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ABSTRACT 

Cost and production d a t a  f ran f i v e  cmmercial- 
scale geothermal d i r e c t  hea t  a p p l i c a t i o n  p r o j e c t s  
are reviewed. U n i t  costs o f  geothermal energy 
under a v a r i e t y  of assumptions about production 
l e v e l s ,  costs, tax  t reatment ,  f i n a n c i a l  s t r u c -  
t u r e ,  and cost of c a p i t a l  a r e  ca lcu la ted  and 
compared to  prices of convent ional  f u e l s  which 
would be displaced over t h e  l i f e  of a geothermal 
pro jec t .  Geothermal energy is  found to  be less 
c o s t l y  than d i s t i l l a t e  f u e l  o i l  f o r  a l l  c a s e s  
exmined  and cheaper than n a t u r a l  gas  i n  many 
cases .  

INTRODUCTION 

Five canmercial-scale geothermal demonstra- 
t i o n  p r o j e c t s  p a r t i a l l y  funded by t h e  Department 
of Energy s e r v e  a s  t h e  basis f o r  t h i s  assessment 
of  the  e c o n m i c  a t t r a c t i v e n e s s  o f  geothermal 
energy for direct hea t  appl ica t ions .  The pro- 
jects under review include two i n s t i t u t i o n a l  
space and h o t  water heat ing systems (a t  ,the 
Klanath County, Oregon YMCA and a t  S t .  Mary's 
Hospi ta l  i n  P i e r r e ,  S.D.), one a g r i c u l t u r a l  
a p p l i c a t i o n  ( g r a i n  drying a t  t h e  Dianond Ring 
Ranch i n  Haakon, S.D.), two small-scale d is t r ic t  
heating systems ( a t  P h i l i p ,  S.D. and t h e  Dianond 
Ring Ranch) and one moderate s i z e  d i s t r i c t  heat- 
ing system ( i n  Pagosa Springs Colorado) . Four of  
t h e  f i v e  p r o j e c t s  a r e  opera t iona l ;  the  Pagosa 
Springs d i s t r ic t  heat ing system is expected t o  
begin o p e r a t i o n s  during t h e  1981-1982 heat ing 
season. For each o f  t h e  f i v e  projects, Table 1 
provides  information on e i g h t  important p r o j e c t  
fea tures :  w e l l  depth, geothermal f l u i d  teupera- 
t u r e ,  i n i t i a l  year of opera t ions ,  expected sys- 
t e m  l i f e ,  c a p i t a l  and operat ing and maintenance 
costs, energy de l ivered ,  and appl ica t ion .  (For 
a d d i t i o n a l  project information, see DOE (1980)). 

/ 

To determine t h e  commercial p o t e n t i a l  of 
geothermal d i r e c t  hea t  a p p l i c a t i o n s ,  geothermal 
costs are cmpared t o  t h e  costs of  supplying 
equiva len t  amounts of  energy using convent ional  
f o s s i l  f u e l s .  The a n a l y s i s  incorpora tes  recent  
DOE world o i l  p r i c e  pro jec t ions  and ICF's c o a l  
and n a t u r a l  g a s  market models t o  p r o j e c t  p r i c e  
pa ths  f o r  d i s t i l l a t e  f u e l  o i l ,  l o w  sulphur resi- 
d u a l  f u e l  o i l ,  high sulphur r e s i d u a l  f u e l  o i l ,  

n a t u r a l  gas ,  and coal .  The a n a l y s i s  a s s m e s  t h a t  
t h e  geothermal pro jec t  would c o n s t i t u t e  a 
r e t r o f i t  of an  e x i s t i n g  heat ing system. C a p i t a l  
costs f o r  equipoent  to store and burn f o s s i l  
f u e l s  a r e  excluded fran the  c a l c u l a t i o n  of con- 
vent iona l  f u e l  costs f o r  t h i s  r e t r o f i t  dec is ion .  
Inclusion o f  t h e s e  costs would make t h e  r e s u l t s  
even more favorable  f o r  geothermal energy. 

MEPHODOLOGY 

An assessment of the  e c o n m i c  a t t r a c t i v e n e s s  
of geothermal energy f o r  direct hea t  appl ica-  
t i o n s  r e q u i r e s  an appropriate  b a s i s  f o r  c m p a r i -  
son of geothermal with convent ional  energy sys- 
tems. The b a s i s  m u s t  provide f o r  consis tency i n  
terms o f  t h e  economic costs and t h e  phys ica l  
measures o f  t h e  energy s u p p l i e s  cmpared.  
Several  s t e p s  h e l p  develop t h i s  consis tency.  
F inancia l  c a l c u l a t i o n s  a r e  made i n  nauina l  
( c u r r e n t  y e a r )  d o l l a r s  on t h e  b a s i s  of  consis- 
t e n t  i n f l a t i o n  assumptions; t h e  r e s u l t s  f o r  a l l  
energy o p t i o n s  a r e  then converted to  cons tan t  
(1980) d o l l a r s  to  f a c i l i t a t e  cost canparisons. 
(For i n f l a t i o n  rates, see DOC (1981) and CBO 
(1981) ) These c a l c u l a t i o n s  incorpora te  
c o n s i s t e n t  assumptions regarding t a x  t reatment ,  
c a p i t a l  s t r u c t u r e ,  and the  cost of  c a p i t a l .  

The geothermal pro jec t  cost streams generated 
through t h e  f i n a n c i a l  a n a l y s i s  and t h e  a l te rna-  
t i v e  convent ional  f u e l  c o s t  streams have s i g n i -  
f i c a n t l y  d i f f e F e n t  p r o f i l e s  over  t h e  l i f e  o f  a 
pro jec t .  For instance,  geothermal s u p p l i e s  
involve l a r g e  up-front costs and minimal 
opera t ing  costs t h e r e a f t e r ,  whereas convent ional  
f u e l  costs would increase over t h e  l i f e  of  t h e  
pro jec t .  Applicat ion of discounted c a s h  flow 
p r i n c i p l e s  leads to  an estimate of  t h e  present  
value of  each cost stream. This  present  value 
f i g u r e  is then used to der ive  t h e  cons tan t  real 
u n i t  cost of each geothermal project and conven- 
t i o n a l  f u e l  supply stream. The u n i t  cost equals  
the  minimum price t h a t  a suppl ie r  could accept  to 
cover a l l  Costs Of providing a n  energy supply 
(e.g., capi ta l  and 06M expenses, t axes ,  and 
required r e t u r n  on investment), and is o f t e n  
c a l l e d  t h e  Minimum Acceptable Supply Price (MASP). 
(For an expanded discussion o f  mSP, see ICF 
(1980)) .  Unit  p r i c e  measures allow c m p a r i s o n s  
anong projects wi th  d i f f e r e n c e s  i n  product ion 
q u a n t i t i e s  and expenditure p a t t e r n s .  
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TABLE 1 

PRQ7ECP DATA SUMM4W 

Pro iec t  
Start-up Planned 

Fluid of PCOJeCt 
(sponso; Status)  Application Well Depth Temperature OperatiOnS L i f e  a/ 

( f e e t )  (OF) (years)  

Dianond Ring Ranch grain drying; 4100 152.P 1979 20 
(pr iva te  firm) space b water 

heating 

Klamath YMCA i n s t i t u t i o n a l  1400 147 1980 25 
(private,  space b water 
non-prof A t )  hea t i ng 

Pagose Springs d i s t r i c t  275 131 1981 30 
(local governnent) heating 300 148 

Phi l ip ,  S.D. d i s t r i c t  4300 157 1980 30 
( l o c a l  goverment)  heating 

S t .  Mary's Hospital i n s t i t u t i o n a l  2200 106 1980 * 30 
(non-profit, Lax- space b water 
exempt bonds) heating 

Annual 
Cap1 t a l  Energy 

(1980 Dollars) ( l o y  atu)  
Orn C o s t  Delivered cost 

$ 489,OOOy $ 5,000 7.9 

285,000 2,100 7.0 

1,462,000 50,400 56.7 

1,188,000 4,000 14 .8  

769,000 10,800 11.4 

~ T G i X p r r o c  to major c a p i t a l  re-investment. 

bJ 

cJ Planned. 

dJ 

Adjusted to include cost of building new w e l l  and exclude costs of extending p ipe l ine  to ex i s t ing  w e l l  Site. 

Data not  avai lable  from project;  estimated €ran energy displacement data. 

Energy supply measures also requi re  consis- 
t e n t  t reatment .  Typical ly ,  geothermal energy is 
measured i n  terms o f  usable  energy del ivered,  
while  f o s s i l  f u e l s  a r e  measured i n  terms of gross  
energy input  i n t o  a f u e l  conversion system. To 
permit ineaningful canparisons o f  energy costs, 
t h e  a n a l y s i s  measures geothermal energy i n  terms 
of the  amount of  convent ional  f u e l  displaced.  

Together, a l l  these  steps a s s u r e  a comparison 
using c o n s i s t e n t  thermodynamic and econanic 
measures of  each energy source. 

GEOmERMAL ENERGY SUPPLY COSTS 

Two sets o f  cost estimates are developed f o r  
each geothermal p r o j e c t  reviewed. The es t imates  
are l a b e l l e d  "actual"  and "base case." Both sets 
u s e  a c t u a l  expendi ture  f i g u r e s  f ran  t h e  p r o j e c t s  
reviewed, b u t  the  cost of c a p i t a l  and tax  
t reatment  vary according to  t h e  assumptions 
re levant  for t h e  "actual"  or "base" case. The 
"actual"  u n i t  costs r e f l e c t  a c t u a l  p r o j e c t  
sponsor t a x  and f i n a n c i a l  s t a t u s ,  while  the  base 
case u n i t  costs incorporate  a set o f  t a x  and 
f i n a n c i a l  assumptions s tandard ized  across  
pro jec ts .  The econanic a n a l y s i s  of the  f i v e  
p r o j e c t s  f i n d s  t h a t  o n  t h e  b a s i s  of a c t u a l  
p r o j e c t  sponsor s t a t u s ,  o u t l a y s ,  and production, 
t h e  p r o j e c t  sponsors could have suppl ied them- 
s e l v e s  with geothermal energy f o r  -$1.20 t o  $2.40 
per m i l l i o n  Btu without f e d e r a l  ass i s tance .  (See 
ICF (1981) f o r  a d i scuss ion  of t h e  f i n a n c i a l  
a s s m p t i o n s  for each pro jec t .  ) The d i f fe rences  
i n  p r o j e c t  u n i t  costs arise because t h e  c o s t s  
incurred vary  considerably wi th  p r o j e c t  sponsor 

s t a t u s  (e.g., p r i v a t e  f i rms must pay taxes:  
non-profi ts  and goverments  do not )  and because 
of  v a r i a t i o n s  i n  resource and a p p l i c a t i o n  charac- 
teristics such a s  well depth, f l u i d  temperature 
and flow, and percent  of  well c a p a c i t y  used. 

The "base case" a n a l y s i s  es t imates  t h e  geo- 
thermal supply costs t h a t  a p r i v a t e  developer 
would f a c e  i n  providing geothermal d i r e c t  h e a t  
energy g iven  a set of standard assumptions 
concerning t a x a t i o n  and f inancing of a project. 
Assumptions made i n  t h e  base case a n a l y s i s  
include t h e  following : 

o 15% energy tax  c r e d i t  
o Federal ,  s ta te  and l o c a l  incane and 

o 10% r o y a l t y  
o i n i t i a l  debt /equi ty  r a t i o  of 5O/SO 
o 3% r e a l  corpora te  i n t e r e s t  r a t e  
o 9.5% real r e t u r n  on equi ty  

property t a x e s  

For t h e  base case ,  geothermal costs vary f r m  
$2.37 to  $5.73 per m i l l i o n  Btu. Because t h e  
t a x a t i o n  and f i n a n c i a l  a s s m p t i o n s  were s tandar-  
d ized  f o r  t h e s e  base c a s e  es t imates ,  t h e  
d i f f e r e n c e s  i n  u n i t  costs r e s u l t  e n t i r e l y  f ran  
the  range of v a r i a t i o n s  encountered for t h e  
phys ica l  c h a r a c t e r i s t i c s  assoc ia ted  wi th  t h e  
resources  and appl ica t ions  a t  each pro jec t .  W e l l  
depth appears  to  be e s p e c i a l l y  important t o  cost 
d i f fe rences .  F lu id  temperatute and o ther  factors 
may also have major e f f e c t s  on geothermal costs 
but  a d d i t i o n a l  d a t a  must be gathered before  
conclusive s ta tements  about these  v a r i a b l e s  a r e  
possible 
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A comparative sensit ivity analysis was also 

performed for the Philip project, the most costly 
of the five. Although t h i s  approach "biased" the 
analysis against geothermal by using a high-cost 
project, the project remained superior t o  d i s t i l -  
l a t e  fuel o i l  for a l l  cases examined and superior 
t o  natural gas i n  many cases. Natural gas would 
be superior t o  Philip geothermal if the required 
rea l  return on equity increased by 25 percent, 
the i n i t i a l  equity share grew t o  75 percent, 
capi ta l  costs increased (perhaps t o  provide an 
injection well) ,  or the energy tax credi t  were 
removed. Table 2 lists the levelized u n i t  costs 
of the Philip geothermal project and of 
d i s t i l l a t e  fuel o i l  and commercial natural gas 
for selected sensi t ivi ty  analysis cases. 

c F 

9 4 

8 8 

D i s t i l l a t e  ($7.11) 7 7 

- - 
- - 
I - 
6 6 

Sulfur Resid ($5.69) Ph i l ip  ($5.73) 5 

High Sulfur Resid ($4.93) 
Natural Gas (corn) ($4.01) Diamond Rrng Ranch ($4.681-4 

Natural Gas (indl ($3.55)  3 3 

- I 

5 
I I 

St. Mary's ($4.79)  

- - 
1 Pagosa Springs ($2.45)  - 
2 KlaUlath YMCA (2 .37)  2 

Coal ($1.66) 1 1 

0 

- I 

I I 

The sensit ivity analysis is performed on the 
base case estimate from the most costly of the 
projects reviewed, Philip. I t  finds that geo- 
thermal costs decrease when the cost  of capital  
is lowered either through local government use of 
tax exempt bonds or through high debt/equity 
ratios. Proposed accelerated depreciation 
measures such a s  "10-5-3" depreciation, could 
also reduce geothermal costs substantially. 
"10-5-3" depreciation would apply double declin- 
ing balance depreciation t o  structures,  equip- 
ment, and vehicles for tax l ives  of 1 0 ,  5, and 3 
years, respectively. 

D i s t i l l a t e  ($9.07) 

Low Sulfur Resid ($7.34) 

High Sulfur Resid ($6.47) 

Natural Gas (indl ($5.97) 

Natural Gas (Cod ($6.43) 

Coal ($4.34)b-/ 

The canbination of high leverage (perhaps w i t h  
the help of loan guarantees), "10-5-3" deprecia- 
tion, and the avoidance of royalties through the 
use of one's own resource could reduce costs 62 
percent from the Philip base case estimate. The 
more important u n i t  cost increases could ar ise  
through serious capi ta l  cost increases, major 
production declines, and removal of the energy 
tax credit  (currently scheduled for 1985). 

COMPARATIVE ANALYSIS 

Figure 1 shows that for the base case assump- 
tions, each project is  economically superior t o  
conventional alternative fuels on a lifecycle 
basis. Compared t o  current conventional fuel 
prices? however, geothermal costs are  not nearly 
as attractive.  Coal appears superior t o  some of 
the geothermal options, b u t  the unique problems 
of using solid fuels i n  such small applications 
make coal an unlikely alternative except, per- 
haps, for projects located close t o  existing mine 
mouths. 

1981 Alternati  e 
puel P r i c 9  

FINDINGS 

The econanic attractiveness of the geothermal 
d i rec t  heat application projects reviewed here 
remains substantial canpared t o  conventional 
alternative fuels under a variety of assumptions 
about project sponsor status and project costs. 
The demonstration of economic viabi l i ty  a t  
caomercial scale represents the a t ta iment  of a 
technology developaent milestone achieved by few 
unconventional energy supply technologies. The 
extent to  which  geothermal energy can continue t o  
provide an economically a t t ract ive alternative 
depends on whether the projects reviewed repre- 
sent typical or unusual opportunities t o  exploit 
geothermal moderate temperature resources. T h i s  
question was not addressed i n  t h i s  analysis. 
Nevertheless, the results of t h i s  preliminary 
assessment strongly suggest that  geothermal 
resources can provide economically a t t ract ive 
d i rec t  heat energy i n  selected circumstances. 

FIGURE 1 

BASE CASE COMPARISON OF 
GEOTHERMAL AM) CONVENTIONAL ENERGY COSTS 

(1980 Dollars per M l l i o n  Btu) 

Geothermal Minimum 
Acceptable Supply Pr ice  

Alternative Fuel Minmum 
Acceptable Supply Price 

aJ Fuel only. 
Y Capital ,  OSM, and f u e l  costs. 
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TABLE 2 

SELECTED SENSITIVITY ANALYSIS 

Minimum Acceptable Supply P r i c e  a/ 
Natural  Gas 

D i s t i l l a t e  (Comm erc i a  1) 
($/mil l ion B t u )  ($/million Btu) 

P h i l i p  
Geothermal MASP b/ 
($/m i l l i o n  B t u )  

Parameter Change Par am e ter 

25% Increase 
25% Decrease 

$7.10 
4.35 

$9.07 
9.07 

$6.43 
6.43 

Capital Cost 

Yearly Production 
Rate 

Declining to 1/2 i n i t i a l  

Declining to 021 
R a t e d  6.40 

7.26 
8.78 
8.42 

6.22 
5.96 

9.07 
9.07 

6.43 
6.43 

Debt/Equity Ratio 25/75 
75/25 

7.22 
4.23 

8.79 
9.40 

6.20 
6.68 

Real Return on 
Equity 

25% increase  
25% decrease 

6.80 
4.72 

Remove energy t a x  c r e d i t  
"10-5-3 " acce lera ted  

deprec ia t ion  

7.19 
3.88 

9.07 
9.07 

6.43 
6.43 

Tax Treatment 

9-07 6.43 Royal t ies  Remove roya l ty  charge 5.15 

10.12 7.17 P r o j e c t  Sponsor 
S t a t u s  

P r i v a t e ,  not-for-prof i t  
(no tax-exempt debt )  

3.68 

10.61 7.48 Local goverment  
(tax-exempt debt)  

2.65 

aJ Conventional f u e l  p r i c e s  a r e  l e v e l i z e d  assuming t h e  same energy q u a n t i t i e s  and applying t h e  sane 
discount r a t e  as  t h e  corresponding geothermal p r o j e c t  costs. 

Minimm acceptab le  supply pr ice .  

=/ Linear d e c l i n e  beginning year 6. 

ACKNOWLEDGEMENT U.S. Congressional Budget Off ice ,  Econanic Pol icy  
and the  Outlook f o r  the  Economy, Washington, 
D.C., March 1981. This  work  was supported by t h e  Idaho 

Operations Off ice  of t h e  U.S. Department of 
Energy. The a u t h o r s  would l i k e  t o  thank p r o j e c t  
s t a f f  who were e s p e c i a l l y  he lpfu l  i n  providing 
t h e  p r o j e c t  d a t a  necessary f o r  t h i s  a n a l y s i s .  

U.S. Department of CaDmerce, Survey of Current  
Business, Washington, D.C., March 1981. 

U.S. Department of Energy, Divis ion of 
Geothermal Energy, Geothermal Direct Heat 
Applicat ions Program Summary , presented a t  t h e  
Sem i-Annual Review Meeting, L a s  Vegas Nevada, 
November 1980. 

BIBLIOGRAPHY 

ICF Incorporated, Analysis  of Financia l  Assunp- 
t i o n s  In Se lec ted  Energy Information Models, 
submitted t o  t h e  U.S. Department o f  Energy, 
Washington, D.C., September 1980. U.S. Department of  Energy, Off ice  of  Planning 

and Pol icy Analysis ,  "Preliminary R e s u l t s  of 
Gas Decontrol Analysis," d r a f t ,  April 17,  1981. ICF Incorporated, Econan ic  Assesment  of Five 

Geothermal Direct Heat Applicat ion P r o j e c t s ,  
performed f o r  t h e  Idaho Operations Off ice  of 
the U.S. Department of  Energy, DOE/ID/12099-1, 
Washington, D.C., June 1981. 

6 50 


