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HIGH TEMPERATURE HEAT PUMPS CAN ACCELERATE THE 
USE OF G E O T ~ ~ ~ L  ENERGY 

Richard C. Niess 

Member A S W  

ABSTRACT WATER TEMPERATURE VS WELL DEPTH 

The w i d e r  spread u s e  of geothermal energy 
has been l i m i t e d  by t h e  high i n i t i a l  c o s t  of 
digging deep wells t o  ob ta in  moderate temperature 
water f o r  space and i n d u s t r i a l  p rocess  hea t  
a p p l i c a t i o n s  under 220' F (104O C ) .  

High tempera ture ,  i n d u s t r i a l  water-to-water 
hea t  pumps can be used with geothermal sources  t o  
lower c o s t s .  
water i n  t h e  60 t o  130' F (16 t o  54' C) range, 
normally a v a i l a b l e  from wells less than  3000 f t  
(0.9 km) deep, and amplify t h i s  hea t  t o  t h e  140 
t o  220° F (60 t o  104' C) range usua l ly  requi red  
i n  a broad spectrum of processes ,  space hea t ing  
and water hea t ing  a p p l i c a t i o n s .  

These h e a t  pumps t a p  geothermal 

The i n d u s t r i a l  h e a t  pump can a c c e l e r a t e  
geothermal use  by e i t h e r  (a)  upgrading a geo- 
thermal source  where t h e  flow and/or temperature 
i s  inadequate o r  (b) ob ta in ing  h igher  tempera- 
t u r e s  wi thout  t h e  expense o r  problems of d r i l l i n g  
much deeper wells. 

B A C K ~ R O ~  

The development of t h e  geothermal energy has been 
delayed f o r  a number of reasons.  Two of t h e  most 
important reasons  a r e :  I) t h e  economics of 
recovery,  d i s t r i b u t i o n  and use  i n  t h e  f ace  of 
t oday ' s  r e l a t i v e l y  low gas and o i l  c o s t s ,  and 2 )  
geothermal i s  no t  broadly  apprec ia ted  by many 
des ign  engineers .  

Throughout t h e  United S t a t e s  t h e r e  a r e  
cons iderable  moderate temperature geothermal 
resources which could be  developed and become a 
s i g n i f i c a n t  p a r t  of t h e  t o t a l  energy supply.  

This d i scuss ion  is or i en ted  t o  t h e  more 
commonly cons idered  a v a i l a b l e  geothermal sources  
t h a t  have base  temperatures below 300° F (149O 
C ) ;  t h i s  be ing  t h e  c u r r e n t  th reshold  temperature 
f o r  economic e l e c t r i c a l  power genera t ion .  O f  
i d e n t i f i e d  wes tern  U.S. n a t u r a l  hea t  sources ,  
approx. 85 % have base temperatures less than  
300' F (149O C ) .  Add i t iona l ly ,  t he  use fu lness  of 
ex tens ive  geothermal resources  i n  t h e  A t l a n t i c  
c o a s t a l  p l a i n  is  being s tud ied .  

The temperature g rad ien t  w i l l  va ry  by loca t ion ;  
however, some reasonable  assumptions can be 
made t o  examine the  o r d e r  of magnitude o f  the 
p o t e n t i a l  geothermal economics. A number of 
test  sites (1) have ind ica t ed  an average temper- 
a t u r e  i n c r e a s e  of lo F/lOO f t  (18' C / k m ) .  Tes t  
d r i l l i n g  a t  a Maryland s i t e  (2) i n i t i a l l y  
ind ica t ed  an inc rease  i n  geothermal temperature 
of 2$O F/100 f t  (46' C/km) of w e l l  dep th .  
These two ranges of  temperature g rad ien t  a r e  
p l o t t e d  i n  F ig .  1. For purposes of f u r t h e r  
a n a l y s i s ,  a reasonable  mean of l $ O  F/100 f t  
(27q C/km) is  used and p l o t t e d  i n  F ig .  1 using 
t h e  formula: 

T = 55 + 0.015 2 where T = OF and 2 = depth  i n  f e e t  o r  

T = 12.8 + 27.4 2 where T = O C  and Z = depth i n  km 

Most i n d u s t r i a l  p rocess  hea t  a p p l i c a t i o n s  and 
l a r g e  space hea t ing  p r o j e c t s  us ing  h o t  water 
r equ i r e  water  temperatures t h a t  range upward 
from 135O F (57O C ) .  F ig .  1 i n d i c a t e s  a well 
depth requirement i n  excess of 5000 f t  (1524 
km) f o r  d i r e c t  u se ,  o r  somewhat deeper i f  an 
in te rmediary  h e a t  exchanger must be used due t o  
t h e  cor ros iveness  of t h e  geothermal water .  

To provide  t h e  150' F ( 6 6 O  C) h o t  water 
ex tens ive ly  used i n  t h e  food process ing  and 
meta l  f a b r i c a t i n g  i n d u s t r i e s ,  t h e  ind ica t ed  
we l l  depth  would be over 6000 f t  (1829 km). 
The c o s t  of d r i l l i n g  wells t o  these  dep ths  
could be p r o h i b i t i v e  cons ider ing  t h e  p re sen t  
(and even t h e  10-yr p ro jec t ed )  c o s t  of conven- 
t i o n a l  energy sources  t o  h e a t  process  water and 
t o  supply space hea t ing .  

TEMPERATURE AMPLIFICATION 

A p o t e n t i a l l y  a t t r a c t i v e  a l t e r n a t i v e  t o  t h e  
deeper wells i s  through temperature ampl i f ica-  
t i o n  of t h e  geothermal source by e l e c t r i c  heat 
pumps. Where t h e  geothermal flow is  l imi t ed ,  
cons iderable  cool ing  can be accomplished, thus,  
e x t r a c t i n g  many more B tu ' s  from the  geothermal 
water .  

R.  C .  Niess i s  Manager, Templ i f ie r  Department, Westinghouse E l e c t r i c  Corporation, 
Staunton, V i rg in i a .  
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'Using t h e  nonrevers ib le  h e a t  pump p r i n c i p l e ,  t o  meet an 8 .8  m i l l i o n  Btu/h (2578 kW) hea t ing  
t h e s e  i n d u s t r i a l  h e a t  pumps can recover  low grade 
hea t  i n  geothermal water  i n  t h e  temperature  range 
of  60' F (16' C) t o  130' F (54' C) arid amplify it 
t o  higher  usable  temperature  l e v e l s .  The hea t  
from t h e  geothermal. water  i s  absorbed i n  t h e  h e a t  
pump evaporator  by t h e  u n i t ' s  working f l u i d  which 
i s  then increased  i n  temperature  and pressure  by 
t h e  compressor. From here  i t  goes t o  t h e  
condenser where t h i s  h e a t  i s  t r a n s f e r r e d  t o  a 
d e l i v e r y  f l u i d  f o r  providing u s e f u l  h e a t  a t  
temperatures  up t o  230' F (110' C),  wi th  t h i s  
upper temperature  l i m i t  being t h e  c u r r e n t  s t a t e  
of t h e  a r t .  f low r a t e .  From Fig.  1 t h i s  would r e q u i r e  a 

load  i n  a c losed loop where t h e  r e t u r n  hot  
water  i s  155' F (69' C); a c losed loop system 
being one i n  which t h e  hot  water i s  cooled by 
t h e  load and then returned f o r  rehea t ing .  

I f  we consider  t h a t  t h e  c o r r o s i v e  p r o p e r t i e s  
of t h e  geothermal water a r e  such t h a t  it must 
be used through a water-to-water h e a t  exchanger 
t o  genera te  165' F (74' C) f reshwater  t o  t h e  
load ,  i n  a convent ional  geothermal system t h e  
producing wel l  temperature would have t o  d e l i v e r  
a t  l e a s t  170' F (77' C) a t  a 1800 gpm (114 l / s )  

w e l l  depth a t  mean g r a d i e n t  of approx. 7700 f t  
The cyc le  diagram f o r  such a system i s  shown (2 .3  km) .  

i n  Fig. 2 ,  i l l u s t r a t e d  wi th  some t y p i c a l  tempera- 
t u r e s .  A s i m p l i f i e d  example of t h e  use  of t h e  

h e a t  pump process  i s  shown i n  F ig .  4. By t h e  
use  of an i n d u s t r i a l  h e a t  pump, a more shallow 

c i e n t  of performance (COP), of one manufacturer ' s  w e l l  of about 5000 f t  (1.5 km) i n  depth  could 
c e n t r i f u g a l  compressor h e a t  pump* is shown i n  produce 130° F (54' C)  water .  I f  w e  t ake  out  
F ig .  3. The r a t i o  of t h e  thermal equiva len t  of 40' F (22' C) o t  h e a t ,  a well flow of  only 325 
t h e  h e a t  pump e l e c t r i c a l  i n p u t  t o  t h e  upgraded gpm (20.5 l / s )  i s  required t o  t r a n s f e r  6 .5  
hea t  ou tput  ( t h e  COP) ranges from roughly t h r e e  m i l l i o n  Btu/h (1905 kW) t o  a 95' F (35' C) 
t o  s i x .  For example, a 165' F (74' C) hot  pro- f reshwater  stream t o  supply t h e  h e a t  pump. 
cess  water  stream can be de l ivered  from a 120' F A l t e r n a t i v e l y ,  i f  a h igher  temperature  were 
(49' C) geothermal source cooled through a range a v a i l a b l e ,  a lower flow would be s u f f i c i e n t ,  
of 35' F (19' C )  wi th  a COP of about 3 .6 .  i . e .  215 gpm (13.6 l / s )  a t  a 150' F (66' C) 

supply temperature .  O r ,  i f  both h igher  flow 
Usual ly  temperature a m p l i f i c a t i o n  i s  and temperature  i s  a v a i l a b l e ,  a l a r g e r  hea t ing  

u t i l i z e d  i n  up t o  a 80' F (44' C) t o  90' F load could be served.  
(50' C) range (output  h o t  water  minus leav ing  
geothermal water)  where a COP of  about 3 .5  i s  Typica l ly ,  such a hea t  pump w i t h  85' F 
obtained.  A COP of less than  3 .0  i s  not  normally (29.4' C) water leav ing  t h e  evapora tor  w i l l  
used a s  t h e  economics a r e  n o t  u s u a l l y  s u f f i c i e n t l y  produce 165' F (74' C) hot  water a t  a 3 .5  COP. 
favorable .  Allowing f o r  system l o s s e s ,  t h i s  6 .5  m i l l i o n  

Btu/h (1905 kW) of geothermal source h e a t  w i l l  
produce t h e  required 8 . 8  m i l l i o n  Btu/h (2578 kW) 

coming from t h e  736 kW/hr e l e c t r i c a l  input  t o  
t h e  h e a t  pump. 

Thus, a 5000 f t  (1 .5  km) well d e l i v e r i n g  

The measure of e f f i c i e n c y ,  c a l l e d  t h e  c o e f f i -  

By applying h e a t  primps t o  the  process ,  
usable  water  temperatures  of 85' F (29' C) t o  f o r  t h e  u t i l i z a t i o n  load.  The Btu/h d i f f e r e n c e  
130' F (54O C)  f o r  source h e a t  can be obtained a t  
wel l  depths  2000 f t  (0 .6  km) t o  5000 f t  (1.5 km) 
and t h e  captured h e a t  temperature  amplif ied t o  
t h e  h igher  use  temperature .  
analyzed t h e  economics of  a c losed loop system 
using a geothermal h e a t  pump system compared t o  
geothermal only.  The r e s u l t s  ind ica ted  both a 
lower f i r s t  c o s t  and lower annual  opera t ing  c o s t  

systems t o  achieve widespread a p p l i c a t i o n ,  it 

w i l l  be necessary f o r  such systems t o  become 8.8 x 10 Btu/h Load = 1800gpm competi t ive wi th  convent ional  f o s s i l - f u e l  f i r e d  
systems. 
thermal and h e a t  pumps it appears  t h a t  t h i s  can CLOSED LOOP SYSTEM ECONOMICS 
be  achieved. 
can be done has  been cons t ruc ted  using mid-1979 
c o s t s  and a t y p i c a l  i n d u s t r i a l  p l a n t  h o t  water 
process  h e a t i n g  requirement.  

TEMPERATURE AMPLIFIED LOW GRADE HEAT-CLOSED LOOP SYSTEM assumptions.  

The o b j e c t i v e  i n  t h i s  example is t o  provide 1800 
gpm (114 l /s )  o f  165O F (74' C)  supply h o t  water 

A previous paper (3)  
325 gpm (20.5 l / s )  of 130' F (54' C) water p lus  
t h e  h e a t  pump w i l l  meet a load t h a t  would 
otherwise requi re  a 7700 f t  (2 .3  km) well 
producing 1800 gpm (114 l / s )  c a l c u l a t e d  a s  

f o r  t h e  geothermal hea t  pump. For geothermal fol lows : 

6 

lO'F range x 8.15 l b / g a l  x 60 min/hr 
By u t i l i z i n g  t h e  combination of geo- 

An example t o  i l l u s t r a t e  t h a t  t h i s  
Using t h e  geothermal h e a t  pump system shown i n  
F i g .  4 ,  a rough order  es t imate  of t h e  economics 
compared t o  a convent ional  o i l - f i r e d  hot  water 
b o i l e r  system can be made by making s e v e r a l  

assumptions can be v a r i e d  t o  s u i t  and t h e  
r e s u l t s  r e c a l c u l a t e d  us ing  t h e  format developed 
here .  

For s p e c i f i c  s i t u a t i o n s ,  t h e s e  

* Westinghouse Templ i f ie r  (R) Heat Pump 
The na ture  of t h e  geologic  formation,  

diameter  and depth a r e  a l l  c o n t r i b u t o r s  t o  wel l  

90 
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costs. For this analysis we will assume 3 5000 
ft (1.5 km) well delivering 325 gpm (20.4 l/s) 
can be completed for $50/ft (4); and that the 
reinjection well cost (if used) w i l l  be identical 
to the producing well. 
installation is estimated at $132,000 and the 
comparable heat pump at $220,000; both including 
equipment, piping, controls and electrical with 
the boiler including fuel storage. The installed 
cost of the geothermal water pump, piping and 
heat exchanger are estimated at $100,000. 

The complete boiler 

Pumping heads (which will vary according to 
the way the well is installed, the geologic 
formation and other such factors plus the avail- 
able locations of the equipment) were assumed to 
be : 

Well pumping 200 ft (598 kPa) 
Piping & Heat Exchanger 150 ft (449 kPa) 
Heat Pump Evaporator Loop 100 ft (299 @a) 
Process Hot Water Loop 1.00 ft (299 kPa) 

Further, that industrial sector electric 
power costs $.03/kWh. (5) Efficiencies of 60 % 
for pumps and 90 % for driving motors were used. 
The process heating load is calculated based on 
4000 hr/yr -- a typical two-shift industrial 
plant operation. 

The oil-fired hot water boiler operating 
cost was estimated based on using 82 fuel oil at 
$.50 per gal, (6) 140000 Btu/gal, (39060 kJ/1) 75 
% boiler system efficiency plus $.80/million Btu 
for oil handling, pumping and evaporation losses 
to arrive at the "as-fired" energy cost. 

The heat pump annual operating cost calcu- 
lates at $88?300 (= 736 kW x 4000 hr/yr x $.03/kWh). 
The cost of evaporator pump operation is calcu- 
lated at $5,400 and other pumps similarly 
computed. 

A capital recovery factor of 0.12 was used 
in the Table 1 preliminary analysis, representing 
a 10 % cost of capital over a 20-yr period. 

From this data Table 1 is constructed to 
compare the probable owning and operating costs 
of the two systems based on today's energy costs. 
From this table we can conclude that a geothermal 
heat pump can be competitive with an oil-fired 
boiler system at mid-1979 costs of energy and 
deserves further analysis. 
indicating that energy costs will continue to 
rise faster than inflation and many predicting 
that oil costs will rise faster than industrial 
electric power costs, plus the various tax incen- 
tives that are now applicable to geothermal, a 
cash flow statement should be constructed to more 
clearly define the energy savings and determine 
the discounted cash flow rate of return on the 
higher investment for the geothermal heat pump. 
From such information a more informed decision 
can be made. 

With all projections 

CASH FLOW ANALYSIS 

For purposes of comparing the systems on a cash 
flow basis, normally used by businessmen in 
analyzing investment opportunities, the geother- 
mal system analysis should properly include the 
applicable tax benefits. 

These include investment tax credits, 
development and depletion allowances. According 
to the Internal Revenue Service (l), an operator 
developing geothermal properties may either 
deduct as expenses or charge to the capital 
account all intangible drilling and development 
costs incurred on wells begun after September 
1978. 

Additionally, geothermal deposits qualify 
for percentage depletion. The applicable 
percentage through 1980 is 22 %, decreasing by 
2 % yearly through 1983. After that the rate 
is 15 %. 

To simplify calculations, the minimum 15 % 
depletion allowance was used. Likewise, the 
well drilling costs have been considered as 
70 % expensible and 30 % capitalized. 
tion in both cases is taken on a 10-yr basis. 
The applicable 20 % investment tax credit is 
then taken on the capitalized portion of the 
geothermal system investment while no credit is 
now allowed on oil boiler installations. 

Deprecia- 

Table 2 illustrates the first year cost 
income and cash flow statement for the geother- 
mal system without reinjection compared to a 
conventional oil boiler system on a zero income 
basis. It highlights the tax benefits under 
our interpretation of the current tax laws. 
Anyone making such a comparison for a project 
under consideration should consult his tax 
adviser for his interpretation applicable to 
that project. 

To compute the "value of the heat used," 
the sum of operating and maintenance costs, 
depreciation and depletion allowance were 
taken. 
of this "value of the heat used," considering 
that the industrial plant boiler house will 
"sell" the hot water to the manufacturing plant 
at cost. 

The 15 % depletion allowance is at.15 % 

Additionally, it is assumed that the 
company will have income from other sources to 
take advantage of the favorable tax effect 
created by the depletion allowance, investment 
tax credit and the expensed portion of the 
investment. The favorable tax effect for a 
company in the maximum 46 % tax bracket equals 
$245,000 x .46 = $112,700 on the expensed 
portion of the geothermal investment. 

Unfortunately, any energy cost savings are 
considered as "profit" and thus are taxable. 
Therefore, in calculating the cash flow compar- 
ison over the 10-yr depreciation period, the 
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lower ope ra t ing  c o s t  of t h e  geothermal h e a t  pump 
system compared t o  t h e  b o i l e r  system c r e a t e s  
t axab le  " p r o f i t "  which must be considered. 

Table 3 i l l u s t r a t e s  t h e  d i f f e rence  i n  cash 
flow t ak ing  i n t o  account t h e  increased  c o s t  of 
energy and maintenance based on both r i s i n g  10 % 
annual ly .  The t a x  r a t e  is taken a t  46 %; t h e  
depl.etion allowance on geothermal w i l l  r ise 
yea r ly  a s  t h e  "value of hea t  used" r i s e s  based on 
t h e  e s c a l a t i o n  of energy and maintenance c o s t s .  

From Table 3 it can be seen t h a t  t h e  
geothermal hea t  pump system w i l l  save $1,469,200 
i n  ope ra t ing  c o s t s  compared t o  an o i l  b o i l e r  
system over t h e  10-yr a n a l y s i s  per iod .  F u r t h e r ,  
t h a t  the  added $438,000 f i r s t  c o s t  w i l l  be paid  
o f f  i n  operat.ing c o s t  sav ings  in s l i g h t l y  over  
4 y r .  And, i f  o i l  p r i c e s  rise f a s t e r  than 
e l e c t r i c  power c o s t s ,  t h i s  payback w i l l  be 
reduced t o  under 4 y r .  

For ana lyz ing  cash  flow, the  time va lue  of 
money o r  c o s t  of c a p i t a l  m u s t  be taken  i n t o  
account.  Therefore ,  t h e  p re sen t  va lue  of t h e  ne t  
cash flow i s  c a l c u l a t e d  us ing  a 10 % c o s t  of 
c a p i t a l .  

From Table 3 t h e  a d d i t i o n a l  f i r s t  c o s t  
investment of $438,000 i n  t h i s  geothermal h e a t  
pump system over t h e  o i l  b o i l e r  system w i l l  
produce a favorable  n e t  cash flow over the  
ana lys i s  pe r iod  of $798,300 having a p re sen t  
va lue  of $409,400. 
t h i s  c a l c u l a t e s  t o  be approx. a 45 % r e t u r n  on 
investment (o r  i n t e r n a l  r a t e  of r e t u r n )  c e r t a i n l y  
a worthwhile p r o j e c t  from a f i n a n c i a l  viewpoint.  
Add i t iona l ly ,  t h e  cumulative p re sen t  va lue  of t h e  
discounted cost; flow becomes p o s i t i v e  a f t e r  t h e  
t h i r d  yea r .  See Table 3 .  

Using conventional methods, 

CONCLUSrONS 

For s u i t a b l e  i n d u s t r i a l  p rocess  water hea t ing ,  
space hea t ing  and water hea t ing  markets,  geother- 
mal hea t  pump systems can o f f e r  lower f i r s t  and 
opera t ing  c o s t s  over geothermal-only systems and 
o f f e r  a t t r a c t i v e  t a x  b e n e f i t s ,  cash flow and 
r e t u r n  on investment over conventional f o s s i l  
f i r e d  b o i l e r  systems. 

I n  a d d i t i o n  t o  t h e  a v a i l a b i l i t y  of a s u i t a b l e  
geothermal resource ,  a key f a c t o r  i n  t h e  economic 
p i c t u r e  i s  t h e  u t i l i z a t i o n  f a c t o r .  The h igher  
t h e  number of hours p e r  year  t h a t  t h e  geothermal 
system can be used t h e  more favorable  w i l l  be t h e  
economics. 
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With t h e  growing need t o  u t i l i z e  our geother -  
mal resources  t o  d i s p l a c e  imported o i l  and gas  
wi th  t h e i r  r a p i d l y  r i s i n g  c o s t s  and decreas ing  
a v a i l a b i l i t y ,  it appears t h e  geothermal h e a t  pump 
system has  an  economic a p p l i c a t i o n  f o r  fu rn i sh ing  
up t o  230a F (llOa C) ho t  water  f o r  process  h e a t ,  
space hea t  and s e r v i c e  ho t  water i n  commerce and 
indus t ry .  
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Table 1 
Geothermal Heat Pump vs Oil-Fired Boiler 

$000 
Geothermal Heat Pump Oil-Fired 

Reinjection Well Hot Water 
With Boiler Without 

Capital Cost Increment 
Producing Well $250 
Reinjection Well - 
Transmission 8 Extraction 100 
Boiler System Installed - 
Heat Pump Installed 220 

Total $570 
Qperation, Maintenance Owning Annual Costs 

Geothermal Water Pumping $ 4.8 
Evaporator Water Pumping 5.4 
Process Hot Water Pumping 7.5 

Operating 88.3 
Maintenance 10.0 
O&M Costs $1 16.0 

Memo: $/lo6 Btu $ 3.30 
Capital Recovery @ .12 68.4 

Total O,M&O $1 84.4 
Memo: $/lo6 Btu $ 5.24 

Temp I if i e r / Bo i I e r 

$250 
250 
100 

220 
$820 

$ 7.5 
5.4 
7.5 

88.3 
12.5 

$1 21.2 
$ 3.44 
98.4 

$21 9.6 
$ 6.24 

- 
- 

- 

$1 32 
- 

$1 32 

- 
- 
7.5 

195.7 
5.0 

$208.2 
$ 5.91 

15.8 
$224.0 
$ 6.36 

Table 2- 
Geothermal Heat Pump vs Oil-Fired Boiler 
First Year Cash Flow-Zero Income Basis 

First Cost $000 
Geothermal- Expensed (70%) 
Geothermal - Capitalized (30%) 
Heat Pump-Capitalized (100%) 
Boiler-Capitalized (100%) 

Subtotal - Capitalized 
Total 

Income $000 
Taxsheltered Other Revenue (IBT) 
Value of Heat Used 
Less: Operation & Maintenance 

Depletion Allowance 
Depreciation 
Expensed Costs 

Income 

Depletion Addback 
Depreciation Add back 
Investment Tax Credit 
Initial Cost 
Favorable Tax Effect 

Cash Flow $000 

Total Net Cash Flow 

Geothermal 
Heat Pump 

$245 
105 
220 

$325 
$570 

$245.0 
174.7 

- 116.0 
- 26.2 
- 32.5 
- 245.0 
0 

- 

$ 26.2 
32.5 
65.0 

- 570.0 
112.7 

-$333.6 

Oil 
Boiler 

Key 
Differences 

- 
- 
- 
$1 32 
$1 32 
$132 

0 
221.4 

- 208.2 
0 

- 13.2 
0 
0 

$ 0  
13.2 
0 - 132.0 
0 

-$118.8 

- 
- 
- 
- 

$1 93 
$438 

$245.0 

92.2 
- 

- 
- 
- 

$ 26.2 
19.3 
65.0 

- 438.0 
112.7 
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Table 3- 
Cash Flow Analysis-Geothermal Heat Pump vs Oil Boiler System ($000) 

Year Total 
1 2 3 4 5 6 7 8 9 10 Proiect 

Energy& Maint. Savings 
Oil Boiler System 
Geothermal Heat Pump 

Savings 
Cash Flow 
O&M Savings 
Deprec. Difference 
Depletion Allowance 
Income Before Tax 

Tax @ 46% 
Income After Tax 
Deprec. + Deplet. Addback 
Cash Flow from Operations 
Invest Tax Credit 
Favorable Tax Effect 
Initial Cost Diff. 
Net Cash Flow 
Present Value of Cash Flow 
Cumulative PV of Cash Flow 

208.2 229.0 251.9 277.1 304.8 335.3 368.8 405.7 446.3 490.9 3.318.0 
116.0 127.6 140.4 154.4 169.8 186.8 205.5 226.1 248.7 273.5 11848.8 
92.2 101.4 111.5 122.7 135.0 148.5 163.3 179.6 197.6 217.4 1,469.2 

92.2 101.4 111.5 122.7 135.0 148.5 163.3 179.6 197.6 217.4 1,469.2 
- 19.3 - 19.3 -19.3 -19.3 -19.3 -19.3 -19.3 -19.3 -19.3 -19.3 -193.0 
- 26.2 - 28.3 -30.5 -33.0 -35.7 -38.7 -42.0 -45.6 -49.6 -54.0 -383.6 

46.7 53.8 61.7 70.4 80.0 90.5 102.0 114.7 128.7 144.1 892.6 
21.5 24.7 20.4 32.4 36.8 41.6 46.9 52.8 59.2 66.3 410.6 
25.2 29.1 33.3 38.0 43.2 48.9 55.1 61.9 69.5 77.8 482.0 
45.5 47.6 49.8 52.3 55.0>8.0 61.3 64.9 68.9 73.3 576.6 
70.7 76.7 83.1 90.3 98.2 106.9 116.4 126.8 138.4 151.1 1,058.6 
65.0 0 0 0 0 0 0 0 0 0  65.0 

112.7 0 0 0 0 0 0 0 0 0 112.7 
-438.0 0 0 0 0 0 0 0 0 0 -438.0 
-189.6 76.7 83.1 90.3 98.2 106.9 116.4 126.8 138.4 151.1 798.3 
-189.6 69.8 68.6 67.8 67.1 66.4 65.6 65.0 64.6 64.1 409.4 
-189.6 -119.8 -51.2 16.66 83.7 150.1 215.7 280.7 345.3 409.4 

Temperature of Formation 
Water vs. Well Depth 

Well Depth 
Thousands of Feet 

Water Temperature O F  
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Heat Pump Schematic Diagram 

Condenser 

to process 

Vapor 

120' 85'F 
Geothermal Water 

Water m Out 
[Heat Source) 

Figure 2 I 

Coefficient of Performance (COP) 

I I I I 1 1 1 
50 70 90 110 130 150 

Leaving Source Water Temperature OF 
Figure 1 

Geothermal Heat Pump System 
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