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INTRODUCTION 

Th is  chapter addresses i t s e l f  t o  the economic evaluation of direct-use geothermal energy f o r  
space heating and f o r  those businesses and industr ies t h a t  are known to  be p r o f i t a b l e  and use 
conventional forms of energy. In  t h i s  context, the economlc f e a s i b i l  i t y  o f  direct-use geother- 
mal energy i s  a matter o f  determining the  reduced costs of t h i s  a l t e r n a t i v e  energy system as 
compared t o  the  cap i ta l  Investment required for the system. 

There are several elements which must be considered when determining the  f e a s i b i l i t y  o f  d i rec t -  
use geotherma I energy: 

1 .  The geologic parameters o f  t he  resource. 

2. The engineering c r i t e r i a  or the  technical  v l a b i l l t y  o f  the  project .  

3.  The economics o f  the  venture, i.e., w l l  I the  annual savings provide s u f f i c i e n t  re tu rn  t o  the 
investor t o  j u s t i f y  the cap i ta l  expenditure? 

Many knowledgeable entrepreneurs t yp i ca l  l y  g ive.  careful  a t ten t i on  t o  geologic and engineering 
de ta i l ,  bu t  f a i l  to g i ve  proper considerat ion t o  the economlc analysis o f  t h e i r  project .  

Economic evaluat ion o r  cost  analysis comprises a myriad o f  var iab les  but can be t rea ted  i n  a 
r e l a t i v e l y  simple manner. The analysis should cons t i t u te  a c a r e f u l l y  planned, dispassionate 
review of a l l  ava i l ab le  information t o  determine the probable value of the proposal. Prlmary 
considerat ion should be given t o  the cos t  of f inding, developing and u t i l i z i n g  the geothermal 
resource. Often the  prel  lminary estimates are un re l i ab le  due t o  a lack of h i s t o r l c a l  l y  accurate 
data. Nevertheless, t h i s  cost  analysis should be made., since the ob jec f i ve  i s  whethei or not 
the  p ro jec t  i s  worthy of consideration. A t  I t s  very worst, such an evaluat ion i s  be t te r  than 
in tu i t ion .  

Although there  are many approaches t o  economlc evaluation, a ra the r  simple step-by-step proce- 
dure i s  as fol lows: 1 

1. C o l l e c t  h i s t o r i c a l  cost  of conventional fuel-use data. I f  there  are no h i s t o r i c a l  data 
avai lable,  est imate the heat load and cur ren t  cost  of conventional fuel.  

2 . Determine in f I a t  i on ra tes  for energy and operat ion and maintenance costs. 

3. Estimate 

4. Estimate 
t ion. 

5. Consider 
appl icab 

This chapter 

costs o f  geotherma I equ I pment and insta I I a t  i on. 

annua I operat  ion and maintenance costs o f  both convent lona I and geotherma I opera- 

e f f e c t  of investment tax  c r e d i t ,  depreciat ion and deplet ion allowance where 
0. 

presents a hypothet ical  example of direct-use geothermal energy, modeled c lose ly  
a f t e r  an actual  case. This examp l e  w i  I I serve t o  i I l u s t r a t e  the  parameters of a comprehensive 
economlc evaluation. The discussion begins w l th  a simple evaluation, progresses' i n  complexity 
through extensive cost estimates and concludes with a more comprehensive, a f te r - tax  eval uatlon. 
The cost est lmates used In t h i s  example are  f o r  Klamath Fa l l s ,  Oregon, i n  terms of 1979 dol- 
lars. 

Assumes t h a t  the  resource has been d I scovered . 1 
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COLLECT ION OF HI  STOR ICAL FUEL-USE DATA 

For t h i s  hypothetical economic analysis, a c t t y  located near a known g ~ t h e r m a l  resource area 
(KGRA) wishes t o  develop a geothermal d i s t r i c t -hea t lng  system fo r  a ten-block business d i s t r i c t .  
The f i r s t  step would be t o  obtain a h i s t o r y  of fuel  consumption and costs over the previous 
three to  f t v e  years. This data col tect ion should include monthly fue l  b i  I Is, type of fuel  used, 
amount of consumption i n  Btu's, kilowatt-hours, therms or gallons, etc., and type of e x i s t i n g  
heat f ng system I n  'each bu I I d i ng schedu led t o  use geotherma 1.  

For t h i s  study, I e t  us assume t h a t  the e n t i r e  d i s t r i c t  uses natura I gas a t  85% e f f  Ic lency wi th 
an annual' heat load of 6.0 x I O t o  B t u f s  (6.3 x 10" kJ) and a current cost  o f  $0.35 per 
therm ( 1  therm IO5 Btu's; $0.33 per lo5 kJ). Therefore, a t  85% ef f ic iency,  annual gas 
consumption for  t h i s  d i s t r i c t  i s  approximately 7.06 x lo5 therms. A t  the current r a t e  of  
$0.35 per therm ($0.33 per lo5 kJ) for natura! gas, the annual cost  of heating t h i s  d l s t r l c t  
i s  $247,100. The c i t y  plans t o  finance the geothermal pro ject  wi th  an 8% municipal bond matur- 
ing in 20 years. Based on current  costs, a 20-year I I f e  and an 8% cost  of capi tat ,  we can now 
est imate the amount of cap l ta l  M e  c i t y  can a f f o r d  3-0 invest in  order t o  avoid these annual cash 
flows of $247,100. For t h i s  estimate, we w i l l  use the same formula as t h a t  used t o  ca lcu late 
the  pay-off of a loan, glven the amount and number of payments remaInI~g:  $247,100 per year for 
20 years. 

( 1  + 1)" - 1 
i ( l  + i)" Formula: PV = a 

Where PY = present value 
a = annual payment 
i = in terest  r a t e  per year 
n = number of  years of payments 

( 1  + .08J20 = 1 
.08 ( 1  + .08)20 

Therefore: PV = $247,100 

PV = $2,426,064 

This f i g u r e  represents the t o t a l  amount of cap i ta l  investment t h a t  could be made today to avoid 
a ser ies of  annual expenses of $247,100 over a 20-year period. O f  course, the annual operation 
and ~ i n t e n a n c e  costs of  the geothermal system have not yet been taken i n t o  account. Suppose 
t h a t  annual operation and maintenance costs were estimated t o  be $10,000 per year. Then the 
annual savings would be $247,100 - $10,000 or $237,100, r e s u i t i n g  I n  PV = $2,327,883, which i s  
t he  maximum capi ta l  investment t h a t  could be spent today fo r  the geothermal system. 

This  cursory analysis coufd very welt Ind icate t h a t  the p ro jec t  Is not ~ o n o m i c a l i y  feasible, 
and a more deta i ied study, using i n f l a t i o n  rates of  conventional energy, i s  required. 

DETERMINATION OF INFLATION RATES 

I n  order to  reasonably p ro jec t  i n f l a t i o n  rates, It Is necessary t o  review the h i s t o r i c a l  data 
regarding conventional fuel  consumption and costs. Our data show t h a t  the c i t y  was paying 
$0.175 per therm ($0,166 per lo5 kJ) for natural  gas in  1976 and $0.35 per therm ($0.33 per 
IO5 kJ) i n  1979. Therefore, we need t o  consider t h i s  rap id escatatlon of natural  gas prices. 
Us I ng the  si ng le-payment compound-amount factor,  we can ident I f y $0.175 as present vat ue, $0.35 
as a fu tu re  value and solve f o r  the r a t e  of i n f l a t i o n  as follows: 
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Formula: FV = PV ( 1  + i1" 

Where FV = present r a t e  
PV = past r a t e  
I = i n f l a t i o n  r a t e  per year . 
n = number of years between r a t e  change 

Therefore: .35 = 175 ( 1  + II3 

- -  .35 - (I + il3 . 175 

2 = ( 1  + 113 

1.2599 = 1 + I 

- I = 1.2599 - 1 
1 = .2599 or  approx 26% i n f  la t lon /y r  

A word o f  caution: It would be dangerous t o  assume t h a t  t h i s  r a t e  of i n f l a t i o n ,  based on a 
three-year study, would continue over the  next 20 years. Exaggerated i n f l a t i o n  ra tes  w i l l  cause 
p ro jec ts  t o  appear economical l y  f eas ib le  a t  one date, but  t he  same p ro jec t  might be uneconomical 
i f  ra tes  o f  i n f l a t i o n  were lower. Therefore, it i s  be t te r  t o  use conservative i n f l a t i o n  ra tes  
i n  determining the economic feas ib i  I i t y  of a project .  i f  actual foss i  I - fuel  i n f l a t i o n  ra tes  
prove t o  be higher than those forecast, the  geothermal p r o j e c t  w l  I I have an even larger advan- 
tage economically. The fol lowing conservative i n f l a t i o n  ra tes  f o r  conventional f ue l s  were 
obtained from the  Oregon Department o f  Energy: 

1.  Natural  gas - 5.2% above the economic i n f l a t i o n  r a t e  through 1986; 
105% above the economlc I n f l a t i o n  r a t e  thereafter.  

2. E l e c t r i c  power - 2.5% above the economic i n f l a t i o n  r a t e  through 1986; 
1.58% above the  economic i n f l a t i o n  r a t e  thereafter.  

The economic I n f l a t i o n  r a t e  chosen for t h i s  case study I s  7% per annum. Therefore, i n f l a t l o n  
ra tes  f o r  natural  gas would be 12.25, changing to 8.5% i n  1987. With t h i s  r a t e  of i n f l a t i on ,  
t h e  20-year cash flow o f  natural  gas costs would appear as fo l lows in Table 1: . 

TABLE 1 

20-YEAR CASH FLOW OF NATURAL GAS COSTS OF THE 
KLAMATH FALLS PROJECT 

Year 

1 
2 
3 
4 
5 
6 
7 

- 

NATURAL GAS 
Annual Cost 

$ 247,100.00 

277,246.20 
311,070.24 
349,020.81 
391,601.34 
439,376.71 
492,980.67 
553,124.31 

PRESENT WORTH 

8% 
(For an 8% cost of c a p i t a l  1 

256,709.44 
266,692.59 
277,063 . 97 
287,838.68 
299,032.40 
310,661.44 
322,742.72 

(continued on next page) 
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(Table 1, continued) 

Year 

8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

Tota I : 

Annual Cost 
m o o  m o o  

600,139.87 
651 , 151.76 
706,499.66 
766,552.13 

902,404.34 
979.108.70 

1,062,332.94 

1,250,604.9O 
1,356,906.32 
1,472,243.35 
1,597,384.04 

831,709.06 

1,152,631.24 

16,144,088.59 

PRESENT WCRTH 
(For an 8% cost o f  c a p i t a l  

324,236.90 
325,738.00 
327,246.04 
328,761.07 
330,283.11 
33 1 , 8 12.20 
333 , 348.37 
334,893.65 
336,442.07 
337,999.67 
339,564.49 
341,136.55 
342,715.88 

6 , 354 , 9 1 7 . 24 

ass --- --.- 

Accordingly, the  c i t y  could spend $6,354,917 as compared to the $2,426,064 before considering 
i n f l a t i o n .  Therefore, a p r o j e c t  t h a t  may have appeared uneconomlcal i n l t i a l  l y  may be feas ib le  
a f t e r  consldering the r a p i d l y  r i s i n g  costs o f  conventional energy. 

EST I MAT I ON OF COSTS OF GEOTHERMAL EQU I PMENT AND I NSTALLAT I ON 

A t  t h i s  point, the  costs of development of t h e  geothermal resource and the d i s t r i b u t i o n  system 
should be considered. The design o f  the system and cos t  estimates should be obtained from a 
geothermal engineering-consulting f i r m .  Such a f i r m  obtained the fo l lowing data and completed 
t h e  f e a s l b i l l t y  study in  the hypothetical model. The system design Included: production wells, 
a primary (main-supply) p ipe l ine,  a centra l lzed heat-exchanger system, a secondary ( d i s t r i b u t i o n  
system) pipe1 ine, an i n j e c t t o n  wet I and a primary and secondary pumping system, A diagram o f  
t h e  system i s  shown In  F igure 1. 

To determine the size o f  transmission pipet ines and the  amount o f  flow requlred, i.e.* the num- 
ber o f  we l ls  needed, t h e  data for  fue l  consumption should be reviewed, paying p a r t i c u l a r  atten- 
t i o n  t o  the coldest months o f  the year, t o  determlne t h e  peak load. This peak should be v e r i -  
f l e d  i n  the  engineerlng design of the  system by consider ing t o f a t  volume (cublc f e e t  or meters) 
to be heated, type of bui ldings, Insu lat ion,  etc., the mlnimum outslde-design temperature versus 
t h e  deslred lnslde temperature and the amount of energy t h a t  can be extracted from t h e  geother- 
mal resource. Heating systems are normally over-designed by 25 percent. The method of estlmat- 
ing peak load appears in  Chapter 4. 

Using t h i s  approach, t h e  peak load for our ten-block model Is estimated t o  be 27.8 x lo6 Btu 's  
per hour (29.3 x lo6 kJ/hr = 8.14 MWt).  Wlth an assumed we1 I temperature of  ZOOOF (93°C) 
based on geolog I C  forecasts and t e s t s  o f  e x i s t i n g  we1 I s  In the area, the heating system w i I I be 
designed t o  ex t rac t  4OoF (22°C; AT) from the  water pumped from the resource. This would requ i re  
1390 gal Ions per minute (87.7 I/s) flow, ca lcu la ted  as f o l  lows: 

peak load 
500 (AT) = flow r a t e  = I/s ( k J l h r  

15,200 (AT "C) 

where 500 fs a constant where 15,200 Is a constant 

27.8 x lo6 
therefore:  = 1390 gpm 

500 (40) 
= 87.7 I/s 29.3 x IO6 

15,200 x 22°C 
therefore: - 



~ 

FIGURE 1. Diagram of the Klamath Fa1 I s  hypothetical city heating system. 
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TO satisfy t h e  peak load, three production wells, each d e l i v e r i n g  up t o  500 gal lons per minute 
(31.5 l/s), would be required. Water would be del ivered t o  the heat-exchange bul ld ing by an 
8-inch (20 cm) primary transmission tine. 

I n  many cases, it i s  not  economical t o  design a system t o  s a t i s f y  the peak load i f  t h i s  peak 
load occurs infrequently. When r e t r o f i t t i n g  geothermal systems t o  e x i s t i n g  conventional fue l  
systems, it is  of ten more economical to design the geothermal system to  handle the major por t fon 
o f  the heat load and supply the peak perlods w l th  a cent ra l i zed  conventional fue l - f i red  boi ler .  
Consideration should be given to a conventional fue l  t h a t  can be stored, such as coal o r  heating 
ol I . These f u e l s  would be used during #e co ldest  per Iods o f  t h e  year when conventional systems 

would a lso be demanding peak load and natural gas and e l e c t r i c a l  power would be In shor t  
SUPPI Y. 

For  the h e a t i n g - d i s t r i c t  model, three 1000-foot (305-m) production we l ls  are t o  be d r i l l e d  a t  a 
t o t a l  cost  of $316,694. The decision t o  d r i l  I the t h i r d  wel l  was based on the fac t  t h a t  the 

' peak load would requi re 80% production from the  t h i r d  we1 I and because f u t u r e  plans fo r  the 
system include expansion to a 54-block area. 

W e l l - d r i l l i n g  costs (up t o  3000 feet/depth, 914 m) i n  the Klamath Basin, using cable or  r o t a r y  
r i g s  are as fol lows: 

? 

b 1 .OO per inch of diameter per foo t  ($1.29/cm/m) o f  depth i n  % o f t t t  rock; 
$2.50 per inch of diameter per f o o t  ($3,23/cm/m) o f  depth In  fthardtt rock up to  500 f e e t  
(150 m) i n  depth; 
Every add i t iona l  100-foot (30-m) increment adds $1.00 per f o o t  o f  depth ($3.28/m, incremen- 
t a  I charges 1 . 
Casing costs can be estimated a t  $1.05 per inch o f  diameter per foo t  o f  depth ($1.36/cm/m). 
Ful l -depth casing i s  assumed for a1 I we1 Is,  Example: 

$1.05 x 10-inch (25.64-cm) casing x 1 foo t  ( . 3  mf of depth = $10,50/ft ( . 3  m).  

Using t h e  above costs, which include mob i l i za t ion  and demobil izat ion and which consider d r i l l i n g  
cond i t ions  in  the Klamath Basin (foe., one- th i rd  o f  d r i l l i n g  in  "hard" rock), the fo l low ing  
d r i  I I ing costs were developed: 

Average We1 I Costs2 

Depth ( f e e t )  100 (30 m) 500 (152 m) 1,000 (305 m )  2,000 (610 m) 3,000 (914 m) 
D r i  I 1  Ing costs ($I3 1,800 9,000 17,000 34,500 51,000 
Casing c o s t  ($1 1,050 5,250 9,450 17,850 24, lx) 

Tota l  cost  ($1  2 8 850 14,250 26 450 52,350 75,150 

Range of Costs2 

A I  I f fso f t f t  rock  ( 8 )  2,200 1 1  ,000 20,500 41,000 59,500 
103,000 A l l  "hardfl rock  ( $ 1  4,000 20 * 000 37,000 72,500 

2 
Based on current  costs. Costs a re  expected t o  r i s e  approximately 10% i n  the very near 

fu ture.  
3 

agents, etc. 
Does not  include costs  f o r  d r i  I I ing mud, add i t iona l  aJr compressors if required, foaming 
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Based on November 1978 costs and on the r e l a t i v e  amounts of  Ilhard" and %of t f1  d r i l l i n g  t h a t  are 
expected in the d r i  1 1 ing area, cost  of a 1000-foot (305-m) we1 I would be: 

0-350 f t  14-in d r i l  I 175' (35.6 m/53 m) @ $ l.00/ft4 = $2,450 
(0-107 m) 14-in d r i l l  175' (35.6 m/53 M I  I $ 2.00/ft4 = 6,125 

10-in I.D. casing (25.4 an) I $10.50/ft = 3,675 

350-1000 f t .  12-In d r i l l  238' (30.4 cm/73 m) @ $ l,00/ft4 =$ 2,856 
(107-305 m) 12-In d r i l l  412' (30.4 cm/126 m) 0 $ 2.50/ft4 = 12,360 

8- in  I.D. casing (20.3 cm) @ $ 8.55/ft = 5,557 

Incremental depth charges = 3,000 

One 10-in (25.4 cm) and one 8-In (20.3 an) casing shoe = 225 
\ 

100 sacks cement I $10.00/sack = 1,000 

Standby Tlme Q $350.00/day8 3 days ' = 1,0505 

- Well completion by a i r  e 6125.00/hr - 60 0 

TOTAL $38 p 898 

The production we1 I pumps selected f o r  our model are v e r t i c a l  tu rb ine  wi th  var iab le  speed f l u i d  
dr ive.  These pumps have proven h igh ly  successful a t  Oregon I n s t i t u t e  of  Technology and Presby- 
t e r i a n  Intercommunity Hospital In Klamath Fa1 Is. They are capable o f  maintaining a constant 
pressure in the supply l i n e s  while flow requirements vary from zero to fu l l - f low.  Malntenance 
costs  are minimal. Speci f icat ions on the well head pumps and cost data are l i s t e d  below. 

We1 I head pumps 

Ver t i ca l  tu rb ine  wi th  var iab le  speed drive: 
Rated flow a t  1750 HPM 500 gpm (31.5 I/s) 
Cot umn length 350 f t  (107 m )  
Co I umn d iameter 8 in (20.3 cm) 
Bow I d iameter 9-3/4 i n  (24.8 cm) 
Shaft diameter 1-1/2 I n  ( 3.8 cm) 
Number of bowl s 11  
Discharge o f  pressure 20 psi  (138 kPa) 
Motor ( e l e c t r i c )  75 hp 
D r i v e  - torque converter type 2% S I  l p  

a t  f u l l  load. Rated Capaclty 75 hp 
Wire t o  water e f f i c i e n c y  72 % 
Current estimated cost $4 I ,488 
Number requ i red 2 ea 

Pump selectlon I s  s i t e  speci f ic .  I n  those areas where water q u a l i t y  o f  the resource Is more 
corroslve, the pump costs and maintenance costs w i  I I grea t ly  exceed the costs f o r  the Klamath 

F a l l s  model. 

4 

'Standby t ime accumulated whi l e  running logs, 48-hr pump t e s t  and mlscel laneous delays for 

Per d iameter inch ( d iameter cent i meter 1. 

t e s t i n g  and logging. 
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The production well  pumps supply f l u i d  to  two. piate-type heat exchangers, the cont ro l  system and 
two c i r c u l a t i o n  pumps housed in  a heat-exchanger bui iding. Ver t i ca l  tu rb ine  c i r c u l a t i o n  pumps 
were chosen over c e n t r i f u g a l  pumps due t o  higher e f f i c i e n c y  and lower maintenance costs. 

C i r c u l a t i o n  pumps 

Two types o f  c i r c u l a t i o n  pumps were investigated, v e r t i c a l  tu rb ine  and centr i fugal .  Although 
i n i t i a l  cost o f  the  cent r i fuga l  pumps was lower, the v e r t i c a l  t u r b i n e  pumps o f f e r  the fo l low ing  
advantages: b e t t e r  packing l i f e  and much less l i ke l ihood o f  a i r  entrainment in  the ciosed-loop 
system w i t h  a r e s u l t a n t  decrease in  corrosion problems. I t  i s  near ly  impossible f o r  v e r t i c a l  
tu rb ines  t o  allow a i r  i n  the system since the  packing i s  under p o s i t i v e  in ternal  pressure a t  a l l  
t imes whi le, under c e r t a i n  low-f low high-speed condit ions, c e n t r i f u g a l  pump-shaft packings may 
have negative in te rna l  pressure. V e r t i c a l  tu rb ine  pumps a lso  o f f e r  higher wire-to-water e f f  i- 
clencles, lower net p o s i t i v e  suction-head requirements and f l a t t e r  operating curves. 

C I r c u  I a t  ion pump compar i son : 

Ver t i ca l  t u r b i n e  Centr i f uqa I 

400 gpm @ 100 p s i  (25.2 I/s 8 689 P a )  400 gpm e 100 psi (25.2 I/s 8 689 P a )  
1750 rpm 3600 rpm 
40 hp 40 hp 
Wire-to-water e f f i c i e n c y  73% 
N P S H ~  7.2 f t  (2.2 m) 
Estimated maintenance cost: $200/yr Estimated maintenance cost: $250/yr 
Present cost: $13,691 Present cost: $12,033 

Wire-to-water e f f i c iency  62% 
NPSH 10.2 f t  (3.1 m) 

The pumps selected have the  f o l  lowing speci f icat ions:  

V e r t i c a l  tu rb ine  w i t h  var iab le speed d r i v e  
Rate flow a t  1750 rpm, 100 and 400 gpm (6.3 and 25.2 I /s)  

Column length and diameter 
Bow I d i ameter 
S h a f t  d i ameter 
Number o f  bowls 
D i scharge pressure 
Motor ( e l e c t r i c )  
D r i v e  torque converter type, 2% 

Wire-to-water e f f i c i e n c y  
Current estimated cost 
Number requ i r e d  

S I  Ip  a t  f u l l  load. Rated Capacity 

none requ I red  
6-5L8 in  (16.8 cm) 
1 i n  (2.5 cm) 
4 

100 ps i  (689 P a )  
40 hp 

50 hp 

75% 
$13,69 1 

2 e a  

Two plate-type heat exchangers were selected f o r  t h i s  app l i ca t ion  because of t h e i r  high e f f i -  
ciency, small space requirements and ease o f  cleaning. The exchangers can operate a t  the mini- 
mum flows requi red fo r  domestic water heating dur lng summer months and a lso accept add i t i o n a  I 
p l a t e s  t o  handle increased loads wh i le  maintaining i n l e t  and o u t l e t  temperature as the d i s t r i c t  
i s  expanded. 

The manufacturer based the  desi gn o f  the heat exchangers on eng ineer I ng spec1 f 1 c a t  ions f o r  sec- 
ondary water-flow rate, pressure drop, I n l e t  temperature, o u t l e t  temperature, geothermal water- 

6 
Net P o s i t i v e  Suct ion Head 
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flow rate,  pressure drop and In l e t  temperature. Geothermal water o u t l e t  temperature and 
exchanger cost  are Jterated t o  obtain the .most economical exchanger w i th  minimum f low rates. 
Data on the heat exchangers fol low: 

P I a t e  heat exchanger genera I spec i f i c a t  ions: 

Type - Sing le  pass with 150 316 s ta in less  steel  p la tes  EPDM gaskets 
Size - 9'311 long x 1'7t1 wide x 5' h igh  with maxlmum platage (2.82 x 0.48 x 1.52 m) 

Geothermal s ide  - 219°F (104°C) i n l e t  
176°F (80°C) o u t l e t  

350 gpm (22.1 I /s) flow 
4.3 psig (29.6 kPa) pressure drop 

(1000 gpm 163.1 I / s l  maximum flow) 

Secondary s ide  - 200°F (93°C) o u t l e t  
160°F (71°C) I n l e t  

378 gpm (23.8 I /s) flow 
3.7 ps ig  (25.5 kPa) pressure drop 

(1000 gpm 163.1 I /sl  maxlmum flow) 

Cost - $14,000 ea 
Number required - 2 

L i f e  of  the 316 s ta in less  steel  p la tes  I s  expected to be 30 years or more i n  the Klamath Fa1 I s  
geothermal water. 

Addi t ional  p la tes  f o r  f u tu re  expansion cos t  $80 each, including gaskets. 

The primary p i p e l i n e  fo r  the system i s  to be 8-inch (20 an) steel ,  schedule 40, 4060 f t  (1.24 
km) i n  length, .placed in a concrete tunnel. The cost o f  t h i s  l i n e  i s  estimated to be $506,175. 
Thls f i g u r e  includes cost of  pipe, expansion j o in t s ,  f i t t i n g s ,  p ipe guides, excavation, bedding 
placement and backf i I I, a highway undercrossing , a r a i  l road undercrossing , a 42" x 30tt (107 x 76 
cm) concrete tunnel and s i x  pre-cast expansion vaults. 

The costs are based on estimates provided by var ious suppl iers o f  equipment, C i t y  o f  Klamath 
F a l l s  recent b i d  p r ices  and estimates from Means Mechanical Cost Data Guide f o r  1978. It should 
be noted t h a t  there  were large va r ia t i ons  in estimates given by suppliers, as much as 2-3005 
var ia t ion .  The costs presented below appear t o  be the most reasonable estimates, including 
a1 lowance f o r  prof it and overhead. 

8" (20 cm) Steel Pipe i n  a Concrete Tunnel 

Primary I ine (8" I20 cml s tee l  pipe) 

4060' (1237 m) Q 8" (20 CXI) . SCh 40 8 $10.323/LF7 . . . . . . . .  $ 41,911 
I n s t a l l  and weld Q 70% ..................... 29,338 

F i t t i n g s .  . . .......................... 6,433 
I n s t a l l  and weld @40% ..................... 2,573 

(continued) 

7 
LF = l i nea r  f o o t  (.3 m) 
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Expansion j o i n t s  . . . . . . . . . . . . . . . . . . . . . . . . .  $ 3 0 3  5. 
I n s t a l l  @ 5 6 %  . . . . . . . . . . . . . . . . . . . . . . . . .  2. 970 

Pipe guides (79 requlred) . . . . . . . . . . . . . . . . . . . .  3,804 
I n s t a l l  I 5 6 5  . . . . . . . . . . . . . . . . . . . . . . . . .  2D130 

Insu la t i on  d $4.59/LF . . . . . . . . . . . . . . . . . . . . . .  18. 635 
Labor8123. . . ........................ 22. 921 

Concrete tunnel 3860' (1177 m) o f  42Il (108 an) x 30" (77 cm) Q 
S46.50/LF (-200' I61 m l  canal 8 highway crossing) . . . . . . .  179. 490 

Excavation. beddlng. placement and b a c k f i l l  Q $35/LF . . . . . . .  135. 100 

Highway undercrossing $175 x 120' (37 m)  . . . . . . . . . . . . .  21. 000 

RR undercrossing $100 x 250' (76 m) . . . . . . . . . . . . . . .  25. 000 

6 pre-cast expansion vau l t s  (Model 675 LA) @ $1. 063 . . . . . . .  6. 378 
I n s t a l l  Q 50% ......................... 3 1 8 9  -2- 

S u b to ta  I $506. 175 

The secondary d i s t r l b u t i o n  l i n e  t o t a l s  an estimated $631.060 . A de ta i l ed  cost summary of the 
secondary d i s t r l b u t i o n  system i s  as fol lows: . 

Secondary I ine (8" (20 cml. 6" [ 15 an1 and 3" [ 8  cml s tee l  pipe) 

2170' (662 m) . 2 €? 8" (20 cm) . Sch 40 Q $10.323/LF . . . . . . . .  $ 8 0 1  44. 

2250' (686 m) . x 2 @ 6" (15 cm) . Sch 40 I $6.865/LF . . . . . . . . .  30. 892 
I n s t a l l  and weld 8 70% ...................... 52. 985 

1360' (415 m) x 2 Q 3" (8 cm) . Permapipe ( i n s t a l  led. 
f ac to ry  Insulated) I $24.13/LF . . . . . . . . . . . . . . . . . . .  65. 634 

F i t t i n g s  . . ............................ 10. 625 
I n s t a l l  and weld @ 4 0 %  ...................... 4. 250 

Expansion j o i n t s  . . . . . . . . . . . . . . . . . . . . . . . . . .  13. 174 
I n s t a l l @ 5 6 %  . . ......................... 7. 377 

Pipe guides (368 required) . . . . . . . . . . . . . . . . . . . . . .  10. 301 
I n s t a l l  @ 5 6 %  ........................... 5. 769 

Insu la t i on  8" (20 cm) I $4.59/LFD 611 (15 an) Q $3.89/LF . . . . . . .  37. 426 
L a b o r 8 1 2 3 5  . . ......................... 46. 034 

Concrete tunnel 
2170' (662 m) o f  42" (108 cm) x 30" (77 cm) @ 
$46.50/LF . . .......................... 100. 905 

2250' (686 m) o f  38" (94 an) x 28" (72 an) @ $40.45/LF . . . . . . .  91. 013 

Savlngs on concurrent cons t ruc t ion  o f  u t i l l t l e s  . . . . . . . . . . .  (49. 265) 

(continued) 
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Excavation, bedding, placement and b a c k f i l l  8 $35/LF . . . .  154,700 

8 Precast expansion vau l ts  (Model 575 LA) Q $737 . . . . . .  5,896 

1 Precast expansion v a u l t  (Model 675 LA) Q $1063 . . . . . .  1,063 
tabor and equipment 8 50% . . . . . . . . . . . . . . . .  3,480 

$637 , 060 S u b to ta  I 

TOTAL $1,143,235 

Four d i f f e r e n t  designs fo r  the pipe system were considered: 

1 .  Steel pipe i n  a concrete tunnel 

2. Steel p ipe d i r e c t  buried, Insulated and sealed 

3. Asbestos cement d i r e c t  buried 

4. Fiberglas re in fo rced p las t i c .  

Although the steel  pipe i n  a concrete tunnel has the  highest I n i t i a l  cost, it was estimated to 
have nearly tw ice  the  l i f e  o f  the  other p ip ing  systems and reduced annual maintenance costs. 
One o f  the  v i t a l  fac to rs  i n  se lec t ing  t h i s  system was the  f a c t  t h a t  both primary and secondary 
l i nes  w i l l  be run i n  congested areas. P ipe l ines  l a i d  i n  tunnels beneath sidewalks w i l l  provide 
easy access f o r  maintenance and w i l l  me l t  snow dur ing  w in te r  months. 

Concrete tunnels for the primary l i n e  are oversized to al low fo r  the planned fu tu re  expansion. 
Although the overs iz ing  ra ises  the  i n i t i a l  cost, it i s  much more economical than trenching, bed- 
ding, placement and backf i I I a t  a l a t e r  date. Nearly a l  I geothermal space-heating systems 
i n s t a l  led have provided f o r  fu tu re  expansion. 

An 800-foot (244-111) i n j e c t i o n  wel l  w i l l  be d r i l l e d  a t  the  end o f  t he  primary l i n e  for $30,000. 
A t o t a l  cost  summary for the e n t i r e  system appears below: 

Total  Cost Summary 

cost - Item 

A. Wells and Well Head Equipment 

1. Production wel l  (3)  Q $38,898 . . . . . . . . . . . . . .  $ 116,694 
2. Production wel l  pumps (3) 8 $41,988 . . . . . . . . . . .  125,964 
3. Well head bu i ld ings  (3) 8 $3,500 . . . . . . . . . . . .  10,500 
4. Power hook-up I n  bu i l d ings  (3) Q $500 . . . . . . . . . .  1,500 

Subtota I $ 254,658 

B. D i s t r i b u t i o n  P ip ing  Network: 

* 5. Primary supply p i p e l i n e  (8s  [20 cml steel  i n  
concrete tunnel)  .................... 506,175 

60 Secondary supply p i p e l i n e  (811 I20 cml B 61' 115 cml steel  
i n  concrete tunnel . 3" [ 8  cm.1 s tee l  bur led) . . . . . . .  637,060 

Subtotal $1 , 143,235 

(continued) 
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C. Heat Exchanger Bui Iding: 

7. P l a t e  heat exchangers (2 )  @ $14,000 . . . . . . . . . .  $ 28,000 

9. C l r c u l a t i o n  pump (2)  @ $13,691 . . . . . . . . . . . .  27,382 
10. Expansion/surge tank . . . . . . . . . . . . . . . . .  5 , 000 

8. Cont ro l  System, wir ing,  etc. (basic)  . . . . . . . . .  44,537 

1 1 .  Bui ld ing ,  including i n s t a l l a t i o n  of equipment . . . . .  90,000 
12. I n j e c t i o n  wel l  ( Includes bu i l d ing )  . . . . . . . . . .  33 # 500 
13. I n j e c t i o n  well  pump . . . . . . . . . . . . . . . . . .  2,587 

Su b to ta  I $23 1 ,006 

Total  Equipment and I n s t a l l a t i o n  Costs $1,628,,899 

D. Overhead Costs: 

Engineering t? 10% ..................... 162,890 
Contingency ( i n f l a t i o n  @ 5% f o r  6 mos) . . . . . . . . . .  81,445 

Total  Cost 51,873,234 

ESTIMATING ANNUAL OPERATION AND MAINTENANCE COSTS 

To complete the  t o t a l  cost f o r  t h i s  project ,  it i s  necessary t o  p ro jec t  annual operation and 
ma lntenance costs of the geothermal system. Maintenance costs are I lmited t o  materia I s  and 
labor. Operating costs involve e l e c t r i c a l  power costs f o r  pumping and wages f o r  personnel 
Involved In  opera t ing  the system. The maintenance costs of our hypothet ical  model are as fol- 
I ows: 

A. Production-well  pump maintenance costs are shown in  de ta i l .  A l l  pump maintenance costs 
were ca lcu la ted  In t h l s  manner. 

1 .  Change packing and lubr ica te  a t  6-mo in te rva l s  

mater ia l  per pump 
I a bor per pump 

Tota I 

$ 6. 
23 

$29 
- 

Annual cost  $29 x 2 = $58 

Total  f o r  3 pumps: $58 x 3 = $174 

2. Pul I pump, inspect 8 replace bearings a t  3-yr I n te rva l s  

mater ia l  per pump $ 700 
labor per pump 3,300 

Tota I $4,000 

Annual cost  $4,000 + 3 = $1,333 

To ta l  for 3 pumps $1,333 x 3 = $4 , 000 

(continued 1 
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3. Overhaul var iab le  speed d r i v e  a t  5-yr I n te rva l s  

mater ia l  per pump 
labor per pump 

Tota I 

$180 
400 

$580 
- 

Annual cost  8580 + 5  = $1 16 

Total f o r  3 pumps $116 x 3 = $348 

To ta l  annual production-pump maintenance costs . . . . . . $4,522 

6. Tota l  annual circulation-pump maintenance costs . a a 568 

C. Total  annual injectlon-pump maintenance costs a a . . 79 

D. Tota l  annual primary p ipe l i ne  maintenance costs a . . 400 

Em Tota l  annual secondary p ipe l i ne  maintenance costs a . . 51 0 

F. To ta l  annual heat-exchanger maintenance costs a 1,268 

Gm Total  annual maintenance on 3 well-house 
bu i ld ings  and heat-exchanger bu i l d ing  . . a . 1,200 

Tota l  annual maintenance costs . a a a . a . $8,547 

E l e c t r i c a l  operat ion costs 

To determine the  annual operating cos t  of the system, it i s  necessary t o  ca lcu la te  the  t o t a l  
e l e c t r i c a l  power requirements f o r  pumping and the  annual load fo r  the system. 

The load fac to r  f o r  our hypothetical system i s  25%. The load fac to r  i s  computed by d i v i d i n g  the 
estimated annual hours o f  operation by the  t o t a l  hours per year. Estimated annual demand f o r  
t h e  system i s  2190 hours divided by 24 hrs/day t imes 365 days/year = 25% load factor. 

Three 75 hp production-we1 I pumps operat ing a t  60% o f  ra ted  load w i t h  72% e f f i c i ency :  

225 hp x a6 = 135 hp f728 e f f  = 187.5 hp input  

One 20 hp i n j e c t i o n  pump operating a t  60% o f  ra ted  load w i t h  71% e f f i c i ency :  

20 hp x .6 = 12 hp+ 71% e f f  = 17 hp input 

Two 40 hp c i r c u l a t i n g  pumps operating a t  60% of ra ted  load w i t h  73% e f f i c l ency :  

SO hp x a6 = 48 hp +73% e f f  = 66 hp input 

TOTAL = 270.5 hp input 

270.5 hp x 2190 hrs = 592,395 hp hours/yr 

592,395 hp hrs/yr x a7457 k i  lowatt  hrs/hp h r  = 441,749 KW hr/yr  

441,749 KW hr/yr  a t  SOmO25/KW hr  = $11,044/yr e l e c t r i c a l  power cost  



5-16 

Annual maintenance costs 

The maintenance costs are estimated to  i n f l a t e  a t  7% annual ly and the  e l e c t r i c a l  costs a re  
i n f l a t e d  a t  9.5% through 1986 and 8.58% thereafter.  Table 2 i s  a' 20-year p ro jec t ion  o f  
e l e c t r i c a l  costs and operation and maintenance costs. 

TABLE 2 

20-YEAR PROJECTION OF ELECTRICAL, OPERATION AND MA1 NTENANCE COSTS 
FOR THE KLAMATH FALLS PROJECT 

Geothermal 
E I e c t r  ica I 
Annua I Cost 

- Year 1 1  ,044.00 
1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

. 10 

12,093.18 
13,242 -03 
14,500.03 
1 5 , 877 . 53 
17 , 385.89 

20,846.12 
22 , 634.72 
24 , 576.78 
26,685.46 
28 , 975 . 08 
31,461.14 
34,160.50 
37,091.47 
40 , 273.92 
43 , 729.43 
47,481 -41 
51,555.31 
55,978.76 
60,781.74 

19,037 055 

Geotherna I 
Operation 8, Maintenance 

Annual Cost 
8,547.00 - 
9,145.29 
9,785.46 

10,470.44 
11,203.37 
1 1,987.61 
12,826.74 
13 , 724 . 61 
14,685.34 
15,713.31 
16 , 8 13.24 
17,990.17 
19,249.48 
20,596.95 
22 , 038 . 73 
23,581 -44 
25,232.14 
26,998.39 
28 888.28 
30,910.46 
33,074.19 

Tota I 
Cost/Y r . 
21,238.47 
23 , 027 -49 
24 , 970.47 
27 , 080 . 90 
29,373.50 
31,864.29 
34,570.73 
37,320 . 05 

43 498 . 7 1 
46 , 965.25 
50,710.62 
54,757.45 
59,130.21 
63 , 855.37 
68,961.57 
74 , 479.80 
80 , 443.60 
86 , 889.22 
93 , 855.93 

40,290.09 

Tota I 993,283.71 

Wages f o r  operat ion in our hypothet ical  case were excluded due to  the  f a c t  t ha t  personnel who 
operate and malnta i n  the ex i s t i ng  system w i I 1 be i den t i ca l  f o r  the  geothermal system. 

Now we are ready t o  construct  a 20-year cash flow o f  the costs and savings r e s u l t i n g  from 
convert ing the  d i s t r i c t  to geothermal energy (Table 3). 

The t o t a l  cos t  o f  the proposed geothermal system (from page 14) i s  $1,873,234. The present 
worth of the 20-year cash flows a t  an 85 cost of cap i ta l  indicates t h a t  the c i t y  could a f fo rd  to 
spend 65,953,737 today t o  avoid the projected cost o f  natural  gas Over the  next 20 years. 

Th i s  comp.1 etes the economJc ana I ys i s for  a non-prof 1 t organ i za t  ion. Th I s  examp l e  prov ides the 
reasons f o r  g i v ing  careful  a t t e n t i o n  t o  the costs o f  the proposed and ex i s t i ng  systems. A 
p rec ise  cost ana lys is  w i l l  a i d  the decis ion t o  d r i l  I o r  no t  t o  d r i l l .  



Year 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

- 

Natural  Gas 
Annua I Cost 

247 , 100 
277 , 246 
31 1,070 
349,021 
391,601 

492 , 98 1 
553,124 
600 , 140 
651 , I52 
706 , 500 
766 , 552 
831 , 709 
902 , 404 
979,109 

1,062,333 
1 , 152,631 
1,250,605 
1,356 , 906 
1 , 472 , 243 
1 , 597 , 384 

439 # 377 

TABLE 3 

20-YEAR CASH FLOW OF THE KLAMATH FALLS PROJECT 

Geothermal 
E I ec tr i ca I 
Annual Cost 

11,044 
12,093 
13,242 
14,500 
15,878 
17,386 
19,038 
20 , 846 
22 , 635 
24 , 577 
26 , 685 
28 , 975 
31,461 
34,161 
37,091 
40,274 
43 , 729 
47,481 
51 , 555 
55,979 
60 , 782 

Geothermal 
Operation 8 
Maintenance 
Annua I Cost 

8 , 547 

9 , 785 
10,470 
11,203 
11,988 
12,827 
13,725 
14,685 
15,713 
16,813 
17,990 
19,249 
20,597 
22 , 039 
23,581 
25 , 232 
26,998 
28 , 888 
30,910 
33 , 074 

9,145 

Tota I 

Annual 
Sav I ngs 
256 , 008 
288 , 043 
324,050 
364 , 520 
4 1 0 , 003 

5 1 8 , 554 
562 , 820 
6 1 0,862 
663,001 
7 1 9 , 587 
780 , 998 
847,647 
919,978 
998 , 478 

1 , 083 , 670 
1 , 176,125 
1 , 276 , 463 
1,385,354 
1 , 503 , 528 

15,150,605 

461 , 1 i 6  

5-17 

Present 
Worth 8% 

237 , 044 
246 , 950 
257,242 
267,933 
279 , 04 1 
290 , 582 
302,571 
304 , 074 
305 , 583 
307 , 098 
308 , 6 18 
310,145 
31 1,678 
313,217 
314,762 
316,313 
317,870 
3 1  9,434 
32 1,003 
322 , 579 

-- 

5,953,737 

CONSIDERATION OF INVESTMENT TAX CREDIT, DEPRECIATION A M  PERCENTAGE 
DEPLET I ON ALLOWANCE FOR A TAXABLE CORPORAT ION 

I n  order t o  understand thoroughly the economic analysis fo r  a taxable corporation, the reader 
should be fam i l i a r  w i th  the National Energy Act (NEA) o f  1978, which i s  discussed beginning on 
page 22 of t h i s  chapter. 

To il I us t ra te  the  economic e f f e c t  o f  t he  NEA, we can modify our hypothet ical  model w i th  the 
assumptlon t h a t  the geothermal resource and d l s t r l b u t i o n  system are to be developed by a taxable 
corpora t lon  t h a t  intends t o  s e l l  energy to the heating d i s t r i c t .  With t h i s  assumptlon, we can 
malntaln ident ica l  cap i ta l  investment and annual operating costs t o  exempl i f y  taxable versus 
nontaxable cost  analysis. 

Obviously, there  should be an economic lncent ive  fo r  the d i s t r i c t  t o  convert from natura l  gas t o  
geothermal energy. I t  i s  doubtful  t h a t  the  corporat ion could charge the d i s t r i c t  the p r i ce  o f  
na tura l  gas, a l low t h i s  p r i ce  t o  Increase annually a t  natural-gas i n f l a t i o n  ra tes  and per- 
suade the  users w l th ln  the d i s t r i b u t i o n  system to convert t o  geothermal energy. On the other 
hand, the  corporat ion must charge some p r l c e  t h a t  w l  I I cover I t s  operat ing costs and provide an 
acceptable a f te r - tax  re tu rn  on Investment. In  an attempt t o  surmount t h i s  stumbl Ing block, we 
can hypothesize t h a t  the corporat ion agrees t o  s e l l  geothermal energy a t  the same p r i c e  as natu- 
r a l  gas, i n f l a t i n g  t h l s  p r l ce  a t  the economic i n f l a t i o n  rate. Th is  r a t e  would al low the corpo- 
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r a t i o n  to recover the  increasing costs of operation and maintenance and would provide the users 
w i t h  a cheaper source of energy due to the grea t ly  reduced in f  l a t i o n  rates. F lgure 2 compares 
geothermal v8rsus natura l  gas f o r  a 20-year period using t h i s  hypothesis. 

I, 500 

I ,  000 

500 

/ - C c - -  - NATURAL GAS 1 
-- -. GEOTHERMAL 

t I I I a 1 I I I I f I i I 1 1 I 1 I f 

YEARS 

FIGURE 2. Geothermal and natura I gas compar lson under an in f  l a t i o n  r a t e  formu la. 

Hypothet ica l ly ,  t h e  gross sales fo r  the Corporation w i l l  s t a r t  a t  $264,397 f o r  1980 and increase 
a t  7% per year over the  20-year period. For s i m p l i c i t y ,  we w i l l  assume t h a t  the  corporat ion 
e l e c t s  t o  cap i ta l  i z e  i t s  in tangib le  costs and use a ten-year l i f e  and s t r a i g h t - I  ine deprec iat ion 
w i t h  a ten  percent salvage value. 

As indicated In the  l a t e r  discussion on taxes, there are many methods o f  depreclat lon and t r e a t -  
ments of in tang ib le  costs. However, the reader should bear in  mind the l i m i t s  placed on these 
various methods. The biggest factor  i s  t h a t  the corporat ion must make a p r o f i t  and owe taxes i n  
order t o  reap tax  brief i ts .  

For example, In t h e  year 1980, the corporation w i  I I be el l g i b f e  for $374,647 Investment t a x  
c red i t ,  a $58,167 depletion allowance based on 22% of  sales and $168,591 depreciat ion expense 
which could reduce i t s  t o t a l  taxes by $601,405. But i t s  gross sales are only $264,397. There- 
fore, t h e  corporat lon cannot take f u l  I advantage of a l  I the tax  c r e d l t s  i n  the f i r s t  year but 
w l  I I need t o  carry  these c r e d i t s  forward. A large corporat ion w i th  other a l t e r n a t i v e  energy 
Income could apply these tax c r e d i t s  against i t s  t o t a l  tax  l i a b i l i t y .  
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Since the  deplet ion allowance cannot exceed 50% o f  ne t  income before taxes, the deplet ion allow- 
ance w i  I I be $37,284 f o r  1980 and $45,643 ' for  1981 as indicated in Column B o f  the pro  forma 
i ncme statement . 
The corporat ion w i  I I need to carry the 20% investment tax  c r e d i t  forward through 1988 i n  order 
t o  recover i t s  t o t a l  investment tax  c red i t .  However, the tax law provides only a three-year 
carry-back and a seven-year carry-forward f o r  investment tax  c red i ts .  Therefore, 1986 is the  
l a s t  year t h a t  the tax c r e d i t  w i J l  be avai lable.  The corporat ion w i l l  be able t o  avoid $268,544 
o f  t ax  payments in t h i s  seven-year period. 

A second economic analysis was done using s t r a i g h t - l i n e  depreciat ion w i th  a 15-year l i f e  in an 
e f f o r t  to  recapture the f u l l  deplet ion allowance and a higher amount o f  investment tax  c red i t .  
Thelend r e s u l t  was a s l i g h t l y  lower re tu rn  on Investment a f t e r  taxes. No accelerated deprecia- 
t i o n  method was attempted since gross sales i n  the ea r l y  years o f  the  p ro jec t  are low and an 
accelerated depreciat ion would be o f  no advantage. 

Table 4 presents a pro forma Income statement as fol lows: 

Column A (gross sales) i s  the  r a t e  charged to the heating d i s t r i c t  based on the current 
cos t  o f  natural  gas and a 7% i n f l a t i o n  rate. 

Column B represents the deplet ion a l  lowance w i th  the f i r s t  and second years adjusted' t o  be 
no t  more than 509 o f  net  income before taxes. 

Column C represent% a S t ra igh t - l i ne  depreciat ion based on the  amort izat ion of  a l l  tang ib le  
and In tang ib le  costs, a ten-year l l f e  and a ten percent salvage value. 

Column D represents the  e l e c t r i c a l  power costs required t o  run the geothermal system 
i n f l a t i n g  a t  the projected e l e c t r i c a l  rates. 

Column E represents the operating and maintenance costs of  the  geothermal system i n f l a t i n g  
a t  the economic i n f l a t i o n  rate. 

Column F i's net income before taxes. 

Column G i s  the tax  l i a b i l i t y  assuming an e f f e c t i v e  tax  r a t e  o f  48%. Actual t ax  l i a b l l  l t y  
would be s l i g h t l y  less i f  the corporat ion had no other sources o f  income. No 
taxes are paid in the f i r s t  seven years whi le the corporat ion i s  using up i t s  
i nvestment tax cred i t. 

Co I umn H i s net  income a f t e r  taxes. 

Column I adds the calculated depreciat ion and dep le t ion  allowances t o  the net income a f t e r  
taxes since these items do not represent out-of-pocket expenses but ra ther  methods 
used to reduce the tax  I i a b i  I i ty. 

Column J shows the  a f te r - tax  cash in f low t o  the  corporation. 

Column K indicates the present worth o f  these cash flows a t  15.49522$, which y i e l d s  a t o t a l  
ne t  present value o f  $1,873,234, the  cos t  o f  the o r i g i n a l  investment. 

The data from our l a s t  analysis ind ica te  t h a t  the p ro jec t  would be feas ib le  fo r  a corporat ion 
t h a t  requ i res  an a f te r - tax  re tu rn  on investment of less than 15.5%. The foregoing analysis, 
which may have seemed exhaustive, supports the advice t h a t  a care fu l  study o f  the economics i s  
as v l t a l  as a careful  study of the engineering and the  geology. The decis ion t o  use geothermal 
energy should be made only a f t e r  a l  I fac to rs  have been examined. 

Note: A I  I systems design and costs data were extracted from the Klamath Fa1 I s  Geothermal 
D i s t r i c t  Heat ing the  Commercial D i s t r i c t  Design, I n te r im  Report f o r  the C i t y  of Klamath Fa l l s ,  
PON EG-77-N-03- 1 553, Feb . 1979. 



Year 

1 
2 
30 
4 
5 
6 
7 
8 '  
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

0 
N 

I 
In 

A 

Gross 
Sa I es 

264 # 397 
282,905 
302 8 708 
323 # 898 
346,571 

396,789 
424 , 564 

486,083 
520,109 
556,5 1 7 
595 , 473 
637,156 
68 1 , 757 
729,480 

835,181 

956 , 1 99 

370 830 

454,283 

780 # 543 

893 8 644 

B 

Percentage 
Dep I e t  ion 

37 , 284 

54 , 487 
51,824 
51 , 986 

59,518 
63,685 
68,142 

78,016 
83,477 
89,32 1 
95,573 

102 , 264 
1 09,422 
1 17,081 
125,277 
134,047 
1 43 , 430 

45,643 

55,625 

72,912 

C 

Deprec i a- 
t i o n  

168,591 
168,591 
168,591 
168,591 
168,591 
1 68 , 59 1 
168,591 
168,591 
168,591 
168 , 59 1 

D 

E lec t r ica l  
Costs for 
Geothermal 

System 

11,044 

12 , 093 
13,242 
14,500 
15,878 
17,386 
19,038 
20 , 846 
22,635 
24,577 
26,685 
28,975 

34,161 
37 , 091 
40,274 

31,461 

43 8 729 
47,481 
51,555 
55,979 
60 , 782 

TABLE 4 

PRO FORMA INCOME STATEMENT 

E 

Operation d 
Maintenance 
Costs for 
Geotherma I 

System 

8,547 

9,145 
9,785 

10,470 
11,203 
11,988 
12,827 
13,725 
14,685 
15,713 
16,813 
17,990 
19,249 
20,597 
22 , 039 
23,581 

26 , 998 
28 , 888 
30,910 
33 , 074 

25, 232 

F 

Net 
I ncome 
Before 
Taxes 

37 # 203 
45,643 

76 , 402 
96,620 

114,751 
134,109 
154,968 
177 , 260 

395,127 
422 , 328 
45 1 , 394 
482,452 
515,638 

54 , 659 

201,081 

551,096 
588 8 982 
629 , 460 
672,708 
718,913 

G 

Federa I 
I ncome 

Tax 

0 
0 
0 
0 
0 
0 
0 

74,385 
85 , 085 
96,519 

189,661 
202,718 
216,669 
23 1 , 577 

264 , 526 
282,711 
302,141 
322 , 900 
345,078 

24 7 8 506 

H 

Net 
I ncome 
After  
Taxes 

37 , 283 
45 , 643 

76 , 402 
96 , 620 

114,751 
134,109 
80 , 583 
92,175 

1 04 , 562 
205 , 466 
219,611 

250,875 
268,132 
286 , 570 
306,271 
327 , 3 1 9 
349 , 808 
373 , 835 

54,659 

234 8 725 

I 

PI us 
Deprec i a t  ior 
8, Depletion 

205,875 
214,234 
223 , 079 
220,415 
220,577 
224,216 
228,109 

236 , 734 
241,504 

78,016 
83 , 477 
89,321 

232 , 276 

95 8 573 
102,264 
1 09,422 
117,081 
125,277 
134,047 
143 # 430 

TC 
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APPENDIX A 

OVERVIEW OF STATE AND FEDERAL 

I NTRODUCT I ON 

Whenever the issues o f  taxes, t a x  credi ts ,  =tax Incentives, 
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TAXAT I ON 

dep le t ion  a1 lowances and/or intang 1- 
b l e  deductions are raised, it must be remembered t h a t  there are 51 t a x  systems in  t h i s  country: 
one federal and 50 state. State corporate and personal income-tax s t ructures may or may not 
para I I e I the federa I corporate and persona I income-tax structure. Genera I I y, the s tates have 
fol lowed the federal government's lead in  const ruct ing t h e i r  own t a x  systems. However, In  the 
post-Proposit ion 13 mood o f  the electorate, it Is  not  c lear  t h a t  s ta tes w i  I I adopt tax incen- 
t ives f o r  geothermal resources. Moreover, since the geothermal t a x  incentives adopted as par t  
o f  the 1978 Energy Tax Act are so new, there w i l l  be some uncer ta in ty  as t o  t h e i r  app l i ca t ion  
u n t i  I the  IRS promulgates i t s  Treasury Regulations f o r  these new In te rna l  Revenue Code ( IRC)  
sections. U n t i l  t h a t  time, it is safe to assume t h a t  t h e  IRS wil I fo l low (w l th  cer ta in  excep- 
t i o n s )  t h e  Treasury degulat ions and cour t  cases t h a t  are appl ied to  the o i  I and gas industry. 
A I  I the  Treasury Regulations c i t e d  in the footnotes i n  the t e x t  below were w r i t t e n  for the o i  I 
and gas industry, b u t  they are general ly appl icable t o  geothermal. 

THE FEDERAL TAX SYSTEM 

P r l o r  t o  the passage of the Energy Tax Act of 1978,l t h e  federal tax  treatment o f  geothermal 
rosources was based mainly on Jud ic ia l  decisions, no t  s t a t u t o r y  author i ty .  In 1969, the  9 t h  
C i r c u i t  Court of Appeals2 held t h a t  the federal in tang ib le  d r i  I I ing deduction3 and the per- 
centage deplet ion a1 lowance4 appl led to the geothermal d r i  I I ing a t  The Geysers. To reach t h i s  
r e s u l t ,  the Court held t h a t  geothermal steam was lrgasrl w i t h i n  the meaning o f  5263lc) and 
§613(b) ( 1  1 o f  the IRC. 

I n  1975, the  Code was rev ised to provide a 22% percentage deplet ion a1 lowance f o r  any geothermal 
deposi t  i n  the U.S. or a U.S. possession t h a t  was determined to  be a gasO5 But the IRS 
refused t o  fol low e i t h e r  the Court decisions or the new Code prov i s l o n  and contested both the 
i n t a n g i b l e  d r i l l i n g  deduction and deplet ion allowance on a c t i v i t i e s  and income from The Geysers. 
Furthermore, because of the IRS intransigence, the t a x  treatment o f  d r i  I I ing a geothermal 
deposl t  t h a t  was hot water instead of steam was even less c l e a r O 6  

The Energy Tax Act o f  1978 has el iminated most o f  the uncer ta in t ies  o f  tax  treatment of geother- 
mal exp lo ra t ion  and development. The new provisions can be used to promote cap i ta l  investment 
and to generate f o r  the investor cer ta in  tax  savlngs which reduce t h e  r i s k  o f  investment. Fur- 
thermore, the d e f i n i t i o n  of geothermal deposlts7 i s  broad enough to include a l l  the varlous 

'P.L. 95-618, §403(b) , amending IRC §613A(b). 
2Ar thur  E. Retch, 52 T.C. 700 (19691, a f f 'd ,  454 F.2d 1157 ( 9 t h  C i r .  1972) and George D. 

Rowan, 28 T.C.M. 797 (1969). - I RC 5263 ( c )  . 
41RC 5613. 

5P.L. 94-455. 
61n M i l l e r  V. United States, 78-1 U.S.T.C. P9127 (D.C.C.D. Cat. 1977) t h e  federal dis- 

t r i c t  cour t  denied the in tang ib le  d r l  I I ing deduction t o  Investors who d r i  I led geothermal we1 I s  
I n  Nevada in  an area of hot water, no t  steam, reservo i rs .  

'VIA geothermal reservo i r  cons is t ing o f  natura l  heat which i s  stored In rocks o r  in  an 
aqueous I iqu i d  or  vapor (whether or not under pressure) .If 
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forms o f  geothermal energy inc lud ing  dry steam, hot water o r  dry ho t  rocks. The Act covers 
th ree  basic subjects: i n tang ib le  d r i  I I ing costs, dep le t ion  a1 lowance and tax  credi ts,  

I n tang ib le  d r l l l l n g  costs 

Option t o  deduct in tang ib le  d r l l l l n g  costs. 5402 of the Energy Tax Act amends 5263(c) o f  
t h e  IRC t o  a l  low a taxpayer the  op t ion  t o  deduct as expenses i n tang ib le  d r i  I I ing  costs (cat led 
llIntangibIesll o r  IDCS).~ The cos ts  o f  d r i l l i n g  and completing a geothermal wel l  are div ided 
f o r  tax  purposes i n to  two classes: I n tang ib le  d r l l l i n g  costs and equipment costs. The equip- 
ment costs must be cap i ta l i zed  and t9-ecoveredft through depreciat ion or  depletion. I n tang ib le  
d r i l l i n g  costs may be t rea ted  In  two ways.' They may be deducted as expenses ( i n  tax  termi- 
nology they may be expensed) i n  the  year i n  which they were incurred or  they may be c a p i t a l  ized 
and deducted over a ce r ta in  per lod o f  t ime as depreciat ion or  d e p l e t i ~ n . ' ~  Al lowing a tax- 
payer t o  expense (deduct) a1 I the  in tang ib les  i n  the year i n  which they were incurred gives the 
taxpayer a k ind  of I taccelerated depreciation." 

The taxpayer must make h i s  e lec t i on  t o  expense or  t o  c a p i t a l i z e  in tang ib les  i n  the f i r s t  taxable 
year i n  which he incurs such costs." Once having done SO, t h e  taxpayer must t r e a t  such 
expenditures on a l l  geothermal p roper t ies  in the same manner for a l l  f u t u r e  years.12 How- 
ever, i f  the  taxpayer e lec ts  t o  c a p i t a l i z e  h i s  Intangibles, he i s  granted a second e lec t i on  t o  
c a p l t i l i z e  or t o  expense the p o r t i o n  o f  in tang ib les  a t t r i b u t a b l e  t o  dry or nonproductive wells. 13 

81ntangible d r i  I l i n g  costs a re  defined by U.S. Treasury Regulat ion §1.612-4(a) as any 
cos t  incurred which i n  i t s e l f  has no salvage value and which Is I t inc ident  t o  and necessary f o r  
t he  d r i l l i n g  o f  we l l s  and the  preparat ion of we l ls  for the  production o f  o i l  and gas.I1 Such 
expenditures expressly include "wages, fuel ,  repairs,  haul ing, suppl ies, etc.Il t h a t  are used ( 1 )  
I n  the d r i l l i n g ,  shooting and cleaning of  wells; ( 2 )  i n  such c lea r ing  of ground, draining, road 
making, surveying and geological works as are necessary in preparat ion f o r  the d r i l l i n g  o f  
wells; and (3) i n  the construct ion o f  such derr icks,  tanks, p ipe l i nes  and other physical struc- 
t u r e s  as are  necessary f o r  the dr i I I ing of we1 I s  and the  preparat ion of we1 I s  f o r  the production 
o f  o i l  o r  gas. The IRS w i l l  probably fo l l ow  t h i s  regu la t i on  for geothermal deposits, making 
adjustments f o r  t he  d l  f ferences between dr i I I ing i n  the  oi I and gas industry and the geothermal 
1 ndustry. 

'Since the  geothermal p rov is ion  fo r  t he  opt ion t o  expense in tang ib les  i s  separate from 
o i  I and gas a c t i v i t i e s ,  a taxpayer may make one kind o f  elect ion. f o r  h i s  geothermal deposits and 
a d i f f e r e n t  one for h i s  o i l  and gas wells. For example, he could deci'de to expense in tang ib les  
f o r  both geothermal and o i l  and gas proper t ies  o r  he could c a p i t a l l z e  0 1 1  and gas and expense 
geothermal lntangi  bles. 

loU.S. Treasury Regulat ions 551.612-4(b)(l), (b ) (2 )  8, (b) (3 )  s t a t e  t h a t  intangibles, i f  
cap i t a  1'1 Zed, a r e  t o  be separated and recovered as depreciat ion o r  dep I e t  ion. I ntang i b I es no t  
represented by physical property ( c lea r ing  ground, dralnlng, road making, surveying geologlcal  
work, excavating, grading and the  d r i l l i n g ,  shooting and cleaning of we l ls )  a re  t o  be recovered 
through deplet ion, In tang ib le  expendltures represented by physical propert ies (wages, fuel,  
repairs,  haul ing, suppl ies, etc.) a r e  t o  be recovered through depreciat ion. 

I f  he does 
not, the  IRS w i  I 1  hold t h a t  he e lec ted  to c a p l t a l  Ize Intangibles. I t  i s  best t h a t  i f  a taxpayer 
deslres t o  expense intangibles, he include w i th  h i s  income-tax r e t u r n  an express statement o f  
e lec t l on  t o  expense i n  accordance w i th  the  opt ion granted by U.S. Treasury Regulat ion 
5 1.6 12-4(a). 

"A taxpayer must make a c lea r  e lec t l on  e i the r  t o  expense o r  t o  cap i ta l  ize. 

12U.S. Treasury Regul a t l o n  5 1.61 1-4(e). 

13But t h i s  second e lec t i on  need no t  be exercised u n t i l  t he  f i r s t  year In  which a dry 
ho le  i s  d r i  I led. 
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For example, I f  Taxpayer has spent $50,000 i n  In tang ib les  i n  1978, T may cl'aim as a 
deduction on h i s  income-tax re tu rn  the $50,000 of in tang ib le  costs. But i f  T decides t o  capi- 
t a l i z e  in tang ib le  d r i l l i n g  costs, T w i l l  not  take a 850,000 deduction for  1978 but Instead w i l l  
deduct t h i s  amount over a given period of  t lme as depreciat ion o r  depletion. 

But a noncorporate taxpayer, a Subchapter S corporat lon or a personal holding company t h a t  
decides to expense in tang ib les  instead of c a p i t a l i z i n g  them, may be subject  t o  one of  the f o l -  
lowing: the  minimum tax  (see IIBIl); a l l m i t a t i o n  on deductions to the amount I fa t  r isk1' (see 
vClr); or recapture of In tang ib le  deductions i f  the  property Is so ld  a t  a p r o f i t  (see l I D l t ) .  

Preference I ncome-min imum tax. Some types of  income are given preferent i a  I treatment by 
special  provis ions of the  tax  law. A minimum tax  appl les to a number of  items t h a t  are consid- 
ered to  be of  a tax-preference nature. These types of  income include cap i ta l  gains, stock 
opt lons and income o f f s e t  by deplet ion, amort izat ion and in tang ib le  d r i l l i n g  costs. The tax I s  
computed by t o t a l  l ng  a l  I the  items of tax preference, then reducing t h i s  amount by the greater 
o f  $10,000 or one-half a taxpayer's regular income tax  a f t e r  reduct ion by c red l ts .  A f l a t  15a 
r a t e  Is then appl ied against  the  balance. l5 

I f  a taxpayer has llexcess in tang ib le  d r i  I I ing a x t s l l  t h a t  exceed ne t  geothermal Income, he w i  I I 
have preference income subject  t o  the minimum tax. In tang ib le  d r i  I I ing costs are considered t o  
be excessive when the  in tang ib le  d r i l l i n g  and development costs of a geothermal we l l  al lgwable 
f o r  the tax  year i s  greater than the sum o f  ( 1 )  t h e  amount a l  lowable i f  the costs had been capi- 
t a l i z e d  and s t r a i g h t - l i n e  recovery of intangibles had been used and (2)  t he  net Income fo r  the 
t a x  year from the  geothermal property. 

S t ra igh t - l i ne  recovery means the  ra tab le  amort lzat ion of  such in tang ib les  over the 120-month 
per iod beginning w i t h  the month In which production from the wel l  begins (or, i f  elected, any 
method which would be permit ted fo r  purposes of determining cos t  deplet ion). Net Income from 
geothermal p roper t ies  means the  gross Income from a l  I such property reduced by any deductions 
a l l ocab le  t o  the  propert ies,  except in tang ib le  d r i l l l n g  and development costs i n  excess of 
s t r a i g h t - l i n e  recovery. 

Th is  preference does no t  apply t o  taxpayers who e l e c t  t o  c a p i t a l i z e  by s t r a i g h t - l i n e  recovery 
t h e i r  intangibles.  Nor does it apply t o  nonproductive we1 

Special ru les  apply to corporations in computing t h e i r  mlnimum t a x O t 7  And the IRS w i l l  pub- 
l i s h  ru les  under which items o f  tax preference of both ind iv idua ls  and corporat lons are t o  be 
proper ly  adjusted where the tax  treatment t h a t  gave r i s e  t o  the preference does not r e s u l t  i n  a 
reduct ion of  the taxpayer's Income tax  f o r  any tax  year. 

14The owner o f  the operat ing r i g h t s  In a property who has the  responsi b i  I i t y  t o  develop 
the  property Is granted the  opt ion of expensing intangibles. But each taxpayer, regardless of 
h i s  re la t i onsh ip  to another taxpayer, i s  e n t i t l e d  t o  a separate e lec t ion .  Thus each partner i n  
a partnership i s  e n t i t l e d  t o  a separate elect ion. Trusts as separate taxpayers are e n t i t l e d  to 
an e lec t i on  regard less of the  kind of  e lec t  Ion made by the benef ic iar ies.  

15A taxpayer may be able t o  c la lm the unused p a r t  o f  c e r t a i n  c red l t s  against  h i s  mlnl- 
mum tax. Also if a taxpayer has a net operatlng loss t h a t  remains t o  be ca r r i ed  forward t o  a 
succeeding tax  year, t h e  minimum tax  otherwise due may be deferred In an amount of up to 15% o f  
t he  net operat ing loss to be car r ied  forward t o  subsequent tax  years when the loss i s  absorbed. 
I n  the  years when the  loss Is absorbed, the  taxpayer w l l  I be l l a b l e  for the minimum tax  deferred 
I n  an amount equal t o  15% of the  net operatlng loss absorbed In each year. See IRC § 5 7 ( a ) ( l l ) .  

16Nonproduct i v e  we1 I s  are those wh i ch are p I ugged and abandoned w 1 t hou t  hav ing produced 
steam or hot water In  commercial quan t i t i es  f o r  any substant ia l  per iod  of tlme. 

17See IRS Pub1 i c a t l o n  542, Corporatlons and the  Federal Income Tax. 
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I n  e f fec t ,  what t h i s  provis ion does i s  t o  lessen the  benef i t  of the opt ion t o  expense in tang ib le  
d r i  I I ing costs. Few taxpayers now have geothermal income and i f  they choose t o  expense intangi-  
bles, they w i  I I have preference income ( t h a t  i s #  the  amount they deduct by expensing in tang ib les  
w i I I d e f i n i t e l y  be greater than the  sum of in tang ib les  cap i ta l  ized and net geothermal Income). 

Losses l i m i t e d  t o  amount a t  risk.18 The 1976 Tax Reform Act  l im i ted  the  tax  benef i t s  
ava i l ab le  t o  persons engaging i n  o i l  and gas operations. These Same l i m i t a t i o n s  w i th  some 
changes were extended to  geothermal operations by the  1978 Energy Tax Act. 

Before passage of the 1976 Act, a taxpayer could take deductions up t o  the amount o f  h i s  cost  
(or tlbasislf) i n  a business or investment venture. But the basis of a taxpayer o f ten  included 
expenditures financed by nonrecourse loans for which the taxpayer had no personal l i a b i l i t y  
(i.e., he had nothing Itat r i s k t t  because of the way the loan was made t o  him or t o  an Investment' 
group). Such leveraged nonrecourse loans were o f ten  emp loyed by investors to f inance dr I I I ing 
and development costs of  o i l  and gas a c t i v i t i e s .  Since a taxpayer could e l e c t  t o  expense intan- 

g i b l e  d r i l l i n g  costs, he could take deductions f a r  i n  excess of h i s  own actual Investment. This 
k i n d  o f  investment was desirable fo r  a high-bracket taxpayer because the large deductions f o r  
in tang ib les  could be used.to o f f s e t  income earned from other sources. 

The 1976 law added 5465 t o  the IRC and l im i ted  the  amount o f  losses19 deduct ib le  by a tax- 
payer engaged i n  explor ing f o r  and exp lo i t i ng  o i l  and gas. The taxpayer's deduction cannot 
exceed the t o t a l  amount the  taxpayer has a t  r i s k  In  the  venture. Deductions taken f o r  intangi-  
b les  are considered losses f o r  purposes o f  t h i s  section. 

The Revenue Ac t  of 1978 changed the Itat r i s k "  r u l e s  fo r  years beginning a f t e r  December 31, 1978. 
The most s i g n i f i c a n t  change i s  t h a t  previously a1 lowed losses must be recaptured when the  tax- 
payer 's I tat  r i s k "  amount i s  reduced below zero. But  only the excess of  the losses previously 
al lowed in a pa r t i cu la r  Itat risk11 a c t i v i t y  over any amounts previously recaptured w i l l  be recap- 
tu red  under t h i s  provision. However, such recaptured losses may be deductible i n  a l a t e r  year 
I f  the  r i skv1  i s  l a te r  increased. 

The p rac t i ca l  e f f e c t  of these "at risk11 prov is ions  i s  t o  e l lm ina te  the use of  nonrecourse f inan- 
c i n g  t o  increase avai table deductions. 

Recapture of in tanq ib le  costs expenses as ord inary  income on d i spos i t i on  of geothermal 
p roper i y .  Probably the most far-reaching change of  the  1976 Tax Reform Act a f fec t i ng  corporate 
and noncorporate taxpayers is the requlrement t h a t  upon the d i spos i t i on  of  o i  I and gas property, 
taxpayers are required t o  recapture a1 I or some p a r t  of  the in tang ib le  costs incurred as ord i -  
nary Income If the property i s  disposed of a t  a gain (a p r o f i t ) .  These recapture prov is ions  
were extended by the Ener y Tax Ac t  of 1978 t o  in tang ib le  d r i  I I ing costs incurred in connection 
w i t h  geothermal deposits. 90 

Th is  recapture provis ion appl ies only t o  intangibles which the taxpayer e lec ts  t o  expense i n  the 
year i n  which they were incurred and does not apply t o  intangibles which were cap i ta l i zed .  The 
amount of  intangibles recaptured as ordinary income ( instead of c a p i t a l  gains) i s  the lesser of 
( 1 )  t h e  in tang ib le  costs incurred (reduced by an amount which would have been allowed as cost 
dep le t ion  had such intangibles been cap i ta l i zed)  or (2) t he  gain rea l i zed  on the d ispos i t ion .  
O r ,  i n  other words, the amount recaptured and taxed as ordinary income 1s the  amount t h a t  the 
i n tang i  bies deducted exceed t h a t  which would have been a l  lowed had the  intangibles been cap i ta l -  

"See IRC §465(c). 
''A loss is the excess of al lowable deductions a l locab le  t o  a pa r t i cu la r  a c t i v i t y  over 

t h e  income derived from the  a c t i v i t y  during a taxable year. 
*OP.L. 95-618, 5402(c) # amending IRC 51254(a). 
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ized and amortized on a s t r a i g h t - l i n e  basis (120) months from t ime the  property went i n t o  
product ionmZ1 

Percentage dep le t ion  

The IRC provides two methods o f  computing a deplet ion allowance: cos t  deplet ion and percentage 
deplet ion. Cost deplet ion provides for a deduction f o r  the taxpayer's basis (cos t )  i n  the prop- 
e r t y  in r e l a t i o n  t o  the  production and sale o f  minerals from the property. On the other hand, 
percentage dep le t ion  i s  a s ta tu to ry  concept t h a t  provides fo r  a deduction o f  spec i f ied  percen- 
tages o f  the  gross income from the property. The deduction, however, cannot exceed 505 o f  the 
n e t  income from the  property. A taxpayer i s  required t o  compute deplet ion both ways and t o  
c la im the  larger o f  the  two amounts. 

A dep le t ion  allowance reduces the taxpayer's basis In a property but the  t o t a l  amount taken as a 
dep le t ion  a1 lowance i s  no t  r e s t r i c t e d  t o  the  taxpayer's basis. Even though cost deplet ion w i  I I 
be zero a f t e r  t he  taxpayer's i n i t i a l  basis has been recovered ( f o r  example, T deducts $5000 per 
year fo r  f i v e  years f o r  a t o t a l  of  $25,000 - the amount o f  h i s  o r i g i n a l  investment), the tax- 
payer may continue t o  c la im percentage deplet ion based on income from the property. 22 

f403 o f  the  1978 Energy Tax Act grants percentage deplet ion on income from geothermal deptsi ts.  
The ra te  through 1980 I s  22%. It decreases by 2% year ly u n t i  I 1983 and therea f te r  the r a t e  i s  
15%. 

Th is  percentage deplet ion a1 lowance i s  much more favorable than the one a1 lowed o i l  and gas. It 
i s  not l im i ted  i n  any way t o  a spec i f ied  amount of  production. It has no 65% o f  taxable income 
I i m i t a t i o n  nor i s  it r e s t r i c t e d  t o  independent producers. However, the percentage deplet ion 
cannot exceed 50% of the  taxable income from the property and i s  subject  to the minimum tax- 
preference income rules. 23 

There i s  some quest ion about the avai lab1 I i t y  o f  deplet ion on minerals which are consumed by the 
producer o f  such minerals. Many manufacturers are now exp lo r ing  and developing t h e i r  own 
sources of energy supplies, p a r t i c u l a r l y  na tura l  gas reserves and in some areas geothermal. But 
t he  deplet ion allowance i s  dependent upon the sale of  a mineral. Some courts have held t h a t  no 
dep le t ion  i s  al lowable fo r  minerals consumed In the operat ion of the producing energy property. 
I t  i s  no t  c l  ear, however, I f  a dep l e t  ion a l  lowance i s  prec I uded w i t h  respect t o  gas used in man- 
u fac tu r ing  operations. For example, the IRS r u l e d  in 1968 t h a t  the value of dry gas manufac- 
tu red  from wet gas and : l .9d as fuel f o r  a gasol ine absorption p lan t  i s  includable i n  determining 
llgross Income from the property" for percentage deplet ion purposes, but the value o f  dry gas 
re in jec ted  i n t o  the  geological formation i s  not includable. One way f o r  the corporate taxpayer 
t o  avoid the problem i s  t o  conduct I t s  exp lo ra t ion  and development a c t i v i t i e s  through a wholly 
owned subsidiary. The subsidiary could set I the gas t o  the parent a t  an arm's length p r i c e  and 
c rea te  depletable gross income. 

21  I t  should be noted t h a t  there  are questions as t o  the  proper method o f  ca l cu la t i ng  
the  reduct ion of recapturable intangibles under t h i s  section. 

22A dep le t ion  allowance on the  income derived from product ion and sale o f  the minerals 
from a property i s  ava i lab le  only t o  the owner of an economic i n te res t  i n  t h a t  property. An 
owner o f  an economic i n te res t  can be an owner o f  mineral in te res ts ,  roya l t i es ,  working In te r -  
ests, ove r r i d ing  roya l t i es ,  n e t  p r o f i t s  in te res ts  or ce r ta in  kinds of production payments. 

23The excess of the  deplet ion deduction over the  adjusted basis of  t he  property a t  t he  
end of t he  year (determlned w l thout  regard to the dep le t ion  deduction for the year) I s  what 
would be preference Income. 
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Tax c r e d i t s  

Resident ia l  energy c red i t .  5101 of the 1978 Energy Tax Ac t  provides for a non-refundable 
t a x  c r e d i t  fo r  ce r ta in  expenditures incurred f o r  equipment which uses geothermal energy i n  a 
taxpayer's p r i nc ipa l  residence in  the United States. The equipment must be new and must meet 
c e r t a i n  performance and qual i t y  standards; It must reasonably be expected to remain i n  
production fo r  f i v e  years. The c r e d i t  is as fol lows: (a) 30% o f  the  expenditure up t o  $2000, 
(b) 20% of the  expenditure from $2000 t o  $10,000. The c r e d i t  may 
be ca r r i ed  over to fu tu re  years f o r  equipment purchased a f te r  A p r i l  20, 1977 and before January 
1 ,  1986. 

The maximum c r e d i t  is  $2200. 

Add i t iona l  investment t a x  c r e d i t  f o r  a l t e r n a t i v e  energy property. A 10% investment-tax 
c r e d i t  i n  add i t i on  t o  the e x i s t i n g  investment-tax c r e d i t  i s  avai l ab le  fo r  geothermal equipment 
wh ich qua I if i es as e i  t he r  Ita I t e r n a t  i ve energy property" or %pec i a I I y def i ned energy property." 
Pub1 i c  u t i  1 1  t i e s  cannot b e n e f i t  to the extent of "a l t e rna t i ve  energy propertyv1 but can use the  
cred it for %pet i a I I y def i ned energy property . I )  

The business-energy c r e d i t  i s  l im i ted  t o  100% of t a x  l i a b i l i t y ,  except f o r  solar- or wind-energy 
property on which the  c r e d i t  is refundable. Un t i  I the IRS issues i t s  regu la t ions  on t h i s  new 
sectlon, It w i l l  no t  be completely c lear  what k ind  of equipment qua l i f ies .  

STATE TAX SYSTEMS24 

O f  the  f i f t e e n  s ta tes  wi th known geothermal resources, Nevada, Texas, Washington and Wyoming 
have no s ta te  personal or corporate income tax. Alaska, Colorado, Hawaii, Idaho, Montana and 
New Mexico apply t h e i r  income-tax levies t o  adjusted gross income as calculated f o r  federal  
income tax. But f i v e  states have an Independently determined income tax: Arizona, Cal i f o r n i a ,  
Louisiana, Oregon and Utah. The i r  d i f ferences from the  federal law are la rge ly  due t o  the s t a t e  
p rov is ions  concerning percentage deplet ion fo r  resources ex t rac t i on  industr ies. 

Two states, Ca I 1 f o r n  l a  and A r  i zona, prov i de two examp les of  how comp lex the s t a t e  tax  p i c t u r e  
can be. C a l i f o r n i a  has a Franchise Tax and a Corporate Income Tax. The franchise tax  is for 
the  p r i v i l e g e  o f  exercis ing a corporate franchise w i th in  the state. The tax  r a t e  i s  9% of ne t  
i ncome a t t r  i butab I e t o  Ca I i f o r n  i a. I nsof a r  as the  f ranch i se t ax  over I aps the corporate income 
tax, t h e  amount due under the  franchise tax  i s  o f f s e t  against  the  amount due under the income 
tax. The computation of income f o r  both the f ranchise t a x  and the  income tax  fo l lows general l y  
t he  pa t te rn  of the  federal income tax  and in te rp re ta t i ons  o f  the federal law by the Treasury 
Department, w i th  the  exception o f  deplet ion provisions. The t a x  r a t e  fo r  the income tax  is a lso  

9%. 

P r i o r  t o  1975, C a l i f o r n i a  p rov is ions  fo r  deplet ion allowance for o i l  and gas and other minerals 
conformed bas ica l l y  to  federal law. However, Cal i f o r n i a  d id  no t  fol  low the federal Tax Reduc- 
t i o n  Ac t  of 1975 which el iminated percentage deplet ion f o r  o i l  and gas wel ls ( w i t h  a few excep- 
t ions) .  C a l i f o r n i a  merely placed a l i m i t  on the  t o t a l  amount deduct ib le by each ind i v idua l  
taxpayer. These l i m i t a t i o n s  apply only a f t e r  the  t o t a l  accumulated deplet ion a1 lowed or  a1 low- 
ab le  exceeds the adjusted cost of the property. 

A'deductlon of 22% of gross income ( less  ren ta l s  and r o y a l t i e s )  f o r  the taxable year i s  al lowed 
for o i  I and gas propert ies. Th is  deduction may not exceed 50% o f  taxable income computed w i th -  

. 24For an extensive ana lys is  of  s ta te  tax  systems, see Sta te  Taxation of Geothermal 
Resources Compared w i t h  S ta te  Taxation o f  Other Energy Minerals, Sharon C. Wagner, published by 
the  Geothermal Resources Counci I, Davis, CA. 
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out allowance f o r  depletion. I n  addition,, where the  deduction exceeds $1.5 m i l l i o n  and i s  
greater than the  adjusted cost of the taxpayer's i n t e r e s t  i n  the property, the deduction i s  
reduced. 25 The reduct ion equals 125% o f  the amount in excess of $1.5 m i  I I ion. 

For example, suppose t h a t  the  22% dep le t ion  Is 63.5 m i l  l i o n  and t h a t  t h i s  amount exceeds the 
cost of the  taxpayer's i n te res t  i n  the property. The deduction i n  t h i s  case i s  reduced by 125% 
of $2 m i l l i o n  ($3.5 m i l l i o n  minus $1.5 m i l l i o n ) ,  which equals $2.5 m i l l  on. The allowed deduc- 
t i o n  i n  t h i s  case i s  $3.5 m i  I l i o n  minus $2.5 m i  I I ion which equals $1 m i  I ion. If, instead, the  
22% deplet ion amounts to $7.5 m i l l i on ,  then the reduction I s  125% o f  $6 m i l l i on ,  which i s  equi- 
valent t o  the deplet ion allowance i t s e l f ,  and no deduction i s  allowed.26 

For 01 I and gas, Cat i f o r n i a  f o l  lows federal  provis ions for in tang ib le  d r i  I I ing  costs.27 
Explorat ion expenditures may not be deducted for o i  I and gas but they may fo r  o ther  minerals. 
Geothermal explorat ion, development o r  percentage-depletion deductions are no t  s p e c i f i c a l l y  
allowed, but, in practice, companies a t  The Geysers have been allowed percentage deplet ion and 
deductions f o r  in tang ib le  d r i  I I ing costs. 

I n  1977, Arizona ra ised i t s  corporate tax  ra tes  and then ra ised them again i n  1978. But Arizona 
does s p e c i f i c a l l y  provide for a deplet ion allowance and depreciat ion in computing new income. 
The deplet ion allowance i s  27-1/2% o f  gross income, excluding an amount equal to any rents or 
r o y a l t i e s  paid i n  respect t o  the  property. The a l  lowance cannot exceed 50% o f  t he  taxpayer's 
ne t  income computed without 'allowance for deplet ion from the  property, except t h a t  i n  no case 
w i  I I ' t h e  deplet ion a1 lowance be less than it would be i f  computed w i thout  reference t o  t h i s  pro- 
vision. Also expenditures paid or incurred during the income-tax year f o r  the development of  a 
geothermal resource we1 I, I f  paid or incurred a f t e r  12/31/53, may be deducted from gross income 
or charged t o  the  cap i ta l  account. Amounts up t o  $75,000 paid o r  incurred for the  purpose of 
ascertain i ng the ex I stence, I ocat ion, ex ten t  o r  qua I i t y  of any depos it of geotherma I resources 
are al lowed as a deduction. 

25CAL. REV. 8 TAX CODE $17686, 
26Bock, 1978 Guidebook t o  C a l i f o r n i a  Taxes, p. 123. 
"CAL. REV. 8 TAX CODE $24423. CAL. ADMIN. REG. 24831 (d )  . 
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APPEND 1 X B 

PRICING DIRECT-USE GEOTHERMAL ENERGY 
(A P r i c i n g  Guide) 

INTRODUCTION 

Geothermal energy i s  not new. I t  has been used successful ly for centuries. Now, when conven- 
t i o n a l  energy supplied by non-renewable resources I s  In shor t  supply, and when costs of t h i s  
energy r a p i d l y  escalate, renewed a t ten t i on  i s  being focused on geothermal and the  economics of 
i t s  use. 

Th is  appendix w i l l  not provide a magic formula f o r  p r i c i n g  direct-use geothermal energy; It w i l l  
int roduce the reader t o  the  parameters t h a t  u l t i m a t e l y  d i c t a t e  t h e  cost o f  t h i s  energy t o  the 
end user. 

The p r i c e  o f  geothermal energy must r e l a t e  t o  t h e  cost o f .  developing and d e l i v e r i n g  the 
resource. As i n  a l l  enterprises, t he  f i n a l  
e c t  w i l l  make no do l l a rs  of p r o f i t ,  then it 

Many d i rect-use geotherma I systems supp I y 
fuels. Experience indicates, however, t h a t  
t he  cost o f  geothermal energy: 

1.  Ef f i c i ency  

2. Annual load fac to r  

3. Cap1 t a  I investment 

a) Transmission distance 

analysis reduces t o  dol l a rs  and cents. I f  the  pro j -  
makes no sense! 

energy a t  a f r a c t i o n  o f  the cos t  o f  conventional 
the f o l  lowing major fac to rs  s i g n i f i c a n t l y  inf luence 

b) D r i l l i n g  costs versus confidence level  

4. Cost of  cap i ta l  o r  required re tu rn  on investment. 

Other fac to rs  which inf luence cost t o  a lesser degree are water qua I i t y ,  s i t e  locat ion and pump- 
ing'depth. As technologies develop t o  reduce d r i l l i n g  costs and t o  handle water w i t h  cor ros ive  
propert ies,  t he  inf luence o f  these fac to rs  w i l l  change. To s i m p l i f y  the  analysis, we w i l l  
assume pumping depths in the  neighborhood o f  300 fee t  (90 meters) and water q u a l i t y  from good to 
excel lent. 

EFFICIENCY 

Most present-day space-heating systems use hot (200"F, 93°C) water t h a t  i s  piped e i the r  to heat 
exchangers placed in  rooms throughout the  bul l d ing  or  t o  fan-col I u n i t s  i n s t a l  led i n  a duct-work 
system supplying heated a i r  t o  ind iv idua l  rooms. Both these systems are t y p i c a l l y  closed loops 
and they remove 20°F (11°C) o f  heat between the  supply and the  r e t u r n  lines. I n  other words, 
t h e  supply water a t  200°F (93°C) c i r c u l a t e s  through the system, then It re turns  to the b o i l e r  a t  
180°F (82"C), I s  reheated t o  200°F (93°C) and reclrculated. The e f f i c i e n c y  o f  these systems is, 
baslca I ly, t he  e f f i c i ency  of the heat source. heat ing 0 1  I - 85%; 
na tura l  gas - 90%; and e l e c t r i c i t y  - 100%. 

Typical e f f i c i e n c i e s  are: 

W 1 t h  geotherma I energy, water i s  pumped from a product ion we1 I t o  a heat exchanger (where energy 
I S  withdrawn) and then t o  an i n jec t i on  well .  The t o t a l  annual operat ing costs of such a system 
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comprise t h e  pumping, t he  maintenance and amort izat ion of t h e  cap i ta l  Invested in the  system. 
These costs are unrelated t o  the  e f f i c i ency  w i t h  which heat i s  removed from the thermal waters 
suppl led by a we1 1. 

Suppose System A ex t rac ts  10°F (5°C) from a 200°F (93°C) supply and in jec ts  the water a t  190°F 
(88°C); System B ex t rac ts  100°F (56°C) and i n j e c t s  the water a t  100°F (38°C). The cost per MBtu 
(GJ) f o r  System A would be ten times t h a t  of System B. Assume the  cost o f  d r i l l i n g  one produc- 
t i o n  we l l  and one in jec t i on  we l l  t o  be $lOO;OOO. With an annual cos t  o f  cap i ta l  o f  15% and a 
20-year we1 1 I I fe ,  t he  t o t a l  annual equivalent cost  o f  developing and operating e i the r  system 
would be $26,OOO. I f  both systems were operat ing 100% o f  t h e  time, System A ex t rac t i ng  10°F 
(5°C) o f  heat cou1.d de l i ve r  2.19 x l o 4  MBtu (2.31 x l o 4  GJ) annual ly a t  a cost of $1.19/MBtu 
($1.13/GJ). However, System B ex t rac t i ng  100°F (56°C) could d e l i v e r  2.19 x lo5 MBtu (2.31 x 
l o 5  GJ)  annual ly a t  a cost o f  $0.12/MBtu ($O.ll/GJ). Systems designed t o  ex t rac t  greater 
amounts of heat from the  geotherma I reservo i r  ( increased ef f IC iency) w i I I usua I I y increase the 
c a p i t a l  Investment great ly.  Normally, however, t he  annual savings r e s u l t i n g  froin t h i s  increased 
e f f i c i e n c y  w i l l  more than repay the cap i ta l  Investment. 

Geothermal systems are cap i ta l  intensive and the  f i xed  costs ( c a p i t a l  recovery) o f ten  comprise 
more than 90% of  the  t o t a l  annual cost. Thus d r i l l i n g  one product ion and one I n jec t i on  well  and 
ex t rac t i ng  100°F (56°C) i s  more economical l y  feas ib le  than d r i  I I ing ten production and th ree  
I n j e c t i o n  we l ls  and ex t rac t ing  10°F (5°C) from each of the  producers t o  s a t i s f y  the  same heat 
load. ' There are space-heating systems which have been successfu I l y  designed t o  ex t rac t  75°F 
(24°C) from a 140°F (60°C) supply. Some systems In  use which were d i r e c t  conversions from fos- 
s i  I fue l  ex t rac t  80°F (44°C) because the  o r ig ina  I heating system was so over-designed. 

Graph 1 shows the hypothet ical  Klamath Fa1 I s  hea t ing -d i s t r i c t  model described in the economics 
sec t ion  of t h i s  text .  The cost o f  cap i ta l  i s  15% and the p r o j e c t  l i f e  i s  20 years. The i n f l a -  
t i o n  ra tes  a re  the  same as those assumed i n  the  economics sec t ion  i n  t h i s  chapter. For the 
remainder of  t h i s  section, t h i s  d i s t r  ic t -heat ing model w i I I be re fe r red  t o  as the KF Model. The 
graph dep ic ts  costs of the KF Model when comparing the e x t r a c t i o n  o f  20°F (11°C)  versus the  
e x t r a c t i o n  o f  40°F (22°C) of heat. R e t r o f i t  costs for  the  20°F (11°C) A T  (AT = amount of heat 
removed) system were assumed to be minimal or zero, and r e t r o f i t  costs fo r  the 40°F (22°C)' AT 
system were assumed t o  be $250,000. The year ly costs per MBtu of each o f  these systems are a lso  
compared t o  the  forecast year l y  costs o f  the present system, opera t ing  on natura I gas. 

It should be noted t h a t  the  cap i ta l  investment required f o r  t he  20°F (11°C) AT system i s  double 
t h e  cap i ta l  investment required f o r  the 40°F (22°C) AT system, bu t  t h a t  the r e t r o f i t  costs are 
n o t  required f o r  the  20°F (11°C) A T  system s ince  the e x i s t i n g  heat ing system. I s  deslgned fo r  a 
20°F (11°C) AT. (Th is  graph provides only an approximation s ince  the  cost o f  the  secondary dis-  
t r i b u t i o n  l ine, concrete vau l ts  and the prlmary supply l i n e  would Increase by less than 200%.) 

Graph 2 shows the KF Model w i t h  an annual load fac to r  of 25%. Cap i ta l  Investment, operat ing and 
maintenance costs remain the same. I t  compares the  20-year annual equivalent cost  per MBtu (GJ) 
r e s u l t i n g  from heat ex t rac t i on  t h a t  ranges from 5"-1OO0F (3"-56"C), and the 20-year annual 
equ iva len t  cos t  f o r  natural  gas. It can be seen t h a t  t he  systems break even a t  about 25°F 
(14°C) AT. A higher load fac to r  would decrease the break-even AT. 

ANNUAL LOAD FACTOR 

The annual load fac to r  depends upon the  annual hours of operat ion of  the  system. For an indus- 
t r i a l  process appl i c a t i o n  Operating 24 hours per day, 365 days per year, the annual load fac to r  
I s  100%. An Industry operat ing 5 days per week would have an annual load fac to r  of 23% per 8- 
hour s h i f t .  The KF Model has an annual load fac to r  of 25% t h a t  I s  based on c l l m a t l c  condi t ions 
I n  Klamath F a l l s  (6300 F degree days o r  3500 C degree days). 
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GRAPH 1. KF Model cost per MBtu (GJ)  as AT changes from 20°F ( 1  1 "C) t o  40°F (22°C) as compared 
t o  the forecast cost for natural gas Inf la t ing B 12.2% through 1986 and a t  8.5% 
t her'eafter. 
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GRAPH 2. KF Model with a 25% annual heat load factor showlng 20-year annual equivalent costs 
per MBtu a t  15% as the heat extracted varies from 5-100°F (3-56"C). 
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The annual load factor  can be almost as i n f l u e n t i a l  on the cost  of energy as the ef 
t h e  system. I n  t h e  KF heating d i s t r i c t ,  t h e  geothermal system has been designed to  
peak-load requirements, but  the  system i s  used only 25% of  t h e  time, based on t h a t  
Th is  25% use reduces annual operation and maintenance costs, bu t  does not make f u l l  
c a p i t a l  investment. The annual equivalent cost  w i th  a 15% cos t  o f  c a p i t a l  over a 2 

ic iency o f  
supply the 
peak load. 
use o f  the 
-year I i f e 

f o r  the KF Model i s  $5,58/MBtu ($5.29/GJ). I f  add i t iona l  uses could be found fo r  the a v a i l a b l e  
energy t o  increase the annual load t o  loo%, these uses would reduce the cost  t o  $1.84/MBtu 
($1,74/GJ). Therefore, as the  annual load approaches loo%, the  cos t  per MBtu (GJ) i s  
s ign l  f i can t  l y  reduced. 

Many heating d i s t r i c t s  have load factors  i n  the range of 20-305. I f  addi t ional  heat loads can 
be found t o  u t i l i z e  the geothermal heat source during times other than peak heating periods, 
such uses would measurably improve the economic v i a b i l i t y  o f  the projects. One use f o r  heating 
d i s t r i c t s  could be the  prov is ion  of inexpensive a i r  c o n d ~ t i o n i n g  during the summer mdnths. 
Absorption-type r e f r i g e r a t i o n  u n i t s  which can u t i  I i z e  heat from the  geothermal system are read- 
i l y  avai lab le,  bu t  t h e i r  add i t ion  would increase t h e  c a p i t a l  investment required. I t  i s  
expected, however, t h a t  the  increased load fac to r  w i l l  g r e a t l y  o f f s e t  incremental costs  and 
thereby reduce the energy production costs. An i n d u s t r i a l  load coupled w i t h  space heating could 
a l s o  Improve the  load factor. 

Graph 3 shows cost/MBtu (GJ) o f  the KF Model, ho ld ing c a p i t a l  investment constant and vary ing 
t h e  annual load factor  from 5% t o  100%. The e l e c t r i c a l  pumping costs and the maintenance'costs 
per MBtu vary d i r e c t l y  w i th  t h e  annuaf load factor. On t h e  other  hand, the  c a p i t a l  investment 
f o r  the geothermal system i s  f i x e d  and independent o f  the annual load factor. Therefore, these 
costs  vary inverse ly  w i th  t h e  annuat .load fac to r  so t h a t  as the annual load fac to r  increases, 
t h e  annua I equivalent cost o f  the cap i t a t  investment per MBtu (GJ) decreases. 

The graph ind icates t h a t  there  I s  a marked cost  reduct ion as t h e  load fac to r  increases from 5% 
t o  50%. Th is  cost reduction tapers o f f  and provides a savings of only $0,50/MBtu ($0.47/GJ) as 
t h e  annual load fac to r  increases from 70% t o  100%. 

I n  a p l a n t  using the heat f o r  an i n d u s t r i a l  process, one should note the s i g n i f i c a n t  reduct ion 
i n  cost  per m i l l i o n  Btu 's  by operating two 8-hour s h i f t s  ra ther  than one s h i f t .  Ver t i ca l  l ines  
ind ica te  t h o  annual toad fac to rs  f o r  an i n d u s t r i a l  process load operating one, two or three 
s h i f t s  f i v e  days per week. 

CAPITAL tNVESTMENT 

Transmission distance 

Geothermal p ipe l ines  are one o f  the largest  c a p i t a l  investments in  a geothermal system. 
Ideal ly ,  t h e  welt f i e l d  and t h e  user should be located close together. I t  i s  important t h a t  
transmission I ines be properly insta I led and Insulated t o  reduce both heat loss and maintenance 
costs. 

I n  the  KF Model, an 8-inch (20-cm) suppiy l i n e  provided a maximum of  1390 gpm (88 l /s) o f  200°F 
(93°C) water t o  a heat-exchanger bui ld ing  4060 f t  (1.24 km) from the resource. Based on the 2% 
load factor ,  t h e  20-year annual equivalent cost  o f  the  primary transmission l ine, a t  15% c o s t  o f  

' cap i ta l ,  i s  $1.55/MBtu ($1,47/GJ) or $0.38/MBtu/1000 f t  ($1.18/GJ/km). Note t h a t  i f  the highway 
and r a i  l road undercrossings were no t  required, the  cost  o f  the primary transmission I ine would 
be $0.3 1 lMBtu/lOOO f t ( $0,96/GJ /km 1 . 
Graph 4 shows the costMBtu (GJ) o f  the KF Model e x t r a c t i n g  40°F (22°C) from the geothermal 
f l u i d  w i t h  a 25% annual load fac to r  w h l l e  vary ing the length of the primary ~ a n s m i s s ~ o n  from 0 
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GRAPH 3. KF Model 20-year annual equivalent cost a t  15% cost of capital  as the annual load 
factor varies from 5% to 100%. 



5-37 

35 

30 

25 

20 

15 

NATURAL GAS ANNUAL EQUIVALENT COST PER MBtu IO 

2 3 4 5 6 .km 
I I 1 I 1 I I 1 I I I I I ,  1 I 1 I I 1 

I 5 IO 15 20 kft 

PER THOUSAND FEET (km) OF 8-INCH STEEL 
TRANSMISSION LINE IN A CONCRETE VAULT 

I I I I 

GRAPH 4. KF Model 20-year annual equivalent cost per MBtu ( G J )  a t  15% per thousand feet (km) of 

8-inch (20 cm) transmission l i n e  in a concrete vault .  
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t o  20,000 f t  (0 t o  6.1 km). It can been seen tha t  transmission i n  excess of about 15,000 ft 
(4.6 km) may well  be economically impractical.  

Annual maintenance and pumping costs were not included in  t h i s  graph. The annual maintenance 
costs f o r  s tee l  p ipe i n  a concrete tunnel, proper ly i n s t a l  led, a re  extremely low. Pumping costs 
f o r  the  KF Model are neg l ig ib le ,  s ince there  i s  a s l i g h t  down grade from the wel l  head t o  the 
secondary pipel ine. Nevertheless, it i s  worth considering t h a t  maintenance costs and pumping 
costs, along w i t h  temperature loss, would normally increase the  costs per MBtu (GJ)  s l i g h t l y  
more than the  graph indicates. 

D r i l l i n g  costs versus confidence level  

The cost o f  d r i l l i n g  i n to  a product ive geothermal resource i s  s i t e  s p e c i f i c  and h igh ly  variable. 
D r i  I I ing costs are d i r e c t l y  a f fec ted  by the  geologic condi t ions,  resource depth, s i t e  
access1 b i  I I t y  and the temperature of  the resource. 

One extreme example i s  Lava Hot Springs, Idaho, where 140°F (60°C) water i s  commonly encountered 
a t  depths of 6-10 f t  (2-3 m). Thus, we1 I s  are dug w I t h  a back hoe. I n  contrast ,  geothermal 
we l l s  elsewhere have been d r i l l e d  i n to  high-temperature resources a t  depths o f  over 10,000 ft ( 3  
km) r e q u i r i n g  expensive o i l - w e l l  d r i l l i n g  and blowout-protection equipment. I t  i s  obvious, 
therefore,  t h a t  d r i  I I ing costs are a major component o f  the cap i ta l  investment required for a 
geothermal heating system. 

D r  i 1 I i ng  f o r  geothermal resources can be r i sky .  Some dry holes have been d r i  I led even In areas 
known t o  contain geothermal resources and i n  areas del ineated by state-of- the-art  geologic, geo- 
physical  and geochemical studies. For example, Klamath Fa1 Is, Oregon, has over 500 geothermal 
wei Is; t h e  resource i s  we1 I defined; however, i n  s p i t e  o f  t h i s ,  several d r i  I I i ng  attempts near 
rrgwdlr w e l l s  have been unsuccessful, r e s u l t i n g  e i the r  i n  "dry holes1f o r  cold water. 

The probabi I i t y  o f  completing a geothermal we1 I t h a t  has the desired temperature and flow r a t e  
i s  re fe r red  t o  as the confidence level. I n  a known geothermal resource area where geologic 
s tud ies  ind ica te  a 90% confidence level o f  reaching 200°F (93°C) temperature a t  1000 f t  (305 m )  
w i t h  a 60% confidence level o f  s t r i k i n g  an aqui fer  a t  t h i s  depth, then the confidence level i s  
0.9 x 0.6 = 0.54 or 54%. This means t h a t  approximately two we l l s  would have t o  be d r i l l e d  i n  
order t o  ob ta in  one successfu I we1 I. As one can readi l y  see, d r i  I I ing costs combined w i t h  the 
confidence level play a major r o l e  in determining the f e a s i b i l i t y  of a p ro jec t  or the value of 
t he  resource. 

Though the  costs o f  d r i  I I ing an unsuccessful we1 I are lower than for a successful one, because 
an unsuccessful we1 I probably requires only surface casing whi l e  a successful one requires f u l l  
casing, etc., even a dry hole can cost up t o  $75/ft  ($80/m)--a very s i g n i f i c a n t  sum f o r  a 1000- 
f t  (305-m) we1 I .  

The KF Model requires th ree  production we l l s  d r i l l e d  t o  1000 f t  (305 m) wi th  d r i l l i n g  costs of 
$17,000 each. As the  confidence level  drops from 100% t o  805, t he  increase i n  cos t  i s  
$0.03/MBtu ($O.O3/GJ). A confidence level o f  50% increases the  cos t  t o  $0.14/MBtu ($0.13/GJ). 
By comparison, suppose the  an t ic ipa ted  depth of a production wel l  was 5000 f t  (1524 m )  and the 
cos t  of d r i l l i n g  an unsuccessful we l l  increased from $17,000-$200,000. As the confidence level  
decreases from 100% t o  50%, t he  annual equivalent cost increases by $l06O/MBtu ($1.52/GJ). The 
above f i gu res  -a re  based on a 20-year l i f e  and a 15% cos t  of  c a p i t a l  and are ca lcu la ted  as 
f o i  lows: 
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Where P = 
C =  

I =  
n =  
L =  
I =  

du = 

The number of production we1 I s  required 
Confidence level (as a deciinal number) 
D r i l l i n g  cost of an unsuccessful we l l  
I n t e r e s t  r a t e  (cos t  o f  cap i ta l  or re tu rn  on investment) 
L i f e  o f  the pro jec t  in years 
Annual heat load in MBtu (GJ) 
Incremental annual equivalent cost  per MBtu (GJ) 

Graph 5 per ta ins  t o  the KF Model which has an annual heat load o f  6.0 x lo4 MBtu (5.7 x lo4 
GJ), a 20-year l i f e  and a 15% cos t  o f  cap i ta l .  The graph p lo t s  the change In annual equivalent 
cos t  per MBtu (GJ) f o r  a $17,000 we1 I and a $200,000 we1 I as the confidence level changes from 
100% t o  10%. These annual equivalent costs are compared w i th  the 20-year annual equivalent cost 
of na tura l  gas. The confidence level has l i t t l e  e f f e c t  on the $17,000 wel l ,  but I f  drilling 
costs were $200,000 per well, the p ro jec t  would break even w i th  the  cos t  o f  natural  gas a t  a 
confidence level o f  50%. 

COST OF CAPITAL 

Graph 6 compares the 20-year annual equivalent cos t  o f  geothermal energy t o  the cos t  of  natural  
gas f o r  t he  KF Model as the cost o f  cap i ta l  or re tu rn  on investment ( I )  v.aries from 5% To 60%. 
Three d i f f e r e n t  annual load fac to rs  are plot ted.  The 25% load fac to r  breaks even w i th  natural  
gas a t  about i = 28%. The 50% load fac to r  breaks even w i th  na tura l  gas a t  about i = 385, and 
t h e  75% load fac to r  breaks even w i th  natural  gas a t  about i = 57%. 

The Klamath F a l l s  Model i s  a t yp i ca l  heating d i s t r i c t  developed by a municipal i ty.  The e n t i r e  
system was financed w i t h  c i t y ,  county, s ta te  and federal funds. The production wells, transmis- 
s ion  and d i s t r i b u t i o n  pipel ines and in jec t i on  well  were a l l  located on land owned by the c i t y .  

I n  a discussion of p r i c i n g  of direct-use geothermal energy, It is necessary t o  consider tha t  the 
owner of a resource may wish t o  develop t h a t  resource and sel I the energy to a user, in t h i s  
case, a heating d i s t r i c t .  The p r i ce  charged by the developer would have to provide an advantage 
over conventional energies In order t o  persuade the user to abandon h i s  present heating system 
and purchase geotherma I energy. 

Table 1 presents a pro. forma income statement projected over a 20-year period, w i th  the fo l low- 
ing assumptions: 

1. 

2. 

3. 

4. 

5. 

6. 

The geothermal developer owns the resource. 

The developer w i  I I bear the cost of  the e n t i r e  geothermal system including $500,000 r e t r o f  It 
cos ts  fo r  the e x i s t i n g  bul Idings. 

The developer can borrow money a t  the prime in te res t  r a t e  of 15% ( t h i s  would probably be 
h Igher )  . 
The developer agrees t o  set I energy to the heating d l s t r  i c t  a t  a r a t e  tha t  Is 10% lower than 
the  cos t  o f  natural  gas. 

The developer w i  I 1 maintain the  system. Th is cost is estimated t o  be $8547/year plus 
$30,000 for  salar ies.  

Insurance for the  system, excluding reservo i r  insurance, w i  I I cost  0.6%/year o f  the t o t a l  
c a p i t a l  investment. 
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The pro forma income statement shows pro jected cash flows per MBtu (GJ) uslng the same i n f l a t i o n  
ra tes  as those in the economics sect lon of ' t h i s  chapter, Sa la r ies  were assumed to increase a t  
t he  economic I n f l a t i o n  r a t e  of 7% and insurance costs were projected to Increase 2%/year, I t  
should be noted tha t  because of the h igh cap i ta l  investment requfred, the system operates a t  a 
loss fo r  the f i r s t  s i x  years and requ i res  the next SIX years to recover these losses, With a 
7%/year i n f l a t i o n  rate,  the present worth of  the  20-year cash flows to  the developer 1s 
$18.34/MBtu ($17,38/GJ) before taxes. I f  a developer were in  a 50% e f f e c t i v e  tax bracket, the 
present worth would be reduced to $9,17/MBtu ($8,69/GJ) , 

Table 2 uses the data from Table 1 w i t h  the assumption tha t  the  developer does no t  own the 
resource, The developer pays a r o y a l t y  o f  10% o f  gross sales t o  the Owner of the resource, 
Not ice  t h a t  such an arrangement causes the  p ro jec t  to operate in  the red for the f i r s t  seven 
years and requires the  next seven and a h a l f  years t o  recover these losses, The present worth 
o f  the 20-year cash flow t o  the developer is $7.78/MBtu ($7,37/GJ) before taxes or $3.89/MBtu 
($3.69/GJ) a f t e r  taxes, 

TABLE 2 

EXTENSION OF 20-YEAf? PRO FORMA INCOME STATEMENT 
PAYING 10% OF GROSS SALES ROYALTIES TO THE LANDOWNER 

(ALL FIGURES ARE IN TERMS OF PER MBtu [APPROXIMATE GJ 1 )  

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Less 10% 
Roya I t y  

0,416 
.0,467 
0,524 
0 , 587 
0,659 
0 , 739 
0,830 
0 900 
0.977 
1,060 
1,150 
1.248 
1 ,354 
1,469 
1 ,593 
1.729 
1,876 
2,035 
2,208 
2.396 

Net Income 
A f t e r  Roya I t 18s 

-3 , 707 
-3 , 323 
-2 888 
-2.3% 
-1,840 
-1.213 
-0 504 
0.024 
0,597 
1.221 
1 ,899 
2 637 
3,439 
4,311 
5.259 
6,290 
7,411 
8 , 629 
9.954 

11 ,394 

Present 
Worth 
A t  7% 

-3 , 465 
-2 , 902 
-2 , 357 
- 1.828 
-1.312 
-0 , 808 
-0,314 
0.014 
0,325 
0,621 
0 , 902 
1.171 
1.427 
1.672 
1,906 
2,131 
2 , 346 
2,553 
2,752 
2 , 944 

TOTAL PRESENT WORTH 7,78 

% o f  increase 
In Var lab le  Costs 

Due t o  10% Roya l t ies  

36m7 
38 m 8  
40,9 
43,0 
45.3 
47,7 
50,2 
51,1 
52m1 
53,0 
53,9 
54m9 
55.8 
56.8 
57,7 
58,6 
59,5 
60,4 
61.3 
62,2 

Table 3 presents a 20-year cash f low f o r  the resource owner and shows a present worth of 
$10,57/MBtu ($10,02/GJ) before taxes of $5,29/MBtu ($5,01/GJ) a f t e r  taxes, 
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, TABLE 3 

20-YEAR CASH FLOW OF ROYALTY PAYMENTS 
. PER ME3tu (GJ) TO THE RESOURCE OWNER 

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- Royalty Revenue 

0.4 16 
0.467 
0.524 
0 . 587 
0.659 
0 . 739 
0.830 
0 . 900 
0,977 
1.060 
1.150 . 
1.248 
1.354 
1.469 
1 . 593 
1 -729 
1.876 
2.035 
2.208 
2.3% 

TOTAL PRESENT WORTH 

To summarize these data over the 20-year p r o j e c t  l i f e  i n  terms 
annum: 

Present Worth 
a t  7% 

0.389 
0.408 
0.427 
0.448 
0.470 

0.517 
0 . 524 
0.531 
0.539 
0.546 
0.554 
0.562 

0.578 

0.594 

0.61 1 
0.619 

0,493 

0 570 

0 0 586 

0.602 

10.57 

o f  present worth a t  ?$ per 

Developer A develops the resource on h i s  own land and earns $9,17tMBtu ($8,69/GJ) a f t e r  
taxes (Table 1 ) .  

Developer. B. leases the resource, paying a r o y a l t y  o f  10% o f  gross sales to  the resource 
owner and earns $3.89/~Btu ($3,69/GJ) a f t e r  taxes (Table 1 ~ d i f i e d  by Table 2). 

The landowner earns r o y a l t i e s  of $5,29/MBtu ($5.01/GJ) a f t e r  taxes. 

The assumption o f  a lO%-of-gross-sales r o y a l t y  was based on the  f a c t  t h a t  the federal ~ v e r n m e n t  
cu r ren t l y  charges a r o y a l t y  o f  10% o f  gross energy sales fo r  geothermal erwrgy developed on fed- 
e ra l  lands. Slnce the, federal government Is exempt from taxes, the  present worth o f  the  20-year 
cash f lows o f  r o y a l t y  payments would be $~0 .57 /~B tu  ($lO.OZ/GJ). I f  the KF Model Is a t yp i ca l  
example, t he  federal government would receive a higher present worth per MBtu (GJ) than any 
other par t i c ipant .  Surface lease costs we& not consldered in  t h i s  analysis. Such costs would 
increase the benef 1.t to the  resource owner considerably more than i s  Indicated. The KF Model Is 
not  a good investment unless the production we1 I s  can be d r l  I led on the c i t y ' s  own property w i th  
a cost of cap i ta l  considerably less than 15%, Table 4 shows the cap i ta l  investment costs of the 
KF Model. 

I n  order t o  provide fu r ther  perspective on the major factors  which in f luence the value of a geo- 
thermal resource, we can examine two actual appl icat ions.  These w i l l  be re fe r red  t o  as Case A 
and Case 8. Both cases occur In we1 I establ ished geothermal resource areas with an establ ished 
h i s t o r y  of production. 
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TABLE 4 

KF MODEL 
BREAKDOWN OF SYSTEM COSTS PER MBtu 

ASSUMES A 20-YEAR LIFE AND 15% COST OF CAPITAL 

TOTAL COST SUMMARY 

Including 10% 
Contingency 20-Yr Annua I 

Plus Equivalent Cost/MBtu % of 
- I tem - c o s t  5% I n f l a t i o n  Cost @ 15% (Approx GJ) Tota I 

WELL AND WELL HEAD 
EQU I PMENT 

Production we1 I 5 38,898 $ 44,733 $ 7,147 $ a119 
Well pump 41,988 48 , 286 7,714 a12857 
Well head bldg 3,500 4,025 643 a 0  107 
Power hook-up 500 575 92 m00 153 

Tota 1/1 We I I 84,886 97,619 15,596 a2598 

SUBTOTAL/3 WELLS $254,658 $292,857 $46,788 $ a7794 16% 

DISTRIBUTION PIPING 
NETWORK 

Primary supply $ 506,175 $ 582,101 6 92,997 $1  m5499 
Secondary supply 637 8 060 732,619 117,044 1 a9507 

HEAT EXCHANGER 
BUILDING 

P l a t e  H a E a  

Control system 
C i r c u  I a t  ion pump 
Expansion/surge 

tank 
Bui ld ing and 

I n s t a l l a t i o n  
In jec t ion  we1 I 
Bui ld lng  and 

In jec t ion  pump 
hoo k-u p 

SUBTOTAL $ 231,006 

$ 5,144 
8,183 
5,031 

91 9 

16,535 
5,512 

643 
475 

$ a0857 
a 13638 
a0838 

a 0  1 53 

a2756 
a09 19 

a 0  107 
-0079 

$ 265,657 $ a7074 14% 
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Case A i s  a 200-bed hospi ta l  w i th  an annual heat load of 1.89 x lo4  MBtu (1.79 x lo4 GJ). 
The hosp i ta l  d r i l l e d  an on-si te geothermal wel l  t o  a depth of 1582 f t  (482 m). The wel l  cost 
$32,915.00. it produced 400 gpm (25 i / s )  o f  191°F (88°C) water w i t h  a s t a t i c  level of  332 f t  
(101 m) and a drawdown o f  15 f t  (4.6 m). A 100-horsepower, 500 gprn (31.5 I/s) deep-we1 I tu rb ine  
pump was set a t  550 f t  (168 m). The pump cost $29,100. To ta l  cost  t o  the hosp i ta l  for 
p i p e l  lnes, she1 I-and-tube heat exhangers and ins ta l  l a t i o n  was $250,250. These costs were 
f inanced by an 8% bond maturing in 20 years. The system reduced the annual heating costs of 
na tu ra l  gas and diesel fuel  by $31,200 i n  the f i r s t  year o f  operation. The projected 20-year 
annual equivalent cost using natural  gas and diesel  fuel  I s  $6.60/MBtu ($6.26/GJ). Actual fuel 
cos ts  over the past three years ind ica te  t h a t  t h i s  est imate i s  u l t r a  conservative. The 20-year 
annual equivalent cost o f  the  geothermal system is $2.34/MBtu ($2,22/GJ). This includes the 
I n t e r e s t  and the payoff o f  the bonds issued. The average annual equivalent savings are 680,301 
over the 20-year period. Based on the  qual i t y  of  t he  resource, the .  actua I I I f e  of  the system Is  
an t i c ipa ted  to be 40 years, an unexpected benefi t .  Because of t he  over-design o f  the hosp i ta l  
heat ing  system and the temperature of the resource, the hospi ta l  was able t o  ex t rac t  80°F (44°C) 
from the  geothermal resource. 

Case B I s  a much smaller hospi ta l  w i t h  an annual heat load o f  5.556 x lo3 MBtu (5.27 x lo3 
GJ). A 1500-ft (457-m) wel l  had been developed 1700 ft (518 m )  from the hospi ta l .  This wel l  
produced 170°F (77°C) water a t  240 gpm (15 I /s)  wi th  water q u a l i t y  less than t h a t  o f  Case A. 
BecauBe the resource was known t o  e x i s t  a t  1500 f t  (457 m), Case B presents an excel len t  example 
f o r  a comparison t o  Case A. The cost t o  develop a geothermal system was estimated to be Ident i -  
ca l  t o  Case A ($250,250). With less than 30% o f  the heat load required f o r  Case A, the need fo r  
400 gpm (25 I/s) d id  not exist .  The e x i s t i n g  heating system in t h i s  hospi ta l  required 1.8OoF 
(82°C) supply temperature w i th  160°F (71°C) r e t u r n  f l u i d  (20°F [11"C1 AT).  The water q u a l i t y  of 
t h e  resource d i c t a t e d  a p la te  heat exchanger t o  i so la te  the geothermal f l u i d  from the hosp i ta l  
heat ing  system. Because a 10°F (5°C) temperature drop would occur from the primary t o  the 
secondary f l u i d ,  the supply temperature would be on ly  160°F (71"C), t he  same temperature as the 
r e t u r n  f l u i d  i n  the ex i s t i ng  system. Therefore, t h i s  hosp i ta l  heating system would requ i re  
$25,000 f o r  r e t r o f i t  in order to ex t rac t  a 20°F (11"C)AT from 16OOF (71°C) supply water. A t  an 
8% c o s t  o f  capi ta l ,  the 20-year annual equivalent would be $5.04/MBtu ($4.78 GJ). The cos t  o f  
pumping and $2500 per year maintenance, due to poorer water qua l i t y ,  t o t a l s  $4.19/MBtu ($3.97/ 
GJ) annually. The t o t a l  annual equivalent cost f o r  the whole p r o j e c t  is $9.23/MBtu ($8.75/GJ) 
f o r  t he  geothermal system as compared to  a 20-year annual equivalent cost of $6,35/MBtu ($6.02/ 
GJ) f o r  natural  gas. 

As an a l te rna t ive ,  the hosp i ta l  considered buying 17OOF (77OC) water del ivered a t  the s i t e  by a 
geothermal developer a t  a p r i ce  of $0.45/100 f t3  ($0.'16/m3), thus el imlnat ing a i  I but the 
r e t r o f  I t costs. The consequences of buy ing energy a t  $0.45/100 f t3  ($0. 16/m3) and ex t rac t -  
ing  on ly  20°F (11'C) AT  would r e s u l t  i n  a 20-year annual equivalent cost of  $6.67/MBtu ($6.32/ 
GJ 1, assuming a 7% per year p r i ce  esca la t ion  r a t e  by the supp I i e r  o f  the geothermal f I uld. In 
t h e  year fo l low ing  t h i s  study, the geothermal supp l ie r  increased h i s  p r i ce  by 245, making the 
marginal p ro jec t  t o t a l l y  unfeasible. This hosp i ta l  continues t o  operate on natural  gas. 

SUMMARY 

When d I rect-use geotherma I app I i c a t  i ons f o r  space or process heat I ng are eva I uated, exper i ence 
has shown t h a t  each study must be s i te -spec i f i c .  

A r e c i p e  for maximlzing the benef i t  o f  direct-use geothermal energy is: 

1. Develop resources a t  sha I low depths w i th  flow ra tes  and temperatures t h a t  are compat I b l e  to 
t h e  user. Good t o  excel l en t  water qual i t y  i s  Important. 
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2, Keep distances between the production we1 I and the user t o  an absol Ute minimum, i.e., shor t  
p ipel ines,  

3, Seek or develop uses t h a t  w l  I I requ l re  an annual load factor of a t  least  25%; 50% or greater 
Is preferred, 

4,  Obtain low i n t e r e s t  loans and be w l  I I Ing t o  reduce the  r a t e  of re tu rn  on Investment i n  order 
t o  reap the  long-run benefi ts, 

I f  p r lces  or r o y a l t i e s  are t o  be charged In s l t ua t l ons  where the developer and the  user are d l f -  
f e ren t  organ lzat lons,  then vat ues must be assessed against  the annua I savings or cost bene f i t  
r e s u l t i n g  from the  geothermal system. This p r i c e  or r o y a l t y  must be evaluated fo r  each and 
every appl icat ion,  Each dlrect-use geothermal app l l ca t ion  Is unlque w i th  supply and demand 
dedicated t o  each other, 

Conslder the two actual  appl icat ions,  Cases A and 8, I n  t h i s  chapter, Case A describes a very 
valuable resource w i t h  substant ia l  savings t o  the  user over a 40-year perlod, wh l le  Case B, w i th  
a resource only 20°F (11°C) lower I n  temperature, Is of  no value t o  the  user. 

To establ  ish a p r i c e  fo r  d i rect-use geothermal, energy, one must study the s t ruc tu res  and charac- 
t e r i s t i c s  of  t he  costs presented In  t h i s  chapter. One should also keep in  mind the  aspects and 
lessons of Case A and Case B, Our case rests. 


