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I n  t h e  forecas t ing  of f u t u r e  geothermal 
energy use,  account must be  taken of r e s i s t a n c e  
t o  conversion. One way t o  do t h i s  i s  t o  con- 
s i d e r  geothermal t o  b e  a competi tor  i n  t h e  
energy market and t o  apply t h e  l o g i s t i c  re- 
placement method, which has  proved u s e f u l  i n  
energy forecas t ing .  Time-constant parameters 
g ive  a b leak  view f o r  geothermal, bu t  i f  t i m e -  
v a r i a n t  parameters a r e  j u s t i f i e d ,  t h e  outlook 
is more encouraging. 

INTRODUCTION 

There e x i s t s  g r e a t  p o t e n t i a l  f o r  t h e  use 
of low-temperature geothermal resources  f o r  
d i r e c t  h e a t  appl ica t ions  i n  t h e  U.S. "ME1 has 
a database of sites and can f o r e c a s t ,  us ing the  
BTHERM model, the  loca t ions  where such applica- 
t i o n  is feaseble ;  and how geothermal would 
compare t o  t h e  l o c a l l y  competi t ive conven- 
t i o n a l  f u e l s .  By aggregat ing t h e  r e s u l t s  
n a t i o n a l l y ,  an upper l i m i t  may be obtained on 
t h e  p o s s i b l e  u t i l i z a t i o n  of d i r e c t  h e a t  from 
geothermal energy, using t h e  b e s t  c u r r e n t  
information.  The f r a c t i o n  of t h a t  upper l i m i t  
t h a t  can a c t u a l l y  be expected t o  be  r e a l i z e d  
over time, depends pr imar i ly  on t h e  s i z e  of t h e  
economic advantage t o  the  consumer. The pro- 
blem is t o  account f o r  t h e  consuming market's 
r e s i s t a n c e  t o  change. 

METHOD 

As a new technology p e n e t r a t e s  a market 
c o n t r o l l e d  by one or  more o l d e r  ones, a con- 
s i s t e n t  p a t t e r n  of adoption seems t o  be  followed, 
whether t h e  market is f o r  locomotives o r  rubber 
o r  b u t t e r .  A few consumers w i l l  adopt a change 
immediately, most w i l l  wait t o  guage its success ,  
and some w i l l  continue t o  resist i t  even a f t e r  
i ts acceptance is widespread. Although many 
d i f f e r e n t  techniques may be  used t o  t r y  t o  
quant i fy  t h i s  behavior, one very  s u c c e s s f u l  one, 
and the  one used here ,  is  t h e  l o g i s t i c  method. 
It is a t t r a c t i v e  f o r  two reasons.  The f i r s t  
reason is  t h a t  only a small number of parameters 
are necessary,  and they are parameters with 
clear i n t u i t i v e  meanFngs. 
t h a t  i t  is a model t h a t  has  some b a s i s  i n ,  o r  
c o r r e l a t i o n  with, h i s t o r i c a l  f a c t .  

The  second reason is 

S t r i c t l y  speaking, l o g i s t i c a l  s u b s t i t u t i o n  
a p p l i e s  t o  a market shared by only two compe- 
t i t o r s .  Peterka (1) has general ized the  problem 
t o  t h a t  of a market shared by many competi tors  
a t  once. A d e t a i l e d  treatment of t h i s  method 
may be found i n  h i s  paper. Marchet t i  and Naki- 
cenovic (2)  have appl ied h i s  method with success  
t o  many d i f f e r e n t  s e c t i o n s  of t h e  g loba l  energy 
market . 

Considering an e n t i r e  market shared by a 
number of compet i tors ,  t h e  f r a c t i o n  of t h e  
market cont ro l led  by each a t  any time can b e  
est imated according t o  Pe terka ' s  model, requi r -  
i n g  only two parameters be known f o r  each. The 
less c r i t i c a l  parameter is t h e  s p e c i f i c  i n v e s t -  
ment. It may be  thought of as t h e  amount neces- 
s a r y  t o  i n c r e a s e  t h e  production capaci ty  of a 
given competitor by one u n i t .  The s p e c i f i c  
investment is  a measure of the  r e l a t i v e  d i f f i c -  
u l t y  of increas ing  t h e  market s h a r e  of t h a t  
competitor. 

The second, more important parameter i s  t h e  
s p e c i f i c  c o s t  of producing a u n i t  of t h a t  com- 
p e t i t o r  from e x i s t i n g  capaci ty ,  including 
materials and labor  c o s t s ,  amort izat ion of 
c a p i t a l ,  t axes ,  i n t e r e s t  on debt ,  and d i s p o s a l  
of wastes; b u t  reduced by the amount of any per- 
ceived s u p e r i o r i t y  i n  q u a l i t y  i n  the  eyes of t h e  
consumer. It is a measure of t h e  a t t r a c t i v e -  
n e s s  of a competi tor  t o  t h e  market, which is 
t h e  dr iv ing  f o r c e  behind an i n c r e a s e  i n  t h e  
s h a r e  held.  

The c o s t  is  found t o  be t h e  l a r g e r  de te r -  
mining f a c t o r  when examples a r e  run. I n  f a c t ,  
changing t h e  s p e c i f i c  investment even by a f a c t o r  
of two has l i t t l e  e f f e c t  on the  takeover t i m e .  
One may conclude from t h i s  t h a t  a capi ta l - in ten-  
s i v e  competi tor  does not  r e a l l y  s u f f e r  a d i s -  
advantage i f  t h e  s p e c i f i c  cos t  of the  product 
can s t i l l  be kept  low, which may be  done by 
mechanizing t o  lower production c o s t s ,  o r  by 
ignor ing  waste d i s p o s a l  c o s t s ,  o r  by a d v e r t i s i n g  
t o  i n c r e a s e  customer appeal. 

The only o t h e r  information necessary i s  
t h e  rate of growth of the  market as a whole. 
a market of s t a t i c  s i z e ,  oue competi tor ' s  g a i n  
must be a n o t h e r ' s  loss, but  I n  a market grow- 
i n g  s u f f i c i e n t l y  r a p i d l y  a l l  of t h e  competi tors  
may experience growth, though some are d e c l i n i n g  
i n  t h e i r  p ropor t iona te  shares .  

I n  
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Each of these  parameters may be  constant  
o r  vary as a funct ion of t i m e .  

Graphica l ly ,  the  e f f e c t  is (is shown i n  
Figure 2. 

ASSUMPTIONS 

I n  t h e  appl ica t ion  of t h e  algori thm t o  t h e  
problem of es t imat ing  geothermal energy 's  
f u t u r e  market share ,  two ques t ions  a rose :  What 
values  t o  use f o r  t h e  i n p u t  parameters, and 
how t o  d e f i n e  the  market t o  be  penetrated.  

Four a l t e r n a t i v e s  were considered t o  com- 
p r i s e  t h e  competition f o r  t h i s  ana lys i s :  
n a t u r a l  gas ,  petroleum d i s t i l l a t e s ,  e l e c t r i c i t y ,  
and geothermal energy. For t h e  r e l a t i v e l y  
u n i n f l u e n t i a l  s p e c i f i c  investment ,  p r e c i s i o n  
is n o t  e s s e n t i a l .  
assuming f o r  each a l t e r n a t i v e  a s p e c i f i c  inves t -  
ment of $ 1 5 / ~ ~ t u / y r .  

Matters were s i m p l i f i e d  by 

The g r e a t  v a r i a b i l i t y  i n  production c o s t  
of geothermal energy from one resource t o  t h e  
next ,  and t h e  d i f f i c u l t y  i n  t ranspor t ing  i t  
over d i s t a n c e s ,  make i t  d i f f i c u l t  t o  a s s i g n  
a s i n g l e  p r i c e  t o  geothermal as a whole, f o r  
comparison with t h e  more uniform convent ional  
f u e l  p r i c e s .  This d i f f i c u l t y  was overcome by 
using t h e  BTHERM model maintained by t h e  NMEI 
t o  s o r t  t h e  resources  i n t o  s e l l i n g  p r i c e  
ranges. 

Although the  c o s t  of d i r e c t  hea t  geo- 
thermal energy production depends on t h e  c o s t s  
of o t h e r  sources ,  such as t h e  e l e c t r i c i t y  f o r  
pumping, these  form only a s m a l l  p a r t  of t h e  
energy gained by t h e  consumer. Hence conven- 
ti'onal energy p r i c e s  were assumed t o  grow a t  an 
annual r a t e  of two percent  r e l a t i v e  t o  geo- 
thermal. This  is  n o t  t o  s a y  t h a t  t h e  p r i c e  of 
geothermal w i l l  a c t u a l l y  remain cons tan t ,  only 
t h a t  i t  w i l l  not  i n c r e a s e  as rap id ly  a s  t h e  
c o s t  of hea t ing  by convent ional  means. 

The penet ra t ion  p a t t e r n  could then be com- 
puted f o r  each sub-market, def ined as t h e  energy 
consumers i n  an a r e a  c l o s e  t o  a geothermal 
resource wi th  a product ion p r i c e  i n  a given 
range. The t o t a l  p e n e t r a t i o n  could be found by 
averaging t h e  year-by-year pene t ra t ions  i n  each 
range, weighted by t h e  f r a c t i o n  of t h e  t o t a l  
h e a t  on l i n e  t h a t  occurred i n  t h a t  range. 

As an example, the  geothermal p r i c e  classes 
and t h e  percent  p e n e t r a t i o n  expected i n  each 
c l a s s  by t h e  year  2000 are shown i n  Figure 1. 

P r i c e ,  $/MBtu Percent  Penetrated 

less than $5 9 1% 
$5 - 6 74% 
$6 - 7 43% 
$7 - 8 16% 
$8 - 9 5% 
$9 - 1 0  1% 
more than $10 0% 

Figure 1 

As one would expect ,  f a i r l y  complete 
pene t ra t ion  occurs i n  t h e  lower p r i c e  ranges,  
and l i t t l e  or none i n  t h e  h igher  ranges. 

1- 199% 
Y E A R  

Figure 2 

The p o t e n t i a l  by year  comes from Houlds- 
worth (3) .  Much of t h e  p o t e n t i a l  l ies i n  t h e  
cheaper ranges.  Such t h a t  60% p e n e t r a t i o n  is  
achieved by t h e  year  2000, b u t  wi th  most s ign i -  
f i c a n t  change a f t e r  1992. 
parameters had been used, t h e  p e n e t r a t i o n  would 
have been ,much smaller  - perhaps 102 by 2000, 
which does seem low. 

If time-constant 

DISCUSSION 

One major popular o b j e c t i o n  t o  the  use of 
time-variant parameters i s  t h e  argument of t h e  
so-called "f i f  ty-year t i m e  c o n s t a n t  . 'I The 
argument sugges ts  t h a t  s i n c e  p a s t  energ ies  seem 
t o  have demonstrated a lengthy takeover  t i m e  i n  
the  market, so too must geothermal. The delay 
is  supposedly due, i n  l a r g e  p a r t ,  t o  the  re- 
luc tance  of owners of "conventional" equipment 
t o  abandon t h e i r  p a r t i a l l y  amortized systems and 
adopt new ones. ( In  t h i s  contex t ,  "conven- 
t iona l"  r e f e r s  t o  an o l d e r  o r  more es tab l i shed  
technology which has  come i n t o  competi t ion from 
a newer one. 1 

However, the  h i s t o r i c a l  d a t a  are perhaps 
not  t r u l y  r e p r e s e n t a t i v e  of t h e  p r e s e n t  case. A t  
no o t h e r  t i m e  w a s  the  c o s t  of t h e  "conventional" 
way of o p e r a t i n g  e s c a l a t i n g  so r e l a t i v e l y  rap id ly .  
One example of t h i s  is the  p a s t  d e c l i n e  of c o a l  
when under competition from cheap n a t u r a l  gas. 
Using h i s t o r i c a l  parameters as cons tan t  over t i m e ,  
coa l  would be  expected t o  cont inue  t o  d e c l i n e  i n  
the  f u t u r e .  But, i n  f a c t ,  as t h e  p r i c e  of c o a l  
becomes more a t t r a c t i v e  relative t o  gas and o i l ,  
many e x p e r t s  a n t i c i p a t e  t h a t  c o a l  w i l l  begin t o  
increase  i ts  share of t h e  energy market again.  
The conversion from c o a l  t o  n a t u r a l  gas and o i l  
w a s  d i f f e r e n t  i n  t h a t  i t  was n o t  forced by 
rap id ly  r i s i n g  coa l  p r i c e s  dr iven  by the  approach- 
ing  exhaust ion of the  c o a l  supply,  as now 
appears to  be  t h e  case with o i l  and gas. 
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For t h e  ana lys i s  t o  d a t e ,  time-constant 
parameters may s u f f i c e ,  bu t  t h e  increas ing  
p r i c e s  of conventional f u e l s  w i l l  soon d r i v e  
them out  of t h e  range i n  which parameter 
changes can be wr i t ten  of f  as s t o c h a s t i c  
f l u c t u a t i o n s  which w i l l  be mathematically 
smoothed i n  t h e  long run. 

If t h e  y e a r ' s  c o s t  of hea t ing  wi th  con- 
vent iona l  f u e l s  exceeded t h e  c o s t  of changing 
t o  geothermal, people would c e r t a i n l y  change, 
whether t h e  e x i s t i n g  system w e r e  f u l l y  amor- 
t i z e d  o r  no t .  Of course t h a t  is an extreme 
example, bu t  t h e  ex is tance  of unamortized con- 
vent iona l  equipment i s  c e r t a i n l y  not  the  s o l e  
considerat ion.  

Perhaps t h e  explanat ion l ies i n  t h e  
assumption t h a t  an a l t e r n a t i v e ,  such as o i l ,  is 
considered t o  have the  p o t e n t i a l  of supplying 
a l l  of t h e  g loba l  market. It is not  unreason- 
a b l e  t o  suppose t h a t  much of t h e  observed delay 
i n  takeover on t h i s  s c a l e  i s  simply due t o  t h e  
immense s i z e  of the  market t o  be  cont ro l led .  
Di rec t  use  geothermal energy cannot come c l o s e  
t o  supplying so much, bu t  i t  can supply a l l  of 
t h e  v a s t l y  smaller colocated market t h a t  has  
been assumed here .  The g r o s s  q u a n t i t i e s  of 
geothermal energy d e a l t  wi th  a r e  comparable t o  
amounts of conventional f u e l s  t h a t  have indeed 
come "on-line" h i s t o r i c a l l y  i n  equiva len t  
per iods of t i m e .  

For t h a t  reason, t h e  p o s s i b i l i t y  of r e a l i z -  
ing  a s i g n i f i c a n t  f r a c t i o n  of t h e  geothermal 
d i rec t -use  p o t e n t i a l  by t h e  year  2000 is n o t  
a s  remote as i t  seems. 
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