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Can heat pumps economically assist in 
geothermal space and water heating? If 
so, common cooler waters can be developed 
in addition to the rare hot resources 
which are now exploited. Though a lack 
of data prevents us from assessing actual 
reserves, it can be assumed that a math­
ematical distribution similar to a Pois­
son distribution applies. The curve would 
peak somewhere near the temperature of 
normal ground water (. 20° C). as shown in 
Figure 1. The curve, does not incorporate 
normal, near-surface, run-off water that 
resides in the ground only for brief per­
iods (a year or so) and never has the 
opportunity to be geothermally heated. 
If such transient waters were included, 
the curve would be peaked at an even, low­
er temperature, enclosing a much greater 
amount of water suitable for heat pump 
applications. At any rate, there is 
clearly an enormous energy potential if 
heat-pump assistance is practical. 

Figure 1 - A probable distribution for 
geothermal ground water. 

The analysis summarized below considers 
source water of four temperatures: 55° F, 
80° F, 130° F and 180° F, i.e. A, B, C 
and D shown in Figure 1. Case A repre­
sents a typical groundwater heat-pump 
application of the type recently popular­
ized (1) for which a number of package 
heat pumps are available. This applica­
tion has been quite successful for both 
heating and cooling some large buildings, 
particularly in climates that experience 
extremely cold winters when the coeffic­
ient of performance (COP) of an "air-
cooled" heat pump drops to near unity. 
The typical COP of a "water-cooled" heat 
pump operating on 55° F water is 3.5, if 
it is assumed that 10° F is extracted from 
the water. 

Case B represents the coolest waters 
normally considered geotherraal. At 80° F, 
the water is too cool to be used directly 
for space heating, yet it is too warm to 
be used as domestic water. If homes and 
buildings are to use heat pumps and this 
water, in general, two water circuits will 
be necessary. A heat pump operating at 
this temperature and extracting 25° F will 
typically have a COP of 4.5. 

Case C at 130° F considers the coolest 
waters practical for direct geothermal 
use, without heat-pump boosting. The 
direct use extracts 20° F from the water. 
There may still be an advantage, however, 
to providing a heat-pump boost under those 
circumstances. With heat-pump boost to 
extract 50° F from the water, a coeffi­
cient of performance of 5.5 might be 
expected. 

Case D at 180° F represents a tradition­
al direct use of geothermal energy at an 
ideal temperature for space heating and 
water heating. Typically, 50° F can be 
easily extracted from the water. Waters 
in this temperature range have been suc­
cessfully used in district space heating 
systems in Iceland and Boise, Idaho for 
years. The current economics of building 
such a system into an existing city has 
been studied (2). 
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To evaluate the economics of these four 
resources, two different climates were 
compared. The' first is an 8400° F.-day 
situation (#1) with an ASHRAE design 
temperature of -11° F., corresponding to 
cities with a climate similar to Idaho 
Falls. The second situation is 5600° 
F.-day (#2) with an ASHRAE design temp­
erature of -1-3° F., corresponding to the 
climate in Boise, Idaho. However, for 
Situation #1, we recommend design water 
supply rates to adequately supply the 
needs at -(-15° F. , using supplemental 
heat for colder conditions, which consume 
5% of the annual heating load. For 
Situation #2, a -f25° F. design load for 
the water supply system has been shown 
to be the economical optimum (2), for 
which supplemental heat supplies 5% 
of the annual requirements. For this 
analysis we have also assumed that all 
of the norraal domestic water heating 
load is.also supplied by the ground 
water heat source. 

^ This represents half of the city of 
Idaho Falls (Situation #1), 1/6 of the 
city of Boise (situation #2). These 
homes were assumed to have a net average 
heat load of 600 Btu/hr .°F temperature 
difference, where "net" refers to the 
actual heat loss minus the sensible 
(internally generated) heat. The main 
pipelines for such a section of a city 
will cost about $2 million, installed. 

For coraparison, a city of 20,000 
people in Idaho consumes about 12,000 
acre-ft. per year of domestic water. 
Hence, the water supply needs for 
space heating exceed the domestic 
needs if a typical ground water space 
heating purap is to be used. However, 
it should be noted that the doraestic 
use peaks in the summer, while the 
space heating needs peak in the win­
ter, making a synergistic solution 
possible. 

Reference #2 stressed the economics 
that required a large district heating 
system if a raain pipeline was to be 
used economically, particularly a pipe­
line to be installed in existing streets. 
In new subdivisions, pipeline economics 
can be considerably more favorable, 
making smaller-sized systems econoraically 
practical. However, for the cases shown 
below, we have chosen a district systera 
of homes and businesses equivalent to 
7500 average homes, approximately the 
size of a city of 20,000 population. 

Capital costs of the above cases 
are based on 'assumptions of well depth 
and productivity. These can vary sub­
stantially, depending on the geohydro­
logy. For purposes of comparison, 
however, a geothermal gradient of 2 1/3 
times the "world average" was assumed, 
probably characteristic of the likely 
situations throughout the west. Well 
productivity was assumed to worsen with 
depth, and larger pumping heads were 
required, not because of lower arabient 
water levels, but because the well would 

Cliraate 
Situation #1 

Climate 
Situation #2 

Total Heating °F 
ASHRAE Design Temperature °F. 
"Geothermal" System Design Temp.°F 
Total Yearly Space Heating Needs(Btm) 
Yearly Hot Water Needs 
Total "Geothermal" Heat Market 
Gross Revenues at Competitive 

Price of $3/M Btu 

8400 
-11 
-t-15 
9.1 X 
1.5 X 

lOll 
lOll 

10.6 X lOll 

S3.18 million 

5600 
-̂ 3 
-t-25 
6.1 X loll 
1.5 X lOll 
7.6 X lOll 

$2.28 raillion 

The water use requireraents annual­
ly for each of the cases is as follows: 

a) 
b) 
c) 
c-1) 

d) 

10° 
25° 
20° 
50° 

50° 

T Heat Pump 
T Heat Pump 
T Geothermal 
T Geothermal 
Pump Boost 

T Geotherraal 

with Heat 

Climate 1 
Acre-ft/year 

39,000 
16,000 
20,000 

7,800 
7,800 

Climate 2 
Acre-ft/year 

28,000 
11,000 
14,000 

5,500 
5,500 
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be pumped to get the highest reasonable 
productivity. The following table shows 

the assumptions for each case and the 
capital cost of each. 

Case 

a 
b 
c 
c-1 
d 

Well Depth 
ft. 

400 
800 
1500 
1500 
2500 

Avg.Prod, 
per well 
Gal/Min 

2000 
1500 
1000 
1000 
700 

Climate 
#1 

No. of 
Prod. 

Wells 

19 
10 
19 
8 
11 

Total 
Pumping 
Head 

including 
disposal 

300" 
400' 
500' 
500' 
700' 

Avg.Prod. 
W e l l •̂  

Pump Cost 

$50K 
90 
180 
180 
300 

Climate #1 
Total supply 
system cost 
including 
S2 million 
for main 
Pipelines 

$3,140,000 
3,080,000 
7,130,000 
4,160,000 
6,950,000 

Cliraate #2 
Total supply 
system cost 
including 
$2 million 
for main 
Pipelines 

$3,020,000 
2,907,000 
6,549,000 
3,890,000 
6,500,000 

*For disposal of the used fluid, 20% of the production well costs was assumed 
for cases "a" and "b", 50% for "c", "c-1" and "d". 

Annual electric power requirement for 
each of these cases is as follows. It is 

assumed that the cost of electricity is 
3 cents/kwh. 

:ase 

a 
b 
c 
c-1 
d 

Pumping 
Million Kwh 

1.6 
8.6 
13.3 
7.5 
7.5 

Climate #1 
Heat Purap 
Million Kwh 

88.7 
69.0 
0 
56.5 
0 

Conclusions 

Total Cost 
Million $ 

3.14 
2.33 
.40 

1.92 
.23 

Pumping 
Million Kwh 

11.5 
6.2 
9.6 
5.3 
5.3 

Cliraate #2 
Heat Pump 

Million Kwh 

63.6 
49.5 
0 
40.5 
0 

Total Cost 
Million $ 

2.25 
1.67 
.29 

1.37 
.16 

The coraparison of the five different 
"geothermal" heating cases must be made 
with an understanding of the economic 
criteria upon which the organization 
(company) that supplies the geothermal 
water raust work. A municipal system that 
enjoys low borrowing rates will be less 
affected by high capital costs than would 
a capitalized system. For the latter, a 
"pay back" guideline of three years may 
be considered typical and appropriate. 
With these assumptions, the following 
conclusions can be drawn relative to the 
costs of conventional oil and gas heating 
systems having fuel costs of $3/M Btu 
(the equivalent of about $450/hour). 

Case A - Heat puraps using 55° F ground 
water would cost as much to operate as an 
oil or gas systera. The initial installed 
cost by the home owner is about $500 more 
per home, and the water-supply system 
would add about '$50/year, amortized, if 
the supply system were coraraon with the 
regular domestic water supply. If a 
separate set of lines were needed, the 
system is not now cost competitive. The 
disposal of the continual high flow rates 

during winter does represent a problem 
for sewage treatment, and separate dis­
charge lines may be the least costly 
solution. The application is pollution 
free at the user facility, giving it a 
definite advantage over fossil-fuel heat­
ing. 

Case B - A system using 80° F groundwater 
heat pumps, requiring separate supply and 
disposal circuits for the domestic water 
system would save 25% in operating cost. 
But amortization of the capital cost 
exceeds this saving by $50/year per home, 
similar to Case A. However, the relative 
cleanliness, convenience, and compactness 
represent advantages well worth the extra 
cost. 

Case C - Geothermal water .of 130° F has 
negligible operating cost, and the savings 
are easily greater than the amortized cap­
ital cost. Home-owner equipment invest­
ment is $500 less than for heat pump. 

Case C-1 - Using 130° F geothermal water 
with a heat-pump boost to extract more 

389 



Kunze/Forsgren 

heat from the water is more expensive 
than Case C, the direct use. However, 
the heat purap will cool the water to 80° 
F, virtually eliminatig any problem of 
therraal pollution if disposal is to be 
into a stream. This intangible advantage 
may, in certain cases, translate to a 
_less expensive overall systera than the 
direct use without heat-pump boost. 
Because of the substantially lower water 
supply requirements, the main pipeline 
system could accomodate significant expan­
sion to serve 2 to 3 times as many homes 
and businesses. 

Case D - The direct use of 180° F geother­
mal water has virtually no operating cost. 
For Climate #1 (8400° F-days) , inviestment 
amortization is easily covered by the 
savings. In the case of Climate #2 
(5600° F-days), the overall costs are 
equivalent to gas and oil. The homeowner 
investment if $500 less for the gebther­
mal system, and cleanliness, convenience 
and compactness are further advantages. 

Note that the conclusions are based on 
a $3/M Btu net cost of fossil-fuel heat­
ing. These current costs are expected to 
excalate faster than will the cost of 
electricity to drive heat pumps. Thus, 
the heat-pump cases should show improved 
economical competitiveness in the future. 

A general conclusion to be drawn is that 
pumping costs are an insignificant part of 
the total (less than 20%). Hence, wells 
should be pumped to their fullest capa­
bility for reasonable pump capital' costs. 

since every one of the five cases showed 
a combination of attractive economics and 

convenience, the test drilling for geo­
thermal water is a sound investment. 
Regardless of the water temperature dis­
covered ̂  the typical situation should lead 
to a'"geothermal" heating system that is 
attractive if implemented on a large 
enough scale. We have made no mention 
of raaintenance and operating-labor cost 
coraparisions for the five cases, for we 
feel these will be comparable, and will 
represent only.an approximately 10% 
addition to the overall costs quoted 
above. If heat-pump applications are 
required, these do offer the added advan­
tage of being able to air condition in 
the suramer. 

Finally we note that in certain areas of 
the country neither fuel oil or natural 
gas can be obtained in adequate supplies 
for newly constructed facilities. Any 
of the five cases above is significantly 
more attractive than electric heat or an 
air-to-air heat pump for climates at 
least as severe as approximately 5000°F-
days annual heating needs. 

******************** 
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ENVIRONMENTAL NECESSITY AND SUFFICIENCY: 
THE CASE OF THE RAFT RIVER PROJECT 

J. F. Kunze and S. G. Spencer 

EG&G Idaho, Inc. 
Idaho Falls, Idaho 

Long before it was drilled, the Raft River 
geothermal reservoir in southern Idaho was cor­
rectly characterized by geothermometry as a 
moderate-temperature resource. Three deep-hole 
wells have since been drilled into the paleozoic 
quartz-monzanite basement, reaching the predic­
ted 150°C (300°F) temperatures well before en­
countering the poorly-fractured basement. Des­
cribed below is the environmental program that 
began prior to drilling and accompanied the 
development of a complete well field for a 
5-MW(e) [40-MW(th)] pilot plant. 

Initial Considerations 

A primary concern was to involve all 
organizations having an interest in the area's 
environment. Figure 1 shows the matrix of 
organizations whose involvement and help was 
solicited. The names with asterisks are those 
organisations which received funding to parti­
cipate, in return for specific data and evalu­
ations of the existing environment. 

The major environmental concerns initially 
addressed were as follows: 

1. The area is a fragile desert environ­
ment which once was a rich grazing area, a high 
steppe-grass country, prior to its being over­
grazed in the latter part of the 19th century. 
Precipitation on the valley floor averages 25 cm 
(10 in.) per year. 

2. Sensitive species could be disturbed 
by noise or habitat encroachment during drilling 
and construction. 

3. Historical materials and artifacts 
could.be destroyed. The area was traversed 
by the old Oregon-California trail. 

4. With injection of the geothermal fluids 
being a planned necessity because of the huge 
quantities that must be flowed (42 L/sec/net-
MW-output, or 680 gpm), would there be: 

i) selective subsidence if the injec­
ted fluids are not of full quantity or do not 
mix with, the producing reservoir? 

ii) possible seismic activity from 
changes in reservoir pressures or fault lubri­
cation? 

5. Could the near-surface domestic aquifer 
be contaminated either during drilling or later 
during production and injection? 

6. Could well testing, construction activi­
ties, or cooling-tower operation cause atmospheric 
contamination? 
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Fig. 1 Primary Participants in 
Raft River Environmental Program 

The Fragile Ecosystem 

The baseline assessments of the biota were 
conducted by three universities -- University of 
Utah, Idaho State University, and Brigham Young 
University. The significant aspects that can be 
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labeled fragile were: 

1. The ferruginous hawk nesting grounds. 
Though the species is not officially threatened 
or endangered, the Raft River Valley is one of 
its few habitats. Figure 2 shows the nesting 
sites, with suggested 1-mile radius exclusion 
areas. 

2. Sage grouse strutting grounds and brood-
rearing areas. This species' environment is being 
encroached upon throughout the West. 

The recommendations were made to prohibit 
drilling and construction during nesting periods. 
These recommendations are inadequate as a perma­
nent solution—instead, an evaluation of the 
disturbance-effects patterns has been planned 
during the small pilot-plant programs, before 
major geothermal development begins. 

Fig. 2 

Withdrawal 

Ferruginous Hawk Nests 
and Buffer Zones 

Seismics 

The Colorado School of Mines, under contract 
during 1974, conducted a study of the natural mic­
roseismic activity in the valley. During the 
entire 90 days of the study, only seven events 
with S-P times of less than 2.0 sec (corresponding 
to epicentral distances of less than 17 km) were 
detected. The scarcity of events and the low 
magnitude of their, force seem to indicate that 
the area is more closely related to the aseismic 
Snake River Plain than to the active Basin and 
Range Province. Though naturally aseismic, the 
valley could become active as a result of long-
term production and injection of the geothermal 
resource. Therefore, monitoring of microseismic 
activity is continuing, with four stations oper­
ating in the valley. 

Subsidence 

When benchmarks were releveled by the USGS 
in 1974, it became apparent that significant 
elevation changes had occurred in the northern 
part of the valley. Two types of movement were 
suggested; regional movements, probably as a 
result of tectonism, and a cone of subsidence 
of more than 0.8 m (2.6 ft) in an area of ground­
water decline. The USGS line has been extended 
to include a grid around the production-injection 
field. No subsidence has been detected to date, 
although geothermal fluids have been produced and 
reservoir pressures have declined. Extensometers 
are being installed at various depths in the near-
surface and geothermal aquifers to differentiate 
among: 1) subsidence that may result from produc­
tion of the geothermal resource; 2) that which 
results from pressure declines in upper aquifers 
hydraulically connected to the geothermal resource; 
and 3) that which results from normal groundwater 
withdrawal for irrigation. 

Water Quality Monitoring 

Because of the major dependence on water for 
irrigation and domestic purposes in the area, the 
possible contamination of these supplies has been 
of prime concern. Both the surface and ground­
waters have been sampled frequently during the 
past four years. Several irrigation wells show 
the influence of natural leakage from the geo­
thermal resource (see Table 1). Because injection 
may alter or enhance this natural communication, 
a series of monitor wells has been drilled to 
depths of from 150 to 460 m. 

Depth, m. ( f t ) 

T i H ) 

pH 
Conductivi ty 

K 

Ll 

tia 

C i ' 

F" 

HCO-j 

' Near geotbemal 

RROE-1 

1521 (4989) 

147 

Avg, 7,2 

3373 

53,5 

31,3 

1.5 

445 

776 

6.3 

63.9 

Hells 

RRG[-3 

1790 (5840) 

149 

6.3 to 7.5 

9530 

193 

97.? 

3.1 

IISS 

2170 

4.6 

44.4 

I j p lCJ l 
I r r i g a t i o n Welt" 

110 (360) 

29 

7,7 

4400 

92 

19,6 

1,7 

777 

1257 

5,1 

131 

Raft River 

IS 

8,4 

1060 

104 
9 

0,04 

92 

220 

.72 

229 

Air Quality 

Geothermal power plants at the Geysers in 
California have at times faced stiff opposition 
from environmentalists claiming that air quality 
standards had been violated. The primary concern 
was H-S; secondarily, water vapor was a concern 
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(in essence it would be an "enrichment" to the 
arid climate of that region). Because of the poor 
image regarding air.quality attached to ideas of 
geothermal development, a very thorough baseline 
study was begun at Raft River shortly after the 
first well "came in." 

Both high-volume and low-volume air samplers 
were installed near the site and 15 miles to the 
north of Malta, the only nearby town. A complete 
meteorological system was installed, and pollution-
monitoring cameras were mounted, aimed principally 
toward Pocatello (80 miles to the northeast) and 
the Salt Lake Valley (80 miles to the southeast). 

The air samplers picked up significant quan­
tities of phosphates (from local farming opera­
tions) and of sulphates (identified as those char­
acteristic of the smeltering operations in the 
Salt Lake Valley). Pollution monitoring showed 
very significant ingress over the Strevell Pass 
from Salt Lake, with minor (1/4 as much) ingress 
from the Pocatello area. 

Injection of most of the used geothermal 
fluid at Raft River is intended, except for that 
to be used beneficially for agriculture and aqua­
culture. Furthermore, HpS has never exceeded 
0.15 ppm in any of the deep wells. These factors 
alone would indicate that the extensive air-quality 
monitoring program was technically unessential. 
But when one deals with a preconceived negative 
image of geothermal development and air quality, 
it is pol-jtically essential to establish a thorough 
baseline for comparison at a later time. 

Today's Concerns 

Most of the initial concerns listed above 
have been adequately addressed and evaluated well 
in advance of developing a geothermal area in the 
valley. However, there remain two concerns which 
were not appropriately recognized until the wells 
were drilled and certain reservoir evaluation 
results were available: 

1. Operation of the production and injection 
wells may well affect the near-surface aquifer. It 
is not certain that these effects will be detri­
mental , however. 

2. Water consumption from wet cooling towers 
in a moderate-temperature geothermal power plant 
is three to five times greater, per unit net elec­
tric output power, than for fossil or nuclear power 
plants. 

Better evaluation of the vertical connections 
in the aquifers, of the natural convective flows 
among strata, and of the chemistry of the various 
strata is the major data requirement for the cur­
rent phase of the environmental program. Presently, 
the near-surface aquifer does not appear to be much 
purer than the geothermal aquifer. There seem to 
be connections between these aquifers, which im­
plies that consumptive use of any water affects the 
inventory of the domestic and agriculture water 
resources in the valley. 

Conclusions 

The Raft River environmental program was 
designed to address the concerns associated with 
geothermal development. As development progressed, 
and more data became available, more emphasis was 
placed on particular concerns. The program is 
continually being modified to reflect these chan­
ges. The baseline-characterization studies repre­
sent an investment of $400,000. The environmen­
tal report preparation represents an additional 
$100,000. Routine monitoring of the parameters 
that may be affected by geothermal development 
is costing $150,000 per year. Is this excessive 
for a $15 million pilot plant development? Cer­
tainly we would hope to learn from the early pilot 
programs what environmental parameters are sensi­
tive to geothermal development, and which are not, 
so that costs can be reduced. Geothermal develop­
ments tend to involve small quantities of power, 
with small environmental impact. Environmental 
study costs should be adjusted according to the 
potential impact. 

This work was sponsored by the U.S. Department 
of Energy. 
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ECONOMIC FEASIBILITY MODEL FOR DIRECT HEAT APPLICATIONS OF GEOTHERMAL ENERGY 

Tod C. L a r s o n 

Science Applications, Inc. 
La Jolla, California 92038 

ABSTRACT 

An Economic Feasibility Model (GEYSER) 
to determine the viability of direct heat 
applications of geothermal energy is des­
cribed. The Price of the Product or the 
Return on Investment can be determined 
given the required economic parameters. 
Variables can be adjusted to perform sen­
sitivity analysis, the key economic vari­
ables can be highlighted, and the range 
of profitability can be forecasted. 

Work performed under the auspices of 
the U.S. Department of Energy, Contract 
No. ET-78-C-03-1529. 

A model has been developed which eval­
uates the economic feasibility of direct 
heat applications of geothermal energy. 
The model, named GEYSER (Geothermal Energy 
Yearly statements of Expenses and Reve­
nues), is a generic model encompassing a 
wide range of investment possibilities and 
concerns a potential investor would have 
regarding the development of a new pro­
duct, such as the rate of inflation, the 
future costs of alternative energy sources, 
and the present and future market demand 
for his product. 

The GEYSER model will enable tbe 
potential investor to evaluate an invest­
ment possibility by using known informa­
tion and ranges of projections for' uncer­
tain data, along with his own perceptions 
of the risks involved, to determine the 
viability of a potential geothermal opera­
tion. Many of the direct heat applica­
tions involve existing technologies which 
can be utilized to lower potential risks. 
Some direct heat uses, including space 
heating, industrial and agribusiness appli­
cations, are being presented at this con­
ference. 

,This economic feasibility model is 
designed to provide two major functions: 

1) to project the range of prices of a 
product developed with a geothermal 
resource, and 

2) to project the range of return on in­
vestment for the venture. 

These projections are based upon assump­
tions which form the basis of the model 
input. The investor with the highest 
degree of certainty regarding these as­
sumptions will perceive a lower degree of 
risk. 

The price and return on investment 
is calculated by projecting the income 
statements of,the venture over the life 
of the investment. (An income statement 
is a standard accounting tool which dis­
plays income and expenses for the year.) 
The time series of expected income state­
ments can also serve as a guide to mea­
sure and monitor the success of the in­
vestment. The project managers will be 
able to compare the actual income state­
ments with the projected income state­
ments to determine where cost projections 
differ. 

The model has two forms of outputs: 
one assumes total revenues and forecasts 
the return on investment; the other works 
in reverse, assuming a return on invest­
ment and Jbrecasting total revenues. 
Tables 1 and 2 display the income state­
ment and "reverse income statement" for­
mats, by which the investments are ana­
lyzed . 

Unlike electric power plants which have 
long lead-times before development, most -
direct heat applications can be developed 
and put into operation in a short time, 
usually less than a year. Therefore, the 
current competing market prices and the 
projections of near-term and long-term 
future market prices are of critical con­
cern. The following discussion shows how 
the economic feasibility model can be 
used to help evaluate present and future 
markets. 
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A. Present Markets 

Given the variables listed below, the 
economic feasibility model is used to esti­
mate the price of, and the return on in­
vestments for, the product. The model 
can be divided into two components. 

Since geothermal energy will replace 
a portion of the energy cost to the opera­
tion, if the component data are available, 
a series of income statements can be gen­
erated for the energy costs and assump­
tions separately. In this way, it would 
be as if the energy producer functioned 
independently of plant production. 

If desired, all components can be in­
cluded in the overall income statement 
projections, as shown below. Many of the 
inputs to the model are optional. By using 
the inputs listed below, an algorithm is 
utilized, which calculates the expected 
revenues from the project and thus, the 
price of the product. Conversely, if the 
price of the product and the level of out­
put are assumed, the return on investment 
can be calculated. 

Using these inputs, the potential in-
investor can generate a price for his pro­
duct in constant dollars for comparison 
with the alternative price of the product, 
i.e., the alternative price of energy in 
the market, in the region at that point in 
time. 

B. Projected Markets 

Markets do not remain stable over 
time as witnessed by the increasing costs 
of oil, uranium and most other products. 
Inflation plays a major role in many in­
vestment decisions and must always be 
considered a variable. In addition, many 
prices increase as a result of increased 
demand. If a geothermal product is pro­
duced in a region which currently has 
adequate supplies, the price and return 
on investment will decrease for all pro­
ducers in that region. Energy costs are 
very responsible to increases in demand 
(decreases in supply). The less depen­
dent geothermal energy is on these fluc­
tuations, the more viable and desirable 
it is. One of geothermal energy's poten­
tially attractive attributes is that it 

INPUT PARAMETERS FOR ECONOMIC FEASIBILITY 

1. Life of Investment 

2. Units of Output (Production Rate) I 

3. Price Per Unit of Output j 

4. Capital Costs 

5. Operating Costs (Fixed) 

6. Operating Costs (Variable) 

7. Rent and/or Royalties 

8. Depreciation Method 
a. Straight Lined 
b. Declining Balance 
c. Sum of Years Digits 

9. Percent of Debt (% Equity) 

10. Interest Rate 

11. Discount Rate 

12. Tax Rates 
a. Federal 
b. State 
c. Property (Ad Valorem) 

13. Depletion Allowance 

14. Intangible Drilling Cost Expensing 

15. Drilling Costs 

16. Investment Tax Credits 

17. Return on Investment (Reverse Income Statement) 

18. Exploration and Development Times 

19. Specific Tax Benefits or Subsidies 
a. As Percent of Capital Costs 
b. As Percent of Taxes 
c. Per Unit of Output 

20. Price of Energy (Additional or Alternative) 

MODEL 

Assumptions for Example 

20 years 
$176,360/yr. 
Total Revenue (TR) 

$967,879 (1978) 

$39,541 

0 

5% of TR 

Double Declining 
Balance 

50% debt 

8% 

48% 
9% 
3% TR 

None 

70% 

$300,000 

10% 

15% 

0 

0 
0 
0 
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is a capital intensive investment, which 
is not subject to fuel price increases. 
Once the well is drilled and the pipes, 
exchangers, etc., installed, the energy 
source, in many cases, has very little 
additional cost. Operating and mainte­
nance costs may increase, but in most 
cases, this is a small component of the 
overall cost. Therefore, it is advisable 
to evaluate the geothermal prospect with 
regard to the specific alternative energy 
sources available to the investor (gas, 
electric, fuel oil, etc.) to obtain pro­
jections of future supply and demand for 
these components and their corresponding 
costs and assumptions. The feasibility 
model is generic, in that assumptions for 
the alternatives can be substituted and a 
direct comparison of the costs performed. 

The two effects which will influence 
future costs and which can be reflected in 
the income statements are included in the 
model. They are: 

1) Cost Escalation Factors 
a. operating and maintenance costs 
b. additional capital cost 
c. energy (product prices) 
d. learning curve effects 

2) Inflation Factors. 

The income statements displayed do 
not include cost escalation or inflation 
factors. The line items in the income 
statement can be adjusted to account for 
forecasted rates. Several indexes are 
available, such as the Consumer Price In­
dex, which can help evaluate this impact 
on a product's economic feasibility. 

Tables 1 and 2 illustrate sample out­
puts in constant 1978 dollars for a direct 
heat application. The assumptions are 
based upon cost and economic information 
from the Total Energy Reaoi)ery System for 
Agr ibus iness (International Engineering 
Company, Inc., May 1977), as well .as drill­
ing cost assumptions for a hypothetical 
site. The example is designed to illus­
trate the output of the model, rather than 
advocate the input assumptions to the 
model. The assumptions used in this pre­
sentation are not validated with any par­
ticular site in mind, but serve as an 
example. 

This example illustrates the benefits 
which would accrue to a small developer 
operating the resource as a primary in­
vestment. Unlike a large corporation or 
conglomerate, the small developer cannot 
take advantage of early expensing of in­
tangibles and investment tax credits in 
the immediate year. (This is shown in 
the income statements.) The expensing of 
intangible drilling costs can only be 
utilized until the net income before taxes 
is zero, because the deduction cannot be 

greater than total 
the small developer 
investment tax cred 
year of operation, 
be able to efficien 
vantages by utilizi 
with other investrae 
a higher return on 

revenues. In addition, 
is unable to use the 
it until the seventh 
A large company would 
tly use these tax ad-
ng them in conjunction 
nts, and thus receive 
investment. 

Table 1 forecasts the income state­
ments in constant dollars. To determine 
the return on investment, the actual cash 
flow of the operation must be considered. 
The incomestatements allow for the calcu­
lation of tax expenses. Net income on the 
income-statements is zero during the first 
6 years of production,, nevertheless there 
is still a positive net cash flow. De­
preciation is an accounting method used to 
determine taxes it reflects the recovery 
of capital but is not included in the cal­
culation of the true cash flow. The cash 
flow is calculated by substituting the 
actual expenses such as the amortized loan 
payment for the paper expenses such as 
depreciation, expensing of intangibles and 
depletion. The cash flow and the net 
present value of the cash flow with an 8% 
discount rate is displayed for each year 
in the table. The internal rate of return 
of the cash flow is 11%. 

At this point the investor might ask 
what conditions would be necessary to get 
a 15% return on his investment. How much 
would he have to raise the price of the 
product to satisfy this requirement? The 
model then goes through an iterative pro­
cess whereby the price required for a 15% 
return is calculated. Table 2 displays 
the corresponding income statements in a 
reverse format. In this case total 
revenues increased to $199,000 per year 
indicating that a 12.8% increase in the 
price of the product would be necessary 
for a 15% Internal Rate of Return. 

The investor, at this point, must look 
at the market for his products and deter­
mine future demand and cost and price 
escalations. The Total Energy Recovery 
System investment produces several pro­
ducts in a synergistic cascading system. 
The market for each ol these products must 
be analyzed to determine the worth of each 
component of the investment. A finer 
breakdown of the capital costs and a re­
view of market demands might indicate the 
net benefit of each component, as well as 
highlight any inefficiencies in the system. 

In summary, the GEYSER model has been 
developed to analyze the economic feasi­
bility of potential users of geothermal 
energy. The model allows for many appli­
cations using as few inputs as necessary 
for a simplified analysis of investment 
possibilities. The model can be modified 
to accommodate specific additions for 
further analysis. 
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IIICOHE STATEMENTS 
MO CASH FLOH 

TOTAL MVEMIES 

MVALTIES ( U i n ) 

OKIUTIK 1 m M T E I M i a 

c w m aPEiisE 

OEI>UCIATIOII (D0U8U 
o e a i i i i a G OALAaa) 

EIPEHSIIIS I I ITAKIB IE 
W I L L l a S COSTS ( (244 .944 ) 

laTEBEST U DEBT 

OCPLniOa ALLOMAKE 

raOi>EBTT TAI • i n s . 

K T laCOME BEFOtl TAIES 

STATE TAIES 

FEDEBAL TAUS 

IDVESTKaT TAI CtEDlT 

K T mCOME 

CASM FLOH 

« n PHESEdT VALUE Of 
CASH FLOS • n 

•) 
TEARS 

1 

SI76.360 

s.Bie 

)9,S4I 

0 

(9.960 

14.035 

]S,7IS 

0 

S,29l 

0 

0 

0 

0 

0 

73.420 

67.981 

2 

176.360 

B.SI8 

39,S4I 

0 

62.964 

2I.B76 

37.B6S 

0 

6,291 

0 

0 

0 

0 

0 

73,420 

62,946 

3 
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39.641 

0 

66,667 

29,097 

36,966 

0 
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0 

0 

0 

0 

0 

73.420 
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4 
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39.541 

0 
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35.9<a 

0 
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0 

0 

0 

0 

0 

73,420 
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5 
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0 
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0 

5,291 

0 

0 

0 

0 

0 

73,420 

49.968 

6 
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8.818 
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0 
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0 

6.291 
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0 

0 

0 

0 

73.420 
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7 

176.360 

8.818 
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0 
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.0 

27,104 

0 
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0 
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0 
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13 

176.360 
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0 
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0 
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0 

5.291 
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6.564 

31.862 

0 

14.517 
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14 

176.360 

8,818 
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0 
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0 
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0 
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0 

35,526 
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0 
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18 
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0 
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0 
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0 
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19 
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a.ei8 

19,541 

0 
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0 
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0 
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0 
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0 

42.199 

0 

19.541 

9.950 

199.000 
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GELCOM: A GEOTHERMAL ELECTRIC LEVELIZED COST MODEL 

J. G. Leigh and J. N. Gupta 

The MITRE Corporation, METREK Division 
McLean, Virginia 22101 

ABSTRACT 

The model described In this paper Is designed 
to project the costs of electricity generated from 
liquid-dominated hydrothermal geothermal resources. 
It exists in the form of an interactive computer 
program called GELCOM, written in FORTRAN IV. 
This paper provides an analytic explanation of the 
methodology. 

This work was performed for the purpose of 
conducting site-specific analyses of the likely 
economic competitiveness of geothermal energy.. 
These analyses are being published separately. 
The model has also been used as a reference point 
in comparing and analyzing other methods of pro­
jecting geothermal energy costs. 

GELCOM consists of an engineering cost esti­
mating model and a levelized busbar cost model, as 
shown in figure 1. The field owner and operator 
("Producer") and the conversion and generating 
plant owner and operator ("Utility") are treated 
as separate financial entities with different cap­
ital structures and subject to different tax and 
other regulations. 

The engineering cost estimating model starts 
from resource characteristics data (such as temper­
ature, salinity, well flow rate, depth, and rock 
hardness), and estimates the capital and operating 
costs for the production field and electrical gen-, 
eratlng plant. These estimates are made by inter­
polating between, or extrapolating from, twelve 
generic geothermal plant designs for different 
resource temperatures, salinities and conversion 
cycles. Well costs are estimated separately, from 

'work performed under the auspices of the U.S. 
Energy Research and Development Administration, 
Contract No. EG-77-C-01-4014. 

2„ Site-Specific Analysis of Geothermal Development-
Scenarios and Requirements", R. K. Trehan, A. 
Cohen, J. N. Gupta, W. E. Jacobsen, J. G. Leigh, 
S. True, The MITRE Corporation, METREK Division, 
MTR-7586, Volume II. in process. 

resource depth and rock hardness. The interactive 
nature of the program allows the program generated 
parameters to be overriden by the user, if desired. 

The capital and operating costs are used as 
Inputs to the levelized busbar cost model. This 
part of the program also requires financial data 
(debt/equity ratio, cost of money, tax rates, etc.) . 
•The algorithm used is based upon one which is stan­
dard in METREK, with certain extensions which have 
been found necessary to cope with factors specific 
to geothermal energy (e.g., capital reinvestment 
in replacement of production wells, Injection wells 
and production plant). 

Inflation and escalation are specifically taken 
account of in these calculations. The levelized 
busbar cost is computed as the cost In.mills/kWh 
whose present value over the life of the project 
exactly equals the present value of all cost streams 
associated with the project (Including retuim on 
equity). GELCOM Includes the option of levellzing 
the Imputed revenue stream obtained from energy 
production with or without accounting for inflation, 
i.e. in either constant or current dollars. 

The prograra is designed to easily estimate the 
effects on busbar costs of reductions in the capital 
and O&M costs of components (perhaps achieved through 
RD&D or through experience), with different reduc­
tions being applicable for plants coming on-line in 
different years. It can also perform sensitivity 
analyses for the cost of electricity for varying 
resource and plant parameters. Fiscal incentives, 
such as depletion allowance, investment tax credit, 
and expensing intangible drilling costs are explic­
itly included in the pirogram and may be used to 
evaluate the impact of these incentives on electric­
ity costs. Figure 2 shows a flow chart for the 
program logic. 

Figure 3 illustrates part of a typical program 
output, for, in this case, the geothermal,prospect 
at Heber, California. The output starts by giving 
the field name, and the plant cycle, size and on-line 
date, followed by, the physical field parameters and 
well flow rates and costs, indicating whether these 
were obtained from operator input or through the 
internal (default) program algorithms. Next, finan­
cial data are given for the Producer and the Utility. 

o 
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Then the estimated capital and operating costs 
for the plant, obtained from the engineering cost 
estimating model are displayed. The capital cost 
basis Includes interest during construction. These 
cost estimates are for current (1977) technology. 
Finally, the levelized busbar costs or revenue 
requirements for this plant are given; the Producer 
costs are converted to mills/kWh of electrical out­
put for convenience. 

The next section of the output takes into ac­
count certain R&D advances postulated to be avail­
able when the plant design is finalized. The 
revenue requirements Impact of each R&D advance is 
shown separately, then the revenue requirements 
Impact for all advances together are shown. Finally, 
a sensitivity analysis is performed for the factors 
shown. Subsequent pages of the printout (not repro­
duced here) show similar infonnation for subsequent 
plants on-line at this site. 

The GELCOM data files currently contain charac­
teristics of twenty-four geothermal (hydrothermal) 
prospect areas. Figure 4 Illustrates estimated 
levelized costs of electricity (using current tech­
nology) from these prospects, including ranges of 
uncertainty due to resource temperature and plant 
reiiabillty. The costs of likely competing energy 
sources are shown, computed using the same level­
ized busbar cost methodology. 

A descriptive guide and users' manual for 
GELCOM has been prepared and is available in lim­
ited quantities.^ 
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EXAHPLE OF OOl^UX. 
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rJPST Pt iUT CIB i l l t E DATE 1 19SJ 

lenr iRj iTURE lu . cB f lTJcm&B DEGBBEs t B i s i iesi tR4T£i ;t isO 
SELL DBPtIt tR ABtEFS.^i . . . ^ ^ ^ ^ 
DFllJE SKL l i t fT t t , . lOB 
0T£BL1]hQ tfaCK T l i t i SOFT 
THE V t U . l iQK RATE 15 ItaT S f £ c l T t E D I TUB DEr^ULT PLQV B&TE ttSED ( l l< in^ /Ht . t 
SPECimrD COST PEB- E^HQDtlCTlOB IfJL^i (Jt i fiDDDOO.O 
S y E C i r M n C03T PES INJECTIOH ll(L^L ( t } t 6QOOOD:0 

TRnjpULER FINAf lCI iL fibt4 

DfQT FKACTlOH I 0^30 
ANNUftt. JHTEbESt BATE OR PEÊ T | f EACtlQHI | O^fia 
QEUlJJ^fb fi^re QF HEfU^H k)» EOdlT l (FJl^ttrOB^ E !)-3D 
tF [J r f r?V 'TA If BATE t f f l A C f l U f l K l O.0» 
|t£vE^U£ TAI nUTE tlQ EldtKLIT (FSACTiaHj j 0 .10 
EFFECTIVE TOTAL IJICOflE TA i RATE (FtlACTtOB) 1 0 . SO 
EFFECTltf i iNVESTHlIifT 7*1 CHEDIl t^atCTJO^} 1 0 . tUt 
E S C A I A ' T I O H ; P.AtTOD^rthfl OGh COSTS' ; 0 .05 

.ESCAlATtOH FACTOD fOP EME&Ct CCSTS t " ^ ^ 
^ESCfcLlllOM; fACTQH FtiR CAPITAL tQSTS I 0-Q5 
' L i f e 3P,»it or '=rf lococT)6( j H f i i s U E I S S I i 10.00 
LIFE 5Pltf DF tHJECTlOH VELLS ( f U P ^ ) ' I 10^00 
t i t s £PAR,OF fOQItOCEft P i :H i i t lEAD^i ; JD^OO 
STABT UP CuSt nifLTiPlnlER °t * 1.0B1 

UTiLiTT'FIBAICIit. JtAth 

DEBT PSACTIQS i 
LNHtfAL i t n e a i i t BATE O? PEPT ( F E A C T I O K ^ : i 
REQI I l iED^ATf OT JJETLTSN, ON El}U]TT ( f M C T l O l j t 
PfiOpJSBTI TAI fllTE tPBACTIOSJ I 
U t a v U E Tl i( BATE, 04 t iClALTI (PBACTIDH^ t 
EPJECtlVS TOTAL IHCOBE TAt RiTf l {fBACTIBBJ 1 
EPF£CTIV~E. IHVE$TfleHT TAI CB£DIT l i^aACtJOl] i 
ESCALATTDS fJiCTOa FOR OtB COSTS ! 
E^CAtlTlON FACTOB fOfi CHEEGI COSTS t 
ESCAIATIOI FACTOB FOB CA^lTJlH c6stS 1 
Lir.e/^PAR o r OTILITir PltLVl (rEAII2J t 
OLTIAAtE CAPACfTr FACTOB ; ' 
START UP COST qU ITJ fL iE f l I 

0:50 

o . t l 
0.01 
ti.a 
0,50 
a.on 
o.i>$ 
0 .0 
0 .05 

30.CfO 

1.038 

• KUriDER'UF lieLLS j CAPITAL COaTDA^tS AID pCA^OSTS ( AlTP flfVEBUE fiEQUIGEflf^TS VJTIIDUT ABT B t p JII^ACfS • 

CAPITAL cosToA^ is ^ ^ i ^ ^ t a i 

16, MODUCIJOH lE tLS [ m S 5 6 ' 
7 iHJfCt lOW VEILS S S^USfi 

;FBqt]ltCEF PLANT^EXCLUPIHG; tlLLLS I T.2^>t 
BCi'LArtRENT FRODUCTJtiM VEILS J 9:Bfi9 
BEPLACIftlENt lir^EI^TIOll VELLS 1 4 .316 
REPL^CEFteilT PLAKT ± <,3.3I4 
TOTAL FOB PNQDtlCTlO^ FTELQ t q l . ^ S f i 
OENEeif lBC PiAJIT t ^ ^ . ITB^ 
T Q t i L : i 1.1-061 

OCH COSTS (1977 f H / T B . ( 

cmDoeeii 
BESEPAl i 
VELL i 
DEEP HELL f l inp I 
SPEIIT DBIKE I B E i l B E i t I 
CIIEIIICII. I n ECU AII l e t t C1.I1IIKII t 
TOT 11 'l 

OTI l i t t 
CEHBHIL 1 
C i lEn iCIL 'E H E ^ H t l K l l , C L I I I I I B t 
TOT!I 1 

0 . 009 
0 , 1 3 9 
0 . 7 3 1 
U,D 
0 . 0 

I . IQO 
0 . 0 

t . H > 

• • REtEBUE eEOUtPEHEIItS • • 

PBQDUCER , 39,eaa BILLS/KVIJB 

i r i i i i t t 1 ie.au mus/sitiifl 
TOTAL : ^B.4»7 AIILS.'KVHB 

FIGURE 3 

EXAMPLE or,pUTPire [CONTINUED) 

niDEB , ciLiFasmi 
KoeTiaocDi 

• RCt tauMTa roR riiisT BD, t - tii I I I B DI IE 19«1 

Ufe COKEORENT 

•tUBDER o r CROCOCIIOl RCt,L9' 
C I P I T I L CQ5-Z PEB .'psapUCTlQB' REIL 
CAPITAL COST PER I t iJCCTIQ. VELl 
C iPtTBL CO$T Of PRDCESS BECUtmCAL (UTI1.ITTI 
C I F I T I l COST o r CDKOCIISEB t H U T R t J t c I l Q l l EQIlUaiRT 
r lDEUCt . OEEf B E l t EURP DCS COST FICTDF (B IR lS f StSIER 

( U n c i PIT CD CelBOB 

m 
-s. i iu 
-5 .00 

-50.00 
-10,00 

' tERr <J6D Qf - J 3 . 0 D 

EIDUlBEIEIIIii (BILLI/K«ai| 
- i . t i i l i • 
-0,.9 3SS 
- o . f l i i o 
- 1 . I ' lJS 
M . 0 6 3 S 
- I . 1 S 6 6 

*4 BEPfHDR. BEQUIBBBEaTS HUB ALL lEFB R£B IflPACTtf IRCLUOBD, * • 

PBODUCEB 
UtI l ITI 

TOT 11 

3D.« ia BILLS/RRUR 
1«.f i37 laiLLS/KHBR 
17 .251 BILLS/tBHB 

•. SEHSITHITT Of COST OP R l E c i a i C i r t (rflOB P l l B I ao . 1 , BSD ISWCIS iBCLgDCD) • 

REJOUBCB L OFERATIRt; PiBABRTfR^ 

fltCH BesDORCE, TEBPEBATUBB.£S1IBATE ^225 BECfliES CERTICStOEl 
lOU. BESOURCB TERPEBiTUOE E^ I IBAtE (1^0 &BGPEE3 CEI^ndBiDE} 
eJGB CipACITT FACTOB VALOE : " D . g s 
LOir CA'PBCITI PACTOB ,VALUB i 0-fiO 
EIPEHSIRO Or'^IBTAri f i lo iE DB i t t ING COSTS ( 7U.D1 O / I T E l 
DEPiETt^tf Ai ia~RABfe.( 22 .0)1 'o r CBOSB I^COABj 
IRtESTBEBI l i t CIEDIT | 7 i . l > BBQSS. IS ,0> EPFECl i lE) 

VEIL c o s t s I I P E H S I D I 

BILIS/RRHB 

3e^ i iso 
06. IBB 
41.1(31 
63 .001 
Ui i ;051 
11,1,237 
B4.TTC 
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?AC I F I C CEMSUS. MGIOH 

{CALiroRMIA, HAWAII, OSEGOS 
WASHINGTON) 

HOUNTAIM CEKSIIS BEG ION 

.(ARIZONA, COLOnADO, IDAHO, MCNTANA, 
NEH MEXICO,"t /rAH. WONISC) 

C o s t a Df 

EiEctricit:r I. 
From Hucledr (. 
P lanes . ISe i 

C a s t a ' o f ' 
1990 . E l e c t r l a l C T 

I Frcim Cdal-
iL'lMJ; 71red F l a n t a 

FrGUnE4: RANGESOFFROJECTED COSTS QFfLECTHICITYFaOIVIHVOROTHERMAL 
LIQUID bOMINATED PROJECTS tWITHOUTRD&O ADVANCES) 
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