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INTRODUCTION 

An economic ana lys i s  of t he  supply and demand 
conditions f o r  unconventional energy resources must, 
because of  circumstances, be somewhat unconventional 
i tself .  The lack of  a s t a t i s t i c a l  da ta  base, t h e  
var iab le  na tu re  of t h e  resource, and the  lack o f  an 
established market requi re  t h a t  any ana lys i s  be, a t  
l e a s t  i n i t i a l l y ,  fundamental i n  addressing those 
fac tors  which have a major impact on the  per u;it 
cost .  A t  the  outse t  of t he  discussion, it is essen- 
t i a l  t o  be cognizant of t he  extreme localness of 
any geothermal market; it is  d i f f i c u l t  t o  imagine 
the  equivalent i n  the  geothermal market of t he  o i l  
spot pr ice .  I n  the same l igh t ,  one must be sens i -  
t i v e  t o  the  fact tha t  t he  delivered cos t  o f  low 
temperature geothermal energy may change severa l  
hundred percent on the  bas i s  of  the  s p a t i a l  dens i ty  
of demand alone, while t he  delivered p r i ce  of home 
heating o i l  i s  only s l i g h t l y  influenced by the  con- 
cent ra t ion  o f  customers i n  a loca l  market area.  

I n  general ,  the u n i t  cos t  of low temperature 
hydrothermal resources is  very sens i t i ve  t o  such re- 
source conditions as bottomhole temperature and in -  
well pumping energy requirements, and such economic 
conditions a s  t h e  s p a t i a l  concentration of energy 
demand and t h e  leve l  of r i s k  assessed by lending 
i n s t i t u t i o n s  and po ten t i a l  equity investors.  In  
order t o  accommodate changing resource and economic 
conditions and t o  estimate loca l ly  s p e c i f i c  average 
costs,  t he  Center f o r  Metropolitan Planning and 
Research of  The Johns I-Iopkins University, through 
i t s  work with the  Johns Hopkins Applied Physics 
Laboratory, developed a computer simulation model 
f o r  t he  study of low temperature hydrothermal re- 
sources and t h e  costs o f  developing and using those  
resources. The cost estimates derived from the  
model give an ind ica t ion  of  t he  po ten t i a l  competi- 
t iveness of low temperature hydro resources r e l a -  
t i v e  t o  the  c o s t s  of t r a d i t i o n a l  space heating and 
process hea t ing  fue ls .  

This paper describes the  model b r i e f l y ,  and 

The sen- 
then presents some of t h e  cos t  estimates under 
varying resource and economic conditions. 
s i t i v i t y  of  changing d i f f e ren t  input conditions is 
out 1 ined . 

MODEL DESCRIPTION 

The Geothermal Resource Economic Evaluation 

System (GREES) ca l cu la t e s  average costs per mill ion 
BTUs of delivered thermal energy t o  the r e s iden t i a l ,  
commercial, o r  i ndus t r i a l  user.  Computationally, 
t he  determination of  average cost  i s  s t r a igh t fo r -  
ward; however, t he  length o f  the  computation neces- 
s i t a t e s  t h e  use of  t he  computer. 
and operating cos t  of each component of the system 
from the  well t o  the  use r ' s  doorstep o r  plantgate 
a r e  summed, and t h e  t o t a l  annual cost  is then di- 
vided by the  number of BTUs required annually by 
par t ic ipants  on the  system. 

The annual cap i t a l  

The GREES model i s  'currently being expanded t o  
include ca lcu la t ion  of cos t  and revenue streams 
over t h e  economic l i f e  of t he  system (about 15 t o  
30 years) and t o  incorporate user-specified changes 
i n  resource and economic conditions during t h i s  
period. I t  does not include in t e rna l  optimization 
routines,  and deals with da ta  a t  a r e l a t ive ly  high 
leve l  of aggregation. For example, r a the r  than 
ca lcu la t ing  d i s t r ibu t ion  cos ts  based on optimal 
p ipe  s i z e s  f o r  each segment of t h e  d i s t r ibu t ion  
system, GREES ca lcu la t e s  these cos ts  on the  bas i s  
o f  a user-specified systemwide average cos t  per  
mile of an insu la ted  dual pipe system ins t a l l ed  i n  
t h e  ground. Considering the  preliminary nature of 
much of the  da ta  on resource cha rac t e r i s t i c s  and 
economic conditions,  t he  a b i l i t y  t o  assess  a broad 
range of  poss ib le  conditions had a higher p r i o r i t y  
than did refinements i n  the  ca lcu la t ions  for  cost-  
ing  spec i f i c  system components. Also, an optimiza- 
t i on  model containing more d e t a i l  useful for  ac- 
t u a l l y  designing a d i s t r i c t  heating system is a- 
va i l ab le  i n  GEOCITY. While GEOCITY can accept a 
range of resource and economic fac tors ,  t he  GREES 
model is  somewhat more f l ex ib l e  and its r e l a t ive  
s impl ic i ty  allows ready modification of t he  model 
as be t t e r  information becomes ava i lab le .  

The cos t  of  each individual component depends 
on the qua l i t y  of  t h e  resource, t he  design of the  
system, economic conditions (e.g., i n t e r e s t  r a t e s  
and amortization periods),  and the  technical and 
economic i r t e r r e l a t i o n s h i p  among components. A s  
examples, t he  well  cos t  is  simply taken as a func- 
t i on  of depth. However, cos ts  which a re  dependent 
on the number of households served are  dependent on 
o ther  components: t h e  number of households on the  
system is  determined by the  temperature at  which 
the  f o s s i l  f u e l  peaking system begins supplying, 
t h e  ne t  thermal energy delivered across t h e  cen t r a l  
hea t  exchanger (which, i n  turn,  is  a function of 
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the  wellhead and r e in j ec t ion  temperatures), and the  
type of housing un i t .  
may affect severa l  component cos ts .  Changing aver- 
age drawdown on the  well w i l l  a f f e c t  pump cos t s  and 
pumping energy requirements. A change i n  design 
temperature affects expenditures f o r  in-well pump- 
ing  energy, purchase of f o s s i l  fue l ,  t he  s i z e  of 
t he  peaking bo i l e r s ,  the  length of t he  d i s t r ibu t ion  
system, and the  leve l  of energy sold annually. 

A change i n  one parameter 

The accuracy o f  our system estimates a r e  t o  a 
la rge  extent dependent on the  component cost  in -  
formation, and, broadly speaking, t he re  a r e  two 
types of estimates used. 
c lose ly  r e l a t ed  a c t i v i t i e s  and modified by engineer- 
ing considerations so as to  provide estimates for 
our s p e c i f i c  use; o i l  d r i l l i n g  cos ts  a r e  used as a 
bas i s  f o r  well cos t s  and hea t  exchanger da ta  from 
o the r  energy research a r e  used as a bas is  f o r  our 
main heat exchanger cos ts .  The second source i s  i n  
the  f i e l d s  of  d i r e c t  u t i l i z a t i o n  and d i s t r i c t  heat- 
ing  systems where spec i f i c  cost  estimates appeared 
generally applicable.  In some cases, information 
was ava i lab le  from both sources, and t h a t  judged t o  
be the  most r e l i a b l e  was incorporated i n t o  the  
model, although a l l  estimates a r e  reviewed and modi- 
f i e d  as new information becomes ava i lab le .  

The first a r e  taken from 

In many cases, t he  input values may vary con- 
s iderably .  Where subs tan t ia l  uncertainty e x i s t s  
about t he  re levant  input values,  such as i n  the  
average cos t  of t he  d i s t r ibu t ion  system of a given 
length, o r  where conditions a re  l i k e l y  t o  vary from 
s i t e  t o  s i t e ,  as i n  average drawdown i n  the  well due 
t o  pumping , these values a re  user-specified inputs.  
If the  user  does not input a value f o r  a spec i f ied  
parameter, i ts  defaul t  value, usually chosen from 
the  middle range of l i ke ly  values, i s  automatically 
implemented. 
signed f o r  t he  evaluation of  hydrothermal resources 
on the  At lan t ic  Coastal Plain,  t he  de fau l t  values 
r e f l e c t  expected conditions i n  t h i s  region. For 
example, t h e  defaul t  "scenario" may be described a s  
an a rea  of townhouses i n  Salisbury,  Maryland, of 
which 80 percent o f  the  households i n  the  serv ice  
a rea  a re  hooked up t o  a d i s t r i c t  heating system 
supplied by a s ing le  o r  multiple well system; a l l  
space heating requirements down t o  36' F a r e  served 
exclusively by geothermal energy, and additional 
energy requirements f o r  colder temperatures (down 
t o  -5' F) are served by a f o s s i l  fue l  peaking sys- 
tem which raises the  temperature of t he  c i r cu la t ing  
water; t he  resource is  tapped by a 5,500 foot  pro- 
duction well which experiences an average drawdown 
o f  50 percent (2,750 f e e t )  during the  heating sea- 
son a s  t h e  water i s  pumped t o  t h e  sur face  a t  a max- 
imum flow r a t e  of 500 gallons pe r  minute; t he  water 
temperature a t  t he  wellhead i s  160' F; t he  water is  
re in jec ted  t o  a separa te  aqui fe r  lying a t  a depth 
of 2,500 feet, and hydros ta t ic  pressure alone is 
su f f i c i en t  t o  dispose of the  water; t he  economic 
conditions include a 12 percent charge on borrowed 
funds, with the system cap i t a l  components amor- 
t i z e d  ind iv idua l ly  over t h e i r  expected l i ves ;  and 
the  d i s t r ibu t ion  system average cost  is $250,000 
pe r  mile. 
by the  user a r e  l i s t e d  i n  Table 1, along with t h e i r  
de fau l t  values.  

Since the  model was o r ig ina l ly  de- 

The parameter values which may be changed 

Table 1. User-specified parameters and defaul t  
values 

Area under consideration 
Wellhead water temperature 
Depth of production well 
Depth of r e in j ec t ion  well 
Average drawdown i n  the  well 
Reinjection temperature 
Housing type 
Market s a tu ra t ion  leve l  
System design temperature 
Minimum ambient temperature 
Distribution system cost per  mile 
Capital  equipment lifetime 

wells 
d i s t r ibu t ion  system 
cen t r a l  hea t  exchanger 
in-well pumps 
hookup equipment 
peaking b o i l e r  

I n t e r e s t  rate 
Cost o f  purchased e l e c t r i c i t y  
Cost of  f o s s i l  fue l  

Boiler cost  

Salisbury,  Md. 
160'F 

5,500 f t .  
2,500 f t .  

50% 
85'F 

80% 
36'F 

Townhouses 

-5'F 
$250,000 

Years 
20 
30 
10 
10 
30 
20 
12% 
4@/kwh 

BTUs 
$1, SOO/ l o 3  

- 

$4. 50/106 

BTU capacity 

The r e l a t i v e l y  la rge  number of values which 
the  user  may change o f fe r s  the  opportunity t o  con- 
duct extensive s e n s i t i v i t y  tests o f  s p e c i f i c  re- 
source and economic conditions as well as po ten t i a l  
t radeoffs .  
pera ture  permits analysis of changes i n  the  s i z e  
o f  t he  system and thus ca lcu la t ion  of marginal cos ts .  

The option of varying the  design tem- 

MODEL RESULTS 

The r e s u l t s  of the model ind ica te  t h a t  t he  key 
f ac to r s  fo r  t he  economic v i a b i l i t y  of low-tempera- 
t u r e  hydrothermal resources a re  (1) t he  combined 
impact o f  wellhead temperature and the  leve l  of  
pumping energy required t o  maintain a given flow 
r a t e ;  (2) t h e  concentration of energy demand above 
a ce r t a in  c r i t i c a l  l eve l ;  and (3) t he  length of 
t he  payback period and the  i n t e r e s t  rate on bor- 
rowed funds, i . e . ,  the  cap i t a l  recovery f ac to r .  

The r e s u l t s  of the  model indicated an impor- 
t a n t  po ten t i a l  tradeoff between wellhead tempera- 
t u re  and the  leve l  o f  drawdown i n  the  well .  The 
h o t t e s t  resource may not be the  most a t t r a c t i v e ,  
i f  t he  aqui fe r  has low permeability, less sa tura ted  
thickness,  o r  o ther  fea tures  which r e s u l t  i n  high 
l eve l s  of pumping energy required t o  maintain the  
desired flow r a t e  a t  the  wellhead. 
the  average cos t  o f  energy from a 4,000 foot  well 
with a 150° F wellhead temperature and an average 
drawdown of 10 percent is  less than the  cost  of 
energy from a 170' F resource with a drawdown of 
50 percent, a l l  o ther  fac tors  being equal. These 
r e s u l t s  from t h e  model a r e  confirmed by the  expe- 
r ience  of t he  French i n  the  Par i s  Basin. In ex-. 
p lora t ion  and reservoi r  assessment, the  French a r e  
more concerned u i t h  po ten t i a l  flow r a t e s  than with 
f ind ing  the  highest  temperatures (Olivet e t  al . ,  
1976). Drawdown being equal, o f  course, higher 
temperatures a r e  preferable.  The implication i s  

As an example, 
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t h a t ,  while "depth t o  the  basement" is  an important 
f ac to r  i n  resource assessment, t h i s  f ea tu re  must be 
weighed aga ins t  other geologic considerat ions.  

For r e s iden t i a l  use, the  concentration of hou- 
s ing  u n i t s  of a density a t  l e a s t  t h a t  of detached 
s ing le  family homes on comparatively small l o t s  
(approximately 50 f e e t  by 90 f ee t )  and a market 
share  of more than 60 percent of such homes is re- 
quired f o r  economic v i a b i l i t y  (Lind, 1978; Weissbrod 
and Barron, 1978). I f  t he  system can s ign  up a t  
l e a s t  ha l f  of the  homes i n  neighborhoods of  "s ingle  
family denset1 homes, townhouses, o r  apartments, t he  
d i s t r i c t  heat ing system is po ten t i a l ly  competitive. 
For market sa tura t ion  l eve l s  above about 60 percent ,  
reductions i n  average cos t  a r e  more modest, but 
s t i l l  important. 

Another fac tor  which is  very important i n  de- 
termining average cost is the  i n t e r e s t  rate charged 
on borrowed funds and the  length of t he  repayment 
period. For example, under defaul t  conditions, a 
12 percent  i n t e r e s t  rate and a 20-year repaymetrt 
period r e s u l t  i n  average cos ts  of $5.70, while an 
18 percent i n t e r e s t  r a t e  and a 10-year repayment 
per iod r e s u l t  i n  an average cos t  of $8.40 per  m i l -  
l i on  BTUs. Both i n t e r e s t  r a t e  and length of the  
repayment per iod s e t  by commercial lenders  w i l l  be  
g rea t ly  influenced by the  leve l  of r i s k  associated 
with the  explo i ta t ion  of hydrothermal energy a t  a 
p a r t i c u l a r  s i te.  The higher  the  leve l  of uncer- 
t a i n t y  i n  regard to  the  long- te rm' re l iab i l i ty  of 
the  resource and i n  regard t o  the  competitiveness 
o f  the  del ivered energy, t he  higher t he  i n t e r e s t  
r a t e  and the  shor te r  the  repayment period are l ike ly  
t o  be. 

The use o f  hydrothermal f l u i d s  f o r  process 
heat ing i n  indus t r i a l  o r  ag r i cu l tu ra l  appl ica t ions  
presents  t he  opportunity for  considerable cost 
savings due t o  the concentration of demand. Well- 
head cos ts  are of ten less than one-third of the  
t o t a l  cos t  of del ivered energy through a d i s t r i c t  
heat ing system. 
used near  t he  well by one or  a few users ,  t h i s  

Thus, i f  t he  thermal energy can be 

energy can be sold a t  much lower pr ices .  
cost  of o i l  o r  gas is l ike ly  t o  be somewhat l e s s  
f o r  i ndus t r i a l  users  than f o r  r e s iden t i a l  customers, 
cos t  sayings a r e  much l e s s  than they may be i n  t h e  
case of geothermal. Thus, process heating appl i -  
cat ions of  hydrothermal energy may be competitive 
i n  areas where the  space heat ing appl icat ions a re  
not .  

While t h e  

Process heat ing a l so  o f f e r s  the  poten t ia l  f o r  
grea te r  u t i l i z a t i o n  of the  resource where the p lan t  
operates on a year-round bas is  or where several  
users have complementary demand schedules. The 
in tegra t ion  of in t e r rup t ib l e  process heat ing s a l e s  
and sales t o  a c o ~ ~ i t y  heating system may a l so  
provide f o r  much higher u t i l i z a t i o n  of t h e  resource 
and hence lower average cos 2s. 

In  the  analysis  of the  hydrothermal resources 
on t h e  Eastern Coastal Plain, t he  GEES model was 
used t o  estimate the  cost  of delivered energy under 
the  range of conditions considered l i ke ly .  Table 2 
shows t he  r e s u l t s  of some of the  model runs made f o r  
t he  major c i t i e s  i n  each of the  i n i t i a l  study 
regions. Differences i n  climate between Atlant ic  
City, N . J . ,  and Norfolk, Va., r e s u l t  i n  a d i f fe r -  
ence of about $1.50 per  million BTUs under base- 
case conditions. Other fac tors  being equal, colder  
climates o f f e r  t he  opportunity f o r  grea te r  u t i l i z a -  
t i on  of t he  resource and hence lower average cos ts .  

Recent pro jec t ions  of t h e  p r i ce  o f  home heat-  
ing  o i l  i nd ica t e  t h e  l ikel ihood of continued rises 
i n  the real d o l l a r  value of t h i s  fue l ;  t h a t  is, i ts  
p r i c e s  w i l l  r i s e  over and above pr ices  52  gezleral. 
One set of project ions made by t h e  Energy Informa- 
t ion  kdministration of the  Department of  Energy, 
and another by Brookhaven National Laboratory, show 
the real p r i c e  f o r  d i s t i l l a t e  fue l  o i l  r i s i n g  about 
3 percent pe r  year through 1990. 
pr ice  of $4.50 per  mil l ion BTUs f o r  heat ing o i l  i n  
1978, by 1990, t he  p r i ce  would be about $6.50 in 
1978 d o l l a r  values (Weissbrod and BarrOn, 1978). 
Assuming a home furnace i s  about 70 percent e f f i -  
c ien t  and a hydro therm~l-bas~d c ~ ~ ~ i t y  heating 

Taking a retail 

Table 2. Results of Model Runs f o r  At lan t ic  Ci ty ,  Salisbury, and Norfolk 

Well We1 lhead Housing Market Average 
Area Depth Temperature Drawdown Type Saturat ion CostllO BTUs 

At lan t ic  Ci ty  5, 500 
Sa 1 i sbur y t t  

Nor f o l  k I 1  

l6O'F 
t t  

II 

50% 
(1 

1 )  

Row 
f! 

I 1  

80% $ 5.00 
f t  5.70 
11 6,40 

Garden 100% $ 4.70 
5.30 

Atlant ic  Ci ty  4,000 130°F 50% 
Sal  i sbury 
Nor f o  1 k 5.90 

1 1  I t  11 t t  t1 

i t  I? If t f  I t  

Atlant ic  Ci ty  4,000 
Sa 1 i sbury t t  

Norfolk I t  

130°F 
11 

11 

50% Detached Dense 404 $ 7.50 
8.80 

10.00 
t l  I? I f  

I t  I 1  1 )  

Atlant ic  Ci ty  4,000 130'F 10% Row 
S a1 i sbury 11 11 11 11 

Norfolk 11 11 I t  i t  

40% $ 4.80 
I 1  5.70 
rt  6.60 
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system is  about 90 percent e f f i c i e n t ,  t he  hydro- 
thermal energy would need t o  be delivered a t  a 
p r i ce  of about $8.40 per mi l l ion  BTUs t o  meet the  
p r i ce  of o i l  i n  1990. 

Natural gas p r i ces  w i l l  rise even more rapidly,  
but,  s t a r t i n g  from low controlled pr ice  leve ls ,  they 
w i l l  l i k e l y  remain l e s s  expensive than o i l .  Elec- 
t r i c  space heating cos t s  should r i s e  much more 
slowly, but w i l l  remain much more expensive than 
o i l  o r  gas. 
p ro jec ts  e l e c t r i c i t y  p r i ces  i n  1990 t o  be only 
s l i g h t l y  more expensive than current pr ices ,  
while Brookhaven pro jec ts  t he  p r i ce  level t o  rise 
somewhat more rap id ly .  
heating i s  projected t o  be i n  the  range of from 
$12 t o  $15 per  mill ion BTUs by 1990, again i n  
1978 do l l a r  values (Weissbrod and Barron, 1978). 
I t  i s  against  t h i s  s e t  of pro jec t ions  f o r  o i l ,  gas, 
and e l e c t r i c i t y  t h a t  p r i ce  projections f o r  hydro- 
thermal energy should be compared. 

The Energy Information Administration 

The cos t  o f  e l e c t r i c  space 

The ana lys i s  based on the  GREES model was 
supplemented by the study of space heating require- 
ments for  t he  major c i t y  i n  each of the three  i n i -  
t i a l  study areas.  
ments fo r  housing un i t s  of various types and da ta  
from the  1970 Census of Housing were used t o  de- 
velop r e s iden t i a l  space heating requirements a t  the 
census t r a c t  l eve l .  Estimates of  commercial re- 
quirements based on land area within each t r a c t  
which is  zoned commercial and s tudies  of  demand 
based on the  numbers of employees were then de- 
veloped and added t o  those f o r  r e s iden t i a l  estimates. 
F ina l ly ,  hot water requirements based on population 
were added. A computer mapping program used these 
da t a  t o  develop maps of thermal energy requirements 
f o r  each c i t y .  Figure 1 shows the  map developed 
f o r  At lan t ic  City.  The map shows the  peak require- 
ments t o  be near t he  center  of downtown At lan t ic  
City,  and then t o  f a l l  slowly as  one moves down the 
i s land .  Much lower requirements f o r  the  mainland 
communities a re  evident on the  l e f t  hand portion of 
t he  map. Maps such as these  a r e  useful i n  sug- 
gesting the  layout of a d i s t r ibu t ion  system and 

Studies o f  space heating require- 

Figure 1. Thermal energy requirements f o r  At lan t ic  
City, New Jersey  

thus i n  the  cos ts  of supplying a pa r t i cu la r  a rea  
with a community heating system. 
Ci ty  area map, f o r  example, suggests t ha t ,  u n t i l  
much g rea t e r  development occurs on the  mainland 
areas  adjacent t o  At lan t ic  City,  such areas would 
probably not  be included i n  a c o ~ ~ i t y  heating 
system. 

The At lan t ic  

Current information suggests t h a t  low tempera- 
t u r e  hydrothermal energy resources can be competi- 
t i v e  under moderately favorable conditions. How- 
ever,  before these resources can be widely u t i l i zed ,  
considerably more information w i l l  be required on 
the  r e l i a b i l i t y  of  the  resources under sustained 
explo i ta t ion ,  and on the  f ac to r s  which a f f e c t  con- 
sumer decisions i n  regard t o  se l ec t ion  of heating 
systems. 
economic evaluation can then be used f o r  more ac- 
cu ra t e  and de ta i led  estimates of t h e  competitive- 
ness of  pa r t i cu la r  resources. 
bered t h a t  the  economic v i a b i l i t y  of  low tempera- 
t u r e  hydrothermal resources w i l l  always be highly 
s i t e  spec i f ic .  The evaluation of a resource a t  a 
p a r t i c u l a r  s i t e  w i l l  require considerable amounts 
of loca l  information even after improved modeling 
of  "typical resourcesll is ava i lab le .  

Refined versions of cur ren t  models fo r  

I t  must be remem- 

I~PLICATIONS FOR MARKET PENETRATION 

The cos t  analysis which has been completed t o  
da t e  i s  a necessary s t ep  i n  addressing what t he  
market po ten t i a l  o r  market share of hydrothermal 
may u l t imate ly  be. 
t he  usual approach would involve manipulating the  
da t a  base and drawing conclusions based on the  
s t rength  of the  s t a t i s t i c a l  t e s t s .  In t h i s  case, 
t he re  is no da ta  base with which t o  ca l cu la t e  
meaningful market parclmeters. 
proach, which we attempted, is t o  take comparable 
s i t u a t i o n s  from other  fue l s  and attempt t o  extrapo- 
late t o  a hydrothermal case. 
t h i s  approach tended t o  negate the spec ia l  charac- 
t e r i s t i c s  o f  hydrothermal energy and t o  incorporate 
the  cha rac t e r i s t i c s  of t he  o ther  energy form, and 
t h i s ,  we f e l t ,  would lead t o  f a l s e  conclusions. 
The approach tha t  we are  cur ren t ly  experimenting 
with i s  t o  examine the  a t t r i b u t e s  o f  t he  space 
heating market i tself ,  and t o  draw some conclusions 
based on opt imis t ic ,  neut ra l ,  and pess imis t ic  re- 
source and economic conditions. For instance,  the 
r e s i d e n t i a l  space heating market, i n  any one year, 
may cons is t  o f  new construction and r e t r o f i t  based 
on cur ren t  fue l  bo i l e r  fa t igue .  We assume, based 
on loca l  building conditions and the  p r i ce  a t t r a c -  
t iveness  o f  hydrothermal r e l a t i v e  t o  o the r  fue ls ,  
t h a t  hydrothermal w i l l  capture a ce r t a in  portion 
of t h i s  market. This case i s  extended f o r  a number 
of years and the  market share o r  po ten t i a l  i s  ob- 
ta ined .  

For a t r a d i t i o n a l  energy form, 

An a l t e rna te  ap- 

The r e s u l t s  using 
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