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Abstract 

While there are uses for low temperature 
(g120 degrees Fahrenheit) geothermal sources for 
space heating and other relatively low tempera- 
ture applications, many commercial users and 
industries require higher temperatures. These 
higher temperatures (140 degrees to 220 degrees 
Fahrenheit ) are obtainable through supplementary 
heating using oil, gas or electricity; however, 
the cost is high part5cUarl.y where direct elec- 
tric heating is used. Since 19'75 low temperature 
waste heat sources (such as water normally cooled 
in cooling towers) have increasingly been used in 
conjunction with heat pumps for hot water pro- 
duction and space heating. This same concept can 
be applied to a low temperature geothermal source 
to ampliQ the temperature to a usable value or 
amplie the mmant of energy that can be usefully 
extracted from a limited geothermal resource. 

There is a high level of interest in the 
application of industrial water-to-water heat 
p q s  for use with geothermal water in the 60 de- 
grees to I20 degrees Fahrenheit range, considered 
available f'rom wells less than 3000 feet deep. 
The heat in this water can then be temperature 
amplified to increase the deliverable temperature 
by as march as 80 degrees to 90 degrees Fahrenheit. 
The heat pump can be economically used either a) 
to upgrade a geothermal resource already obtained 
where the flow and/or temperature are insuflficient 
to meet the utilization needs, or b) as an alter- 
native to drilling much deeper wells to obtain 
needed higher use temperatures. 

Background 

The economy of the United States is based on 
a high consumption of energy; and, therefore, we 
are one of the countries most affected by the fast 
changing global energy siturztion. We are not, as 
a country, energy deficient as ample reserves of 
coal, oil shale and geothermal energy have been 
proven. However, the development of these re- 
sources has been delayed for a rimer of reasons. 
Relative to geothermal, two of the m s t  important 
reasons are. . . 1) the ecommtcs of recovery, 
distribution and use in the face of today's 
relatively low gas and oil, costs, and 2) geother- 
mal is not broadly appreciated by many design 
engineers. These slternate sources of energy must 

be developed, to both lessen the negative balance 
of payment impact between the United States and 
the OPEC countries, and to reduce this country's 
dependence on foreign oil. 

There are considerable geotherml resources 
in the United States which could be developed and 
become a significant part of the total energy 
supply. It is to the advantage of the United 
States to rapidly develop geothermal resources in 
a manner cmsistent with the overall protection of 
the environment. 

Flhile geothermal reservoir temperatures can 
range quite high, this discussion is oriented to 
those that are =re commrn3y considered available. 
Most geothermal sources have base temperatures 
below 300 degrees Fahrenheit, which is the current 
threshold temperature for economic electrical power 
generation. 
natural heat sources (hot springs, fumaroles, 
etc.), approximately 85 percent have base temper- 
atures less than 300 degrees Fahrenheit. 
tionally, in the eastern United States there 
appear to be numerous, but not yet identified, 
lm-temperature heat sources. 

Of identified western United States 

Addi- 

Water Temperature Versus Well Depth 

The temperature gradient will vary by loca- 
tion; however, some reasonable assumptions can be 
made to examine the order of magnitude of the 
economic al5ernatives. 
(1) have indicated an average temperature increase 
of 1 degree Fahrenheit/100 feet. 
test drilling at a Maryland site (2) is indicating 
an increase in geothermal temperature of & de- 
grees Fahrenheit/lOO feet of well depth. These 
two ranges of temperature gratient are plotted in 
figure 1. 
reasonable mean of 1$ degrees Fahrenheit is used 
and plotted in figure 1 using the formula: 

A nuniber of test sites 

h-eliminary 

For purposes of Further analysis, a 

T = 55 + 0.015 z 
where T = O F  and 2 = depth in feet. 
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Temperature of Formation 
Water vs. Well Depth 

Well Depth 
Thousands of Feet 

Water Temperature * F 

Figure 1. 

Use Temperature 

For extensive direct use in industrial pro- 
cess heat applications and most large space 
heating uses, the required hot water temperatures 
range upward from 135 delfrees Fahrenheit. 
the Figure 1 correlation, this indicates a well 
depth requirement in excess of 5000 feet for 
direct use. 

Using 

To provide the 150 degrees Fahrenheit hot 
water extensively used in the food processing and 
metal fabricating industries, the indicated well 
depth would be over 6000 feet. 
drillin(5 wells to these depths could be prohibi- 
tive considerine; the present (and even the ten- 
year projected) cost of conventional energy uses 
to heat process prater and to supply space heatina. 

The cost of 

Temperature Amplification 

temperature heat pumps represent a potentially 
attractive alternative to the deeper wells 
through temperature amplification of the geo- 
thermal source by electric heat pmps. Where 
the geothermal flow is limited, considerable 
cooling can be accomplished, thus, extracting 
many more Btu's from the geothemal water. 

Recent developments in the area of high 

Using the nonreversible heat pump principle, 
the industrial heat pmp recovers low grade heat 
in geothermal water in the temperature range of 
60 degrees Fahrenheit to 120 degrees Fahrenheit 
and amplifies it to higher, usable temperature 
levels. The heat from the geothermal water is 
absorbed in the heat pap evaporator by the unit's 
working fluid which is then increased in tempera- 
twre and pressure by the compressor. From here it 

goes to 
ferred to a delivery fluid for providing useful 
heat at temperatures up to 230 degrees Fahrenheit, 
with this 230 degrees Fahrenheit upper limit 
being the current state of the art. 

the condenser where this heat is trans- 

The cycle diagram for such a system is shown 
in Figure 2. 

Templifier Schematic Diagram 
95" F Heat Source Temperature 

160°F Hot Water Delivered 
Condenser 

1 4 0 0 ~  Warm Water 

I Return 
from Process 

1 t 
Liquid Vapor 
165OF 165'F 

Compressor 

:;:id & Vapor 

I 
1 I 80°F Vapor 

EvapofatOf 

1 t 
Rim F water 85*f out 

Water In 
(Heat Source) 

Figure 2 

The measure of efficiency, called the coeffi- 
cient of performance (COP), of such devices 
currently available from Westinghouse Electric 
Corporation is shown in Figure 3. 
the thermal equivalent of the Westinghouse 
Templifier (R) heat pump electrical input to 
the upgraded heat output (the COP) ranges from 
roughly three to six. For example, 150 degrees 
Fahrenheit hot process water stream can be de- 
livered from a 95 degrees Fahrenheit geothermal 
source cooled 10 degrees Fahrenheit (or a lo5 
degrees Fahrenheit source cooled 20 degrees 
Fahrenheit, etc. ) with a COP of about 4.5. 

The ratio of 
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Coefficient of Performance (COP) 

60 80 100 120 140 160 
Source Water inlet Temperature OF 

Figure 3 

U s u a l l y  temperature anplification is util ized 
i n  a range up t o  80 degrees t o  90 degrees Fahren- 
he i t  (output hot water minus leaving geothermal 
water) where a COP of about 3.5 i s  obtained. A 
COP of less  than 3.0 i s  riot rio~nally used as the 
economics are not usually sufficiently favorable. 

By applying Templifiers t o  the process, 
usable water temperatures for  sauicce heat can be 
obtained a t  well depths 2000 feet  (85 degrees 
Fahrenheit) t o  3000 feet (100 degrees Fahrenheit) 

and the captured heat temperature amplified t=, t h e  
higher use temperature. 

Temperature Amplified Low Grade Heat-Closed Loop 
System 

The objective i n  this example i s  to  provide 
1150 gpm of 165 degrees Fahrenheit supply hot water 
t o  meet a 2.2 million Btuh heating load i n  a closed 
loop where the return hot water is 155 degrees 
Fahrenheit; 8 closed loop system being one i n  which 
the hot water is  cooled by the load and then re- 
turned for  reheatirg. 

If we consider that  the properties of the  
geothermal water are such that i t  should be used 
through a water-to-water heat exchanger t o  gen- 
erate 165 degrees Fahrenheit fresh water t o  the  
load, i n  Q conventional geothermal system the pro- 
ducing well temperature would have to  deliver at 
l ea s t  170 degrees Fahrenheit a t  a 450 gpm flow 
rate. From Figure 1 this would require a w e l l  
depth a t  man gradient of approximately 7,700 feet. 

A simplified example of the use of the heat 
pump process i s  shown i n  Figure 4. 
the Templifier heat pump, a more shallow well of 
about 3000 feet  i n  depth could produce 100 degreeg 
Fahrenheit water. If we take out 10 degrees Fahr- 
enheit of heat, a flow of only 325 gprn is required 
t:, transfer 1.6 million Btuh t o  a 95 degrees Fahr- 
enheit fresh water stream t o  supply the Templifier 
heat pump. Alternatively, i f  higher temperatures 
are available, lawer gpm flows would be needed: 
U O  gprn a t  120 degrees Fahrenheit or 55 gpm a t  
150 degrees Fahrenheit supply temperature. O r ,  
i f  both higher flows and temperatures are avail-  
able, a larger Btu per hour heating load could be 
served. 

By the use of 

Schematic Diagram of Use of Low - 
Grade Geothermal Energy 

Temperature - Amplified for 
165OF Heating Load 

Geothermal Water Water-to-Water Exchanger 

1 

I 
165" F 

Heating Load 
2.2 Million BTU's/Hour 

Cased Geothermal 

im 

Figure. 4. 
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Tu, 1 
L - Heat 

Tu. in- Exchanger 1 L 

’Qrpically, such a heat pump, with 85 degrees 
Fahrenheit water leaving t i e  eva_mrator, w i l l  
oroduce 165 degrees Fahrenheit hot water a t  a 
3.5 COP. 
million Dtuh of geothermal source heat w i l l  pro- 
duce the required 2.2 million Btuh for  the 
uti l ization load. 
from the 1% kw per hour e lec t r ica l  input t o  the 
heat puni~. 

Allowing for  system losses, t h i s  1.6 

The Btuh difference comirg 

Condenser -Tu. Out 

* L 

Thus, a 3000 foot dee? well deliverirq 325 
gpm of 100 degrees Fahrenheit water plus the 
Templifier heat pump w i l l .  meet a load that  
Mould olhemise require a 7,700 foot deep well 
produciw 1150 4pra calculated as followr;: 

6 2.2 x 10 B t u h  Loab 
10-P ra e x gpm = - .15 l b r  = ’’” 

2 3 5 ° F  60 min!hr 

System Design - Open Loop System 

!h open loop system i s  one where incoming 
feed water i s  heated throygh a relatively high 
tmperature ranee and ther. supplied t o  the process 
load and consumed or not returned fo r  other rea- 
sans. 
fng \eater t o  be heated is a t  a tempcratu.re below 
the Ccothcrmal source tenperatwe, offers 

Such ar. opec 13013 system, where the incon- 

siCni f icant additional oppw tuni t ies  . 
To get the mast energy out of the geothermal 

source with the least  e lec t r ica l  input t o  the 
heat pum~, it i s  necessary t o  transfer as much 
heat as possible directly by means of a heat ex- 
changer. The r e m i n i x  temperature amplification 
can then be prwided through use of a heat punp. 
As the C;eotheml scurce m y  be i n  limited supply, 
it i s  desirable t o  drag i t s  temperature as 1 ~ 1  Q S  
possible Lo rrmximi:.;e the e n e r g  extracted from the 
sauce .  If we are t o  heat an IncminC; low tem- 
perature return 31 feed water supply a t  tcmper- 
ature (Tu, i n )  t o  the U Y ~  level desired (Tu, out, ) 
Vie geothermal s3urce n t  temperature (TG, i n )  i s  
then cooled t o  (T& out) t o  achieve a heat balance. 

Working with Kestiwhouse, a study (3)af 
several patentin1 system designs has been con- 
ducteci a t  the Johns Ibpkins Uiiiversity Applied 
f’hysics Laboratory. 

The five systems considered ore slimrn i n  
Pigure 5, each using an incoming feed water tem- 
perature (Tu, i n )  of 60 degrees Fahrenheit and 
ti geothermal disckrge temgerature (Tg, out) of 
70 degrees Fahrerheit for comparison. 

Open Loop Templifiee 
Heat Pump Systems 

System 1 

Tu, Out Condenser Tu, In 

Tg. In a Evaporator Tg, Out 

Heat Pump 

System 3 
# 

Heat 
Exchanger2 

Tu, 1 - ‘ In Tu, Out 4 Condenser 

A 

Tg, Out 
Tg, 1 

Tg. In-) Evaporator 

i - 

System 2 

TU, o u t 4  Condenser h 
Tu. In 

Tg. In 

Heat Pump 

System 5 

Tu. In 

Heat Pump 

Figure 5 
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U s i n g  COP perfsmrrce derived 
ant3 a heat exchanger effectiveness 
reasonable compronrise betveen heat 
and performance), the systems were 
above selected conditions. 

The operating c h ~ r ~ c t e r i s t i c s  

Cram Figure 3 

exchanger cost 
examined at the 

of 0.90 (a 

of ~ y s t e ~  1 
and 2 shotr’less efficiency than Systems 3, 4 or 5 
except a t  very low source temperatures. 
System 1, all of‘ the temperature l i f t  must be 
supplied by the Templifier ( R )  heat pmp, A t  
very lmf geothermal source temperatures th i s  
incurs l i t t l e  penalty; however, a t  high geother- 
rnaf SOUTCC temperatures t i e  penalty can be severe 
unless the geothermal sugply i s  quite limited 
cDmpared t o  the required hot water heat load. 
similar situation exists for  System 2 since i n  
orcier t o  fu l ly  extract the energy fmmthe  source, 
the heat pumg again i s  providing most of the tern- 
peratuse amplification. 

For 

A 

Curaidering the cost of e lec t r ic  power, a 
c r i t i c a l  oyoerating ,parameter is the amount of 
power required t- deliver a specific amount of 
energy ~ ~ ~ a h r ~ l O ~  mu). 

Taking a geothermal in l e t  temgerature, (Tgp 
i n )  of 120 degrees and a delivery (use) tempera- 
twe ,  (Tu, out) of 160 degrees Fakenheit, the 
results enable us t o  compare the energy efficiency 
of the system as shown i n  Teible 1. 

Teble 1 
Heat Pump/Heat; Exchanger Open Loop Systems 

System 10 BTU - COP lo6 BTU, 
kwghr/ Sys t ea M gPm! 

1 88.4 3 93 27.9 
3 60.8 4.8 

4 b . 7  7.2 3 4 4  
5 35 .a 8.4 35 02 

It is seen t h a t  Systems j b  and 5 are  be t te r  than 3 
by almost a factor of twa ar,d are & times bet te r  
than System 1, 
BTU is  not the only consideratim, corn-parison of 
the source requirements of the three systems shows 
that System 5 also requires only a small increase 
i n  the flow of geothermal. water (ll$ more than 
Systen 3 and 26$ mare than System 1). 
Qf the additional heat exchangers required i n  
System 5 is small compared t o  the heat ptmrp cost, 
Tnw with similar capital  costs and lower energy 
costs the preferred system i s  nuniber 5. 

As e lec t r ica l  energy per miUion 

The cost 

Keep i n  mind these are for the specific con- 
ditions 
fwa1 Templifier heat pumps having COP‘S approxi- 
mated by Figure 3. 
for System 1, 3, 4 and $, magnetic cards for a 
TI59 ~ ~ g r ~ ~ ~ e  computer have been developed i n  
which the inputs are (Tu, in ) ;  (Tu, out); (Tg, in ) ;  
tfu (use water flow gpnt), E (heat exchanger 
effectiveness) either l?g (geothermal flow gpm) o r  
(Tg, out) (outlet geothermal water temperature) 

stated previously and fo r  large centri- 

For analysis of other conditions 

The cmputer then outputs the optimum various 
cycle -pint temperatures and heat flows ~~~) 
as we3.3. as the heat pump and overall system COP 
and the heat KT!, The program a lso  can ad- 
jus t  for the heat pump COP factor (C) .  

From th i s  i ~ u ~ t i ~ ~  t’ne installed cost of 
the Tenplifier and heat exchangers can be esti- 
mated and an economic ev&x&iort mde of the 
geDthermal heat g m p  system versus a geotherml - boiler system or  against today’s conventional 
systems. 

h o t h e r  coquter  program 2s available from 
Westirghouse t o  simplff\y these financial analyses 
and output net cash flaw, present value of cask 
f l a g  and return an investment over ib ten-year 
operating cycle, taking fnt:, czccaunt such 
iaportant elements as the relative invest~ent,  
load factor, cost of capital, ~ i n t e n a n c e ,  t ax  
rates, incentive tax  credits and proJected energy 
cost escalation. 

~n the excmple shmn i n  Pigure 4, a rgw 
order estimate of the ecmomics can be made 3y 
making several assungtiam. For specific situa- 
%ions, these assumptions can be varied t o  suit, 
and the results recalcLilated using your nmibers. 

The nature of the geologic formation, dia- 

For t h i s  analysis we w i l l  assume a 3000 
meter and depth a re  all contributors t o  well 
costs, 
foot well delivering 325 gpzi can be completed 
for  $50 pes foot; wh-lle a 7700 foe% well depth 
for 450 
injection well (if used) w i l l  be identical t o  the 
producing well. Further, that  e lec t r ic  power 
costs 3$ per kilmatt-hour and efficiencies are 
6U percent for the pump and 90 percent fa r  the 
drivfng motor. i;”inall;y, the process heating loa3 
occurs for  kxx, hours per year - a typical tw:, 
sh i f t  industrial  operation. 

w i l l  cost $65 per foot; and that the 

The incremeatal pwnging costs between 325 
g,bm from a 3000 foot we11 and 450 gpm from a 
7700 foot well is computed t o  be 870 kwh per well 
a t  an annt&l pumping cost of $104,400 (=870 ks.l!/h 
x 4000 hr/yr x $.03/kwh) , 

The TemplWZer heat pump a n n W  operating 
east calciilates at $22,100 (=I84 kw/h x 4WO 
hrfyr x ~ , O ~ / ~ ~ h ~ .  
o-=ration is  estimated with a 50 foot head a t  

The required evaporator gurq 

$700. 

Fromthis data Table 2 is ~ n s t r u c t e d ~ ~ h i c h  
demonstrates the economic opportunity for signi- 
f icant savings i n  both the first cost and i n  the 
annual operating cost. 
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Table 2 - Economic Analysis; Closed Loop System 
, 2,200 14bh Load: 

450 gpm, 165 degrees Fahrenheit 
Delivery Hot Water 
Capital Cost 
Proclucirq :-icU. 
Injection Vel1 
Templifier installed* 

Total 

Incremental F i r s t  Cost Saving 

Incremental Annual Operating Cost 
Producing Well 
Injection Well 
Templifier Heat Pmp 
Templifier ?%rap. Pump 

Total 

Incremental Operatim Cost Saving 

Geothermal/Heat Pump 
325 am, 3000 Foot Kell 

Injection Well 
With Ilithout 

L$150,000 $150,000 
150, OOO 0 
85,000 85, 000 

8385, OOO $235,000 

$625, Ooo $265,500 

$ 0 :I 0 

22,100 22, loo 
700 700 

$ 22,800 $ 22,800 

0 0 

$185,200 $ 81,200 

Geothermal Only 
450 RPm, 7700 Foot Well 

Injection Vel1 
Vith Nit hout 

$500,500 $500,500 
500,500 0 

- - 
$1,001, 000 $500,500 

$104,000 $104, OOO 

104,000 0 
- - 

-2 Includes T a p l i f i e r  heat pump, evaporator water pump and associated piping system on an installed 
basis. 

Economics - Open h o p  System 

I n  an open loop system the inconring water can 
be heated through a heat exchanger, extracting 
the most heat it can f r o m  the geothermtllly heated 
source. 
by a boiler t o  achieve the desired discharge 
temperature. The arrangement would be similar 
t o  System 3, except substituting a boiler for  
the heat pump condenser. 
pared t o  il Geothermal heat pump system. 

Then the remining heat can be supplied 

This can then be com- 

For a typical analysis l e t ' s  assume the hOMl 
hour per year load requires heating 100 gpm of 
water from 60 degrees Fahrenheit t o  the use temper- 
ature of 160 degrees Fahrenheit; equivalent t o  
5 million Btu per hour. Additionally, assume we 
have a resource of 176 gpm of 120 degrees Pahr- 
enheit geothermal source water of a quality tha t  
can be uti l ized directly; e lec t r ic i ty  cost i s  34 
per kwh 
i n  the heat excharger, the incoming water can be 
preheated t o  135 degrees Fahrenheit before 
going t o  the boiler or  the heat pump. 

With a 5 degrees Fahrenheit approach 

Table 3 shows the camputer prcgram output 
I4hen fo r  both the System 3 and 5 arrangement. 

the boiler is used (instead of the heat pump) i n  
the System 3 arramement, the boiler must supply 
qu or  the 2.25 million Btu per hour otherwise 
supplied by the heat pump. 
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Us cr Sicie 
60.0 
115 .o 
78.5 
160.0 
100 * 

5, 000, 000 * 

GgQ 3idc 
1-20 ” L? 
39.3 
30.6 
70.1 

mates 
4 cifn 

lrJith $,his data, 

Czpitsl Cost 
Heat Exchanger 
Heat Exchanger 

TIB 
TI. 
2’2 
TCU’Z 
GPX 
!?T 

User Side 
TIN 
Tl 
T2 

60,o 
13.5 0 
60.0 
160 o TG-a 
100 ‘ GP1.I 

QT 5,000,000. 

GZO Side 
120.0 
$8.8 
70.8 
70.8 

Heat ?imp 
0.53 me 

2,250, OOO * W 
1, $76,443. ‘;G 

197 35 a; 
3 34 CO1 
7.42 COP Total 

pllrs s m z  reasonable es t i -  
instzlleri first cost, Table 
givi;-g e. rough-wder 

coqmison of geothherml hcat pump system 
canpared t o  a geothermal bai ler  system, 

1 
2 

Boiler instal led “ 25, 000 
Templifier Installed 85, QOO 85,000 - 

Total $100,000 $ 94,000 4; 34400 
Incremental F i r s t  Cost 

Addition 8 66,000 $ 60,000 - 
incremental Annual Operati.% Cost 

Temp1i f i  er  $ 212300 :$ 23,700 
Electric Boiler - s, 79,ml 

Incremental Savirg $ 57,500 $ 55,400 - 
If these resul ts  a re  then fe4 into the 

~ ~ e s t i ~ ~ o ~ s ~  economic analysis program, and we 
assume inf la t ion a t  7 gercent and electr ic i ty  
escalation a t  10 percert per year, together 
with the k6 percent corporate tax rate, 20 
percent imestme;ft tax credit and a 10 percent 
cost of capital we find over a 10-year Dperating 
cycle - the resul ts  shown i n  Table 5 .  
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Table 5 - Ten Year Economic Comparison Open Loop System 
GeothemMtl Heat Pw?p Versus Geothermal Boiler System 

Added Fi rs t  Cost 
Anr.ual Operatin$ Cost Savin& a t  

Currelit Cost 
Energy Saved per Year 
Project Bet Cash Flax+ 
Present Value of Cash Flow 
Return on Investment 

From t h i s  it can be comluc3ed that, i n  t h i s  
case, the geothertml heat pump system 3 i s  the 
eco:!omically preferable investment that  Gives 
the greatest financial return (ROI)  of the 
geothermal altcmntive, while system 5 saves 
the mst enerw and generates the highest cash 
flm. I n  both cases the  heat pmp application 
pays for  i t s e l f  i n  jus t  aver one year. 

Other Economic Considerations 

Other economic aspects which have not 'been 
considered here include development and depletion 
allowan , According t o  the  Internal Revenue 
ServiceTtT, an operator developing geothermal 
properties may ei ther  deduct as expenses or charge 
t o  the capLtnl account all intangible dr i l l ing  and 
devefqpient costs incurred on wefls begun a f t e r  
September 1978. 

Additiomlly, geothermal deposits qualify 
for  percentage depletion. The applicable per- 
centage through 1980 is 22 percenti decreasing 
by 2 percent yearly through 3933. 
tine ra te  i s  15 percent. 

Mta r  tinat 

Other Application Considerations 

Gome of the additional c o ~ ~ ~ ~ e r ~ t ~ u ~ §  i n  
t h i s  application are items such as-- 

a. 

b. 

c, 

In  areas with limited geothermal water, 
expended water may have t o  be reinjected 
in to  the  aquifer from which it came t o  
mLntain formation pressures t o  prevent 
aquifer collapse with loss of permea- 
b i l i t y  and t o  prevent depletian. 

Investigations will. be needed t o  preven; 
luw temperature mineral precipitation 
i n  the aquifer that  woad plug the 
aquifer; how t o  screcn out sediment from 
the water that  would foul the heat 
excharqers and p l w  the aquifer. 

!&e preyention of scale within the heat 
exchanger and the Tenplifier heat pump 
evaparator itself must be solved, for  
msL geothermal water carries re la t ively 
high mineral content compared with sur- 
face water, !This mineral tends t o  furm 
sca3.e as sson as the water temperature 
i s  lowered. I n  some cases a separate 
closed fresh water loop may be needed 
t o  f ac i l i t a t e  and minimize maintenance, 

System 5 System 3 

$ 60,000 
55,400 

6 1.85 x 10 kwh 6 x 10 kwh 
$499,000 $480, 000 
$279; 5QO 

llS$I 

as illustrate8 i n  Figure 4. 

d. Experience has indicated that  a t  least  
t he  supply well ahould be dr i l led and 
tested before completing the system 
desip. 

e ,  In  sone cases the system can be designed 
t o  use the geathermal water a s  a heat 
sink for  summer cooling and as the heat 
supply for  win ter  heating. 

A d ~ t i ~ n ~ l y ~  other aspects need t o  be 
examined for  geothermal t o  take its potential 
place i n  the nation's energy supply, and work is 
proceedine; on t h i s  through the Geothermal Re- 
sowccs Council artd GmJfeat Utilization Center. 

Mith the pawing need to ut i l ize  aur geo- 
thermal resources t o  dispface impo~ted o i l  and 
gas with their rapidly r is ing costs and decreasirg 
a ~ i l & b i ~ i t y ~  it appears the geothermal heat p u p  
system has an economic application fo r  furnishing 
up t o  230 degrees Fahrenheit hot water for process 
heat, space heat and service hot water i n  conrmRrce 
and industry. 
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