modify the cost accounts for any
differences between the Reference Scenario levels for the physical parameters
and the levels of those parameters in the scenario being examined. Thae three
physical parameters ronsidered in this study are wellhead fluid temperature,

flow rate, and well depth. The OPT functions are physiecal relationships that

must be supplied by the user for the project being studied. The following OPT

functions are used for the Heber Reservoir.




BPToL: Effect of Temperature. The references equation for OPT1 is

51.107 Z exp [3.8884 x 10~ 7]

T et 273415
: - T = - -+ S e,
M Tgf n (To +273.15) 1n (TO + 273.15

,w(s/kw) =

from Reference 5. When the equation is used to evaluate the effect of

resource temperature on well cost, the well depth, Z, and flow rate, mw, are

held constant to define the temperature ratio only. The cost relationship

then becomes

Cost (scenario) = Cost (reference) * g::gi::;::: :33:;;2: Ei:?::g;g;)
or
OPT1L = RVAL * [P2-CON(1) - (CON(1)+273.) '{ALOG (P2+273.)/
(CON(L)+273.U| /|Pl-30N(l) - (CON(1)+273.) *
ALOG[(91&273.)/(CON(1)+273.ﬂl
where
OPT1 = adjusted cost returned to FCTMOD
RVAL = cost account data input to OPT1
P2 = reference fluid temperature (Tgf), °c
Pl = scenario fluid temperature, OC
CON(1) = ambient temperature, 7° input for each site, %

-4
Note that the constant 3.8884 x 10 is used when 7 is
input in meters. I well depth is in feet, the constant
must be adjusted.

OPT 2: Effect of Flow Rate. The same equation from Reference 5 can

pe used to define a flow rate relationship with

Flow rate equation (scenario)
Flow rate equation (reference)

' Cost (scenario) = Costw

) ®
well 1 (referznce)

el
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If the well dépth, Z, and temperature T%r, are held constant, this
relationship gives

1/m _ scenario

« * W el » P2
OF T2 s qvaL 1/m reference ~ RVAL Pl
W w
where
OPT2 = adjusted cost returned to FCTMOD
P2 = reference flow rate
P1 = scenario flow rate
RVAL = cost aczount data input to OPT2.

QPT 3% Effect of Well Depth. Again, in the same referencz

equation, temperature and flow rate can be held constant to look at the effect

of well depth on well cost. This gives:

wid)
Zsexp[3.888u x 10 Zg]

:w ($/%W) (scenario) = bl ($/xW) (referencs) * =0
ZRexD P.BBBM x 10 Zq]

or

OPT3 = RVAL * (P1/P2) * EXP[(CON(6) * (P1-P2))]
where

OPT3 = adjusted cost returned to FCTMOD

RVAL = cost account data input to OPTH

P2 = reference well depth

Pl = scenario well depth

) -l
CON(6) constant 3.8884 x 10 ! from Reference 5.

Note that the constant 3.8884 x 10" is used when
Z is input in meters. 1If well depth is in feet, the
constant must be adjusted. !
With these equations, we can incorporate any uncertainty in the
resource charactcristics into the derivation of the probability density

function for resource development




B. Subroutine RCOST. After the modifications by GSCALE to each

scenario, RCOST discounts all 208t accounts in all the stages to present
dollars as of the beginning of Stage 1. This is performed one stage at a
time. For each stage in succession the entries for each cost account (i.e.,
the costs in all the time intervals) are discounted to the beginning »f that
stage and summed together. This yields a single figure for all the costs in
that stage. This number (CDT in the program) is expressed in dollars as of
the beginning of that stage; it is then discounted back to the beginning of
Stage 1 and cummed into the variable CD. Referring to Figure 3-14, the costs
in a given interval are added together into variable CDTT, and then discounted
to the beginning of the stage as CDTT*Jd*#* [MX * TPR(JX)/MLIN]. This is
summed into variable CDT. CDT is then discounted to the beginning of the
project by CDT*D*#PSIMR(JX), where PSUMR(JX) is the number of years prior to
the beginning of Stage JX in the scenario being considered. This is done for
all stages, JX = 1 to J.

The present value cost figures thus obtained are then operated upon
in RCOST to find levelized cost and life cycle cost for the scenario unde.
consideration. Because cost accounts with different accounting lifetimes
are treated differently for tax purposes, the cost accounts of differing
accounting lifetimes must be segregated by accounting type. This is
accomplished by the first Do Loop in RCOST. It first performs the abhove
discounting for accounts with a l-year life; then does so for the second
accounting type; then fog the third, and so on. Thus, costs will be indexed
by accounting type, NX, e.g., CAPR(NX), CR(NX).

RCOST also computes "upfront capital cost" or the costs of the stages
prior to the final or operating stage. To do this the cost of the upfront
stages must initially be kept separate from the cost of the final stage. This

separation is achieved by the second Do Loop which considers all stages exnept
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the last. After that Loop, the cost accounts for the final stage are dis-
counted. CAPR(NX) designates the upfront capital costs for accounting type
NX, and CR(NX) the total project capital costs for that accounting type.
Thus, the total project cost of the second accounting type, CR(2), ccnsists
of the upfront capital costs of the second accounting type. CAPR(2), plus
the discounted time-dependent and time-independent cost accounts of the

second accounting type for the final stage, Stage J.

After the present value cost is obtained for each accounting type
with a lifetime longer than one year',.7 the effects of taxes, depreciation,
and investment tax credits are accounted for through *he use of the fixed
charge rate (FCR). Because the FCR is a function of the accounting lifetime,
it can now be seen why, up to this point, the costs have been segregated by
accounting lifetime. Multiplying CR(NX) bty the FCR yields the constant annual
amcount that exactly pays back this capital investment with interest over the
lifetime of the project, after taxes (which have been adjusted for the effect
of depreciation and any investment tax credit) have been paid. Dividing this
constant annual payment by the capital recovery factor (CRF) givez the present
value sum ¢f those payments. The present value sums for each accounting type
can then be added together. In the program, this aggregate sum is denoted by
CDUM, an intermediate "dummy" variable for cost.

Thus far, this sum does not include the effects of depletion allow-
ance and royalties. To account for these, the rinal sum, CDUM, obtained

above is multiplied by 1-t+ai-;0;+tROY' where ROY is the royalty rate, t the

tax rate, and a the depletion allowance rate. The quotient is simply the

l -t _ _PV [gll costs with depletion allowance and roval%ies]_
1-t+at-ROY+tROY ~ PV [all costs without depletion allowance and royalties]

ratio:

7 Costs with a lifetime of one year are expensed; no taxes are paid on the
income required to cover them, and no depreciation or tax credits are
applied.
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When multiplied by the amount necessary to cover all costs without a depletion
allowance 2nd royalty payments, which is what is thus far obtained ahove, the
amount necessary to cover all costs with depletion allowance and royalty
payments is obtained. If the depletion allowancs is ecaleulated on gross
rents and royalties, the life cycle cost of the project can be

LCC = [EL B ?31}‘4}4,[—“—‘— - (REWRT{\],

-
where El = - ;+>Djv and RENROY is the sum of rents and royalties. This

is for the regulated case. (Note that in order for the program to handle them

P e n v v - HE e e ~ " R i -
Profit, in the non-rcgulated case, is obtained by Revenue minus Life
ycle Cost. As the effects of taxes, depletion allowance, and royalties have
been factored in on only the cost side, and not the revenue side, the dirfer-
nce - LCC must be multinlied by (1-t+at-ROY+tROY) to apnropriatzly reduce
the revenue r=tainad by > firm as profit to reflect the affects of depletion
?
ind royalty payments. This leads to an expression for LCC as [71 ¥ CDIM| &+
r ‘__ \‘.\ 1
7 P = ™ S e — . a3 AR
——— ¥ RENROY| ) F L + |(1-ESCAL) *®* REV|, where ESCAL is (1-t+at-ROY+ROY).
o s AL L J
To find Levelized F Cost, calculating the Life Cycle Cost alone
t 3u vient. The ~onomically recoverable part of the regnurees and the
fe of 12 resource must be known to determine the energy cost. Over time,
£ np2rature of the resour and possibly the flow rat from the walils will
iergrade. Wnile this degradation is not modeled explicitly by this studv, a

redrilling program is assumed to take plaze and new wells are schedulaed to

keep the heat content, from tne wells ennstant for the life nf the geo-

thermal field. The costs of this program are included in the cost acecounts

for Stage IV and are reflected in the final cost figures.
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With a given E, we can calculate the generalized energy cost as

o

JJ'E

This follows directly from Equation D-12, in Reference 13, when both numerator
and denominator are multiplied by annual energy output. The constant 1000 is
a conversion factor to yield $/kWh from mills/kWh.

h. Probabilistic analysis. The probability associated with the

energy cost for a scenario s simply the product of the conditional orob-

%

bilities specified for stage times and physical variables in that scenario.

W

These are input as P(JX,I). If the stage times and/or the physical variables

are assumed to be independent, then the probability of 3 specific value occur-

ng for a variable remains the same regardless of what the precedinz variables
might turn out to be. If any of the variables are correlated, the inputted
prooabilities would have to reflect this correlation.

Generalized energy cost is defined as that price per unit of energv which
if held constant in real terms throughout the project 1life would provide
the required revenue to finance the life cycle cost of the oroject, assum-
ing that all cash flow interim requirements or excesses are borrowed or
invested at the utility's internal rate of return. Levelized energy cost
is defined as that price per unit of energy which, if held constant in
nominal terms throughout the project life would provide the required
revenue to finance tne life cycle cost of the project, aabxuiﬁq that 1all
cash flow interim requirements or excesses are borrowed or invested at the
utility's internal rate of return. We caution that the concept of level-
ized energy cost as an energy cost index is defecti Tt can be used to
rank .rder different energy projects only if they 7 e same project
life. Clearly, the optimal D”DEQ?i life design sho pend on the
physical characteristics and economiz trade-offs th and should not
be arbitrarily standardized. If projects have diff lifetimes, choices
based on levelized energy costs may bias towards sh fe projects, even
though they have the same fixed costs and proportio variable costs.
Generalized energy cost will not have this problem. s, we suggest using
the latter as an output from the computer model. In the computer program,
a generalized energy cost is used. Uniform energy cost is 3 special case
of the latter with nominal energy cost escalation factor being one.
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very large. In that event, the costs of calculating all these scenario costs
may be prohibitively large. Fortunately, we have a well-%nown statistieal
theory, the Kolmogorov-Smirnov Theorem, which shows that we can randomly select
150 scenarios as a sample to approximate the required orobability distribution
The likelihood of selecting a scenario should be weighted by its probability,
and the approximate distribution will be good within 90% confidence. (However,
we caution the users of this model that even though the computational cost is
cut to a minimum, the d.ta collection costs may still be prohibitive.) he
Kilmogorov-Smirnov Theorem is: Let F(«) be the underlying continuous cost

distribution, and X,, ..., X be a samole from F(x). Define Pq(x\ 13

1 n
the proportion of observed values in the sample which are less than or equal
to X. Let
Sup \
P = I F (x) - F(x)
n - Y n
1 N !
The Xilmogorov-Smirnov Theorem states that

" - M . H

L Pr (D L o e Y 1.y o L

1+ n 1/2 ) ) ) i

n
i =1
Let H(t) be the value o1 the rignt hand side of the equation. A tihle of
H(t) 1s given in Table 3-5. As an example, consider 90% confidence, i.e.,
(i(t) = 0.90. The corresponding t is 1.22. Suppose we want D - 0.1. The
n

‘equired sample size, n, will then be calcnulated as:

5
1.22

0.1

150
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Table 3-5

Probability Limit for the Kolmogorov-Smirnov Theorem

t H(t) t H(t)
0.30 0.0000 1.20 0.8878
0.35 0.0003 1:25 9.9121
0.40 0.0028 1,30 0.9319
0.45 0.0126 1.35 0.9478
0.50 0.0361 1.40 0.9603
0.55 0.0772 1.45 0.9702
0.60 0.1357 1.50 0.9778
0.45 0.2080 1,60 0.9880
0.70 0.2888 1.70 0.9938
0.75 0.3728 1.80 0.9969
0.80 0.4559 1.90 0.9985
0.85 0.5347 2.00 0.9993
0.90 0.6073 2.10 0.9997
0.95 0.6725 2.20 0.9999
1.00 0.7300 2,30 0.9999
1.05 0.7798 2.40 1.0000
1.10 0.8223 2.50 1.0000
1:15 0.8580
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CHAPTER 4
INSTITUTIONAL ASPECTS OF GEOTHERMAL DEVELOPMENT

Leasing, Contracting, Insurance

4.1 INTRODUCTION

Electric power is usually produced by a generator that is coupled
mechanically to a turbine. One way to make the turbine rotate is to bombard
its vanes with expanding steam. This steam is produced either by heating
water with fossil or nuclear fuels, or by obtaining it directly from the
ground in a form called geothermal water or steam. Although its role in
generating electricity is very much like that of coal, o0il or nuclear fuel,
the institutional structure upon which a geothermal power plant operates is
quite different from that of plants using other fuels. These differences and
the reason why they exist are discussed in Section 4.2.

Three kinds of institutional arrangements are common to geothermal
developments. First, rights to land with geothermal potential must be
obtained and its development potential assessed. This component hereafter is
referred to as "Leasing". The developer then makes an agreement with a
utility that seeks to use the produced geothermal resource in the production
of electricity. The geothermal resource could also be used in direct

applications, such as space heating, etc. This stage will be discussed under
the heading "Contracting". Finally, the utility and the developer operate in
an uncertain environment. Earthquakes, cold water breakthroughs, vapor flow
cessations, natural calamities, and undergrounc¢ pressure leaks are some
natural causes of uncertainty in the quantity and quality of geothermal water
or steam and hence in the quantity of power generated. Both the developer and
the utility need protection against this uncertainty. In the case of fossil

fuels, such natural causes of uncertairties are not as threatening to

4-1



utilities because of the availability of alternative sources of fuel.
Geothermal resources cannot be sold over long distances because the reduction
in the pressure and temperature of the steam during transpcrtation is too
great and the piping cost runs too high. A discussion of the methods for
coping with this uncertainty appears under the heading "Insurance".

Section 4-2 spells out the general aspects of leasing of land in the
case of coal, and oil resources, and provides a .escr.ption of the leasing of
land of geothermal resources.

Section 4.3 analyzes the leasing, contracting and insurance problems,
and highlights their interrelations.

Section 4.4 summarizes this report. The appendix has a brief survey

of the relevant literature on insurance and an overview of the literature

-erature on

)

single and multiple object auctions.
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4.2 LEASING
4,2.1 Characteristics of Leasing

Leasing is the process by which potential developers of a resource
acquire the rights to it. The details of the leasing arrangement are
important because they affect the incentives of the developer in selecting
among alternative strategies for exploring and exploiting the resource. Three
aspects of the leasing process are significant: (1) the amount of competition
for the lease and the institutional rules for awarding the lease; (2) the
method for determining the financial compensation to be paid to the owner of
the lahd; and (3) the duration of the lease, including the nature of the
performance requirements for keeping it active.

The ex

Q

ent of competition lor a lease depends in part on the method

cr

by which it is awarded. In some cases, leases are awarded by some sort of
auction process which is announced ir advance and which transpires at a
specific place and time. Although unattractive lands may attract little
interest and therefore produce few competing bids, normally auctions produce
spirited competition among several bidders. A less common method of awarding
rights to land is a lottery, whereby a lease is given to one of the applicants
b: drawing applications at random. The source of revznue from such a process
is some combination of an application fze and a predetermined pavment or
payment formula. Although this process may produce numerous applicants, it is
not a competition in the economic sense because the expression of willingness
to pay through bidding is absent. Finally, in some cases leases are awarded
on a first-come, first-served basis, perhaps requiring a filing fee and/or
another financial commitment.

Whereas literally infinite variation i. possible in the methods for

compencsativg owners of land, all suvch methods are a combination of at most
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five elements: (1) an application or filing fee (e.g., a payment for the
right to request a lease); (2) a royalty, or a payment expressed as a fraction
of the revenues or profits from exploiting the resource; (3) an extraction
fee, which is a payment based upon the physical quantity of the resource that
is extracted, regardless of its value; (4) a rent, or an annualized payment
for the right to use the land, regardless of the amount of production that
takes place; and (5) a bonus bid or initial, up-front payment to secure the
lease, regardless of its duration or the future productivity of the land.
Normally, if a lease is awarded in a competitive process, the owner of the
land will predetermine all but one of the preceding elements (perhaps at
zero), and award the lease to the party that submits the highest bid in the
ha variable, e.g., the remaining free dimension.

The selection of a bid variable is important for two reasons. (1) It
allocates the risk about the size and development expense of the resource
between the lessee and lessor. (2) It affects the development incentives
facing the winning bidder. As a general rule, the allocation of risk depends
upon the closeness of the relationship between the ultimate profitability of
exploiting the resource and the formula for determining the paymznts to the
owner of the land. Thus, systems emphasizirz fixed feess and bonus bids put
mere risk on the developer, whereas formulas emph~ "zing profit-sharing
between the developer and the land owner spread the risk most evenly. In the
middle are extraction feec and royalties on sales. This relationship can be

represented as follows:

Risk Allocation

More risk More Risk
to Land Owner to Developer
Royalty on Royalty on Extraction Annual Bonus Filing
Profits Sales Fee Rent Bid Fee
4y




The incentives of a compensation formula on development activities
depend on the extent to which payments to the land ~wner are related to
development. The holder of a lease will find development less attractive if
payments are dependent on direct development activities, such as is the case
if royalties depend on the quantity of production (regardless of sales or
profitability). At the other extreme, high fixed financial obligations (and
little or no dependence of payments on development) are most conducive to
exploitation of a resource.

The duration of the lease, and its dependence on performance, can
affect development incentives. One common practice is to set either

expenditure requirements or production targets that must be satisfied for a

\ pane - ~4 iy PV K D
ieaze tOo remalin in forc

m

In selecting a combination of lease characteristics, a rational
landlord will be cognizant of rick differences between buyer and seller.
Although in discounted present value terms a land owner will reap higher
returns if the leasing arrangements minimize the risk of the leaseholder, s'ch
arrangements are not optimal if the land owner is more risk-averse than the
leasing entity. Thus, private individuals might well adopt stratexies for
leasing land that allocate more risk to leaseholders than the strategies
adopted by large corporations or the government because the former are likely
to be more risk averse than either of the latter. Nevcrtheless, the Federal
Government has elected to organize most of its leasing activities in a manner
that allocates most of the risk to the develioper. The rfollowing summarizes
federal leasing activities of lands for energy development.

a. Coa. mining and on shore drilling of oil. Generally, the

procedure  or obtaining a lease on a piece of land for coal

development is as follows. An interested party applies [for an
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"exploration license”. Upon receipt of such an application

for a permit an officer of Bureau of Land Management (BLM)
conducts an environmental analysis of the area to be affected.
Following the completion of this analysis, a report is submitted
desciribing what parts of the land should be excluded from
exploration activities and whatever other requirements should be
included in the permit. Exploration licenses are never granted
for lands in natioral parks or monuments, or in Naval oil shale
r2serves.

Once a valuable coal deposit is discovered and is reported
to the BLM, the discoverers can nominate the particular tract
for lease. The lease is then obtained through a competitive
bidding process. A competitive bidding process involves submit-
ting bids which carry a fixed percent royalty f{usually 16 2/3j,
with a cash bonus as the bid variable. The lease conveys the
rights to obtain the coal and to use only as much of the surface
as is necessary for mining coal. Leases are usually subject to
read justment every 20 years.

Off-shore drilling. Lands located in the outer continentsal

shelf (0OCS) are not public lands. That is, once the land has
been leased, the BLM cannot oversee or interfere in any way with
the way the land is being used until the Lermination of the
lease period.

Tracts selected by the government are leased through a
process of competitive bidding. The lease carries a fixed
(usually 16 2/3%) royalty, with a cash bonus as the bid vari-

able. Such a bidding procedure creates entry barriers for
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small firms which are either not able to meet the usually large
capital requirements up front or unable to diversify their
risks. To offset this effect, most leases are sold in auctions
in which there is no prohibition on the rerdering of bids by a
consortium. This reduces the entry barriers to some extent.
Recently, DOE has adopted a proposal from the Council of
Wage and Price Stability to experiment with a net profit-share
leasing system as an alternative to the conventional bidding
System on outer continental shelf (0OCS) tracts. One
experimental system lests profit-shares or royalties be the hid
variable., The advantage of this system is that it reduces entry
.barriers, shifts some of the risk about the value of the land to
the goverrnment, znd encourages more efficient develeopment of
leases.
Geothermals. The types of land which can be leased for
geothermal exploration are either federal, state, or private
lands. Federal lands include two types of geothermal resource
areas. The Known Geothermal Resource Areas (KGRA) are leased
through a competitive bidding process. Lands not within a KGRA
are leased to the first qualified applicant. There are
proposals pending before the Congress to alter the definitions
of KGRA and to change the competitive bidding methods. The
actual leasing of federal land is governed by the Geothermal
Steam Act of 1970, and which excludes several broad categories
of land: national parks, wildlife ranges, game ranges, wildlife
management arezs, fish natcheries, wildlife refuges, national
recreation areas, Indian trust land and other or restricted

lands.



Federal lands are divided into four categories: (1) those controlled
by the U.S. Department of Interior; (2) those controlled by the U.S,
Department of Agriculture; (2) those controlled by the 11.S. Department of
Defense; and (4) land for which che Federal Government owns mineral rijhts,
but not surface rights. 3ecause most geothermal rescurces within federal
lands are controlled by the U.S. Department of Interior, the discussion of
this section will pertain to this specific category of federal land only.

4.,2.2 Competitive and Noncompetitivz Federal Geothermal Resourcers
Leasing Procedures

According to the Code of Federal Regulations (CFR), geothermal
resources mean geothermal steam and associated geothermal resources such as
hot water and mineral by products., A geothermal lease i3 one issued under the
authority of the Gaothermal Steam Act of 1970 (P.L. 91-581). There are two
forms of federal geothermal resourcz leasing: competitive and noncompetitive.
They are reviewed in that order. Two agencies of the 1.5, Department of the
Interior are involved in the federal leasing of geothermal resources: the
Bureau of Land Management (BLM) and the U.3. Geological Survey (US0S).

Competitive leasing is one coverirg federal lands within a Xnown
Geothermal Resource Area (KGRA). A KGRA means an area in which the geology,
nearby discoveries, competitive interests, or other indicia would lead to
belief that the prospects for extracti.n of geothermal rescurces are good
enough to warrant investment for that purpose.’ The most controversial
item is that of the term of "competitive interest". Competitive interest is

inferred tu exist if at least one-half of the lands covered by an application

1 1In contrast, the concept of KGRA differs from that of Known Geologic
Structure (KGS) in o0il and gas leasing in that the designation of a field
as a KGS requires a producing well.



for noncompetitive leasing is also covered by another application which is
filed during the same application filing period.2’3 A notable case is that
a company inadvertently created a KGRA through erroneously filing twice on
some of the same land in the same application filing period.u However,
current regulations prohibit an applicant which overlaps any of the land
covered by his first applicaticn.s
The BLM can accept nominations for ~mpetitive leasing of federal
lands within a KGRA or may on its own nomiaate one.6 The role of the USGS
enters at this point of the leasing procedures by Geing respcnsib!g for
determining the appropriate parcelling of tracts and for establishing =enta’s
and royalties. The USGS also reports to the BLM on needed lease terms and
conditiens, including environmental and surface rehabilitation stipulations,
relating to resource expioration and development. Mcre important at this
stage is that the USGS makes all geologie, engineering, and economic value
determinations including a resource evaluation on each tract to be offered and
a post sale recommendation to the BLM regarding acceptance or rejection of the

highest bonus bid on a given tract. That is to say that the BLM with the

cooperation of the GS sets a reservation bid on all geothermz! resource trants

offered for competitive leasing.

2 An application filing period begins on the first working day of each
calendar month and ends at the close of business on the last working dav of
that month. (ZFR 3210.2-2.)

3 Forty-seven of the 108 existing XGRA's were designated as such entirely on
the basis of "competitive interest®. See Appendix I, page 13 of the Report
by the Comptroller Gene.al of the United States, "How to speed development
of geothermal energy on federal lands", EMD-80-13, October 26, 1979,

4 Ibid, Appendix I, page 14.
5 Code of Federal Regulations 3210.2-2.

6 Code of Federal Regulations 3220.1.
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Separate identified sealed bids are submitted by interested parties
for each resource tract offered. All sealed bids are opened at the same time.
and the highest bonus bid will be accepted if it exceeds the reservation bid;
otherwise, it is rejected. If the bid is accepted, the bonus bid will be paid
either in a single payment upon the award of the lease or in two equal annual
installments due and payable within 2 years.7 Standards for diligent oper-
ation of the lease are then set by the Secretary of Energy. This completes
the descriptior. of the process of competitive leasing of federally owned
geo*hermal resource lands.

Lands not within any KGRA are avilable for noncompetitive leasing.
When an appiication is filed without the BLM, the date of filing is stamped on
the envelope. The envelope containing the application remains sealed until
the end of the application filing period during which tve application is
filed. On the first working day following the end of the application filing
period all applications are opened, and it is determined which applications
are for lands included in a KGRA, especially those newly created KGRA through
the concept of a show of "competitive interest." Applications for land
determined to be KGRA are rejected. 1If any application covers both land
within a KGRA and land outside a KGRA, the applicant will be Zranted the
opportunity to amend his application to exclude the portion included in a
KCRA.S This completes the description of the process of noncompetitive
leasing of federaily owuned geothermal resource lands.

All leases, be they competitive or noncompetitive, are for a primary
term of 10 years. If the lessee commences actual drilling before the end of

the primary term and is being diligently prosecuted at that time, a lease can

7 Code of Federal Regulations 3220.5 and 3220,6.

8 (code of Federal Regulations 3210.1 and 3210.2-2.
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be extended for an additicnal 5 years. If geothermal steam is produced or
used in 2ommercial quantities within tne primary terr of 2 lease that lease
will be extended up to 40 years. And at the end of these U40 years

extension on the lease, the lessee will have a preferential right to a renewal
of the lease for a second 40-year term upon such terms and conditions as
deemed appropriate by the BLM. Note that production or use of gzeothermal
steam in commercial quantities is defined as the presence of one or more wells
producing or capable of producing geothermal steam in commercia! quantities
and a bona fide sale of geothermal steam for delivery to or use by a facility
or facilities not yet installed, but scneduled for installation not later than
15 years from the date of commencement of the primary term of the lease (CFR

3203 1-2, 3203 1-3, 3203 1-4).



4.3 THE LEASING, CONTRACTTNG AND INSURANCE PROBLEMS

This section summarizes specific institutional aspects of geothermal
development and their effects in the production, distribution, and use of
geothermal energy. It addresses two questions: (1) What is unique about
geothermal energy as compared to conventional sources? (2) What are the
problems specific to it that need further analysis?

§.3.1 The Leasing Problem

The very fact that geotherma! resources differ from conventional ones
creates considerable confusion as to the application of the pre-existing
regulatory schemes that were designed to deal with other kinds of resources.
For example, in most jurisdictions there are separate bodies of law governing
tract ownership and extraction of minerals, water, and oil ana gas. !rnfortu-
nately, some g~othermal resource consists of mineral laden water that must be
drilled tc be produced. Thus, there is some uncertainty as to the ownership
of the resource and the body of the law that governs its exploitation. (The
courts usually decide on a case-by-case basis.) As pointed out later, it is
important to determine who the owner is, for this will affect the leasing
procedures and related incentives to the lessee.

As another example, in states where there is already pre-existing
regulation of drilling for oil and gas, the question arises whether such
requiremer.ts and benefits are equally applicable to the drilling of geothermal
wells. (Tax incentives enjoyed by oil and gas developers are a case in
point.) 1In fact, today there are increasing instances of litigation to seek
resolution of conflicts in law.

There are usually several problems facing a firm that wants to enter
a market in which substitutes for its goods are available; but, in addition,

because of the complexities of the institutional environment, the geothermal



developer must face strict performance standards. From its beginning,
geothermal development has been subject to extensive supervision and to
constant evaluation of its proposed actions for their potential environmental
impact.

Geothermal developments face one institutional factor for allocating
risk that is not common for other rsources. On federally owned lands, if the
tract is a KGRA, the leasc is allotted by a competitive bidding process. If
it is not a KGRA, the BLM leases the land to the first qualified applicant.
Thus, a potential applicant should be reluctant to explore a tract before
obtaining a lease for it lest discoveries by the potential applicant lead it
to be reclassified as KGRA. On the other hand, cn applirant who obtains the
lease before exploring faces the risk that the tract is drv.

This kind of a problem does not arise in the case of state or
privately owned lands, where a prospecting permit gives the prospector the
first shot at bidding, and only if the bid is .nreasonable is the tract opened
for .ompetitive bidding.

4.3.1.1 Revenues from Leasing of Federally Owned Geothermal Resource
Lands

Revenues are generated through the leasing of federally owned geo-
thermal resource lands. These revenues come from three major sources in
addition to the usual corporate income tax on profitable ventures. Land
rentals and royalty from commercial sale of geothermal resources are gener-
ated from both competitively and noncompetitively leased federal lands:

(1) rentals, (2) royalty, and (3) bonus bid. The third source, bonus bid, is
generated only from the compet.tive lease sales.

(1) There is an annual rental chargz of $1 per acre on all leases

and beginning with the sixth year of a lease and for each year

thereafter until commercial productior of geothermal resources
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begins, the annual rental will be increased by $1 per acre per
year.9
(2) A royalty rate, as part of the lease terms prcpossd by the U.S.
Geological Survey, lies between 10 to 15% of the value of stean,
or any other form of heat or energy derived frcm production
under the lease and sold or utilized by the lessee or reasonahly
susceptible to sale or utilization by the lessee. For by-
products, a royalty rate of no more than 5% will be set.10
(3) From January 1974 through May 1979, there were 59 competitive
public lease bids, about $73.6 million in total bonus bids, and
about $36 million in total winning bonus bids. The Geysers KGRA
alone accounted for over $24 miliion in total accepted bonus
bids. '}
The escalated rental charges are designed to encourage orderly and
timely exploration and development of geothermal resources. Unfortunately,
the time span f-om obtaining a lease to commercial production is not

completely under the control of the iessee. Three time factors enter the

picture. First, there is the time lag for negotiating a contract with a final

user, for example, a utility company. Time is definitely consumed in the
process of convincing a final user that the geothermal resource can sustain
throughout the operating life of the production facilities of the final user.
Careful negotiation of the price of the delivered geothermal resources over
time is necessary. Finally, there must be careful consideration of how the

risk will be shared. All these negotiations are time consuming.

9 code of Federal Regulations 3205.3-1, and 3205.3-3.
10 (code of Federal kegulations 3205.3-5.

1 Report by the Comptroller General, op. cit., Appendix I, page 5.
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Second, even when a contract is negotiated, there are regulatory

delays for the utility company to obtain a certificate of public convenience

and necessity (at least for the case of California utilit'es). 1In the table

below, the actual experience of Pacific Cas and Electric (PGAE) of California
is documented. It is clear that the time required to obtain a certificate has
increzsed in leaps and bounds. For units 1 through 6, the time required
ranges from ! to 5 months with a general decline in the time required as the
regulatory agency (the California Public Utility Commission) learned to
streamline the regulatory procedures for a new energy source. For units 7 to
11, there was a jump in regulatory delays. Antitrust issues were raised. The
time lag ranges from 6 to 12 months. For units 12 to 15, environmental issues
were raised. There was another jump in reguiatorv delavs. The time lag
increased to a range of 26 to 41 months. Again there was a general decline in
the regulatory delay as the regulatory agency learned to deal with the
intervening issues.

Third, after a certificate is issued, the lessee still has to allow

lead time for the utility company to construct its generating plant

facilities. For capacity size less than 50 MW, the time lag ranges from 17 1/2
to 31 months. For capacity size ranging from 50 to 100 MW. the time lag

ranges from 21 to 36 months. For capacity size over 100 MW, the time lag
ranges from 38 to 53 months.

It can be concluded that there is supporting evidence that developers
face time lags for the commencement of commercial production of genthermal
resources that are not fully under their contrnl. Moreocever, these time lags
can easily own more than 5 years without including the time needed for
exploracion and identificrtion of a commercially exploitable geothermal

resource. As the escalated rental rates is likely to be invoked, it is
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Table 4-1 Time to Ohtain CPUC Certificate
Time to Complete the Construction of Electricity Generating Facilities:
The Experience of PG&E

Time Required
to Complete the
Construction of

Time Required Electricity

to obtain Date of Generating

Size, Application Certificate Certificate, Commercial Facilities,

Unit MW Date Date months Operation Months

1 11 12/ 5/58 47 7/59 5 9/25/60 17-1/2
2 13 /719761 7/11/61 3 3/19/63 20
3 27 T7/15/764 9/22 /64 2 4/28/67 31
Yy 27 5/ 6/66 7/12/66 2 3/ 2/68 19
5 53 12/11/67 1/23/68 1 12/15/71 35
6 53 9/18/68 11/12/68 2 12/15/71 25
7 53 5/11 /70 11/10/70 6 8/18/72 2l
8 53 5/11/70 11/10/70 ) 11/23/72 24
3 53 11/24 /70 11/23/71 12 10/25/73 23
10 53 11/24/70 11/23/71 12 11/30/73 24
11 106 2/ 4/72 9/12/72 7 11/20/75 38
12 106 7/19/72 12/30/75 41 37 1/79 38
13 135 3/722/T4 11723776 32 5/15/80 u2
14 110 T/24773 U4/20/76 33 9/12/80 53
15 55 3/ 1/74 4/20/76 26 6/17/79 38

Source: Pacific Gas and Electriec Company
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reasonable to conclude that the starting date for escalating rental rates
should be readjusted to allow for a larger lead time even though there is
current provis.on that the Bureau of Land Management may, upon a showing of
sufficient justification by the lessee, waive the pavm nt of all or any
portion of the additional rental (CFR 3205.3-3).

The discussion of royalty is a bit premature because, as of
October 26, 1979, the Comptroller General reported to Congress that there was
no commercial geothermal production from a federal lease.12 Nevertheless,
there are several interesting points deserving a short discussion. Setting up
a royalty rate provides a form of risk sharing. DBecause royalty payment is
dus only if there is commercial sale of geothermal resources, lessees face no
additional penalty if their leases turn out to be of no economic value.
However, the Federal Government receives its share of the payoff if commercia)
sale occurs. Moreover, imposing a royalty rate lowers the expected net
return. Thus, competitively bidding will lead to a smaller bonux bid. This,
in turn, lessens the upfront cash requirement and attracts more bhidders
especially the relatively lower running capital geothermal developer encour-

aging more competition in the competitive leasing process. The unwarranted

affect of royalty is that a higher royalty rate will shift the pattern of
resource extracticn to the future,

Although the Geothermal Steam Act of 1970 calls for the Secretary of
Interior to unilaterally readjust the terms of a geothermal lease, the current
regulations state that rentalsz and royalties readjustment of any geothermal
lease "may be readjusted at not less than 20-year intervals beginning 35 vears
after the date geothermal steam is produced." (CFR 2305.3-9) As geotherma.

power plants are usually designed for a 30-year life, there seems to be no

12 Ibid, page 2 cf the main text.




~adjizional restraint on developers or ~a utilities to exploit geothermal
» peotential.

The: presence of a competitive bonus bid essentially allows the
Fede nl Government to capture the pure economic rent from economically

valuable geothermal rescurces. It is interesting to note that a bonus bid in

the absence of a reservation bid by a seller will lead to no distortion of the

path of resource extraction. However, as bonus bidding redistributes economic

rent from developers to the federal governemnt, it is obvious that, ceterus
paribus, developers prefer noncompetitive than competitive leases. The
evidence given in Table 4-2 does not seem to contradict this statement. As of
June 1, 1979, data on leasing activities under the two forms of leasing are
available.

Table 4-2. Leasing Activities

Number of Leases Total Acreage
Total Acreage relinquished or
Type of Lease Issued Active Ended under active leases terminated
Noncompetitive 1,320 988 332 1,672,562.61 528,158
Competitive 296 265 31 444 ,416.20 66,037
Total 1,616 1,253 363 2,116,978.81 594,195

Source: Report by the Comptroller General, op. cit, Appendix I, page 5

Noncompetitive leasing is far more active than its competitive
counterpart. This is borne out by the number of leases issued as well as the
number of acreage leased. It is also not surprising that far more numbers of
leases obtained through noncompetitive leases are relinquished or terminated.
This is true also on an acreage basis (absolute or relative). The reason is
that it only ccsts $50 service charge to file a noncompetitive lease applica-

tion. As noncompetitive leasing is allowed only for non KGRA lands, especially
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lands without a show of competitive interest, it is clear that many leases
turn out to be of no economic value. This empirical observation coupled with
the fact that there was no commercial geothermal production fror a federal
lease indicates that the form of leasing procedure is not an impediment to
geothermal resource exploitation. The key is that more promising geothermal
resources have not been identified. Public policy should be addressed towards

the enchancement of discovering economically valuable geothermal resource in

order to foster the tapp.ng of geothermal resources.

It is now apparent that there is a need to study the role of informa-
tion in fostering the development of geothermal resources. In particular, the
role of information is studied under two contexts--pre-leasing and post-leasing
situations.

13

4.3.1.2 Information in a Pre-leasing Context: The Nash Equilibrium Case

To exposi. the importance of information, the simplest case is
examined. Specifically, it is assumed that a geothermal resource tract
offered for lease can be one of two economic values, designated by VH f=r a
high value tract and VL for a low value tract. The likelihood of the tract
to take on the high value is given by the probability p and the low value by
the probability l-p. Let there be two bidders interested in this particular
tract. The probability values are public knowledge to them. Suppose that at
a cost K > 0, any one of the bidders can acquire a piece of perfect information
telling him which is the true value of the tract. The interest here is to
identify and studv the Nash equilibrium (or egquilibria) for this rivalry

situation.

13 A Nash equilibrivm for two bidders using strategy o4, i = 1,2 is defined
as a strategy pair (o,%, o,%), such that:

“1 (‘-1'. Io#) > m (0,7, 0o%) for all 0,

and mpy (0q®, oo®) > 7y (0,%,05) for all Gy,



The strategy of bidder i = 1,2 is given by a triplet 0 = (Ki;b’:,b‘i‘)

where
Ki :‘{K if purchase information
0 otherwise
b? = bid on tract if information indicates high value
b? = bid on tract if information indicates low value

The adopted convention for the case of no information acquisition is that

b? = b% = bi' The strategy of the seller is assumed passive and pessimistic;

namely, the reservation bid of the seller is set equal to V; . Last of all,

it is assumed that the following inequality holds true:

BRI T ) b &
H L p

The inequality says that condit.on on the true value of the tract offered for

lease is low, the benefit of knowing that as measured by (l1-p) (V, - VL) should

H
be greater than the adjusted cost condition on the true value of the tract
offered for lease is high anyway, K/p. This is a reasonable assumption on the
seller side.

Three cases are considered., These cases are discussed below.

a. Case 1. Both bidders acquire the information, i.e., Ki =Ky 1 = 128
Since bidding is competitive, if the true value of the tract is revealed
to be high, each bidder will bid VH. If one bidder bids less than that,
the other bidder can win the lease by bhidding o small amount above that.
It is obvious that none of them will bid more than VH. Thus, the claim
is proved. The same line of argument will lead to the conclusion that if
the true value of the tract is revealed to be low, each bidder will bid
VL' Thus, the strategy is { = (K: VH' VL) i =1,2. But then the

expected profit for each bidder will be m; = - K <0. Fach bidcer will

sustain a loss equal to the cost of information. Moreover, there is a
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duplication of information acquisition effort. Define Ve = pVH + (i - p)

V. 1t is clear chat the expec :ed profit to the seller is ngq = Vg.

Case 2. In this case, only one bidder acquires the information. Without

loss ot generality, let bidder one acquire the information. Suppose
bidder two's sirategy is
v

32 = (0; va L)

Then bidder one's strategy ought to take the form

Ty = (K; VL*" VL)
where ¢ is a very small positive number that allows bidder one to win the
bid if the true value of the tract is high. However, bidder two's
strategy will then be Ty E (O,VL+-¢-. VL* +). But bidder one will
have incentive to raise his bid if the tract is of high value. Bidder two

will in turn either raise his bid and the process continues or will return

to the strategy o, = (0,V,,V Thus

> u,uzi. , there is no pure strategy

Nash equilibrium for the bidding part of the two stage game. If mixed
strategy is introduced, a Nash equilibrium exists and is given by a paid

of bid distributions. Bidder twn's bid distribution is

If the tract is informed to be of high value, bidder one's bid
distribution is

(1-p)(b=V_ )

F(b) = ———F—r
r JH—b

where av[V,,Jp]. Note that F stochastically dominates G. Thus, it is
expected that the informed bidder will, on the average, bid higher than

the uninformed bidder if the tract is of high value. For low-value tract,
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the uninformed bidder will, on the average, bid higher than the informed
bidder. The expected profit of the uninformed bidder is zero, and that of
the informed bidder is p(1l - 0)(\!H - VL) - X. The equilibrium mixed

strategies are, therefore, given by

05 (0; (b), G(b))
9 = (k; F(b), VL).

c. Case 3. Suppose both bidders do rnot acquire the information. They will
have identical bids. If not, the higher bidder can lower his hid by a
small amount and still win the bid. Moreover, the bid should be equal to
Ve. If the identical bid is greater than Ve, both bidders have a

negative expected preofit and it pays for one of the bidders to hid less

losing the bid and making zero expected profit, a definite improvement.

If the identical bid is less than Ve' then both bidders have a pesitive

expected profit and it pays for orz of the vbidders to dreak the tie by

bidding a small amount higher, winning the bid and making higher expected
profit. Thus, it can be concuded that the strategy of the two bidders is
given by

3 0= (0; ¥ Ve;. e 1@

he expected profits of tue bidders are given by

fi 0z -1 =1,2

The seller’s expected profit is

- :v

S e

Three points must be noted. First, if a bidder decides to acquire

information given the other does not and if the informed bidder decides to

use a mixed strategy, it pays the first bidder to inform the other bhidder

that he has adopted such a strategy. If not, the uninformed bidder (say

bidder 2) will maintain his strategy at
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Table 4-3. Paynff Matrix
Bidder 2

Acquires information Does not acquire information

Acquires information (-, -K) (p(l-p)(Vy=Vy) - X, 0)
Bidder 1

Does not acquire
information (0, p(1-p}Vy-¥y) - K (0, 0)

Bidder two's profit will then be zero. The informed bidder using his mixed
strategy will not win the lease breause
F(b) > 0 for b’[VL’ Ve].
His expected profit is -K, which is less than that which he can get if he has
informed hi3 opponent of his information acquisition decision.
Second, the resuits can be summarized in a payoff matrix (assuming
information acquisition decision is announced: see Table 4-3),

The Nash equilibria are asymmetrical and not interchangeable. It is

this fact that the Nash equilibria may not be stable. Without coordination,
over or under investment in information acquisition may be the case. Thus,
noncompetitive leasing may be preferable. However, this conclusion could be
dubious or two reasons: (1) The seller is assumed to be pessimistic. 1If the
seller is not pessimistic, he may set a different reservation bid and the
conclusion may be different. (2) The seller is assumed to be passive. 1If the
seller is not passive, he may provide the information to the two bidders free
of charge. In that event, the strategy of the bidder-s is given by

14 = (0; VH' VL)' f = 1.2
and their profits

Ty ® O: 1 = 1,2

The expected profits of the seller are
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w'pVHO(l-p)VL—K

=Y <K

o
-

which could be greater than his expected profit under one of the asymmetrical

Nash equilibria. Thus, one concludes that if reservation hid is set at the

lower value, it is possible that it pays the seller to provide the kind of

information described.

Third, if the asymmetrical Nash equilibrium is the final solution,
two interesting properties of this solution emerge. The prediction of this

form of asymmetrical equilibrium is that one bidder will bid high on some

tracts and low on others while the other bidder will bid low on the first set

of tracts and high on the others {(depending on which set of tracts is informed

to te good or bad) a commonly observed result of rescurce leasing. This is
consistent with empirical observations below.

In the January 22, 1974, geothermal lease sale held in Sacramento,
California, there were eight Geysers KGRA tracts, both for which Signal 0il Co.
and Union 0il Co. of California submitted bids. The data on submitted bids
are recorded as listed in Table 4-4,

In a similar type of runoff between Union 0il Co. and Phillips in the
July 30, 1974, Roosevelt Hot Springs (Utah) geothermal lease sale, the
following data on submitted bids again reconfirmed the predictions of the
model: see Table 4-5,

4.3.1.3 Information in a Pre-leasing context: The "Stackelberg" Case

The assumptions will not be changed for the rest of the discussion
with the exception that only one bidder is considered. It should be noted
that the result in this section can be easily generalized for a two-bidder

case. For ease of expcsition, a one bidder case is considered. Specifically,
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Table 4-4. Data on Submitted Bids: Cignal 0il Co.

and Union 0il Co. of California

Tract Acreage Name of Bidder Amount
1 2,340 Signal 0il and Gas Co., et al. $1,516,660.00
Union 0il Co. of Calif. ¢ 774,867.60
" 101 Union 0il Co. of Calif.d $48,314.36
Signal 0il and Gas Co. 323,381.00
7 626 Union 0il Co. of Calif. $318,120.68
Signal 0il Co. $180,288.00
8 250 Signal 0il Co. $75,600.00
Union 0il Co. of Calif. $57,045.00
a 16. Union Gil Co. of Calif. $129,161.00
Signal 0il and Gas Co. $ 32,480.00
10 222 Signal 0il and Gas Co. $78,588.00
Union 0il of Calif. $67,634,52
11 45 Union 0il Co. of Calif. $22,868.10
Signal 0il and Gas Co. " 5,770.00
12 737 Signal 0il and Gas Co. $56, 666,00
Union 0il Co. of Calif. $18,631.36

2 Bids underlined are accepted winning bids.

Table 4-5. Data on Submitted Bids: Union 0il Co. and Phillips

~

p_—

Tract Acreage Name of Bidder Amcunt
3 2,560 Union 0il $51,993.60
Phillips $13,081,60
2 Phillips $87,543.20
Union 0il $62,090.40
4 2,453:5 Phillips $314,199.05
Union 0il $ 93,234.14
6 Phillips $248,391.58
Urion 0il $ U6,672.30

Source:

Montgomery, W. David, "The Structure of the Geothermal Industry

Through 1974" Environmental Quality Laboratory, Report No. 11,
July 1975.

91125.
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it is assumed that the seller is active and knows what strategy is adopted by

the bidder.

a'

Suppose the bidder does not acquire the information. Then the strategy

for the bidder is given by

g, = (0; Ve, Ve)

given that the seller's reservation bid is Vp. The expected profit of

the bidder io

7?1:0

The expected profit of the seller is

Suppose the bidder acquires the information. Then the strategy for

the bidder is

:(K; v ')

) ¥
1 4 p' L

given that the seller's reservation bid is V6 -

H . The expected

o=

profit of the bidaer is zero, anc that of the seller is

. K
‘S p(vH-p)
It is noted that the seller's expected profit is higner under Case 1 than

under Case 2. If not,

he)
.
=<
1
1"

| > ""n p VH + (1-p) V

or = K > {1-p) VL contradiction.

Hence, one coucludes that if the seller sets reservation bid appropriately,

the seiler has no incentive to encourage bidders to gather information.

If the seller provides tree information, his expected profit is

less than the case of no infermation.



Thus, one concludes that, if the seller sets reservation bid

appropriately, the seller has no incentive to provide free information of the

type described.

4,3,1.4 Information in a Post-leasing context%

In a post-leasing context, the developer has obtained a lease. He
has to decide and actually carry out exploratory and/or development
activities. There are two major informational problems in this context. The
first problem is externality, which can be easily disposed of'. This subject
is discussed first. The second problem is provision of publie information.

a. Externality. There are two forms of informational externality.
First, if a developer finds an economically valuabhle geothermal resource,
there will be one less resource remaining to be discovered. TIf the finding is
not revealed to other developers, there may be over investment in resource

exploration. This is known as the Easter egg problem. For lands located

within a KGRA, this problem can be disposed of, as all major resource findings
are publicized. For lands outside of any KG..A, there is definitely an
incentive not to disclose a discovery lecst valuable lands around the discovery
will be classified as KGRA and have to be competitively leased. However, two
reasons seem to counteract this incentive. For one, it is difficult to cover
up. Moreover, the lessor (THE BLM) may revoke any lease so obtained if a
coverup is unraveled.

Second, if there are tracts close together belonging to the same
geologic structure, the failure or success in finding a geothermal resource
will signal to other lessees in the neighborhood whether development is

worthwhile or not. This information spillover leads (o a free-rider problem

because every lessee in the neighborhood will wait for someo:ne else to do the

exploration. If every lessee behaves alike, there will be no exploraticn or
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at most, up to the point of minimally satisfying the diligent exploration
regulation. This problem can be disposed of by the formation of unit
agreement. The remaining question is how to split the costs and benefits
among members of a unitized field. Rules of thumb such as proration according
to the number of lescees or according to the number of acreage are common.

b. Public Information. To study the role of public infourmation,

there is a need of clarifying how to estimate the benefits of information.
There are two concepts generally used. The first is called the gain in
information. To explain this concept, it is best to consider an example.
Suppose a decision-maker's preference is represented by a utility function
U(a,w) where a is the decision variable a A, the set of all decision
variables. Let there be four states of the world Wiy Wo, w3, wy

stating the net payoffs to the decision making. The decision maker's prob-
ability assessment of the likelihood of occurrence of these four states of

the world is P1» Py p3, Pyr respectively, with Py #+ Py, + P, + P = 1l
Suppose a piece of information is available which will inform for such whether
the true state is either {wl, w2} or {w3, wyt. If {wy, Wy} is the

revealed information, the decision maker's problem is

[ L ae) » —2— o )] (
max |— U(a,w + U(a,w. = ¢, (w, ,Wa.)
aoy pl+p2 1 p1+p2 z e

& df {W3, wu} is the revealed information, the decision-maker's problem is

[ i S TP et M )] (Wy W)
max a,w + —— U(a,w = ¢0,(w,,w
aca [P3*Py 37 pypy 4 273"l
But before the information i. revealed, the expected utility is
VI & (p1+ p2) ¢L(w1,w2) + (p3 + pME,yE(w3,wu) given there is information to be

revealed. The expected utility of the decision maker in the absence of the

information is
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VE = :s: [p1 U(a.wl) + Py U(a,wz) + Py U(a,w3) + Py U(a.wu)].

The gain in information is defined as
VG = VI - VE
The second concept is called the value of information. To expla‘n this
concept, the same example will be used with the only modification being that
the utility function is now given by
U(a,w,M)
where M is the amount of wealth of “he decision maker. To find the value of
information is t, seek a payment K such that the decision-maker will be

indifferent betwee- having the information or without it, i.e., to find X such

that

( ) i ( ) P2
P.+ P max ;| — Ula,w,, M = K) + —
D L 1 Py + P,

U(a.wz, M - k)]

P p
) i T, - 3
+ (p3 + pu) Zz: [p3 + pu U(a)w3, M K) + p3 o pu U(a'wu’ M- K)] -

Zs: [Pl U(a,wl,M) + Py U(a,wz,M) + Py U(a,wB,M) + P, U(a,wu,M)]

In general, these two concepts are not the same. The latter provides a
practical measure of the benefit of information. However, for the case of
linear utility functions, the two concepts coincide and car be used
interchangeably. For the rest of the section, it is assumed that this is
indeed the case. An example of this case is wnen the decision-maker's
objective is simply to maximize expected profits. A simple illustration is
useful.

Suppose a geothermal resource lease can take on a high value V

H

or a low value VL' The probability assessment of the likelihood of these
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two events is p and 1 - p), respectively. Let Ve =p Vy + (1 - p) Vi

the expected value of the tract. Suppose the cost of development is F such
that

Vy<FeV <V,
Now, a’ = cost of K, a piece of infurmation can be purchased that can tell for
sure which value the geothermal tract will take. Then it pays to be an

informed developer if the following inequality holds:

{4
plvy, - S50 TR Al
or

. k
ik g e )
that is, conditioning on a bad outcome, the savings in development cost is
greater than the conditiona: information cost.
It is now time to consider two types of information concatenation, namely

substitutable information and complementary information. In the substitution

information case, a piece of information is worth purchasing on its, own but

the public availability of anothe¢r piece of information will render the first
piece of information unworthwhile. To see this, consider the following
example., Suppose there are four states of the world for the value of a
geothermal tract, say {10,6,4,!} measured in monetary units. Let the
probability assessment be {1/4,1/4,1/4,1/4}, respectiveiy. The cost of
development is five monetary unl'.,, There is a piece of information which can
tell for sure whether the tract is of value {1o,u} or {6,1}. The cost nf this
piece of information is 1/2. The value of this piece of information is

therefore
L nax [%(10) . L) - 5.0] ¢ 1 max [%(6) v 20 - s.o]

- max [%(10) o F(16) + F(U) + %(1) . s,o] " %
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Proof': If not, V -V <K, but V_ - Va < K

Since this is greater than the cost of information, on its own, this piece of
information will te purchased.

Now, suppose a piece of public¢ information is provided at no cost to
the developer. This piece of public information 2an tell for sure whether the
value of the tract is {10,6} or { 4,1}. With this piece of public information,

the developer's payoff is

max [%(10) + %(6) -5,0] + % max [%(N) + %(1) - 5,0] =1

laS 1R
N =

If the developer further acquires the private information, he can
tell for sure whether the value of the tract is 10, 6, 4 or 1 . The

developer's payoff under the concatenated information is

i max |10-5,0] + 3 max |6-5,0| + . max |4-5,0| + . max {1-5,0| = 1
g 4 4 ]

N —

The additional value of the private information given that the public infor-
mation is made available at no charge is zero. Thus, this piece of private
information will not be purchased under the circumstances. This is an example
of one piece of information substituting for another.

The question that needs to be answered is under what rnondition will
the provision of one piece of information displace the acquisition of another
piece of information. The following propositicn helps to answer the question.
Proposition: 1If b is the more valuabtle information in the sense that Va -

K. <« Vb - Kb, and if b will not be privately acquired when-

a

ever a is publicly provided i.e., Va,h - va < Kb’ then a

will not be privately acquired whenever b is publiely provided

i.e., va.b - Vb > Ka'

a,b = 'p * *a 2, pi Inares

fore Va - Ka > vb - Kb, contradiction.
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The next question is under what condition a piece of information
should not he publicly provided. The fcllowing proposition helps to answer it.
Proposition: If b will not be privately acquired whenever a is publiely

provided, i.e., V Va < Kb and if a is not privately

G40

acquired on its own i.e., Va - Ve < Ka' then
if b has already been privately acquired, a should not be

- - : <
publicly provided i.e., Va,b - Vb__ Ka.

Proof If not va,b - Vb > Ka

or V - Va >V

a,b -Va+K

b a

= (Vb-Kb) - (Va-Ka) + Kb
Kb, contradiction.

In the complementary information case, a price of information that is

not worth private acquisition on its own may become worthwhile if another
piece of information is publicly provided. To see this, consider the
following example. Suppose there are four states of the world for the value
of a geothermal tract, say {10,8,4,3} measured in monetary units. Let the
probability assessment of the likelihood of each state of the world be
1/4,1/4,1/4,1/4 respectively. The cost of development is 5 monetary units.
There is a piece of information which can tell for sure whether the tract is
of value {10,4} or {8,3}. The cost of this piece of information is 1/2. The

value of this piece of information is
L max [3010) + 300 5,0] + L max[ %®) + 33) 5,0]
]
- maxh(lo) : Loy + 23 -s,o} - 0

As this is less than the cost of information, on its own this piece of
information will not be acquired. Now, suppcse a piece of public information

is provided at no cost to the developer. This piece of public information can
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tell for sure whether the value of the tract is {10,3) or { 8,4} . With this
piece of public information, the developer's payoft is

%max[%(m) e 1) - 5,0] + L nax [%(8) e 2wy 25,0 = 111?]

If the developer further acquires the private information, he can teil for
sure whether the value of the tract is {10}, { 8}, {4} or{3}. The developer's
payoff under the concatenated information is 1/4 max { 10-5,0} + 1/4 max { 8-5,0}
+ 1/4 max {4-5,0} + max {3-5,0} = 2.

Thus, the addition value of the private information, given that the
public information is made available at no charge, is 3/4, Thus, the private
information will now be privately acquired. This is an example of one piece

of information complementing another.

Corollary: If b is the more valuable information, i.e.. Vb B Ve - Kb >

Va - Ve - Ka and a is privately acquired whenever b is publiely
provided, i.e., V -V > K , then b is privately acquired
a,b b a

’ . : . - X
whenever a is publicly provided, i.e., Va’h Va Kb’

The question that needs to be answered is under what circumstances
will the complementary private acquisition of information lead a net positive
surplus.

Proposition: 1If a is privately acquired whenever b is publicly provided, i.e

' -V

a.b b > Ka' and if b has positive value, i.e., V. = V_ 2> K

¥ o R o 5

then if b is publiecly provided the net surplus is positive,

i.e., V. . -V -K -K > 0.
a,bo - a b
Proof Adding the first two inequalities will yield the th‘~-i,
4.3 .2 The Contracting Problem

Economic and technological features that are unique to geuthermal
energy cause some bilateral bargaining problems between the field developer

and the utility that buys steam. First, minimization of heat loss during
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transportation of steam and of pipeline costs requires that the generating
station be located centrally at the geothermal field. This makes it unlikely
that a steam user can switch from one steam supplier to another. Also, steam
suppliers find changing customers an equally difficult task. If power
wheeling is required by law, once the distribution system is set up, the
suppliers have more alternatives (though the users bear the costs and risks).

Futhermore, the cost structure of geothermal development and power
generation increases the mutual dependence of utilities and developers. The
developer has large fixed costs and very small variable costs. If only one
utility were prepared to purchase steam, and if the field were developed
before the steam price is set, the developer could bc: forced to accept a price
that paid only a small return on invested capital. Simiiarly, a power plant
has large fixed costs and small variable costs. Consequently, a utility that
builds a plant before contracting for steam could be forced to pay a price for
steam that pays a small return on capital investment. Thus, theoretically, it
would seem unlikely that, given the developer and the utility are different
firms, any development would take place prior to their contracting.

Next, there are also some general uncertainties and disadvantages
associated with geothermal energy. First, uncertainty regarding the depth and
boundaries of reservoirs and about the location of fractures in the rock
result in uncertainty about the cost and operating characteristics of every
well over time and in the possibility that a new well may be dry. Second, the

ommodity is not just underground water, but is underground water under
pressure. And this decreases as une drills new wells, even :7 one does not
deplete the amount of water. The magnitude of this decline is uncertain until
experience is gained by exploiting the field. Third, geothermal steam does

not have as high pressure and temperiture as the artificially heated steam
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that is used in conventional power plants, This causes lower thermodynamic
efficiency than in normal power plants, thereby increasing the capital cost
per kilowatt of energy. Lastly, contaminants in geothermal steam can cause
damage to turbine blades.

All these urcertainties characteristic of electricity production
through geothermal steam would seem to create significant contracting problems
between the firm producing steam and the electric utility. Incentives would
seem to exist for vertical integration to solve this problem.

The leasing and the contracting problems are related to each olher in
that the rules regarding leasing arrangements affect the bargaining position
of the developer and the utility in reaching terms on the contract for steam.
The expected contracting arrangements also determine how much one wishes to
bid on a lease and how many prospectors will be interested in the lease. Tt
is useful to amalyze the contracting process as a two-person, cooperative
game. Tie outcome of such a game is influenced by the initial position--the
"status quo"--of the players, which determines their "threat points" or
relative bargaining strength. Consider, for example, the developer who is
considering development un federally owned land. As argued before, a
developer wants to lease the land hefore any exploratory work is begun. But
once the developer obtains a lease, the developer is in a disadvantageous
bargaining position with the utility because the lease requires diligent
development and because the developer would like to agree on a price for the
steam before beginning to spend on development. Notice that the bargaining
position of the developer is stronger for leases on state or privately owned
lands since he gets the first shot at a bid. Then he could first explore, and
if the tract turns out to be a promising geothermal source, he can make a

reasonable bid and be sure to obtain the lease. Of ccurse, after this stage,
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although most of the risk associated with uncertainty in the potency of the
tract is shifted away from the developer, he would like to negotiate the
contract before he fully develops the field.

To induce the developer to sign a contract, the utility must offer at
least 2 price that recovers variable costs. 1If development need not begin
until after the contract is negotiated, the contract must return total costs.
Moreover, in the first case the developer runs the risk of a dry field, but in
the latter case the contract can provide for sharing the risk. Note that the
two cases put the developer in a different "status quo" position at the begin-
ning of the bargaining between the developer and the ut:ility. Differences .n
the "status quo" among the players in a game change their threat possibilities,
and hence their bargaining strategies, and hence the outcome of the bargain.

The following example illustrates how differences in the status quo
or threa* point affect the outcome of the contracting game.

Although it is true that the developer could well be a monopsonist
and the utility an oligopolist (because in the end only one developer gets the
lease on the land but more than one utility could want to buy steam from the
developer), we assume that every negotiation is between the developer and one
of the utilities only. Hence we look at a two-person game. Strictly
competitive games are those games in which the players have strictly opposing
preference. For example, player 1 could prefer x over y. Then player 2 would
prefer y over x and if 1 is indifferent between x and y, 2 is indifferent
too. Such players are called strict adversaries. Tn games like the one we
are looking at, the players are not strict adversaries. Threat strategies are
an assignment of probabilities to the possible threats each player can make.
In other words, it is a mixed strategy over threats.

A bargaining problem is characterized by a region R of the Euclidean

plane where the axes represent the utility levels of players 1 and 2. Point
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PLAYER 2's UTILITY

PLAYER 1's UTILITY

Figure 4-1
Typical Bargaining Region

(u® v®*) is the payoff to the players if no agreement occurs,

takes place if and only if both players agree upon a unique
then constitutes the payoff. R 1s the set of all feasible
assumed to be closed, convex and bounded. Naturally, 1 des

represented by a point as far tc the right as possible, and

An agreement
point of R, which
outcomes. Tt is

ires a trade

2 wishes to obtain

a point as high in R as possible. An attempt at making agreements will be

made as long as there are points both to the right and abov
existence of such a point is assumed. Nash's "formula" to
solution is the following:

(1) Transform the coordinates so that (u® v#) =

region of feasible outcomes is R'.

a v‘.'\'v" > The

arrive at a

(2} I LS (1 Y such is th awd A f
(2) In R ind (ujyv,) such that v, i ® maximum all

products u v where (u, v) is in R.
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The details of why this scheme and not zny other was chosen to arrive
at the solution will not be discussed here, for it digresses from the purpose
of this report.

Now consider the following game. The payoff matrix is:

Player 2's possible action

Bl 32
Player 1's A1 (1,4) (-1,-4)
possible A, (-4,-1) (4,1)

actions
The bargaining region R is shown in Figure 2. (The region is convex
because the players are allced to use joint randomization strategies, such as
deciding the payoffs to both players by a toss of a coin.) The security
levels (the amount each can guaranrtee himself, when no threats are allowed)
are (0,0). The maximin strategies are (U4/5 Al' 1/5 A2) and (1/2 Bl’
1 172 82). It is easy to see that the Nash solution is (5/2, 5/2), the

midpcint of the line segment from (1,4) to (4,1).

PLA YE® 7' UTILITY

/r 0 0 A VER 10 UTILITY
I/'
l/‘

Figure U4-2
Bargaining Region for the Game
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However, from the payoff matrix, it is clear that player 2 has a
slight disadvantage. For suppose 2 threatens to play Bl, then what
alternatives has 1? If he plays Al then the payoff is (1,4) - the best
possible for 2. Therefore, 1's realistic counter threat is A2, leading to
the payoff (-U4,-1). Hence, when there are threats, the "status quo" of the
game is not (0,0) but is (=U4,-1). With this as the "status quo", we transform
the coordinates so that (-4,-1) becomes (0,0). The Nash solution now is seen
to be (1,4).

Thus, if threats are allowed, the outcome of the game is different
from the case with no threats. Although, in our case, it is not the existence
of threats that causes shifts in the status quo (it is the differenr~ in the
leasing arrangements).

The example given illustrates how such a shift in the st:.us 2uo,
whatever the cause, changes the outcome of the bargain. We coulc presume, in
our case, threats will exist as long as either party views itself in a
position capable of making a threat. Thus, leasing arrangements cause shifts
in the allocation of risks between the developer and the utility. These, in
turn, cause differences in the relative payoffs.

It has, therefore, been shown now mere differences in the leasing
arrangements can cause changes in the status quo payoffs. This alone could
change the outcome of the develcper-utility contract. Over 2nd above this,
differences in the lensing types could place one of the parties at a relative
bargaining advantage and hence in a position capable of making a threat., This
too could change th: outcome of the developer-utility contract. The question
to be asked next is: How does tie outcome of the developer-utility contract

affect the insurance problem?
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4.3.7 The Insurance Problem

In geothermal development as elsewhere, insurance arises as a means
for spreading risks. Geothermal contracts normally call for a penalty to be
paid by the developer if the quantity of steam that is delivered to the power
plant falls below some specified amount. The penalty, in essence, a preagreed
liquidation damage for a breach of the development contract, is a means of
reallocating the risk that the geotherma! resource will prove to be less
valuable than was otherwise expected.

If a geothermal development de‘ivers less steam than was anticipated,
the developer's investment in the system for delivering steam and the
utility's investment in the power plant and transmission connection are
reduced in value, perhaps even to scrap value if the geothermal resource
diminishes to the point that it is no longer a viable steam source for a power
generation facility. The penalty in the contract for insufficient performance
causes the developer to bear part of the ri~k to the utility as well as the
risk that the developer's investment will suffer a loss.

Typically, the magnitude of the penalty for insufficient performance
is quite large. For example, the contract between Union 0il Company and

-~

3as and Electric for steam at The Geysers geothermal development in

Pacific

-~

northern California relieves PGAE from the obligation to pay for steam if the
steam delivered to the plant is not sufficient to operate the plant at fifty
percent of rated capacity. If Union does not attempt to provide adequate
steam to the facility, PG&E may charge Union for the cost of drilling and

equipping its own wel's. And, for 12 months after a new unit is installed,

Union agrees to pay the capital charges on any excess capacity that results
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from Union's failure to deliver the full capacity of steam for 30 consecutive
days.lu

The effect of penalty features such as these is tc transfer most of
the risk that the geothermal resource will fail from the utility to the
developer. Obviously, such contract provisions reveal that utilities are
highly risk averse in their attitudes about geothermal. The reason is the
status of the utilities as regulated, franchised monopoly suppliers of
electricity. Only capital that is of value to rate payers, either as reserve
capacity or as a regular source of power, is likely to be included in the
calculation of the allowable costs that a utility can recover from the rate
payers. Moreover, utility regulators are averse to risks of power shortages,
and transmit this to utilities by encouragzing high reliabiiitv and relatively
large capacity reserves.

In the case of many power sources, the primary source of risk is iu
costs of power, not its availability. Utilities are less averse to cost risks
because, with some lag (except for fuel cost adjustment mechanisms), regulators
will enable the utility to pass through unanticipated costs to ratepayers (see
Burness, Montgomery and Quirk). But in the case of geothermal developments,
there is also uncertainty about the ultimate quantity of geothermal steam that
can be supplied to the utility on a long term basis. Hence, there is a risk
that part of the capacity that the utility builds to use geothermal steam will
be unused because of inadequate steam supplies. The utility can be expected
to pass on to the developer as much as possible of the risk that regulators

will not permil utilities to recoup the investment in this excess capacity.

14 Union 0il was willing to bear most of the risk because the Geyers is an

exceptionally good geothermal resource, nazmely clean dry steam.
Development in hot water goethermal resources could definitely call for
different risk-sharing schemes. Thus, the Union-PG&E contract terms are
exceptions rather than typical for hot water geothermal contracts.
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Once the developer has agreed to compensate the utility in case the
geothermal resource proves to be inadequate, there is still another
possibility for further spreading of the risk. The developer can seek to
purchase insurance against the eventuality that the penalty clause of the
geothermal delivery contract will be invoked. Here the insurance company
accepts the risks of inadequate steam supply, in return for a premium from the
developer. In the past, concern was expressed that geothermal development
would be inhibited because insurers would bz unwilling to insure against a
failure of the resource. As it turns out, one insurance company (INA) has
entered the business, selling insurance for up to 50 million dollars in
damages arising from unexpectedly low steam production for the first 7 years
of exploitation of the reservoir. A requirement of the insurance comrany is
that insurance be purchased for some minimum period of time (the "minimum
earned premium"). Thus, the pertinent policy issue today would appear to bhe
whether the Federal Government should subsidize or directly provide insurance
for more than 50 million dollars and for reservoirs that have been in use for
more than 7 years. Because resource uncertainties are importan. over a long
time period, policy on insurance must be activated before the contract becomes
effective, otherwise risk cannot be appropriately allocated.

In order to understand and evaluate the role of the government in
assuming some of this risk, some further development of how insurance works is
necessary. (A brief discussion is presented here; for mcre details see
Appendix C.) The basis for insurance is that a person buying .nsurance wishes
to substitute a certain, well defined cost (the insurance premium) for
exposure to an event that is urpredictable except in a statistical sense. Two
elements enter iﬁto the calculation of an insurance premium that is acceptahle

to both sides. One is the expected value of the costs to which the insuring
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party is exposed: in the simplest case of a single event, E, that occurs with
probability, p, and that causes costs C(E), the expected loss is pC(E). The
second element is the practically important variability of the cost, that is,
the extent to which a wide range of potential outcomes is relatively likely
before the fact. To illustrate this point, compare the following two games:
(1) A coin is to be flipped once for 1 dollar, and (2) a coin is going to be
flipped 100 times for L cent per flip. If the coin is "fair," that is, heads
and tails are equally likely, the expected value of both games is zero
(neither side in advance expects to win or lose). But the likely variation in
outcome is much larger in the first case. In game (1), someone is certain to
lose 1 dollar, and someone else is certain to make an equal gain. In the
second game, the likelihood of losing or winning 1 dollar (e.g., of winning
100 hundred consecutive coin tosses) is extremely small; winning or losing
more than 10 cents occurs only about 5% of the time.

The preceding discussion provides one explanation for the presence of
insurance. If someone accepts a large number of independent risks, the range
of their financial losses comes very close to the expected value, becoming
more and more certain to be the expect~d loss as the number of independent
risky events gets larger. Hence, an insurance company with numerous clients
.iiat charges premiums equal to the expected value will not only expect to
hreak even, but will in fact become increasingly likely to break even as the
nuaber oi its policy holders grows.

Of course, insurance companies seek profits, not break-even
operations. Hence, they set premiums somewhat above the expected loss, just
as gambling casinos set payoffs to gambling games that air'e somewhat worse than
the amount that would be necessary for a fair bet. People are nevertheless

willing to buy insurance because they are risk averse--that is, given the
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choice, they would prefer a certain payment cqual to the expectad value of a
risk over actually bearing the risk, and this preferenc= is strong enough that
they would pay enough more than tre expected value to make it worthwhile for
an insurance company to bear the risk for them.

The preceding discussion provides a basis for analyzing why an
insurance market may fail to develop. First, as =2 busis for setting premiums,
the insurance company and the client must be able to estimate the expected
loss. This means estimating the probability of costly events as well as
knowing the costs that these events will impose. Second, the insurer must
sell a large enough number of policies over independent risks so that the
variabilityv in expected outcome can be narrow.d to a small range around the
expected value.

Early in the development of any risky activity, like geothermal,
neither of these conditions may be true. Prior to the development and
operation of a reservoir through the life cycle of a power facility, the
probability of maintaining steam of adequate pressure, temperature and
quantity was not very well known, especially by insurers who possessed less
knowledge about the technical aspects of the resource than did the developers
and users. In addition, the contaminants in the steam during the lifetime of
a development were also subject to uncertainty, affecting the probability that
a geothermal development could operate at full capacity for a long period of
time. Hence, it is not surprising to observe that. insurers placed limits on
both the duration and maximum exposure of insurance against a failure of a
geothermal development.

Part of the uncertainty associated wit.) geothermal development is
lack of knowledge about the productivity of a reservoir over a long period of

time, which in turn derives from lack of operating experience. Thus, the
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operating experience in the first few developments will alter expectations
abcut failure rates at other developments. This means that the element of
insurance that relates to narrowing the range of outcomes owing to the
acceptance of a large number of risks is in part missing in the early stages
of geothermal development. The problem is similar to that of selling
earthquake insurance in a particular city. If the earthquake occurs, all
policy holders are damaged. (Earthquakes do not occur independently for each
insured building.) Hence, the annual variation in exposure to damages per
policy holder cannot be narrowed Lv writing more policies in the same location.

The preceding argument is the basis for some sort of federal inter-
vention in the insurance market during the transition to a situation in which
experiunce with geothermal developments is sufficient to sustain a more fully
developed insurance market. The transit.on c°n b~ long, as the expected life
of a development is measured in decades. Hence, to regard federal intervention
as "temporary" is somewhat misleading though technically correct.

An element of the issue that opens possibilities for alternative
policy interventions besides insurance subsidies is the risk-averseness of
utilities with respect to the usability of power plants that are constructed
to use geothermal steam. This risk averseness is a crecture of p.'lic utility
regilation; rvgulation prevents some of the risk of failure of a geothermal
development from being carried by the utility. An alternative to subsidizing
the developer's insurance against this risk is to permit the utility to bear
it, such as by allowing the utility to recover part of the capital costs of
the excess capacity that would result from a fall-off in geothermal steam
production, especially the kinds of costs that insurers are reluctant to cover
(e.g., more than $50 million, after 7 years). To some degree, the risk-averses

character of utilities is a cre ture of public policy, so that an alternative
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to subsidizing the costs that this risk averseness creates for developers and
insurers.

A {:nal issue iz the choice of governmental intervention into the
.nsurance market, asruming that some federal role is decided upon. Here,
three possibilities are possible:

(1, Subsidiza®iou uf private insurance.

(2) Direct fi .ral orovision of insurance, either as regular

insurance .or developers or coinsurance for insurance companies.

(3) Disaster relief to geothermal resources that prove to be less

valuable than contemplated before development.

The first and third alternatives are inefficient because they will
induce some geotheimal development that is rezlly too risky to be worthwhile.
The crucial point is to distinguish between solving a market imperfection in
the insurance business that arises because ¢f an inadequate basis for
developing adequate premiums, and subsidizing the development of geothermal
energy. Whereas society might well elect to subsidize geothermal development
because, for example, it is not vulnerable to foreign interruptions and is
underpriced relative to its social value, the most effective means for pro-
viding such a subsidy is to pay part of the costs of geothermal development,
either directly or through tax incentives. The first alternative, subsidizing
insurance, opens up a differential between the premiums paid by the developer
and the receipts of tic insurance company. Assuming that the insurance is
written in a competitive environment, this means that insurers are receiving a
premium that appropriately matches their exposure; therefore, the purchaser of
the insurance is paying less than the economic value of the risk inhering in
the development. Thus, insurance subsidies of this form will encourage
development on tracts that are too risky to warrant development, at least at

the present time.
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The third alternative, compensation for a shortfall of geothermal
output when it occurs without a formal insurance arrangement, is similar to
disaster relief. 1In a sense, it is an extreme form of insurance
subsidy--here, the subsidy is equal to a continuing premium that would
represent a competitive insurance market outcome. And like insurance
subsidies, it represents an inefficient solution to the problem of an
inadequately developed insurance market because it encourages excessivelyv
risky developments.

The second alternative is preferred because it represents an attempt
by government to correct for a market failure. If the government sells
insurance (or coinsurance) at a best estimate of the fair premium price, it is
substituting for private insurance in the most effective manner. Moreover, if
the premiums are calculated as accurately as possible to reflect actual risks,
over time the premiums will converge to the charges that would be levied by
the private market, and indeed private Insurers can be expected gradually to
replace federal underwriting. Direct federal insurance, in particular, has
the most attractive features, because if geothermal risks are eventually fully
insur2ble, private insurers will have an incentive to develop sufficient
information to get the government out of the business. This may not be true
for coinsurance, for insurers may always find it worthwhile to lav off some
risks to federal insurers even if the direct insurance market becomes fully
developed. However, this distinction relates more to the political aspects of

the issue than the economic aspects; as a purely economc matter, either form

r

of option (2) can be efficien
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4.y

Q:

SUMMARY

Briefly, this report provides answers to the following questions:
What characteristics make geothermal resources different from other
energy sources?
Confusion about the status of geothermal property rights and
regulatory requirements.
- Is geothermal a mineral or water

o] If mineral, then federal government owns geothermal

resources in federally owned lands.

o] If water, who owns geothermal resources?
o Preliminary court decisions indicate that ownership is
federal.
- Environmental standards are far stricter than for other energy

sources when they were in their development stage.
- Steam is not transportable, so that on-site use is required.
What are the different leasing arrangements for leasing lanc for
geothermal development?
There are three kinds of land:
(1) Federally owned Known Geothermal Resource Areas;
(2) Federally owned "unknown" land;
(3) Lands owned by states or private parties.
- For (1), leasz is made through a competitive bidding process.
- For (2), the first qualified applicant gets the lease if the bid is
reasonable.
- For (3), prospector gets toc bid first and only if h._ bid is

unreasonable and the tract opened for competitive bidding.
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Q: What are the significant differences in the nature of the leasing
contract among the types of lands?

A: Federal leases are for 10 years and are extended further if
commercial production of steam occurs. For state and private,
extension is granted as long as the developer keeps looking for a new
well with "due diligence".

Q: What is the position of the developer at the time he makes a contract
with the utility?

A: On federal KGRA lands, the developer has ali-:., sunk some fixed
costs into developing the field and so is at a bargaining
disadvantage; for other lands the developer will begin exploring
after price of steam i3 agreed upon, in which case the developer
bears a large portion of the risk. The leasing status of the land is
important because the leasing arrangement can affect the bargaining
position of the two parties, and hence the outcome of any contract
between them.

Q: Who should provide the insurance? Should the government subsidize
private insurers?

A: Public provision of this insurance could be socially better than
private provision depending on the cause of an unwillingness to
provide insurance by the private sector.

Three ma jor sour~es of revenues from the leasing of federal lands are
identified: rentals, royalty and bonus bid. It is found that the escalated
rental charges do not allow for enough lead time for the lessee. Royalty rate
is identified as a form of risk sharing between lessee and the federal
government. Royalty could lessen the upfront cost of a bonus bid and thus

encourages more competition in a lease sale. The unwarranted effect in the



presence of energy supply constraint is that a higher royalty rate will shift
the patrern of resource extraction to the future. Readjustment clauses on
rentals and royalties are found not to be an impediment to geothermal
development given the lead time before readjustment can be zuthorized. Bonus
bidding on its own is essentially a redistribution of economic rent from
_essee to the lease owner. When risk is taken into account, bonus Didding
shifts most of the risk to the lessees. Empirically it is confirmed that
lessees prefer noncompetitive leasing than competitive leasing both on the
number of leases issued and on the acreage leased under the two forms of
leasing. 0Of course the redistribution of economic rent is also a major reason
axplaining this phenomencn.

Throughout the study, it is argued that information has a definite
role in fostering the development of geothermal resources. In a pre-leasing
context, if the reservation bid is set at the lowest possible value, and if a
bidder decides to acquire information given the other does not, it pays the
first bidder to inform the other bidder that he has adopted the strategy: a
common property of the battle of the sexes game. The Nash equil:oria are
asymmetrical and not interchangeable. Moreover, these Nash equilibria imply
high-low bids, thus causing extreme difficulties for the seller to identify
any collusiva agreement. The result also reconciles the high-low bid
phenomenon observed in actual lease sales. Furthermore, it is possible that
it pays the seller to provide public information. This last =onclusion is not
supported by allowing for an active seller. With an active seller in a
pre-leasing context, if a reservation bid is appropriately set, the seller has

incentive to encourage bidders to gather information, nor to provide public
information.

In a post-leasing context, the problem of informaticnal externality

is quickly disposed. A careful dichotomy of two measures of the benefit of
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information is provided. Conditions for the two measures to be identical are
also provided. Cases of informational substitutability and complementarity
are identified. Conditions for informational substitutability are provided.
Conditions for not providing public information are also deduced. For the

case of informational complementarity it is shown that the net surplus can

never be negative for the provision of public information.

Clearly, the system as it stands today would make developers on
federally owned lands either look for resources where it is least likely to be
found or, bear a large portion of the risk by lecasing the land first and then
exploring at the risk of the tract turning out to be drv. The effects of
uncertainties in nature on the ex ante probability of nonfulfillment of the
developer utility contract are less in state-owned lands as compared to
federally-owned lands. This is because the developer can lose 2 federal lease
if commercial production of steam does not occur, while the lease on state or
private owned lands is not lost as long as diligent development continues.

Both of the above differences cause a difference in the bargaining
positions of the developer and the utility. In general, utilities are in a
stronger relative bargaining position on federal lands. This exacuba*es the
insurance problem because utilities are especially averse to production risks.

Insuranca is really not a very big problem. Once the return on
investment by private as well as public investors is known and the risk
premium associated with private investment, the investor with a larger net
return should provide the insurance. If this turns out to be the private
investor, then providing a government subsidy could result in a less efficient
allocation of resources. The risk premium is determined by the structure of

the developer-utility contract.

h-51



Thus we have seeil how the leasing arrangements could affect the
outcome of the contract which in turn could affect the decision as to who

provides the insurance.

The analysis would support the following conclusions:

First, the definition of KGRA shnuld be changed to eliminate this
source of risk to the developer because of the uncertainty concerning
obtaining the lease. This could be achieved, for example, by ruling that an
"unknown" tract of land cannot be classified as a KGRA for some minimum grace
period after a prospector finds a geothermal resource in it, after obtaining a
prospecting permit.

Second, the most efficient contract mechanism if the developer is not
a vertically integrated utility is one in which the developer is required to
supply minimum amount of steam to the utility. Amounts in excess of the
minimum quantity, if produced, must be purchased by the utility. As argued in
the text, sucu arrangements make the bargaining positions more nearly equal,
and hence do not create market structure barriers to development.

Third, utilities that produce electric power using geothermal steam,
should be encouraged to be less risk averse than they are under present laws.
For example, "unavoidable" supply shortages by the utility should be
pardonable. This way, a more socially optimal allocation of risk could be
achieved.

Fourth, a decision about who should prcvide insurance should be made
with due regard to the argument in this report.

Lastly, should it be lecided that the insurance be provided by
private insuring agencies, iv it better to use direct federal insurance or

coinsurance than to subsidize private insurance purchases.

4-52



BIBLIOGRAPHY

Arrow, K. J., "Vertical Integration and Communication." Bell Journal of
Economics, Vol. 6, No. 1, Spring 1975, pp. 173-83.

Burness, H. S., Montgomery, W. D., and Quirk, J. P., "Capital Contracting
and the Regulated Firm," American Economic Review, June 1980.

Comments of the Council on Wage & Price Stability. OCS Net Profit Share
Leasing. Docket #LFD 79-06.

Montgomery, David W., The Structure of the Geothermal Industry Through 1974,
EQL Report #11, July 1975, California Institute of Technology.

, Risk Sharing and Incentives in Geothermal Development,
EQL Open File Report #77-13, Aug. 1977. California Institute of
Technology.

, Bates M. R., and Krier, J. E., uegal and Institutional
Factors Geothermal Research Study in the Salton Sea Region of California.
EQL, June 1975, California Institute of Technology.

Moore, Russel and Mills, Thomas, An Environmental Guide to Western Surface
Mining. Part one: Federal Leaseable and Locatable Mineral Regulations.
June 1977, Report #FW5/0BS-77/20 to the Office of Biological Services.

Nimmons, J. T., "Selected Legal Aspects of Geothermal Development."
Presented at the Geothermal Resources Council Special Short Course #9,
San Francisco, April 1980.

Public Law, 94-579 - October 21, 1976.

4-53



APPENDI CES




APPENDIX A

USERS GUIDE TO THE GEOTHERMAL PROBABILISTIC COST MODEL

This guide is separated into two parts: definitions of program
subroutines and program variables; and a description of the inputs and

instructions for inputting them.

A.1l SUBPROGRAM DEFINITIONS

Main Program

Used as the calling program for the subroutine.

INPUT

Reads all irnput data and makes some preliminary calculations.

SELECT

Used only if the number of scenarios to be evaluated is less
than the total number input. Uses the probability of occurrence
of a scenario in the process of selecting what should be

evaluated.

RANNUM

Random number generator called by SELECT.

RADJST

Escalates Reference cost accounts to the year in which they

occur,



GSCALE
Scales the cost data according to time differences between
scenario values and reference values. Calls FCTMOD to scale

according Lo differences in physical parameters.

RCOST

Uses scaled cost data to calculate the output cost variables.

GOPT

Generates an escalation factor in evaluating levelized energy

costs.

PICDPF
Calculates the depreciation factor depending on whether the

depreciation method is straight line or sum of years digits.

OUT1

Prints, or calls the programs which print, the output values,
tables, and histograms. OUT1 is used only if the number of

selected scenarios is less than the number of scenarios input.

ouT2

Prints, or calls the programs which print, the output values,
tables, and histograms. OUT2 is used only if all input

scenarios are used in the calculations.

ASCEND

Arranges the output variables in ascending order.
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TABLE
Prints a table consisting of the scenario numbers, the scenario
probability of occurrence, and the scenario output value in

ascending order.

EXPEC1
Calculates the expected value and the standard deviation of the
output if the number of scenarios selected for evalvation is

less than the total number input. Called by OUT1.

EXPEC2
Calculates the expected value and the standard deviation of the

output if all scenarios are evaluated. Called by OLT2.

HIST
Prints out the probability density function. Called by either

HISTOG or PDF.

PDF
Does some of the calculations required to print the probability
density function if all scenarios are evaluated. Called by
OUT1, calls HIST.

HISTOG

Does some of the calculations neces ary to print the probability
density function if not all scenarios input are selected for

evaluation. Called by OUT2, calls HIST.
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FCTMOD

Function subroutine that determines the modification to cost
data required by physical parameter differences between the

reference scenario and a given scenario.

Function subroutine to scale cost data according to differences

in the scenario and reference temperatures.

OPT2

Function subroutine to scale cost data according to differences

in the scenario and reference flow rate.

OPT3

Function subroutine to scale cest data according to differences

in the scenario and reference well depth.

A.2 VARIABLE DEFINITIONS

Due to the intricacies of the program and the order in which certain
numbers occur, a particular number may have to be referred to by more than one
variable name. For example, the duration of a stage in the Reference Scenario
i referred to as TPR(JX), where JX i3 the number of the stage. For scenarios
(other than the Reference Scenario) the duration of a stage is referred to as
TP(JX,MM), where JX is again the nunber of the stage, and MM is the number of

the particular scenario. TF(JX,MM) is then redefined as TR(JX) in GSCALE so

it can be used in the CALL RCOST statement.



This happens in a similar fashion with other variables. Generally, a

variable occurring in the Reference Scenario will have an "R" at the end

(e.g. TPR, CDR, CIR, PSUMR, etc.); when it occurs in scenarios other than

the Reference Scenario, the "R" will be dropped (e.g. TP, CD, CI, PSUM, etc.).

Variable Common
Name Blork

Program
Usage

AD DATA2

ADMOD

AT DATA2

AIMOD

Bl

B2

B3

HISTOG

vJAIN, INPUT
GSCALE

GSCALE

MAIN, INPUT
GSCALE

GSCALE

INPUT

INPUT

INPUT

Definition

(300) In HISTOG list, equivalent to
output variable in CALL statement.

(10,5,10) Read in, AD(IX,NX,KDX) Cost
escalation factors for stage, acccunting
type, time dependent cost account.

ADMOD = (AD(JX,NX,KDX)*#*PWR)
*(TP(JX,MM)/TPR(JX)). Ratio of the
length of a stage in a scenario to the
length of the reference stage, adjusted
by the cost escalation factor, raised to
the cumulative difference between the
length of prior scenario stages and the
length of the corresponding reference
stages.

(10,5,10) Read in, AI (IX,NX,XIX) Cost
escalation factors for stage, accounting
type, time independent. cost account.

AIMOD = AI(JX,NX,KIX)**PWR. Cost
escalation factors for time independent
costs, raised to the power of the
difference Letween elapsed time of prior
scenario stages and the corresponding
reference stages.

Read in, State tax rate

Jead in, Local tax rate

Read in, Investment tax credit
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Bl2

CAP

CAPR

CCL

CD

CDOPT

CDR

DATAl

DATAS

DATAS

DATA2

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
ouT2, FCTMOD

EXPEC1, EXPEC2

MAIN, RCOST
GSCALE, OUT1
0uUT2

RCOST

MAIN, RCOST
GSCALE, OUT1
0UT2

GSCALE, RCOST

GSCALE

INPUT, MAIN
GSCALE, RCOST

Bl2 =

Bl + B2

In EXPEC1, EXPEC2 lists equivalent to
the output variable in the CALL
statement.

(300) Upfront capital investment.

In CALL GSCALE, ASCEND, HISTOG, PDF,
EXPECT1, EXPEC2 CAP(NN) = TCAF

In RCOST list, equivalent to TCaP.

CAP
CAP
CAP

(5) CAPR(NX) = CD + CI.

0 if J1 1
CAP + CAPR(NX)
CAP + COSTO

For each

accounting type within a stage, the sum
of the time dependent and independent

costs.

(300) Life cycle costs.

In CALL GSCALE,

ASCEND, HISTOG, PDF, EXPECl, EXPEC2

CCL(NN) = TCCL.

equivalent to TCCL.
CCL = E1¥*CDUM if KOPT = O.

If KOPT = 0, CCL = E1*CDUM®ESCAL +
(1.-ESCAL)®*REV

In RCOST list,

(10,30,5,10) CD = FCTMOD(CDOPT,

JX,KDS,NX,MM,1).

Timc dependent costs,

ad justed for time variations, are
ad justed by 'CTMOD for physical

uncertainties.

Then, in CALL RCOST.

CD = CD + CDT if JX = 1, otherwise, CD =
CD + CDT¥*D**EXPO

CDOPT = CDR(JX,MX,NX,KDS)#*ADMOD.
Time dependent costs, adjusted for time
differences between specific scenario

and reference scenario

(10,30,5,10) Read in, CDR (JX,MX,NX,

KDX) Time dependent costs indexed for
stage, time interval, accounting type
and time dependent cost account. In

RCOST 1list, equivalent to CD.
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CDT

CDTT

CDUM

CEL

CELME

CI

CIOPT

CIR

MAX

CMIN

DATAS

DATA2

RCOST

RCOST

RCOST

MAIN, RCOST
GSCALE, OUT1
OUT2, ASCEND

TABLE, HISTOG

EXPEC1, EXPEC2

GSCALE
RCOST

GSCALE

INPUT, MAIN

GSCALE, RCOST

0UT1, OUT2

ouT1, OUT2

CDT = CDT + CDTT®*D®®EXPO

CDTT = CDTT + CDR(JX,MX,NX,KDX).
Sum over KDX of time dependent costs

CDUM = CR(1) + COSTO. Used internally.
Initialize COST, then sum COST

(300) Levelized energy cost. In CALL
GSCALE CEL(NN) = TCEL.

In RCOST list, equivalent to TCEL.
CEL = (1000%*CCL)/(RG*E).

In CALL TABLE, ASCEND, HISTOG, PDF,
EXPEC1, EXPEC2. 1In ASCEND list
represents all output variables.

Ordered in ASCEND.

The differenc> between the expected
value and a scenario value of the output
variables.

(10,5,10) Time independent costs

ad justed for variations of time and
physical uncertainty between the
reference and scenario value.

CIOPT = CIR(JX,NX,KIX)®AIMOD
Time independent cost adjusted for cost
escalation factors

(10,5,10) Read in, CIR(JX,NX,KIX) time
independent costs, indexed for stage,
accounting type, and time independent
cost account. In RCOST list, equivalent
to CI.

Calculated in ASCEND as maximum value of
appropriate output variable. Used in
printing, plotting output in PDF. 1In
CALL ASCEND, HISTOG.

Calculated in ASCEND as minimum value of
appropriate output variable. Used in
printing, plotting output in PDF. 1In
CALL ASCEND, HISTOG.



CON DATAS

COST

COSTO

COSTR DATA7

COSTT DATA8

CPROB

CR

CRF

CSPSR

CTEMP

D DATA1

INPUT, MAIN
GSCALE, RCOST
FCTMOD, OPT1
OPT2, OPT3,
OPTY4

RCOST

RCOST

MAIN, OUT1
OUT2

MAIN, OUTL
OUT2

SELECT

RCOST

RCOST

INPUT

ASCEND
INPUT, MAIN
SELECT, GSCALE
RCOST, GOPT
PICDPF, OUT1
OUT2, FCTMOD

(6) Read in, Scaling parameters

COST = ((OMB3-TAU*DPF)*OMTAUI*CRF+B12)
*CR(NX)/CRF. Life cycle cost, per

accounting type, to be summed. (Ref. 1,
p. B=7).

COSTO = O if DELAY = 0. Otherwise,
COSTO PPRICE*E*(GD**PSUMR(J) ) *#(1.-GD*#*
(DELAY + 1.))/((1.-GD)*1000000.)

Penalty cost for delay of delivery of
fuel.

COSTR = RCCL.
true cost.

Reference life cycle, or

(300) True cost COSTT(NX) =
PROFIR-PROFIT(NX) + CCL(NX). Reference
profit minus scenario profit plus life
cycle cost. In CALL ASCEND, HISTOG,
PDF, EXPEC1, EXPEC2.

Used in subroutine as cumulative
probability.

(5) CR(NX) = CAPR(NX) + CDT + CI
Total cost.

CRF = DM1/(1.-D*¥(-TSTAGE))
Capital Recovery Factor (Ref. 1,
p. III-9).

Read in, Commcn and Preferred stock ratio

Used in ordering the output variables.

Discount Factor,

D = (1.-TAU)*DINT*DER+
(ROCS®*CSPSR + ROPS*(1.-CSPSR))
#(1.-DER) + 1.

In CALL GOPT, CALL PICDPF

Printed with the input variables
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DELAY

DER

DINT

DM1

DPF

DPL

El

ESCAL

DATAL

DATAl

GSCALE, RCOST
MAIN

INPUT

INPUT

RCOST, PICDPF

RCOST, PICDPF

INPUT

MAIN, INPUT
SELECT, GSCALE
RCCST, OUT1
0UT2, FCTMOD

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
OUT2, FCTMOD

RCOST

In CALL RCOST. In GSCALE,

DELAY = PSUM(J,MM) - PSUM(JCON,MM) -
PSUMR(J) + PSUMR(JCON). At scenario MM,
the elapsed time difference between the
total scenario time at stage J and the
total scenario time at contract
effectiveness, minus the same diffcrence
for the reference scenario. In MAIN,
DELAY = 0. Used to calculate the
penalty cost.

Read in, Debt Equity Ratio

Read in, Interest rate on debt

DM1 = D-1, In CALL PICDPF

In CALL PICDPDF, Calculated in PICDPF.
If IOPT = 1, DPF = (1.-D®®(_TNT)/
(DM1#TNI),straight line depreciation
factor.

IF-JOPT =" 2, ‘DPE =

2.%(TNI-(1.-D®*®(-TNI))/DM1)/(TNI®*(1.+TNI)®

DM1), sum of years digit depreciation
factor.

Read in, Depletion Allowance

Read in, Annualized Energy Output

El = (1.-TAU)/(1.-TAU*(1.-DPL)-ROY)

ESCAL = (1.-TAU)/E1 = (1.-TAU®(1.-DPL)
-ROY). The escalation rate used to
calculate life cycle cost, CCL, if an
unregulated utility with profit is being
examined.
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ESMOD

ESMOI

EXPECT

EXPO

FCTMOD

FMAX

FREQ

FREQM

GD

DATA1

DATAG

RADJST

RADJST

OUT1, OUT2
EXPEC1, EXPEC2

RCOST

GSCALE, FCTMOD

HIST

PDF, HISTOG
HIST

PDF

MAIN, INPUT
SELECT, GSCALE
RCOST, GOPT
0UT1, OUT2
FCTMOD

INPUT, MAIN

GSCALE, RCOST

RCOST, GOPT

ESMOD = AD(JX,NX,KDX)®*PWR,
where PWR is the time until th~
occurrence of account KDX.

ESMOI = AI(JX,NX,KIX)®®WR, where
PWR is the time until the occurrence
of account KIX,

Expected value of the relevant output
variable. In CALL EXPEC1, EXPEC2.

Used as an intermediate definition to
calculate capital costs. EXPO
represents the time exponential.

Function variable. Cost variable
mydified by stage and physical
uncertainty if required.

Maximum frequency.

(20) Calculates the frequen2y of each
interval for each output. In CALL
HIST. Used in plotting output.

Used to determine scaling factor for
frequency for plotting purposes.

Read in, Energy cost escalation
factor. In CALL GOPT

In CALL GOPT. 1If G = D (energy cost
escalation = discount factor), GG = T,
time. Otherwise, GG =
(G/(D=G))®#(1.-(G/D)**T),



I INPUT, PDF Used as an index
ASCEND, HISTOG
HIST, FCTMOD
RANNUM
I1 ASCEND, RANNUM I1 = I + 1. Used internally.
II FCTMOD In FCTMOD list, identifies whether a

cost variable is time dependent or
independent. If II = 1, it is time
dependent. If II = 2, it is time

independent.
IIN DEVICE All Input device = 5
IN PDF, HIST IN = NINT + 2 in CALL HIST.
INDEX HISTOG Used to calculate frequency interval for

plotting histogram.

INN PDF INN= NINT + 1

INTVAL HISOOM HISTOG (20) Used in calculating frequency
interval for plotting histogram.

IOPT DATA1 MAIN, INPUT Read in, IOPT = 1 Straight line
SELECT, GSCALE depreciation
RCOST, PICDPF IOPT = 2 Sum of years
OuUT1, OUT2 digit depreciation
FCTMOD In CALL PICDPF
IOUT DEVICE All Output device = 6
ITEMP ASCEND Used to order the scenario numbers from

smallest output value to largest.

IX MAIN, INPUT Used as index
SELECT
HIST Used to print output frequencies.
FCTMOD IX = J+1, the operating lifetime stage
plus 1.
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IXX

Jl

JCON

JFCT

JdJ

JOUT

JP

JSCAL

JX

Jx1

DATA1

DATA9

DATAl

DATAL

FCTMOD

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
OUT2, FCTMOD
RANNUM

HIST, ASCEND

GSCALE, RCOST

INPUT, MAIN
GSCALE, RCOST

FCTMOD

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
OUT2, FCTMOD

HIST

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
OUT2, FCTMOD

HIST

INPUT, GSCALE
FCTMDD, ROOST

TABLE

GSCALFE

IXX = I - J. Counts the physical
variables.

Read in, Number of stages. J-stage is

the operating lifetime stage.

Used as index.

Jl = Jd = 1.
stage.

Stage before the operating

Read in, Stage at which contract
is effective

Identifies by MOD, MOI if cost variable
must be scaled by physical uncertain
variable,

JJ = J + JP. Total of the number of
stages and number of uncertain
probabilities.

(20) Used to print output character in
histogram in HIST.

Read in, Number of uncertain physical

variables

Scaling factor to print histogram.

Used to index s=t*tages

Used as an index.

JX1 = JX + 1



KDLIM

KDX

KILIM

KIX

KK

KOPT

KX

DATA2

DATA2

DATAl

PDF, OUT1, OUT2
EXPEC1, EXPEC2

HIST
HISTOG
MAIN, INPUT

GSCALE, RCOST

INPUT, RCOST
GSCALE

INPUT, RCOST
GSCALE

MAIN, INPUT
GSCALE, RCOST

INPUT, RCOST
GSCALE

INPUT, RCOST

GSCALE

TABLE

PDF

INPUT, MAIN
GSCALE, SELECT
RCOST, QUT1

ouT2, FCTMOD

FCTMOD

Used as index.

Data variable containing *.

Used to assign GOTO statement.

(10,5) Read in, Number of time
deperdent cost accounts of different
accounting lifetimes but in the same
stage. In CALL RCOST.

Used internally. KDLIM = KD(JX,NX).
Defines the number of time dependent
cost accounts for each stage and
accounting type.

Used to index time dependent cost
accounts.

(10,5) Read in, Number of time
independent cost accounts of different
accounting lifetimes but in the same
stage. In CALL RCOST.

Used internally, KILIM = KI(JX,NX).
Defines the number of time independent
cost accounts for each stage and
accounting type.

Used to index time independent cost
accounts.

Used internally to print out ordered
scenario numbers.

Used internally

Read in. If KOPT = 0, life cycle costs
are equal to revenue (CCL = REV), to be
used in the case of a utility regulated
to no profit. Otherwise, KOPT = 0, then
CCL = REV.

Equivalent in FCTMOD list of KDX, KIX.



M DATA3

MAX

MLIM

MOD DATA6

MOI DATA6

MTEMP

MX

N DATAL

NI

PDF

INPUT, MAIN
GSCALE, RCOST
FCTMOD

PDF

HIST

INPUT, RCOST
GSCALE

GSCALE

INPUT, MAIN
GSCALE, FCTMOD

INPUT, MAIN
GSCALE, FCTMOD

PDF

INPUT, GSCALE

MAIN, INPUT
GSCALE, SELECT
RCOST, 0OUT1
ouT2, FCTMOD

HISTOG

HISTOG

Used briefly as dummy to plot
probability density function.

(10) Read in, Number of time intervals,
defined for each stage. In CALL RCOST

Used briefly as dummy to plot
probability density function.

Used in plotting histogram.

Used internally, MLIM = M(JX) Number of
time intervals at stage JX

MM = NSC(NN) where NN goes from 1 to
NSELEC.

(10,5,10,10) Read in. Identifies which
time dependent cost variables also are
dependent on physical uncertain
variables.

(10,5,10,10) Read in. Identifies which
time independent cost variables are
dependent on physical uncertain
variables.

Used to temporarily storz one element at
a time of array NORDER.

Used to index time intervals.

Read in, Number of Different Accounting
Life Times

In HISTOG list equivalent to NSELEC

NI = NINT + 2

.
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NINT

NORDER

NOTH

NPOINT

NS1

NSC DATA4

NSCEN DATAl

NSCEN1

NSELE1

NSELEC DATA1

MAIN, INPUT
OUT1, OUT2,
HISTOG

MAIN, FCTMOD

GSCALE

OUT1, 0OUT2

ASCEND, TABLE
PDF

HIST

PDF

RANNUM

MAIN, SELECT
GSCALE, OUT1
OUT2

MAIN, INPUT
GSCALE, SELECT
RCOST, OUT2
TABLE, ASCEND
FCTMOD

OUT2, ASCEND

OUT1

MAIN, INPUT
GSCALE, SELECT
RCOST, OUTI1
FCTMOD

In CALL INPUT, Read in. In CALL OUT1,
OUT2, HISTOG, PDF, HIST. The number of
equal intervals into which the output is
to be divided to plot the histogram.
Note: the histogram has NINT + 2
vectors.

NN = NSC(NX). In FCTMOD list equivalent
to MM = NSC(NN).

Used as an index.

(300) Used to rank order the scenarios
according to appropriate output, i.e.,
life cycle cost, levelized energy cost,
upfront capital investment, profit, true
cost, etc. In CALL ASCEND, CALL TABLE.

Data variable containing black space.

Used in PDF as equivalent to NSCEN, the
number of scenarios.

NS1 = NSELEC-1

(300) (NSELEC) In CALL SELECT
statement
Index the number of "Selected" scenarios

Read in, Number of scenarios.
In CALL ASCEND, TABLE, PDF, EXPEC2

NSCEN1 = NSCEN - 1. In CALL ASCEND.

NSELE1 = NSELEC-1, In CALL ASCEND,
equivalent to NSCEN1

Read in, Number ¢f scenarios to
be selected. In CALL ASCEND, HISTOG,
EXPEC1.



NTI

NTIT

NX

OMB3 DATAl

OMTAU

DATA1

OMTAUI

DATA1

OPT1

OPT2

OPT3

HIST

PDF, HISTOG

MAIN, INPUT
SELECT, RCOST
GSCALE, FCTMOD

RANNUM

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
0UT2, FCTMOD

MAIN, INPUT

SELECT, GSCALE
RCOST, OUT1
ouT2, FCTMOD

MAIN, INPUT
SELECT, GSCALE
RCOST, OUT1
ouT2, FCTMOD

FCTMOD, OPT1

FCTMOD, OPT2

FCTMOD, OPT3

Represents the dimension of TITLE

The diemnsion of TITLE

Used as index.

Used internally in random number

generator

OMB3 = 1.-B3

OMTAU

1.-TAU

OMTAUI = 1./0MTAU

Funetion variable. Scaling equation
(scaled cost variable) used if the cost
variable is temperature dependent, and
temperature is a physical uncertainty.

Function variable. Scaling equation
(scaled variable) used if the cost
variable is flow rate dependent and flow
rate is a physical uncertainty.

Function variable. Scaling equation
(scaled variable) used if the cost

variable is well depth dependent, and
well depth is a physical uncertainty.



Pl

P2

PPRICE

PRICE

PRO

PROB

PROFIR

PROFIT

PS

PSUM

DATAS

DATA9

DATA2

DATAT

DATAS8

INPUT

ASCEND, TABLE
EXPEC2, PDF

FCTMOD, OPT1
OPT2, OPT3, OPT4

FCTMOD, OPT1
OPT2, OPT3, OPT4

INPUT, MAIN
GSCALE, RCOST

INPUT, MAIN
GSCALE, RCOST

GSCALE

MAIN, INPUT
SELECT, OUT1
ouT2

MAIN, OUT1
ouT2

MAIN, GSCALE
ouT1l, OUT2
RCOST
GSCALE
GSCALE

(20,100) Read in as scenario conditional
probability for each stage and uncertain
variable for each scenario. The

scenario probability is the product of
all probabilities describing the
scenario.

(1000) Equivalent to scenario
probability, PROB. In CALL TABLE, EXPEC2

Represents the scenario value of
an input physical variable.

Represents the reference scenario
value of an input physical variable.

Read in, Penalty price in mills
per kWh

Read in, Energy price in mills
per kWh.

In CALL RCOST, equivalent to PROFIT.
PROFIT(NN) = PRO.

(1000) (NSCEN) Calculated in INPUT as
the product of the JJ probabilities
describing each scenario. Used in
SELECT as part of the criteria to select
a scenario. In OUT1, OUT2 used in CALL
ASCEND.

Reference value of profit.

(300) Present value of profit.
In CALL GSCALE statement
PROFIT = REV - CCL.

(10) PS(JX1) = PSUM(JX1,MM).
RCOST.

In CALL

(11,300) Cumulative sum of scenario
variables, elapsed time.



PSUMR

PWR

RCAP DATAT

RCCL DATA7

RCEL DATAT

RENROY

RENSUM

RENTS

REV

RMA X

RMIN

MAIN, GSCALE
RCOST, OUT1
ouT2

GSCALE

RANNUM

MAIN, OUT1,
oUT2

MAIN, OUT1,
ouT2

MAIN, OUTI,
oUT2

RCOST

KCOST

RCOST

RCOST

ASCEND, HISTCG

ASCEND, HISTOG

(11) In CALL GSCALE.
= PSUMR(JX) + TPR(JX)
Total time of time dependent stages of
reference scenario. At stage J,

PSUMR(J) = cumulative time of prior
stages. In RCOST list, equivalent to PS.

PSUMR( JX+1)

PWR = PSUM(JX,MM) - PSUMR(JX).
value minus reference values.

Secenarin

In CALL RANNUM 1list. Randown number
generated, then ordered.

Reference upfront capital investment.

Reference life cycle cost.

Reference levelized energy cost.

The sum of TRENTS and ROYLT.

The sum of discuunted rents, calculated
for each stage.

RENTS(JX) = RENSUM,

Revenue REV = PRICE*E®*
(GD*®*PSUMR(J)) #(1.~GD*®*( TPR(J) +
1.))/((1.-GD)*1000000),

RMAX = CEL(N3CEN)*1000, Maximum
levelized energy cost. Used to
represent maximum value of all output
variables,

RMIN = CEL(1)%*1000, Lowest levelized
energy cost times 1000, Used to
represent the minimum value of all
output variables.




o

L% _d R

ROCS

ROPS

ROY DATA1

ROYLT

RTEMP

RVAL

RVECT

TAU DATAl

TCAP

TCCL

TCEL

TEMP

INPUT

MAIN, INPUT
GSCALE, RCOST
OUT1, OUT2
FCTMOD

RCOST

RANNUM

FCTMOD, OPT1
OPT2, OPT3, OPT4

SELECT

MAIN

ouT1, oOuT2
EXPEC1, EXPEC2

GOPT

MAIN, INPUT
SELECT, RCOST
oUT1, OUT2
FCTMOD

GSCALE

GSCALE

GSCALE

HISTOG

Read in, Rate of Return on Common Stock

Read in, Rate of Return on Preferred
Stock

Read in, Royalty Rate

Royalty payments, ROY¥*REV,

lsed to order R(I).

Cost variable scaled bv the required
physical parameter.

(300) In CALL RANNUM from SELECT.
Equivalent to R in RANNUM,

Logical. Decide whether to evaluate all
scenarios or choose some

Standara deviation of the relevant output

variable. In CALL EXPEC1, EXPEC2.

In GOPT list. Equivalent to TSTAGE.

Read in, Federal Tax Rate

In CALL °COST, equivalent to CAP.

In CALL RCOST, equivalent to CCL.

In CAi.L RCOST, equivalent to CEL.

Used in calculating frequency interval
for plotting histogram.
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TIR DATA2

TITLE

TN DATA3

TNI

TP DATA3

TPR DATA3

TR

TRENTS

TSTAGE

VAR

XCEL

INPUT, MAIN
ROOST

INPUT, MAIN
OUT1, OUT2
HIST, PDF
HISTOG

MAIN, INPUT
GSCALE, RCOST
FCTMOD

RCOST, PICDPF

MAIN, INPUT
GSCALE, FCTMOD

MAIN, INPUT
GSCALE, RCOST
FCTMOD

GSCALE

RCOST

RCOST, GOPT

EXPEC1, EXPEC2

PDF

HIST

PDF

(10,5,10) Read in, TIR(JX, NX,
KIX) Expendi.ure time, indexed for
stage, accounting type, and time
independent cost. In CALL RCOST.

(20) In CALL INPUT., First data

card read--title--fulleard. In
CALL OUT1, OUT2, HIST, HISTOG, PDF.

(5) Read in, N separate
Accounting Lifetimes.
RCGST.

In CALL

TNI = TN(NX). In CALL PICDPF, the NXth
Accounting Lifetime, indexed to N.

(20,1000) Read in, Scenario
variable of time or physieal
characteristic.

(20) Read in, Reference variables,

one per stage and uncertain

variable. 1In RCOST list, equivalent to
TR.

(10) TR(JX) = TP(JX, MM). In CALL
RCOST, equivalent to TPR. Has a time or
physical characteristic definition.

Total rents; the sum of RENTS(JX).

TSTAGF = TPR(J). In CALL GOPT

Variance of the relevant output
variables.

Used as scaling factor for frequency.
Used internally
XCEL = (RMIN+XINT®#XKK)®*1,0001.

PDF to define the length of each
consecutive frequency interval.

Used in
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XINT

YKK

PDF

PDF

XINT = (RMAX-RMIN)/FLOAT(NINT). The

length of the output intervals used to
plot the probability density functions.

FLOAT(KK)
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A.3 GEOTHERMAL PROEBABILISTIC COST MODEL INPUT DESCRIPTION

The description of the data set will follow the order of input. Much
of the input data has interdependencies; that is, if one number is changed,
then other numbers must also be changed, added, or omitted. For example, if
the discount rate is input directly, then certain other financial parameters
do not need tc be input at all.

In what follows, a card set number, used only for purposes here,
begins an input data subset. 1t is followed by the name of each variable to
be listed in that section. Following each variable name is the format cf that
variable, and the number of columns it occupies. Then a brief explanation is
given if it is necessary to expand “eyond the definition given in the variable
definition section of the report.

Card Set 1

TITLE 20A4 2-80

The TITLE will identify the data set in any way the user wishes.

Leave the first column blank.

Card Set 2

NINT 15 e

The output will be plotted in the form of histograms. The cost axis

will be divided into NINT+2 intervals.
Card Set 3

ROY F20.8 1-20

The royalty rate is input as a decimal number.

KOPT 15 21-25%

This is input as integer 1 in column 5 if a profit will be taken into

account. Otherwise, enter 2 to indicate a regulated utilityv.
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Card Set U
PPRICE F20.6 1-20
The penalty price is input in mills/kWh.
r*RICE F20.6 21-40

The contract price for delivered energy is input in mills/kWh.

TCON 15 41-45
Card Set 5
TAU F20.8 1-20

The tax rate is input as a decimal (e.g., 46% = .U6).
Bl F20.8 21.40
The state tax rate is input as a decimal.

B2 F20.8 51-60

-]
¥
1

local tax rate is input as a decimal.
B3 F20.8 61-80
Input as a decimal.
Card Set 6
E F20.8 1-20
The annualized energy outprut is input in watt hours.
G F20.8 21-40
The rate at which energy pricec will escalate is input as 1 plus the
decminal percent.
DPL F20.8 41-60
The depletion allowance rate is input as a decimal.
Card Set 7
NSCEN 15 1-5
This specifies the numbor of scenarios input. If NSCEN is greater than

1000, the dimensions of PROB ana TP must be increased.
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NSELEC 15 6-10

This specifies the number of scenarios to be evaluated. If NSELEC is
greater than 300, a large number of variables in several subroutines need
to be re-dimensioned.

N 57 11-15

This specifies the number of different accounting life times to be used.
Individual cost accounts are grouped according to accounting type within
each stage. There must be at least one accounting type.

10PT 13 16-29

If there is an integer 1 in column 20 (columns 16-19 blank), straight line

depreciation is used. Otherwise, sum of years digits is used.

]

Card Set 8
D F20.8 1-20
The discount factor can be input directly, or calculated. If it is to be
caleulated by the program, this card must be input as 0.0.

Card Set 9
DINT F20.8 1-20
If D = G.0, then DINT is input as a decimal used in the calculation of the
discount factor. If D = 0.0, then DINT, ROCS, ROPS, DER, and CSPSR are
left out.
ROCS F20.8 21-40

This is the return on common stock, input as a decimal. See note under

DINT.
ROPS F20.8 L1-60

This is the return on common stock, input as a decimal. See note under

DINT.
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DER F20.8 61-80

This is the return on common stock, input as a decimal. See note under

DINT.
Card Set 10
CSPSR F20.8 1-20

This is the return on common stock. input as a decimal. See note under

DINT.

Card Set 11
J 15 1-5
JP 15 6-10

J indicates the number of stages and JP the number of physically uncertain
variables. Note that while JP refers to the number of physical uncertain-
ties, it is possible to have a specific time uncertainty that is not the
length of a stage, and would show a cost effect to be evaluated by a user
supplied OPT  \outine.
Card Set 12
PCHAR(JPX,JPZ) 2044 2-80
JPX = 1,JP. This set of cards lists the titles of the physical
characteristiecs which are uncertain. There is one title per card and
there must be one card %itle per physical variable, and they must be in
the same order as the physical variables are input.
Card Set 13
M(JX) 1615 Every 5 spaces
JX = 1,J. The cost accounts are to be put in by time intervals for each

stage. The number of intervals is not necessarily equal to the number of

years in the reference or any other scenario. M(JX) indicates into how

many intervals each stagr is dividec.
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Card Set 14

TN(I) L4F20.8 Every 20 spaces

I = 1,N. This gives the length of each accounting lifetime. The first,
TH(1), must be 1 year, i.e., ancounts that are exnensed. The rest mus® be
in the order that will be referenced later; i.e., T™N(2) is "Accounting
Type 2", and so on.

Card Set 15

CON(I) 4F20.8 Everv 20 spaces
I =1,6. CON is dimensioned 6 fo: convenience. It can be changed at the
user's need. The CON(I) are site specific scaling parameters used in the
OPTn function subroutines to show the eff=ct on cost of physical uncertain-
ties. The user can supply his own CPT equations as wel) as the CON(I)'s.
In the temperature equation, CON(I) has been used tc refer to amtient
temperature in degrees Centigrade. In the well depth equation, CON(6)
refers to a constant in the literature from whicn the equation was

obtained.

Card Sets 16-26

Note here that blocks of data are read in, then repeated in blocks of

the same order:

For each stage:

KD(JX,NX)

For each KD(JX,NX) = 0 of each accounting type:
ADTITL
CDR(JX,MX,NX,KDX)
AD(JX,NX,KDX)

KI(JX,NX)
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For each KI(JX,NX) 0 of each accounting types:
& CIR(JX,NX,KIX)
TIR(JX,NX,KIX)
AI(JX,NX,KIX) i

L_ L_ AITITL

(Please éee the example card layout following the descriptions below.)

Card Set 16
KD(JX,NX) 1615 Every 5 spaces
NX = 1,N. This card is entered at the beginning of data for each stage.
One number for each accounting type specifies how many accounts will be
read in.

Card Set 17
ADTITL 20A4 2-80
A title card is required for each cost account. Leave the first column
blank, and use only one card. The title is read, then the cost account,
and repeated until all cost accounts of a specific accounting type and
stage are read.

Card Set 18
CDR(JX,MX,NX,KDX)  UF20.8 Every 20 spaces
CDR are the time-dependent cost accounts. Each account consists of M(JX)
dollar figures, with the dollar amounts entered in thousands. A title
card is read, then the cost data over and over again for all KD(JX,NX)
aceounts. In describing the Reference Scenario via these Reference cost
accounts, adjustments must be made for the case when costs are in annual
amounts but the length of the interval is other than a year (i.e. the
number of intervals ir other than the number of years in the reference

scenario stage).




Card Set 19
AD(JX,NX,KDX) 4r20.8 Every 20 spaces
Following each complete set of cost accounts (i.e., for a given stage and
a given accounting type) and their titles, the escalation rates for each
account are entered as 1 plus the escalation rate in decimal form. This
is one escalat.on rate per account, and it remains fixed for the life of
the project.

Card Set 20
KI(JX,NX) 1615 Every 5 spaces
NX = 1,N. This card identifies the number of time dependent cost accounts
per accounting type for the JXth stage, and follows all data referring to
time dependent cost.
If KI(JX,NX) = 0, then the cards for CIR,TIR,AI, and AITITL (Card Sets 21,
22, 23, and 24) are skipped.

Card Set 21
CIR(JX,NX,KIX) 4F20.8 Every 20 spaces
CIR are the independent cost accouints. Each account consists of a single
dollar amount. If KI(JX,NX) 0, there must be XI{JX,NX) cost accounts
for the givea stage and accounting type.

Card Set 22
TIR(JX,NX,KIX) 4F2n.8 Every 20 spaces

TIR identifies ir which interval a time-independent cost occurs. There

are ¥KI(JX,NX) numbers per each card set.
Card Set 23
ATI(JX,NX,KIX) 4UF20.8 FEvery 20 spaces

There is one escalation rate per cost account.
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Card Set 24
AITITL 20A4 2-80
There is one separate title card per time independent accounts. All title
cards for a given stage and accounting type appear together, following the
rest of the time independent cost account data. They must be in the same
order as the cost accovnts they are identifying.

Card Set 25
MOD(JX,NX,KDX,IXX) 1615 Every 5 spaces
There is one number for each account idenlifying whether a time dependent
account is dependent on a physical variable. The numbers entered are 0 if
there is no dependency on the physical variatle, or 1 through Y4 depending
on which OPTn, N = 1,2,3, or 4, equation relates that physical uncertainty
to the cost account. There is one separate set of MOD(JX,NX,KDX,IXX)
cards for each physical uncertainty, each set completely read in before
the set for the next physical uncertainty is read. Within eazh set, there
is a separate card(s) for each stage and accounting type for which cost
data was entered. These cards must be listed in Lhe same order as the
ccst accounts. Each card contains the identifying MOD numbers for all
cost accounts for that stage and accounting type.

Card Set 26
MOI(JX,NX,KIX,TXX) 1615 Every 5 spaces
See the note on MOD(JX,NX,KIX,I¥XX). The MOI do exactly the same thing for
all time independent cost accounts. The MOI cards for a given stage and
accounting type follow the MOD cards for the same stage and accounting
type. (Thus the MOI cards are "sandwiched" in between the MOD cards.)
This is done for the first physical uncertainty, and then the process is

repeated for the second physical uncertainty, ana so on.
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Card Set 27
TPR(JX) UF20.8 Every 20 spaces
JX = I,JJ. The Reference Scenario stage length times and values for
physically uncertain variables are entered.

Card Set 28
TP(JX,I) F20.8 Every 20 spaces
The data for each scenario is entered with stage time data and physically
uncertain variable data given in exactly the same order as the Reference
Scenario data they correspond to. Each card(s) describes a complete
scenario, with NSCEN scenarios read in. ihe program will assign an
identifying number from 1 to NSCEN to each scenario, based on the order in
which it is read in.

Card Set 29
P(JX,I) UF20.8 Every 20 spaces
The probability of occurrence of each stage and physical characteristic is
entered to exactly correspond in order of entry cf the values of each
scenario. For a given stage the probabilities of all the possible times
must sum to 1. Likewise, for a given physical variable, the probabilities
of all the possible outcome values must also sum to 1. As with the
TP(JX,I), the program will identify the probabilities for each secenario

with a number from 1 to NSCEN.
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A.3.1 Example Card Layout
The order of cards is shown here for a fictional Stage 4. There are
3, 1, and 2 time-dependent cost accounts of the 1st, 2nd, and 3rd accounting

type respectively. There are 2, 1, and 3 time-independent cost accounts of

the 1lst, 2nd, and 3rd accounting type respectively.

STAGE 4

KD (JX=4, NX) 3 1 2
ADTITL

CDR (JX=4, MY, NX=1, KDX=1)

ADTITL

CDR (JX=4, MX, NX=1, KDX=2)

ADTITL

CDR (JX=4, MX, NX=1, KDX=3)

AD (JX=4, NX=1, KDX)

_ Accounting Type 1
Accounting Type 2

ADTITL
CDR (JX=U, MY, NX=2, KDX=1)

AD (JX=4, NX=2, KDX)

" Accounting Type 3
ADTITL

CDR (JX=4, MX, NX=3, KD¥:1)

ADTITL

CDR (JX=4, MX, NX=3, KDX=2)

AD (JX=4, NX=3, KDX)
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KI (JX=4, NX) 2 1 3
CIR (JX=4, NX=1, <IX)

TIR (JX-4, NX=1, KIX)

AT (JX=4, 'X=1, K'X)

AITITL

AITITL

_ Mhccounting_Type 1
Accounting Type 2

CIR (JX=4, NX=2, KIX)
TIR (JX=U, NX=2, KIX)
AT (JX=4, NX=2, KIX)

AITITL

" Accounting Type 3
CIR (JX=U4, NX=3, KIX)

TIR (JX=U4, NX=3, KIX)

AI (JX=4, NX=3, KIX)

AITITL

AITITL

AITITL

The data for each stage is put in as one block complete in itself,
as shown abnve, These blocks occur in the same order as the stages. (If

KD (JX,NX) or KI (JX,NX) is zero for any of the accounting types, NX,

then all the cards pertaining to that accounting type would be left out.

They are included in the above scheme for completeness.)
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Following the last stage the MOD/MOI cards appear.

(It is assumed

here that there are 4 stages, JX, and 3 accounting types, NX.)

“MOD (JX=1, NX=1,

MOI

MOD

MOI

MOD

MOI

MOD

MOI

MOD

MOI

MOD

MOI

MOD

MOI

MOD

MOI

MOD

MOI

(JX=1, NX=1,

{JX 3, NX=3,

(J¥=3, NX=3,

(JX=4, NX=1,

(dX=U; NX=1;

(JX=U, NX=2,

(JX=4, NX=2,

(JX=4,

(JX=4,

(JIX=1,
(JX=1,
(JX=1,
(J¥=1,
(JX=1,

(JX=1,

(JX=2,

(JX=2,

NX=3,

NX=%'

NX=1,
NX=1,
NX=2,
NX=2,
NX=3,

NX=3,

NX=1,

NX=1,

KDX,

KIX,

KDX,

KIX,

KDX,
KIX,
KDX,
KIX,
KDX,

KIX,

KDX,
KIX,
KDX,
KIX,
KDX,

KIX,

KDY,

KIX,

Iix:f)

IXX=1)

IXX=1)

IXX=1)

IAX=1)
IXX=1)
IXX=1)
IXX=1)
I1%X=1)

L¥X=1)

IXx=2)
1XX=2)
1XX=2)
I¥X=2)

IXX=2)

1XX=2)

IXX=C)

IXX=2)
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_ Variable 1, Stage 4_
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MOD (JX=2, NX=2, KDX, IXX=2)

MOL" (JX=2, NX=2, KIX, IXX=2)

The MOD/MOI cards are input in blocks for each uncertain physical
variable (IXX=1,n). The block for the first variable occurs,; and the block
for the second variable, and so on. If there are no cost accounts of a
particular accounting type for a stage, then the MCD/MOI cards are left out

for that accounting type ir. that stage.
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APPENDIX B

CASH FLOW LEVELIZATION

When we levelize a stream of cash flows |C(t)| we construct a new
stream {B(t)f with the following properties:
a) B(t) is of constant value for all t either in real or nominal
terms, depending on the type of levelization

b) The net present value of 2C(t)* equals the net present value of

{B(t)%, or
N N
z Cle)(1 + K)°F = 2 B(t)(1 + K)~°
G = O t =16

where K is the discount rate.
If there is positive inflation, the real levelized flow will increase
over time in terms of nominal dollars in order to maintain a constant

purchasing powver. This case is shown in Figure B-1.

i C (v
tual cash
|/ac
|

flows

|
‘ real

Cash I levelized
Flow N SS— __:/_;:/t—/'__'_l_{__fiaverage

in | ‘, 1 nominal

$ per e "1 : } l l ‘ levelized
2 |

;2:2:; 0 \ , | 1 = time

Figure B-1. Cash Flow Levelization



APPENDIX C

RE—

A BRIEF SURVEY OF THE THEORY OF INSURANCE

Insurance and insurance type phenomena arise because some people are
willing to accept the certain loss of a small sum (the premium) in preference
to the small chance of a large loss and a large chance of no loss. A
theoretical analysis of such phenomena should rightly begin by attempting to
explain how people choose between alternatives involving risk. Although
economic theorists have tried to expl-in such choices, such explanations
had never been integrated with the theories that account for chcices among
riskless alternatives until the pristine effort by Friedman and Savage
(Reference 19).

Such an attempt, however, led to a drastic revision of unreasonable
belief in the concept of diminishing marginal utility. For they showed that
such an assumption was wholely redundant in the explzanation of insurance or
gambling.

There they defined the expected utility of an alternative involving
risk, namely A, that has a chance « of an income I1 and the complementary
probability of an income Iy, as

U(a) = aU(T,) + (1-2) U(I,)
and consequently if I* is the certain income that has the same utility as A
(see Figure C-1), i.e., U(I*) = U(A), then the maximum amount he would be
willing to pay to insure himself against the uncertainty would be:

I -1I*% where 1 = AIl + (l-u) I

utiumy 1

Figure C-1
Expected Utility
and Certain
Equivalent

INCOME




Their paper thus set the basis for an expected utility maximization
analysis for insurance type phenome&na--an approach buttressed by the arguments
of Von Neumann and Oskar Morgenstern (Reference 156).

This was in 1948, Several years later in 1976, Benjamin Eden
(Reference 5) showed tne converse in a rigorously elegant paper. Assuming the
expected utility hypothesis he showed that U" < O is a sufficient but not a
necessary condition for insurance type pheonomena. He proved that people will
eliminate future risk by insurance and create the desired (if it exists)
present risk by gambl ng. 1In fact, doing so makes everyone better off.

Having delved on the fundamental assumption leading to insurance
theories, we shall proceed to the theories themselves. But before doing so,
let us identify some features of current insurance firms so that from the
firms we can continue to the theory of their functioning.

It was pointed out by Marshall (Reference 7) that it is mainly
because of these features that insurance companies do not insure
catastropnies. The features being:

(1) Reserves: He defines it thusly: If z is the ratio of reserves
to total liability, % the probability of loss L, and if there
are n people, with k losses a vear, then the firm is ruined if

KL > ndlL + nLz
and since by the Weak Law of Large Numbers (WLLN), for a fixed
% > 0

Plim k/n = @,
economies of pooling reserves exists whenever an increase in n
tends to concentrate KL/n around JL as n increases. In other
words, he showed that there is no economy in pooling resources,

and hence no role for insurance if WLLN does not apply.
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(2) Mutuality: under mutuality each person's consumption depends
upon other's losses through dependence on the aggregate income
level. Thus, in this case, insurance companies merely act as
brokerages that exchange appropriate bundles of claims between
individuals.

Most insurance companies work on one of these two principles, mainlv
the former. Marshall adds that catastrophes involve interdependence of risk
and hence rule cut 1¢ WLLN rendering insurance under the reserved principle
impossible.

In all of the theories to foliow, therefore, interdependence of risk
is assumed away, and Wwith stochastically independent risks across individuals,

we can talk of functioning insurance firms under the referred principle

L ICAp o™

THE THEORY OF INSURANCE AND OPTIMALITY UNDER INSURANCE

'

Perhaps it is apt here to start by mentioning Pauly's paper
(Reference 8) which, though not the first one renders a ‘ucid discussion on
the theory of insurance. Pauly, Arrow (Reference 1) and Johnson (Reference 6)
have together provided sufficient literature on the theory of and optimality
under insurance.

\

Their simplest form (Pauly's) has a 2-state model in which individ-

uals face a possible loss of a fixed amount L, and protects himself by buving
insurance, X < L and engages in an activity z which can reduce the

probability of the loss.

Thus with
and assuming
’z . g
1 X —

amn
we have rx—- > 0.
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Characteristic of this model (and a truth in real life) is the fact that,

JPi .
iz, | x. = x* °
| i i

which is the essence of moral hazard, a problem well defined by both Pauly and
Johnson, i.e., under moral hazard, the insurance induces the individual to
alter his value of z, since n, = n, (2, ).

i i i i

W . x
i1

And so N TS =0
i
EPi
While — .
0Z, Ky =, K
i ~ i
Pauly makes an attempt though to provide a theoretical solution to
the problem of moral hazard. He begins by envisioning an individual to buy
insurance by solving a two-stage problem.

e g [~ = R o ;
For an initial wealth if he is indeminified Xy Sy and if

expected utility can be given by:

EU = (1-7(z.)) - u(s® - 2z, - p.) +«7(t.) us® - z, - p. + x, - L)
i i i i i i i

i i
he can be looked upon as optimizing EU with respert to z., first and then gets
z;(xi). Next he optimized EU with recpect to xj.

If z; is observable by the insurer then the insured would set X, = Y

and choose that level of z; such that

—Z- = 1
12,
1

However, z.1 is unobservable. What is in fact observable is L
{Spence and Zeckhauser (Reference 10) go into greater detail.) Then assuming
Wy = wi(xi), the price of X; = p(xi), i.e., the premium for X is

i

given by

e
x |o
|
e TS
X=X

1
=
+

I
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At this point, Pauly shows that in the case of competitive
equilibrium, given the assumptions, the price of insurance per unit prrechased

(zp) is a constant. Zero profit conditiors demand,

Since x; is the same given p

and hence in competitive equailibrium there is an over production of

insurance. Further, in the competitive model

dp _
ax - F °

which means x = L. Hence a person who buys any insurance at all buys full
coverage.

While Pauly proves that in the presence of moral hazard, x = L, Arrow
shows why such a state is suboptimal. Thus, Pauly concludes that for
"rational" decisions, the individual's premium must vary as much as possible
with his expected loss. That is to say, his recommendations to tide over
moral hazard is to provide public provisions that either:

(a) require the individual %to buy as much insurance as he would have

under optimalicty ur,

(b) force him to declare his total purchases Xy to every firm from

which he buys insurance.

Adverse Selection: This is another problem well formalized by Pauly

(Reference 8). Under adverse selection there exists two indistinguishable

orp

risk classes and WB such tnat
m >

If they were distinguishable, they could be charged prices under competitive

equilibrium

C-5



* n *
pn=u zmdpc;:v'G

However, since they are supposed to be indistinguishable, let there be a price
Pe charged to all. Clearly under zero protit conditions Pe is the lowest

(an aspect well dealt by Johnson 6 ) amount that satisfied,

LﬁBxB(pE) + ivuxc(ps)
BTN xB(pF) + l;xc(p )
B ’ G E

Determination of Pe (Reference B and Reference 6) is the following: "There
will be an excess of payments by tyre-G individuals over their actuarially
fair premiums and a deficiency for type-B. As Pp increases from p.G, the

sum of excess payments by type-C individuals will increase to a point, reach
an interior maximum and decline, if demand curves are negatively sloped, while
the sum of defiziencies in payment by type-B individuals will increase
continuou:ly as p falls. Equilibrium will be reached at a point when the sum
of excess payments equals the sum of deficiencies. (See Figure C-2)

L

g(%xc - p'OxC)

S~

(pex® - p"Ex®
0

Figure c-2



A solution t~ this problem of adverse selection is the following: If
compulsory insurance X mus® be purchased and if voluntary additional
insurance could be bought, F only sho4s that this will be bought only by type
B people at an equilibrium price p'B.

Thus here compulsory insurance laws tells the sellers that anybody
who buys insurance over the mandatory quantity is a type B person and hence
can be charged pQB.

Compulsory insurance is useful here in contrast to the moral hazard

Ccase.

Note that the difference is mainly because in the moral hazard case

o
5 is a continuously increasing function, and so information on x is needed

pe able Lo obtaln mwix) = P. But in the adverse selection case, there are
= _G B = . -
only 2 classes and 77, and the problem is to be able to classify
individuals. Thus, while compulsory laws could help in this classification,
they provide no information on x.
Of several other concepts that attracted theoretical ventures, one
deserving of mention is that of coinsurance, whose existence was first shown

by Arrow (Reference 1). He proved that if both the insurer and the insured

are risk averters, and there are only coverage costs, then,

It has thus been acknowledged that in the operation of contingent
claim markets (insurance markets are an example) it is necessary for the
insurer (e.g.) to monitor actions taken by the insured that affect the
probability and/or the magnitude of loss and hence the payoff function. 1In
real world this may not be possible. A series of papers were written to view
the real world functioning of these markets. Most noteworthy are those by

Spence and Zeckhauser (Reference 10 and Reference 12).



Spence and Zeckhauser show that if u is the utility of wealth w, the
act of nature is n, and if the individual action is a, g(s) the payoff
function over the information s monitored, and R - Y(n,a) is the return on
individual action,

f(n) the distribution of n, then:

(a) If the insurer can monitor y directly the insurance scheme can
operate like a traditional continent claims market. No adverse
incentives, and full risk spreading is achieved.

(b) If the insurer can monitor R, when it exists, adverse incentives
problem can be warded off by stgructuring g(.,,a) to enforce
appropriate a = a¥,

{(¢c) However if g( ) = g{z), then Lhe individual alters a to increase
g(a), and although the insurer is aware of this adverse
selection problem, he cannot overcome it leading to improper
risk spreading.

Illustrating with the case of catastrophic illnesses, Zeckhauser
(Reference 12) points out further problems in the establishment and efficient
running of a contingent claims market for a coverage of such ilinesses. His
model shows how insurance, a mechanism to transfer money between states of the
world to maximize expected utility, works to get efficiency. The process
involves transfer of resources from states of high utility but low marginal
utility to states of low utility but high marginal utility. Several variables
like annuities do not satisfy this property.

Even assuming the market has been established, possible
inefficiencies, other than those due to adverse selection and moral hazard,
could be:

(i) Actuarial: 1i.e.; we ought not tc consider the 2fficiency of the

contingent claims payment sclely on the context of the states in
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wnich they are paid. We should rather be seeing the patterns
requested by individuals before his condition became known.

(ii) Ceremonial: where money is spent (as the frills in medicel
coverage) even though total welfare could be better off by
conserving the expenditure

In general the literature dealing with real world contingent claims
markets clearly show the incapacity of these markets to achie-. tl'= efficiency
levels purported by related theory.

Equilibrium ana Dynamies of Insurance and Reinsurance Markets:

Equilibrium in these markets have been studied just short of
constructing a dynamic model that analyzes how companies would adjust their

pelicies with changes in the market, The most illuminating work is Ly Arrow

po
(Reference 19), Allais (Reference 18) which has been referred to in an
exhaustive work by Borch (Reference 3). An ariomatic analyses, however, has
been best done by Wilson (Reference 11).

Borch extends the Walras-Cassel model to markets where decisions are
made under uncertainty, typically the reinsurance market. He posits that of
the total claims to be paid by the ith insurance company is xi, and if the
treaty made by this company is Yy (xi v xn), then . will depend
only on K]+ Xy eee Xy i.e.; the total amount of claims made on the

industry. And hence that any pareto optimal arrangement is equivalent to a

pool arrangement. Further if Fi(xi) is the risk distribution, then prices

for these treaties P = P(F), if they exist, do not lead to a pareto optimal
arrangement under utility maximization, although to an equilibrium.

This result is in apparent contradiction to the results arrived at by
Arrow and Allais. The reason is that Allais (dealing with the market for

lott.ries) assumes that the lo:teries are indivisible and that there is only

C-9
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one kind of ticket, which has a normally distributed prize associated with
it. As Borch points out "the problem will completely change if the model is
generalized by the introduction of several kinds of tickets (prize is drawn
from different probability distributions." The prcblem can then be analyzed
in a way similar to Borch's if orc accepts the Bernoulli hypothesis. Allais,
however, emphatically rejects this hypothesis.

Arrow's model is more general. But the diffarence in the results
noted above arises because his mode) has a price associated with every state
of the world. The price being the same for all states that lead to the same
amount of total claim payment. Instead Borch's model has one specific price
of risk P = P(F).

¥Wilson (Refercace 11) studies the zlleceation of insurance policies in
a competitive market when firms cannot distinguich between different risk
classes of consumers. Unfortunately, it can be -hown that in models with self
selection, there can be no equilibrium if firms have static expectations.
However, he later shows that it is possible tn revise the expectation of firms
in such a way that an equilibrium exists.

Conclusions:

In closing, it can be -emarked that while existence of insurance and
insurance type phenomena together with the problems entailed by their
theoretical explanations, have been analyzed by scholars, removal of
in2ffiencies in the real world eludes formal expositions. It would also be
interesting at this point to szt up a dynamic model that analyses how

insurance companies could alter their policies with changes in the market

parameters.
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