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The Economics and Appl icat ions o f  

Geothermal Energy i n  St .  Lucia 

J. Altseimer, A. Burr is ,  F. Edeskuty, Le Trocki,  K. Williamson Jr. 

I . INTRODUCTION 

S t .  Lucia, an independent country o f  the  Eastern Caribbean Commonwealth, i s  
a v o l c a n i c  i s l a n d  o f  t h e  Lesser  A n t i l l e s  arc. It has a populat ion o f  125,000 

and an area of 616 km . The t e r r a i n  i s  l a r g e l y  mountainous (F ig .  1) w i t h  t h e  
h i g h e s t  p o i n t  (967 m)  being M t .  Canaries. The i s l a n d  i s  covered w i th  t r o p i c a l  

vegetation and cu t  w i t h  f e r t i l e  va l leys which provide the  area f o r  the  p r i n c i p a l  
i ndus t ry - -ag r i  c u l t u r e .  Among the  s t r i k i n g  natura l  features are the  t w i n  peaks 

known as t h e  P i t o n s  which r i s e  a b r u p t l y  f rom t h e  sea sou th  o f  t h e  town o f  
S o u f r i e r e .  To t h e  northeast o f  these peaks i s  the  Qualibou caldera. This area 
i s  dominated by steam fumaroles and b o i l i n g  pools which a t t e s t  t o  i t s  v o l c a n i c  
o r i g i n .  Although the  l a s t  la rge  erupt ion occurred about 20,000 years ago, past 
geologic and geophysical studies i n d i c a t e d  a s i g n i f i c a n t  r e s i d u a l  geothermal 
resource i n  the  Qual ibou caldera. The U.K. M i n i s t r y  o f  Overseas development ex- 

p lored t h i s  geothermal resource by d r i l l i n g  seven sha l l ow  e x p l o r a t o r y  w e l l s .  
Steam was found i n  fou r  of the  seven boreholes. Resul ts o f  the  ove ra l l  p ro jec t  

2 

4 

suggested a need f o r  f u r t h e r  studies, b u t  a l s o  i n d i c a t e d  a f e a s i b l e  economic 
basis f o r  geothermal development. 

The assessment r e p o r t e d  here  was funded by t h e  Trade and Development 
program (TDP) o f  the  US Government. f i r s t ,  
a f i e l d  geolog ic  assessment o f  t h e  p h y s i c a l  e x t e n t  o f  t h e  Q u a l i b o u  ca lde ra  
geothermal resource; second, an engineering evaluat ion o f  t he  po ten t i a l  develop- 
ment o f  t he  geothermal resource; and t h i r d ,  a s t u d y  o f  t h e  p o t e n t i a l  economic 
i m p a c t  upon S t .  L u c i a  assoc ia ted  w i t h  t h e  development o f  t h e  geothermal 

resuu rce  . 
The f i r s t  task ,  the  geologic assessment, w i l l  not  be discussed i n  de ta i l .  

To summarize t h i s  p o r t i o n  o f  t h e  s tudy- - f rom t h e  g e o l o g i c  e v a l u a t i o n ,  deep 

r e s i s t i v i t y  measurements and t h e  evaluat ion o f  hyrogeochemical samples i t  was 

concl uded tha t :  

It consisted o f  th ree  major tasks: 
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o The Qualibou Caldera has exce l len t  geothermal po ten t i a l  and deep 
d r i l l i n g  sbould r e s u l t  i n  t h e  d i s c o v e r y  o f  a h igh- tempera ture  
(240 - 280 C) b r i n e  reservoir.  

0 Geothermal f l u i d s  and vapors should be found a t  a depth  o f  1-2 
km under t h e  cent ra l  and southern caldera area and i n  abundance 
where permeable rocks and f a u l t s  al low greater f l u i d  movement. 

I n  a d d i t i o n ,  t h ree  loca t ions  were recommended as s i t e s  f o r  t h e  f i r s t  production 

wells. 
D e t a i l s  and r e s u l t s  o f  t h e  l a t t e r  two  t a s k s  w i l l  be t h e  focus o f  t h i s  

paper. 

11. CURRENT STATUS AND PROJECTED DEMAND FOR ENERGY 

Two power grids--the northern and southern grids--supply e l e c t r i c i t y  on S t .  

Luc ia .  The t o t a l  i n s t a l l e d  capacity i s  16 MWe w i t h  a peak power consumption o f  
12 MWe and average power consumption o f  8 MWe. A l l  power i s  supplied by d i e s e l  
g e n e r a t o r s  a t  an a v e r a g e  consumer c o s t  o f  $0.192/kWh US (busbar c o s t  = 
$0.102/kWh US). I n  1980 i m p o r t s  amounted t o  $115 m i l l i o n  and e x p o r t s  $26 

m i l l i on - - the  l a rge  import b i l l  being l a r g e l y  due t o  o i l .  
S t .  Luc ia  E l e c t r i c i t y  Services L imi ted (LUCELEC) has p r e d i c t e d  an annual 

e l e c t r i c a l  demand i n c r e a s e  o f  5% i n  t h e  northern g r i d  and 4% i n  t h e  southern 
gr id .  A base-load demand o f  10 MWe i s  projected by S t .  Luc ia planners f o r  1987. 

This  i s  p ro jec ted  t o  r i s e  t o  30 MWe by the  year 2016. Most o f  t he  d iese l  gener- 
a t o r  sets  are aged and are being overhauled t o  increase t h e i r  g e n e r a t i n g  l i f e .  

A t  some p o i n t  i n  t h e  near f u t u r e  they w i l l  have t o  be replaced and new capacity 
added i n  order t o  meet the  expected growth i n  e l e c t r i c a l  demand. 

C u r r e n t l y ,  t h e r m a l  r e q u i r e m e n t s  on t h e  i s l a n d  a r e  sma l l  b u t  t h e  

a v a i l a b i l i t y  of low cost  gas the rma l  hea t  c o u l d  l e a d  t o  t h e  i n t r o d u c t i o n  o f  
s e v e r a l  new i n d u s t r i e s .  The c o s t  o f  t h i s  energy i f  supplied by o i l  i s  about 
$8.00 US per  m i l l i o n  BTU ($7.59 US/ lOg  jou les) .  

111. DESCRIPTION OF POWER AND HEAT GENERATING SYSTEMS 

According t o  t h e  Los Alamos es t imates ,  a h o t  w a t e r  r e s e r v o i r  e x i s t s  a t  

depths o f  1,000 t o  2,000 meters. Temperatures range from 240 t o  28OoC (464 t o  
536O F). Pressures should be comparable t o  those i n  other h i g h - q u a l i t y  rese r -  
v o i r s  and be capab le  o f  p r o v i d i n g  t h e  usua l  geothermal steam tu rb ine  i n l e t  

pressures of 50 t o  115 psia. Tota l  capacity and e f f e c t i v e  r e s e r v o i r  l i f e t i m e  
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w i l l  be known w i t h  some accuracy only  a f t e r  f low data from the  new we l ls  are ac- 

cumulated and analyzed. The assumption was made t h a t  f o r  every  two geothermal 

we l ls  d r i l l e d ,  s u f f i c i e n t  energy w i l l  be ava i lab le  t o  provide 2.5 MW o f  e l e c t r i c  
power. This assumption and t h e  p r e d i c t e d  i n c r e a s e  i n  demand can be used t o  
se lect  t he  des i red r a t e  f o r  the  in t roduc t ion  o f  geothermal e l e c t r i c  power gener- 
at ion. This r a t e  should maximize the  geothermal e l e c t r i c  power generation wh i le  
o p e r a t i n g  t h e  geothermal u n i t s  so as t o  remain as c lose as poss ib le  t o  being 
base-loaded, an e f f i c i e n t  scheme because the  major cost  o f  geothermal power i s  

the  investment f o r  c a p i t a l  equipment. 
I f  wellhead generating modules are i ns ta l l ed ,  i t  should be poss ib le  t o  gen- 

e r a t e  power w h i l e  t h e  f i e l d  i s  a lso  being evaluated. I f  we l l  d r i l l i n g  can be 

s ta r ted  by l a t e  1984, we assume t h a t  by the  end o f  1987, f o u r  we l lhead modules 
c o u l d  be i n s t a l l e d  t o  provide 10 MWe. This product ion l e v e l  would s a t i s f y  the  
base-load power demand pro jected by S t .  Lucia planners, and higher l e v e l s  would 
n o t  be r e q u i r e d  u n t i l  about 1993. Therefore,  5 years would be ava i lab le  t o  
learn  more about (1) the  geothermal reservo i r ,  (2) the  maintenance requirements, 

( 3 )  t h e  opera t ion  and cont ro l  o f  the  generator system, and (4) the  poss ib le  en- 
vironmental problems. A more c e n t r a l i z e d  system c o u l d  a l s o  be p lanned and 
constructed. According t o  S t .  Luc ia 's  project ions,  base-load power requirements 
w i l l  r i s e  t o  30 MWe by t h e  y e a r  2012; a c e n t r a l  power s t a t i o n  would be ap- 

p r o p r i a t e  f o r  t h i s  l e v e l  o f  power p roduc t i on .  A c e n t r a l i z e d  system would 
inc lude above ground p i p i n g  f o r  the  geothermal f l u i d ,  and b o t h  o l d e r  and newer 

wel ls  and steam generators would be interconnected. The a v a i l a b i l i t y  and 
r e l i a b i l i t y  o f  t he  system would be improved by an i n teg ra ted  g a t h e r i n g  system. 
An a r t i s t ' s  ske tch  o f  the  surface components o f  the  geothermal system i s  shown 
i n  Fig. 2. 

P re l im ina ry  engineering kst imates have been made o f  the  design and per fo r -  
mance cha rac te r i s t i cs  o f  a representat ive generating system t h a t  would use we l l -  

e s t a b l i s h e d  technology.  An o b j e c t i v e  was t o  s e l e c t  t h e  s imp les t  technica l  
approach consis tent  w i t h  reasonable generation e f f i c iency ,  r e l i a b i l i t y ,  and min- 

imum e n v i r o n m e n t a l  i m p a c t s .  The s e l e c t i o n s  were  g u i d e d  by  numerous 
conversations w i t h  i n d u s t r i a l  experts i n  the  f i e l d .  F i r s t ,  t h e  a r b i t r a r y  as- 

sumption was made t h a t  each product ion we l l  would supply enough f l u i d  and energy 
t o  produce 2,500 kWe net  power. This assumption i s  conserva t ive  compared w i t h  
o t h e r  w e l l s  a t  v a r i o u s  l o c a t i o n s  around the  world. It was assumed t h a t  steam 
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produced i n  a s i n g l e  f lash  steam-water separator would be used t o  d r i v e  t u r b o -  

generators .  Hydrogen s u l f i d e  and p a r t i c u l a t e  removal subsystems should be 

included upstream o f  t he  turbines. Because the  tu rb ine  performance i s  very sen- 
s i t i v e  t o  back pressure,  t h e  e x i s t e n c e  o f  a low-pressure steam condenser was 

assumed. The noncondensable gases t h a t  would p robab ly  be encountered i n  t h e  
geothermal f l u i d  w i l l  be removed by a s team-dr iven e j e c t o r  subsystem. The 

res idual  geothermal f l u i d  w i  11 be r e i  n j e c t e d  underground i n t o  permeable o r  
n a t u r a l l y  f rac tu red  s t r a t a  so as t o  avoid in te r fe rence w i t h  aqui fers  t h a t  might 

be tapped f o r  potable domestic water. 
The wellhead f l u i d  temperature selected f o r  the  design-point case i s  25OoC 

(482OF). The f l u i d  w i l l  pump i t s e l f  out  o f  the  w e l l  by f o r m i n g  a steam-water 
m i x t u r e  i n  t h e  upper s e c t i o n s  o f  the  wel l .  The f l ash ing  process w i l l  be com- 

p l e t e d  i n  a steam-water separa to r  o p e r a t i n g  a t  t h e  s e l e c t e d  d e s i g n - p o i n t  
p ressu re  o f  90 ps ia .  Twenty per cent by weight o f  the  f l u i d  w i l l  become steam 
and the  remaining 80% w i l l  be hot  water a t  16OoC (320OF). Some steam p ressu re  
i s  l o s t  en rou te  t o  t h e  t u r b i n e  t h u s  reduc ing  t h e  design-point t u rb ine  en t ry  

pressure t o  75 psia. The estimated optimum t u r b i n e  back-pressure i s  3 i n .  of 

m e r c u r y  (1.5 p s i a ) .  The t o t a l  w e l l  f l o w  r a t e  was c a l c u l a t e d  as 122,900 
kilograms/hour (270,900 pounds/hour). The above d e s i  gn-poi n t  c o n d i t i o n s  w i  11 
va ry  as t h e  t e c h n i c a l  and economic system opt imizat ion process progresses i n t o  

more d e f i n i t i v e  d e t a i l .  
Among t h e  many des ign  cons ide ra t i ons ,  one o f  t he  most important i s  the  

coo l ing  method used i n  the  steam condenser subsystem. Cooling can be per formed 
w i t h  a i r  f l o w i n g  i n  a f o r c e d - d r a f t  tower. I n  the  warm c l imate  o f  S t .  Lucia, 

coo l ing  w i l l  pu t  a s i g n i f i c a n t  p a r a s i t i c  power load on the  system, and t h e  con- 
dens ing  tempera ture  and p ressu re  may s t i l l  be somewhat higher than desired. 

Local water could be used, but  such water suppl ies may not  be read i l y  avai lable.  
Therefore,  i t  i s  recommended t h a t  ocean water  be cons idered f o r  use i n  the  

fo l low-on systems t h a t  w i l l  be b u i l t  a f t e r  t he  i n i t i a l  wellhead generator  phase 
o f  t h e  development. Cold water pumped from the  ocean depths of fshore Soufr iere 
could be a valuable asset. A study o f  a representat ive design o f  an ocean water 
pumping system f o r  c o o l i n g  a condenser located a t  a poss ib le  power p lan t  s i t e  

l i k e  Cresslands found the  power consumption and costs t o  be reasonable. I n  t h e  
case s tud ied,  t he  i n l e t  l i n e  was 4 kilometers long w i t h  1.6 k i lometers deployed 

of fshore t o  a 500 meter depth. The i n l e t  wa te r  tempera ture  was es t ima ted  as 

# 
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. .  

13.3OC (56OF). Even c o l d e r  water would be ava i l ab le  i f  greater  depths can be 
tapped . 

A la rge  quan t i t y  o f  thermal energy i s  contained i n  the  res idual  water f low- 
i n g  from t h e  steam-water separator. The 16OoC (32OOF) temperature i s  s u i t a b l e  

f o r  many i n d u s t r i a l  p rocess  heat appl icat ions. For example, about 35% o f  t he  
process heat i n  t h e  US i s  between 65 and 175OC (149 t o  346OF). A number o f  pos- 
s i b l e  app l i ca t ions  o f  t h e  above heat were investigated. 

The heat can be t r a n s f e r r e d  f rom t h e  geothermal f l u i d  t o  t h e  c l e a n  and 

c h e m i c a l l y  c o n t r o l l e d  water f l ow ing  i n  closed loops between t h e  power generator 
and the  i n d u s t r i a l  f a c i l i t i e s .  The p o s s i b l e  arrangement i s  i l l u s t r a t e d  i n  

Fig. 2 where one loop i s  shown supplying i n d u s t r i a l  p lan ts  i n  Soufr iere near the  

Copra Manufacturers, Ltd., plant. An extension i s  shown as running o u t  t o  pos- 

0 

s i b l e  new t o u r i s t  ho te ls  i n  t h e  Anse Chastanet Hotel v i c i n i t y .  Another loop i s  
d i rec ted  toward Choiseul and Vieux Fort. 

A summary o f  t h e  possible geothermal systems inves t iga ted  shows t h a t  even 
w i t h  conservative assumptions there  are no insurmountable obstacles t o  develop- 

ment o f  e i t h e r  power generation o r  heat de l i ve ry  systems. However, a great deal 
of work s t i l l  needs t o  be done on matters such as p lan t  s i t i n g ,  steam condensing 
subsystems and coo lan ts  (ocean, indigenous water, a i r ) ,  s i n g l e  o r  double f lash  
steam systems, bi-phase (water and steam) systems, b inary p r i m a r y  o r  bo t tom ing  

systems, t h e  a c t u a l  e f f l u e n t  t o  be expected from t h e  we l l ,  expected demand f o r  
process heat, and l o c a t i o n  of t he  i n d u s t r i a l  p lan ts  us ing the  heat. 

I V .  SCENARIO FOR THE INTRODUCTION OF GEOTHERMAL POWER 
Curves f o r  f u t u r e  average and peak e l e c t r i c i t y  consumption a r e  shown i n  

F ig .  3. A l s o  shown i n  F ig .  3 i s  t he  recommended r a t e  f o r  t he  i n t roduc t i on  o f  
geothermal-based e l e c t r i c  power genera t ion .  These curves  show t h a t  i t  i s  
d e s i r a b l e  t o  i n s t a l l  t h e  f i r s t  10  MW as q u i c k l y  as p o s s i b l e  (by 1987). 
Thereafter, t h e  completion o f  add i t iona l  2.5-MW systems w i l l  be needed i n  i n t e r -  

v a l s  v a r y i n g  f rom 5 y e a r s  i n i t i a l l y  t o  2 years s h o r t l y  a f t e r  t he  t u r n  o f  t he  

century. To ca l cu la te  t h e  l eve l i zed  l i f e  cyc le  cost  (LLCC) f o r  t he  e l e c t r i c i t y ,  
we do n o t  need t o  ex tend t h e  scenario beyond the  year 2016, when a geothermal 

capacity o f  30 MW i s  attained. Because t h e  geothermal system should be operated 
as close t o  i t s  f u l l  capaci ty as possible, add i t i ona l  power generation capacity 

i s  requi red f o r  peaking. We assume t h a t  peak ing  power w i l l  c o n t i n u e  t o  be 
p r o v i d e d  by  t h e  e x i s t i n g  d i e s e l  u n i t s ,  which w i l l  be replaced as i t  becomes 
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necessary. For t h i s  reason, a curve showing the  desired t o t a l  power p r o d u c t i o n  

capaci ty ( i nc lud ing  reserve) i s  a lso shown i n  Fig. 3. 

V. COST STUDIES 

A. Geothermal Power Costs -E lec t r i c i t y  
From the  scenario represented i n  Fig. 3, estimates were made o f  t he  cap i ta l  

and o p e r a t i n g  expend i tu res  over  t h e  assumed p r o j e c t  l i f e t i m e  o f  30 years. 
Costs were i temized by year, and a discounted cash f low computer code ca lcu lated 

the  LLCC f o r  t he  system under study. 
For the  base case, i t  was assumed t h a t  t h e  geothermal w e l l s  would have a 

l i f e t i m e  o f  20 years and t h a t  t he  generation equipment w i l l  requ i re  replacement 
a f t e r  30 years o f  service. Wells were assumed t o  cost  $5.4 m i  11 i o n  E C (  $2 m i  1 - 
l i o n  US) each and t h e  genera t i on  system $2,700 EC($1,000 US) per k i l o w a t t  o f  
i n s t a l l e d  power. Cont ingency f a c t o r s  o f  25% were added t o  b o t h  c a p i t a l  

equipment c o s t s  and operat ing costs, With these costs and the  other  necessary 
expenses over the  years, a LLCC o f  $0.170 EC(g0.063 US) p e r  k i l o w a t t  hour  was 

obtained. 
If UN funding i s  obtained fo r  d r i l l i n g  the  f r s t  three we l l s  and repayment 

made accord ing  t o  the  required consistency o f  UN schedule, the  LLCC i s  s l i g h t l y  
less, amounting t o  $0.167 EC(b0.062 US). The cost o f  producing the  much s m a l l e r  

amount o f  peak ing  power by t h e  e x i s t i n g  d iese l  method i s  $0,275 EC($0.102 US) 
per k i l o w a t t  hour. I f  a l l  t he  fu ture e l e c t r i c i t y  were t o  be produced e n t i r e l y  

by a d i e s e l  system, the  generation cost per  kWh would be a l i t t l e  less  than the  
above d iese l  cost  and would amount t o  $0.243 EC(80.090 US) p e r  k i l o w a t t  hour; 

however, t h e  lower cost  o f  t he  geothermal generation, which produces most o f  t he  
e l e c t r i c i t y  where t h e  combined systems are i n  use, r e s u l t s  i n  reduced o i l  i m -  

p o r t s  as  w e l l  as  a c o s t  savings. See Tab le  1. F o r  t h e  proposed system 
ind ica ted  by Fig. 3 dur ing i t s  30-year operation, a 2 3 1 - m i l l i o n - g a l l o n  reduc-  

t i o n  o f  d i e s e l  o i l  use resul ts ,  corresponding t o  a decrease i n  expenditure f o r  
imported o i l  o f  $783 m i l l i o n  EC($209 m i l l i o n  US). The d i f fe rence i n  t o t a l  c o s t  

between a l l  d iese l  generation and geothermal base-load p lus  d iese l  peaking would 
save $264 m i l l i o n  EC($98 m i l l i o n  US) over the  30-year per iod ,  i f  t h e  UN funds 

d r i l l i n g  o f  t he  f i r s t  th ree  wel ls.  
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B. S e n s i t i v i t y  S tud ies -E lec t r i c i t y  

S e n s i t i v i t y  s t u d i e s  were made f o r  var ia t ions  i n  t h e  cost o f  d r i l l i n g  the  

wells, t he  cost o f  t he  generating equipment, i n t e r e s t  rate, i n f l a t i o n  r a t e ,  i n -  
s u r a n c e  r a t e ,  and c a p a c i t y  fac to r .  The c o s t  o f  w e l l  d r i l l i n g  and o f  t h e  

generation equipment are two f a c t o r s  t h a t  a f f e c t  o n l y  t h e  geothermal costs ,  
whereas t h e  o t h e r  f a c t o r s  have e f f e c t s  on a l l  o f  t h e  g e n e r a t i o n  systems 

considered. The r e s u l t s  o f  t he  s e n s i t i v i t y  s tud ies  f o r  t hese  two f a c t o r s  a r e  
p resented  i n  F igure 4. This f igure  shows t h a t  t he  cost o f  the  e l e c t r i c i t y  gen- 

e r a t e d  f rom geothermal power can be even l e s s  t h a n  p r e d i c t e d  above w i t h  
conserva t i ve  assumptions. When the  exploratory  we l ls  have been d r i l l e d ,  c loser  

estimates w i l l  be possible.  Wi th  a f a v o r a b l e  combina t ion  o f  seve ra l  o f  t h e  
parameters used i n  t h e  s e n s i t i v i t y  studies o r  w i t h  more product ive we l ls  than 

those assumed here, t h e  cost o f  the  e l e c t r i c i t y  c o u l d  be as much as 40 t o  50% 

lower than estimated here. 

C . Power Cost from A1 t e r n a t i  ve Techno1 ogi es-El ec t  r i  c i t y  
For  comparison t h e  genera t ion  cost was a lso  estimated f o r  coa l - f i r ed  and 

o i l - f i r e d  steam power plants. Provided t h a t  these p l a n t s  can be base-loaded, 
t h e y  a r e  l e s s  expensive t h a n  d i e s e l  g e n e r a t i o n  b u t  more expensive than the  
geothermal system. I n  addi t ion,  these p l a n t s  must be added i n  l a r g e r  i n c r e -  
ments, which consequent ly makes i t  more d i f f i c u l t  t o  cont r ibu te  as much t o  the  

t o t a l  power demand wh i le  remaining close t o  the  base-load condi t ion.  A summary 
o f  t h e  c o s t  es t ima tes  f o r  each o f  t h e  above-mentioned generation systems i s  

given i n  Table 1 and Fig. 5. 
D. Geothermal Power Costs-Thermal Energy 

To make cost  estimates o f  both waste and ded ica ted  w e l l  process heat,  we 
began w i t h  a conceptual system design and assumed a load on the  system t o  deter-  
mine i t s  capaci ty  factor.  Three heat-del ivery cases were s tud ied t o  determine a 
c o s t  range. A l l  o f  t hese  cases assumed t h a t  t he  heat source was e i t h e r  waste 
heat from t h e  power generation process o r  from a heat p roduc t i on  w e l l  loca ted ,  
a r b i t r a r i l y ,  near Cresslands. 

I n  Case 1, the  heat i s  de l ivered over 2.4 k i lometers t o  p o t e n t i a l  use rs  i n  
S o u f r i e r e .  The hea t  i s  taken  f rom t h e  16OoC (32OOF) wa te r  f rom t h e  steam 

separa tor .  The maximum tempera ture  d e l i v e r e d  t o  t h e  u s e r  p l a n t  i s  14OoC 
(285O F). Case 2 uses a w e l l  ded ica ted  t o  heat product ion and de l i ve rs  heat 
i n t o  a Soufr igre p lan t  a t  223OC (433'F). Case 3 i s  s i m i l a r  t o  Case 1 except  

I 
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t h a t  t h e  heat  i s  d e l i v e r e d  t o  t h e  Vieux For t  I n d u s t r i a l  Park through a 21-km 

p i  p ing  system. The f i n a l  d e l i  very temperature i s  132'C ( 270'F) . 
C a p a c i t y  f a c t o r s  ( r a t i o  o f  heat  d e l i v e r e d  t o  maximum a v a i l a b l e  f o r  

de l i very )  o f  0.22 t o  0.94 were used i n  the  cost ca lcu lat ions.  The 0.22 capaci ty 
f a c t o r  corresponds t o  the  f u l l  output o f  one we l l  being used i n  a p lan t  operat- 
i n g  on a one-shift ,  5-day per week schedule. The 0.94 f a c t o r  i s  f o r  a t h r e e -  
s h i f t ,  7-day per  week schedule, both fac to rs  a l low ing  f o r  a 94% a v a i l a b i l i t y  o f  
the  heat t r a n s f e r  and heat source systems. E l e c t r i c i t y  t o  d r i v e  t h e  system 
pumps was assumed t o  c o s t  e i t h e r  $0.216 EC($0.0810 US) per  k i l o w a t t  hour  
(approximate busbar cost )  o r  $0.518 E C (  $0.192 US) p e r  k i  1 owat t  hour  (assumed 

s a l e  p r i c e ) .  An a d d i t i o n a l  va r iab le  i s  the  minimum usefu l  temperature i n  any 
p a r t i c u l a r  process heat a c t i v i t y .  Two values o f  temperature,  2 7 O C  ( 80'F) and 
66OC (15OoF), were used. 

Figure 6 shows costs t o  d e l i v e r  waste heat t o  a nearby p lan t  (Case 1). As 
expected, t h e  d a t a  show t h a t  t o  keep heat  c o s t s  down, t h e  p l a n t s  should be 
operated as cont inuously as possible, and t h e r e f o r e  o n l y  da ta  f o r  t h r e e - s h i f t  
ope ra t i ons  a r e  shown. The use o f  res idual  heat from a power cyc le  resu l t s  i n  
the  lowest costs. A t  a capaci ty fac to r  o f  0.67 (3 s h i f t s ,  5 days a week), heat  
t o  S o u f r i e r e  c o s t s  f rom $2.25 EC($0.83 US) t o  $4.45 EC($1.65 US) per m i l l i o n  
Btu, A t  a f a c t o r  o f  0.94 ( 3  sh i f t s ,  7 days a week), the  costs range f rom $1.73 

EC(g0.64 US) t o  $3.62 EC(S1.34 US) per m i l l i o n  Btu. The costs a t  Vieux Fo r t  are 
$7.60 EC(82.81 US) t o  $14.50 EC(85.37 US) per m i l l i o n  Btu f o r  a capaci ty  f a c t o r  

o f  0.67 and $5.67 EC(g2.10 US) t o  $11.42 EC(64.23 US) f o r  a f a c t o r  o f  0.94. 
I n  Case 2, t h e  cost o f  heat are higher because a l l  t h e  heat  c o s t  must be 

charged t o  t h e  heat  p r o d u c t i o n  system. This case would on ly  be j u s t i f i e d  i f  

t h e r e  were a requ i rement  f o r  t h e  h i g h e r  tempera ture  t h a t  t h i s  d e s i g n  can  

-p rov i  de . 
The costs o f  t h e  geothermal hea t  compare f a v o r a b l y  w i t h  heat  f rom o i  1, 

which costs about $21.00 EC(67.77 US) per m i l l i o n  Btu. 

E. Potent ia l  E l e c t r i  c i  t y - In tens ive  Indus t r ies  
A l though  t h e  c o s t  o f  geothermal e l e c t r i c i t y  i s  est imated t o  be less  than 

d i e s e l  e l e c t r i c  power genera t ion ,  i t  s t i l l  i s  n o t  c o s t  c o m p e t i t i v e  w i t h  

e l e c t r i c i t y  p r i c e s  i n  many other  places. Therefore, i t  i s  doubt fu l  t h a t  a new 
Indust ry  would be a t t rac ted  t o  St, Lucia on t he  basis o f  on ly  the  pro jected cost 
o f  geothermal e l e c t r i c i t y  f o r  S t .  Luc ia,  However, i t  was noted dur ing the  
course o f  the  i nves t i ga t i on  t h a t  the  cost o f  process water i s  h igh i n  S t .  Lucia. 

I 
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Wi th  more data,  harness ing  geothermal 

we1 1 s may prove economi ca l  and a t t  r a c t i  ve 
F. Poten t ia l  Process Heat Appl icat ions 

The development o f  geothermal energy 

quan t i t i es  o f  process heat. With assumed 

e l  e c t r i  c i  ty  t o  pump process water from 

t o  industry.  

i n  S t .  Lucia w i l l  make ava i lab le  l a rge  
we l l  capaci t ies and temperature l e v e l s  

of t he  ava i l ab le  thermal energy, we can consider po ten t i a l  appl icat ions.  Several 

i ndus t r i es  were considered (Table 2), but  f o r  t he  sake o f  b rev i ty ,  only two w i l l  
be discussed here. 

Coconut O i l  P roduc t ion .  Copra processing requires heat a t  temperatures 

compatible w i t h  t h e  geothermal resource. The temperatures r e q u i  red  range f rom 
7 l o C  (160OF) t o  2OO0C (392OF). The lower temperatures can e a s i l y  be suppl ied by 
the  waste heat cases, but t he  highest temperatures would requ i re  energy from the  

primary wellhead f low as i n  Case 2. 
The Copra Manufacturing, Ltd., p lan t  i n  Soufr iere i s  a good cand ida te  f o r  

t h e  use o f  geothermal process heat. This p lan t  now uses 80,000 t o  100,000 i m -  

0 

p e r i a l  ga l lons o f  Bunker C f ue l  per year, amounting t o  a t o t a l  energy i n p u t  o f  
18 b i l l i o n  Btus. The p lan t  operates th ree  s h i f t s ,  5 o r  6 days per week. If the  
t o t a l  number o f  work days per year i s  240 and the  b o i l e r  e f f i c i ency  i s  85%, t h e  

process hea t  usage r a t e  i s  2.66 m i l l i o n  Btu/hour. This i s  less  than 4% o f  t he  
heat ava i l ab le  from a we l l  dedicated t o  heat p roduc t ion .  One such w e l l  c o u l d  

supp ly  a number o f  s i m i l a r  p lants .  A l te rna t ive ly ,  the  system output could be 
reduced t o  match the  demand more closely. 

Dry Ice .  'Dry i c e  can e a s i l y  be produced i n  S t .  L u c i a  and could be an 
e a s i l y  t ranspor tab le source o f  r e f r i g e r a t i o n  (275 B t u / l  b a t  - l l O ° F ) ,  which i n  

t u r n  could lead t o  an expanded f i s h i n g  indus t ry  o r  could poss ib ly  be exported t o  
other  Eastern Caribbean countr ies. The key t o  the  success o f  such an i n d u s t r y  
i s  carbon d i o x i d e  (C02), which i s  present i n  the  geothermal steam. Typ ica l l y  
geothermal noncondensable gases conta in  about 1% o f  C02, which could supp ly  ap- 

p r o x i m a t e l y  1,400 t o n s / y e a r  p e r  p r o d u c i n g  w e l l  and p r o v i d e  s u f f i c i e n t  
r e f r i g e r a t i o n  t o  cool and freeze 3.5 m i l l i o n  l b l y e a r  o f  f i s h  from 85 t o  O'F. 

Dry i c e  product ion r e l i e s  on steam used t o  d r i v e  compressors t h a t  r a i s e  the  
C02 pressure t o  1,100 psi.  Each ton  o f  dry  i c e  requi res 20,000 pounds o f  steam. 
The o n l y  o t h e r  resource requi red i s  labor, which averages 8 man-hours per  ton. 

The a v a i l a b i l i t y  o f  both low-cost geothermal steam and C02 would make t h i s  i n -  

d u s t r y  a t t r a c t i v e .  F u r t h e r  d e t a i l e d  s t u d i e s  shou ld  be made when the  exact 
composition o f  t he  geothermal resource i s  known. 
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Other  A p p l i c a t i o n s .  The o t h e r  poss ib le  uses o f  geothermal process heat 

evaluated were t imber processing, concrete block p roduc t i on ,  beer  p roduc t i on ,  

a l c o h o l  f rom sugar cane, banana chips, ho te l  hot  water, and f resh  water extrac- 
t i o n  from geothermal f l u i d s .  A l l  o f  these po ten t i a l  app l i ca t ions  are wor thy  o f  

f u r t h e r  i n v e s t i g a t i o n .  Sea water desal inat ion was a lso  considered but  d i d  not 
appear p r a c t i c a l  . 
V I I I .  ECONOMIC MODELS 

The s i m p l e s t  and most aggregate ( 1  .e., i n c l u s i v e  and comprehensi  v e )  
economic framework contains households t h a t  spend a l l  income on consumer goods 

and f i rms t h a t  s e l l  a l l  output t o  households (Fig. 7). I n  our i n v e s t i g a t i o n  o f  
the  S t .  Lucian economy, the  importance o f  i n te rna t i ona l  t rade became read i l y  ap- 

parent, so i n te rna t i ona l  t rade i n  cap i ta l  goods imports and a g r i c u l t u r a l  exports 
were added t o  t h e  bas i c  domestic economy. Fixed investment includes purchases 

o f  newly produced c a p i t a l  goods such as machinery and newly b u i l t  s t r u c t u r e s .  
Inventory accumulation was not considered. 

Our economic framework covers imports, exports, consumption expend i tu res ,  
i n v e s t m e n t ,  and manufactur ing.  Data sources f o r  t h e  p r o j e c t  i n c l u d e  t h e  

Government o f  St. Lucia, Ag r i cu l tu ra l  Producer Cooperatives, and t h e  World Bank. 
Geothermal development could have both short-  and long-term impacts on the  

St .  Lucian economy. The fo l l ow ing  two s e c t i o n s  p resen t  a d e s c r i p t i o n  o f  t h e  
models used i n  t h i s  two-pronged inves t i ga t i on  o f  the  immediate and long-term ef- 

f ec ts  o f  geothetmal development. 
A. Comprehensive Economic Modeling 

A t y p i c a l  approach f o r  s h o r t - t e r m  economic f o r e c a s t i n g  and p l a n n i n g  

develops an o v e r a l l ,  o r  macroeconomic, framework (model) o f  the  economy us ing 
data on economic var iab les such as production, consumption, government expendi -  
t u res ,  e t c .  The model developed f o r  S t .  L u c i a  h i g h l i g h t s  a g r i c u l t u r e  and 
tour ism and w i l l  be usefu l  i n  ove ra l l  economic planning and f o r e c a s t i n g .  L i k e  
many deve lop ing  countr ies,  S t .  Lucia has a r e l a t i v e l y  la rge  fo re ign  t rade sec- 
to r ,  t o  which greater a t t e n t i o n  was accorded i n  our model. The economic model 
developed f o r  S t  . Luc ia  consis ts  o f  21  mathematical expressions descr ib ing the  

economic behav io r  o f  i m p o r t a n t  agents  i n  t h e  economy, e.g., p r o d u c e r s ,  
consumers. The model i s  completed by  const ruct ing f i v e  mathematical d e f i n i t i o n s  
descr ib ing re la t ionsh ips  among economic variables. I n  the  s t a t i s t i c a l  c a l c u l a -  

t i o n s ,  we make s tandard  assumptions about  t h e  mathemat ica l  f o rm o f  these 
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re la t ionships.  The model does not consider the  monetary sector  and consequently 

does not determine t h e  absolute l eve l  of wages o r  prices. 
6. ETA-MACRO Model 5 n g  

To est imate long-term growth given a va r ie t y  o f  energy supply scenarios, we 

appl i ed t h e  w i  dely-used computer model, ETA-MACRO (Energy Techno1 ogy Assessment- 
Macroeconomic). The model i s  d iv ided i n t o  two par ts  t o  account f o r  t he  benefi- 
c i a l  e f f e c t s  of o i l  import  reduct ion a f f o r d e d  by geothermal developed i n  t h e  
energy-economy i n t e r a c t i o n  shown i n  F ig .  80 The model can be exercised f o r  

energy-economy planning by examining the  e f f e c t s  o f  d i f f e r e n t  wor ld o i l  p r i c e s ,  

r a t e s  o f  geothermal development and i n d u s t r i a l  development, and other  var iab le  

factors.  
The ETA submodel considers the  energy resources and technologies ava i lab le  

t o  S t .  Luc ia and then ca lcu lates the  best technology m i x  and t i m e  o f  i n s t a l l a -  
t i o n  f o r  t h e  ava i lab le  technologies. The model does t h i s  by f i n d i n g  t h e  lowest 
cost  o f  energy supply given the  resource, technology, and investment const ra in ts  
t h a t  S t .  Luc ia encounters. 

The MACRO submodel maximizes long-run cumulative consumption, Consumption 
i s  dependent upon gross output, which i n  t u r n  i s  constrained by labor, cap i ta l ,  
and energy--the foundations o f  economic p roduc t iv i t y .  Energy-economy i n t e r a c -  
t i o n s  occur  because high-energy costs can prevent rap id  economic growth: money 

spent t o  pay energy b i l l s  cannot be used f o r  i n v e s t i n g  i n  new c a p i t a l  o r  f o r  
h i r i n g  more labor. Some freedom o f  subs t i t u t i on  o f  these inputs  i n  the  produc- 

t i o n  process is 'poss ib le  and accounted f o r  i n  t h e  MACRO submodel. A t r a d e o f f  
a l s o  e x i s t s  between consumption and investment. Consuming a l l  o f  the  country 's 
output today would decrease consumption i n  the  f u t u r e  because s a v i n g  today  i s  
r e q u i r e d  t o  m a i n t a i n  o r  i n c r e a s e  investment ,  output ,  and consumption i n  the  
future, The submodel MACRO se lects  the  l e v e l  o f  investment t h a t  maximizes con- 
sumption i n  t h e  t ime per iod consldered (30 years). 

The ETA-MACRO model gives (1) a schedule o f  t h e  l e a s t - c o s t  energy tech -  
n o l o g i e s  t h a t  shou ld  be used i n  an economy, (2) t he  pro jected growth r a t e  f o r  

consumption, and (3) t h e  optimal investment leve ls .  

I X .  ECONOMIC RESULTS 

A. Macro Econometric Model 
I n  t h e  development of the  econometric model, a t ten t i on  focused on consump- 

t i o n  and output. These two components c o n t a i n  a t o t a l  o f  seven b e h a v i o r a l  
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equations. The output equations focused on the  important p r i v a t e  sectors o f  t he  

economy: tourism, services, industry,  and agr icu l ture.  The consumpti on equa- 

t i o n s  dea l t  w i t h  food and beverages, f ue l  and l i g h t ,  and durable goods. 
Forecas ts  f o r  t h e s e  seven impor tan t  s e c t o r s  i n d i c a t e  an i n c r e a s e  i n  

economic a c t i v i t y  l e d  by increases i n  a g r i c u l t u r a l  output (Table 3) .  This i n -  
crease i s  due i n  p a r t  t o  h igher  y i e l d s  and t o  the  adoption o f  b e t t e r  c u l t i v a t i o n  

prac t ices  i n  banana product ion i n  the  posthurricane period. 
Consumption o f  durable goods i s  expected t o  s low as au tomobi le  i m p o r t s  

dec l i ne .  T h i s  d e c l i n e  w i l l  reduce o u t p u t  i n  t h e  serv ice  sector, which w i l l  
depress gross domestic product (GDP) growth. However, a counterva i l ing  fo rce  i s  

t h e  s u b s t i t u t i o n  o f  geothermal e l e c t r i c i t y  f o r  e l e c t r i c i t y  generated from i m -  
ported d iese l  fue l ,  r e s u l t i n g  i n  higher consumer incomes which lead t o  a h i g h e r  
d u r a b l e  goods consumption growth r a t e  (a  9.3% increase). Increased consumption 
(consumer spending) st imulates the  ove ra l l  economy which i n  t u r n  leads  t o  i m -  
proved l i v i n g  standards. 
6. ETA-MACRO Model 

Fo r  t h e  l o n g e r  te rm examinat ion  two e lec t r i c i t y -genera t i ng  technologies 

were considered f o r  t he  app l i ca t i on  of ETA-MACRO t o  S t .  Luc ia :  (1) con t inued  
e x c l u s i v e  use o f  d i e s e l  generators; and (2) gradual i n t roduc t i on  o f  geothermal 
capaci ty w i t h  decreasing re l iance on d i e s e l  generators .  I t  was assumed t h a t  

geothermal energy reaches a capaci ty o f  10 MW by 1992 and 30 MW by 2012. 

vestment r a t e  t h a t  maximizes cumulative consumption. Consumption i s  ca lcu lated 
on an annual basis by subtract ing investment  and energy c o s t s  f rom t h e  t o t a l  
output. Consumption i s  t he  t o t a l  amount t h a t  St .  Lucians have t o  spend on food, 
c lo th ing,  shel ter ,  and luxury  goods. Therefore, a r e l a t i v e  increase i n  consump- 

t i o n  r a i s e s  t h e  s tandard  o f  l i v i n g  by making spendable income more avai lable.  
The economic model focuses on the  w e l l - b e i n g  o f  S t ,  Luc ians  and so maximizes 
consumption. As s t a t e d - e a r l i e r ,  increases i n  the  amount which consumers have t o  
spend a l s o  presume inves tment  growth and expansion i n  a l l  segments o f  t h e  

economy. ETA-MACRO s e l e c t s  an op t ima l  l e v e l  o f  inves tment  t h a t  w i l l  most 
bene f i t  St .  Lucia. 

F i g u r e  9 shows t h e  ETA-MACRO resu l t s  f o r  a s p e c i f i c  assumption about o i l  
p r i c e  increases. The bene f i t  o f  geothermal energy i s  examined under  two d i f -  
f e r e n t  assumptions about the  f u t u r e  p r i c e  o f  o i l ,  because the  exact f u t u r e  o i l  
p r i c e  i s  unknown. The bar graphs show t h e  increase i n  annual consumption due t o  

As s tated e a r l i e r ,  ETA-MACRO chooses the  mix o f  energy technologies and i n -  ' 
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i n s t a l l a t i o n  of geothermal power. Comparison o f  t he  bars shows t h a t  f o r  both 

assumptions about  f u t u r e  o i l  p r i c e s ,  consumption i s  g r e a t e r  i f  geothermal 

c a p a c i t y  i s  i n s t a l l e d .  I n  genera l ,  as t h e  annual  r a t e  o f  increase f o r  o i l  
p r i ces  becomes la rger ,  t he  r e l a t i v e  bene f i t  o f  geothermal energy t o  t h e  economy 
i ncreases . 

I n  summary, t he  two economic models p r e d i c t  a growing economy l e d  i n  t h e  

s h o r t  r u n  by i nc reases  i n  a g r i c u l t u r a l  p roduc t i on ,  fo l lowed by increases i n  
tourism. This growth has a sp i l l - ove r  e f f e c t  t h a t  leads t o  growth i n  consump- 

t i o n  o f  f u e l  and l i g h t ,  f ood  and beverages, and t o  a lesser  extent consumer 
durables. I n  t h e  l o n g e r  r u n  as geothermal e l e c t r i c  g e n e r a t i n g  c a p a c i t y  i s  

added, a s i g n i f i c a n t  increase i n  the  standard o f  l i v i n g  i s  seen. 

X. CONCLUSIONS 

From t h e  engineering and economic study i t  was concluded t h a t  

o The geothermal system was the  most economic f o r  t he  generation 
o f  e l e c t r i c i t y  when compared w i t h  competing technologies. 

e A t  p resent ,  the  cost o f  geothermal e l e c t r i c i t y  alone i s  not low 
enough t o  induce e l e c t r i c i t y - i n t e n s i v e  i n d u s t r i e s  t o  l o c a t e  i n  
S t .  Luc ia.  However, t h e  abundance o f  low-cost thermal energy 
r e s u l t i n g  from geothermal development should a t t r a c t  i n d u s t r i  es 
t h a t  requ i re  l a rge  amounts o f  process heat. 

0 The in t roduc t i on  o f  geothermal power causes a long-term n e t  i n -  
c rease * i n  consumption o f  $25 m i l l i o n  EC($9.3 m i l l i o n  US) t o  $50 
m i l l i o n  EC(18.5 m i l l i o n  US) over the  p r o j e c t e d  30-year p e r i o d ,  
depending upon assumptions about the  p r i c e  o f  o i l .  Increased 
consumption w i l l  s t i m u l a t e  t h e  o v e r a l l  economy, improve t h e  
s tandard  o f  l i v i n g ,  and boost t he  spending power o f  the  popula- 
t i o n  by $130 t o  $250 m i l l i o n  EC($48.1 t o  92.6 m i l l i o n  US) over  
the  next 30 years. 

o The d i f f e r e n c e  i n  c o s t  between a l l - d i e s e l  g e n e r a t i o n  and 
geothermal base- load genera t i on  p lus  d iese l  peaking w i l l  save 
$264 m i l l i o n  EC(69.78 m i l l i o n  US) over the  30-year period. 
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TABLE 1 

COST COMPARISON--ELECTRICITY FROM GEOTHERMAL ENERGY AND FROM 
ALTERNATIVE TECHNOLOG I ES 

b L L C C ~  Savings 
System (fEC/kWh) (SM EC) Remarks 

1. Geothermal 0.170 253 No U.N. funds 

2. Geothermal 0.167 264 U.N. funds three wel ls 
3. Diesel (peaking) 0.275 --- Add on t o  base-load system 
4. Diesel ( t o t a l )  0.243 0 Continuation o f  present 

5. O i l - f i r e d  steam 0.233 5 
6. Coal- f i red system 0.192 167 

' A l l  S here and elsewhere i n  t h i s  report  are 1983 $ unless otherwise noted. See 
t e x t  f o r  US d o l l a r  equivalents. 

bSavings represent di f ference i n  t o t a l  expendi tures between cont inued d i e s e l  
genera t i on  and us ing  diesels f o r  peaking only plus a l te rna te  systems f o r  base- 
load f o r  30-year period. 

system 

TABLE 2 

POTENTIAL APPLICATIONS OF GEOTHERMAL HEAT I N  THE 

SOUFRI~RE OR VIEUX F C ~ T  AREAS 

Source of Heat 

Act i v i  t y  

Coconut o i l  production 

Timber processi ng 

Concrete block production 

Beer production 

Alcohol from sugar cane 

Dry i c e  production 

Banana chips 

Hotel hot water 

Fresh water from geothermal 
f l u i d s  

Power 
Plant 

Residual We1 1 head Feasi b i  1 i t y  

X X 

X 

X X 

X 

X 

X X 

X 

X 
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TABLE 3 
FORECAST LEVELS OF CONSUMPTION AND PRODUCTION; 

ST. LUCIA, 1983 AND 1984 

1983 1984 
$1,000 E C ( $ $  

Consumption 
Food & Beverages 30,321 30,683 
Fuel & L i g h t  4,384 4,547 
Durable goods 8,136 8,147 

T h r i  sm 
I n d u s t r i a l  
Services 

26,863 28,576 
11,872 12,327 
20,315 20,798 
71,743 71,969 

X Change 

1.2 
3 -7 
0.14 

6.4 
3.8 
2 .4 
0 -32 
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Fig.  2. A r t i s t ' s  conception o f  f u t u r e  geothermal power and heat 
production systems i n  S t D  Lucia.  

L 
f 

YEAR 

Fig.  3. A scenario f o r  t h e  in t roduct ion  o f  geothermal e l e c t r i c  
power i n  S t D  Lucia. 
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1350 

GENERATOR COST ($EC/kW) 

Fig. 4. The s e n s i t i v i t y  o f  t he  cost o f  geothermal e l e c t r i c i t y  
i n  t h e  cost  o f  d r i l l i n g  we l l s  and t h e  cost  o f  generat 

t o  v a r i a t i o n  
ng equipment . 

Fig. 5. Cost comparison o f  e l e c t r i c i t y  from geothermal 
generation and from a l t e r n a t i v e  technologies. 
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MAXIMUM TEMPERATURE IN THE FACTORY PROCESS 
HEAT LOOP IS ASSUMED AS 1400C (285OF) 

2.00 
5 DAYSIWEEK 

6.00 7 DAYSIWEEK 
3 SHIFTS 

. .. 
MINIMUM WORKINQ 66OC (15O'F) 27OC (6O'F) 
TEMPERATURE IN 
THE FACTORY 
COSTS OF POWER TO 0.52 LEClkWh 0.22 LECIkWh 
RUN PUMPS, ETC. (0.18 SUSIkWh) (0.08 CUSIkWh) 

Fig. 6. Cost o f  process heat de l i vered  t o  a fac to ry  over a distance 
o f  2.4 kilometers. 

Fig. 7 0  
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Fig. 8. An overview o f  ETA-MMCO. 
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Fig. 9. Increase i n  annual consumption due t o  i n s t a l l a t i o n  o f  
geothermal power. 
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