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I NTRO DU CT ION 

The cost  of energy from moderate temperature 
geothermal resources and the  r e l a t i v e  a t t r ac t ive -  
ness of resource development t o  po ten t i a l  entre- 
preneurs w i l l  vary grea t ly  on the  bas i s  of t he  
spec i f i c  resource and economic conditions. Sub- 
s t a n t i a l  t ranspor t  and d i s t r ibu t ion  cos ts  f o r  
d i r e c t  application pro jec ts  d i c t a t e  t h a t  users be 
located as  near t o  the resource s i t e  as poss ib le ,  
and they be concentrated i n  a r e l a t ive ly  small 
area.  This has important implications: while de- 
velopers of o ther  resources may view the  e n t i r e  
nation, or large portions of it, as  a po ten t i a l  
market, the  developer of a d i r e c t  aDqlication geo- 
thermal resource faces a rad ica l ly  ' limited market. 
Thus, the  cons t ra in ts  on t h i s  market make rapid 
penetration very important. Optimally, a geo- 
thermal developer w i l l  capture 100% of the  re le -  
vant market before committing cap i t a l .  This 
s i t ua t ion  i s ,  however, unlikely t o  occur, A 
gradual market penetration i s  l i ke ly  t o  be the  
norm. 
cess fu l  geothermal development. 

market penetration y i e ld  i n  terms of finances,  and 
what f l e x i b i l i t y  t he  entrepreneur has f o r  inducing 
higher r a t e s  of market penetration. Analysis is  
conducted through an economic model spec i f i ca l ly  
designed t o  ca lcu la te  the  impact of changes i n  eco- 
nomic and resource conditions. The model f i l l s  a 
gap between the  very de ta i led  economic engineering 
models and those designed t o  estimate cos ts  under 
very general conditions. 

To analyze the  spec i f i c  resource and'economic 
fac tors  which, i n  large p a r t ,  determine the  a t -  
t rac t iveness  of geothermal energy development, the  
Center f o r  Metropolitan Planning and Research 
(Metro Center) of the  Applied Physics Laboratory 
(APL) of The Johns Hopkins University have develop- 
ed an economic accounting model. 
decision var iab les  - t he  Net Present Value (NPV) 
(defined below) and the "discounted average cost  . I '  

The model can estimate the  prospects of a geo- 
thermal development f o r  i ndus t r i a l  applications or 
f o r  any r e s iden t i a l  area which has hourly tempera- 
t u r e  da ta  ava i lab le .  After a b r i e f  description of 
t he  model, some preliminary r e su l t s  on the  s ign i -  
ficance of d i f f e ren t  r a t e s  of market penetration 
follow. 

This i s sue  becomes a cen t r a l  point i n  suc- 

This paper analyzes what d i f f e ren t  r a t e s  of 

I t  produces two 

THE MODEL 

The Geothermal Resource In te rac t ive  Temporal 
Simulation Model (GRITS) calculates the  cost  and 
revenue streams over the  economic l i f e  of an hypo- 
t h e t i c a l ,  d i r e c t  application pro jec t .  Because pro- 
j e c t s  w i l l  d i f f e r  i n  terms of resource conditions, 
t he  user  of GRITS may specify the following resource 
conditions : 

1. production well depth 
2 .  re in jec t ion  well depth 
3 .  wellhead water temperature 
4.  

5 .  

average drawdown i n  the  well when the  u t i l i z a -  
t i on  system reaches capacity 
maximum flow r a t e  from the  well a t  f u l l  pumping. 

Values f o r  t he  well head temperature, drawdown, 
and flow may be spec i f ied  as constants or as time 
dependent functions. The inclusion of time depen- 
dent h n c t i o n s  permits 'additional f l e x i b i l i t y ,  i n  
t h a t  t he  user  may specify changing resource condi- 
t i ons  over the  p ro jec t ' s  l i f e .  

For the  r e s iden t i a l  subroutine, the  user- 
spec i f ied  economic parameters (e i ther  constants o r  
t i m e  dependent functions),  include the  following: 

1. 

2 .  

3.  
4 .  

5 .  

6. 
7. 

8. 

9. 

10. 
11. 

1 2 .  

13. 

type of housing uni t s  within the community heat-  
ing system's se rv ice  area; 
percentage of housing un i t s  within the  serv ice  
a rea  which eventually jo in  the system; 
cost  per  mile of i n s t a l l ed  d is t r ibu t ion  system; 
geographic area and hence the  heating demand 
of t he  housing un i t s  i n  the  system; 
system design temperature a t  which the  peaking 
system begins operation; 
cos t  of o i l  purchased fo r  t he  bo i l e r s ;  
cost  of e l e c t r i c i t y  purchased t o  operate the  
downhole pumps ; 
pr i ce  of energy sold t o  system customers 
( t h i s  value i s  bypassed i n  calculating the 
discounted average cost  measure) ; 
i n f l a t ion  r a t e  (used t o  discount the  r e a l  value 
of t he  nominally uniform debt se rv ice  payments); 
i n f l a t ion - f r ee  discount r a t e ;  
r a t e  of re turn  paid t o  pro jec t  investors (debt 
or equity) ; 
r a t e  of market penetration (always time depen- 
dent);  and 
p ro jec t  evaluation period. 
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The indus t r i a l  subroutine t r e a t s  resource 
conditions i n  the same manner as those i n  the  
r e s iden t i a l  subroutine. However, t he  indus t r i a l  
u t i l i z a t i o n  leve l  replaces economic parameters re- 
l a t ed  t o  weather dependent heating demand, the den- 
s i t y  of users ,  and the  r a t e  of hookups t o  the  sy- 
stem. 

For a geothermal pro jec t  with spcc i f ied  re- 
source and economic conditions, GRITS ca lcu la tes  
two economic measures of competitiveness: 
Discounted Average Cost (DAC) and the  Net Present 
Value (NPV). The DAC i s  defined as the  uniform 
real product p r i ce  which allows the  pro jec t  t o  
break even by the end of i t s  economic l i f e .  
cost  allows the  decision maker t o  compare the  
cos ts  of d i f f e ren t  energy sources o r  pro jec ts .  

cost  and revenue streams. The entrepreneur can 
use NPV f o r  e f f ec t ive  decision making; he may want 
t o  determine the  e f f ec t ,  f o r  example, of f a s t e r  
market penetration r a t e s .  
between two p ro jec t s ,  i den t i ca l  except f o r  the  r a t e  
of market penetration, indicates t he  value of t he  
higher r a t e  t o  the developer. Based on t h i s  d i f -  
ference, the  entrepreneur could achieve higher rates 
of market penetration by of fer ing  f inanc ia l  induce- 
ments t o  po ten t i a l  customers. 

the 

I ts  

NPV i s  the  difference between the  discounted 

The difference i n  NPV 

PRELIMINARY RESULTS 

While GRITS can comprehensively address a 
wide range of resource and economic conditions,  
t h i s  analysis concentrates on preliminary r e s u l t s  
involving the  significance of d i f f e ren t  r a t e s  of  
market penetration and the  opportunities f o r  t he  
entrepreneur t o  induce higher r a t e s  of market pene- 
t r a t i o n .  

a few parameters, the  defaul t  values chosen f o r  t he  
remaining parameters necessarily qua l i fy  the  r e s u l t s .  
Because of t h i s ,  a b r i e f  digression t o  ou t l ine  
these noneconomic defaul t  values follows. Housing 
includss densely packed, s ing le  family homes, row- 
houses and garden apartments i n  a midsized town w 
which t y p i f i e s  the Mid-Atlantic resource area.  
The resource consists of a 5,500 foot  well with re- 
in j ec t ion  t o  the  production aquifer.  
l eve l  f a l l s  an average of 20 pe r  cent once the  well 
operates a t  f u l l  capacity. 
from the  well i s  500 gallons pe r  minute and the  well  
head temperature of the  water i s  160' F.  
r e s iden t i a l  furnaces a r e  assumed 70 pe r  cent e f f i -  
c i en t ,  while geothermal hea t  i s  assumed t o  be 90 
pe r  cent e f f i c i e n t .  

Economic defaul t  values give fue l  o i l  (geo- 
thermal energy p r i ce  is  t i e d  t o  t h i s  level)  a cos t  
of $5.00 per  mill ion Btu's at  the  s t a r t  of the pro- 
j e c t  evaluation period, r i s i n g  a t  an annual r e a l  
r a t e  of 3 per cent. .  The pro jec t  has a 20 year 
economic l i fe  and in f l a t ion  avcrages a t  7 per cent 
pe r  year.  
the  discount r a t e  is 2 per  cent.  The market sa tu-  
r a t ion  occurs when s i x  out of ten households with- 
i n  the system's se rv ice  a rea  a r e  connected. 

of high cap i t a l  i n t ens i ty ,  necessar i ly  incur pro- 
por t iona te ly  high fixed cos ts ,  which occur regard- 

Since t h i s  s e n s i t i v i t y  analysis involves only 

The water 

The maximum flow r a t e  

O i l - f i r ed  

Funds a re  borrowed a t  12 pe r  cent and 

Direct application geothermal systems, because 

l e s s  of t he  system u t i l i z a t i o n  level.  
i za t ion  leve ls  y i e ld  higher N P V ' s ,  making the  pro- 
j e c t  more a t t r ac t ive .  
from more rapid market penetration. 

ke t  penetration, chosen from expository purposes 
only. The first case cons is t s  of an i n i t i a l  20 
pe r  cent market penetration and, by the 13th year,  
sa tura t ion  i s  achieved. A s  shown i n  Figure 1, the  
p ro jec t  shows its f i r s t  pos i t ive  cash flow i n  t h e  
t h i r d  year when the  discounted revenue stream ex- 
ceeds the  discounted cost  stream. 

Higher u t i l -  

Higher u t i l i z a t i o n  r e s u l t s  

Preliminary r e s u l t s  include two cases of  mar- 
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Fig. 1. Cost and Revenue Streams Assuming High Rate 

The second case assumed tha t  e ight  per  cent  
of Market Pene tr a t  ion 

connect i n  the  i n i t i a l  year and the  system reaches 
the  sa tura t ion  leve l  by the 17th year. In  t h i s  
case, the  discounted revenue stream exceeds the  
discounted cos t  stream a f t e r  the f i f t h  year of op- 
e ra t ion .  

InOUSRtJOS COS1 AN0 REVENUE STRERHS 
ASSUHINO LOW R A E  OF HtlRHEl PENElRRTlON 

700 I 
500 
6oo 1 
1 

0 I 2 3 4 5 6 7 6 9 I U  I I  12 13 I 4  15 16 17 18 19 

YEAR SlNCF SlnRl OF PROJECl 

Fig. 2. Cost and Revenue Streams Assuming Low Rate 
of Market Penetration 
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The area between the  two curves, shown i n  
Figure 3, represents the monetary value of t he  
higher r a t e  o f  market penetration of t he  first 
case over the second. Until  now t h i s  ana lys i s  
has not addressed the  reasons as t o  why the  market 
penetration might d i f f e r  f o r  the  same p ro jec t .  
There i s  some bas ic  r a t e  of market penetration f o r  
any pro jec t  determined by conditions such as  
furnance fa t izue ,  new construction, and passive 
marketing as well as the  premium a t t r i b u t e s  of 
geothermal heating. 
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Fig. 3. Net Revenue Curves fo r  Relatively High and 
Relatively Low Rates o f  Market Penetration 

These two examples assume t h a t  t he  r a t e s  of 
market penetration occur without cost  t o  the  
developer. I t  is evident, however, t h a t  most ex- 
i s t i n g  housing has serviceable hea t ing  systems a l -  
ready and tha t  current owners would have t o  be 
"bought out" of t h e i r  ex is t ing  furnaces.  
inducements are l i ke ly  t o  be qu i t e  expensive 
(a preliminary study y ie lds  an average of $500 
pe r  customer), and r e f l e c t  l eg i t imate  a l loca t ions  
of funds tha t  must be included i n  any accurate 
characterization of the t r u e  cos ts  of introducing 
geothermal energy. Research on the  proper model- 
ing  of  these inducements i s  cur ren t ly  being con- 
ducted, but it is  c l ea r  t h a t  t h e i r  omission b iases  
the  p r o f i t a b i l i t y  estimates subs t an t i a l ly  upward. 

These 

CONCLUSIONS 

A t  t h i s  time only l imited ana lys i s  of t he  
s e n s i t i v i t y  of production cos ts  and the  f inanc ia l  
a t t rac t iveness  of moderate temperature geothermal 
resources has been conducted with the  GRITS model. 
The model is  highly in t e rac t ive  and the  large 
number of var iab le  parameters f a c i l i t a t e s  de ta i led  
s e n s i t i v i t y  analysis.  I t  i s  simple t o  operate and 
inexpensive t o  run. 
model is a highly s ty l i zed  representation of the  
r e a l  world, GRITS helps t o  provide in s igh t s  i n t o  
the  impact of spec i f i c  resource and economic condi- 
t i ons  on the  economics of r e s iden t i a l  and indus- 
t r ia l  d i r e c t  applications of geothermal energy. 
The preliminary analysis described above ind ica tes  

Although any mathamatical 

one area of inquiry i n  which the model can provide 
useful ins ights .  
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