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ABSTRACT 

Many countr ies have the po ten t ia l  t o  use geothermal energy for  bo th  power 
p r o d u c t i o n  and process h e a t  appl icat ions.  Two Los Alamos programs have 
studied t h e  most e f f e c t i v e  use o f  geothermal energy i n  S t .  Luc ia  and 
Guatemala. The genera l  o b j e c t i v e s  a r e  (1) t o  reduce o i l  imports; ( 2 )  
develop employment opportunit ies; and (3 )  make products more competi t i ve . 
The i n i t i a l  S t .  Lucia studies emphasized power generation b u t  a number of 
appl icat ions f o r  the power p lan t ' s  res idual  heat were a l so  found and costs 
and systems have been determined. The costs o f  geothermal heat compare 
favorably w i t h  heat from other sources such as o i l .  

I n  Guatemala, t he  development o f  the nat ion 's  f i r s t  geothermal f i e l d  i s  
we l l  advanced. Process hea t  a p p l i c a t i o n s  and t h e i r  c o o r d i n a t i o n  w i t h  
power generation p lan ts  are being studied a t  Los Alamos. Guatemala has a t  
l e a s t  G o  f i e l d s  t h a t  appear s u i t a b l e  f o r  power and h e a t  p roduc t ion .  
These f i e l d s  a r e  c l o s e  t o  urban cen te rs  and t o  many p o t e n t i a l  hea t  
appl icat ions.  

INTRODUCTION 

One of the programs a t  the Los Alamos National Laboratory has as i t s  goal  
the ass i s t i ng  o f  Central American and Caribbean Basin countr ies w i th  t h e i r  
energy problems. Because a number o f  these c o u n t r i e s  have promis ing  
geothermal resources,  one f a c e t  o f  the  program i s  concerned w i th  the 
development o f  t h i s  type o f  energy resource  b o t h  f o r  t h e  genera t ion  of 
e l e c t r i c i t y  as w e l l  as f o r  d i r e c t l y  using t h i s  same source o f  energy t o  
provf de process hea t. 

A1 though many deve lop ing  c o u n t r i e s  have s u b s t a n t i a l  indigenous energy 
resources, these resources are f r e q u e n t l y  n o t  developed because o f  the  
l a c k  o f  e i t h e r  t h e  necessary technical  exper t ise o r  the needed capi ta l .  
Consequently these countr ies dep 
s a t i s f y  t h e i r  energy needs, w 
problems. Thus the goals o f  the 
i nves ti ga t e  the subs t i t u t i on  o f  

nd upon the ' impor ta t ion  o f  pet ro leum t o  
i c h  i n  tu rn  aggravates balance-of-payment 
author's p o r t i o n  o f  t he  program are  t o  
geothermal ( f  ndf genous) heat f o r  imported 
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o i l ,  the reducing o f  energy cost, and possibly the i n t roduc t i on  o f  new i n -  
dus t r ies  p rov id ing  l o c a l  employment. 

The inves t i ga t i on  f o r  St .  Lucia was i n i t i a l l y  concerned w i t h  the gener- 
a t i o n  o f  e l e c t r i c i t y ,  bu t  the heat remaining i n  the geothermal f l u i d  a f t e r  
the generation o f  e l e c t r i c i t y  was found t o  be s t i l l  u s e f u l  f o r  process 
heat ing .  I n  t h e  i n v e s t i g a t i o n  f o r  Guatemala the primary i n t e r e s t  o f  the 
authors was i n  the d i r e c t  a p p l i c a t i o n  of geothermal energy t o  p r o v i d e  
process heat. However, the generation o f  e l e c t r i c i t y  can provide an ex- 
c e l l e n t  method o f  load l e v e l i n g  so again a combination o f  energy uses i s  
proving o f  in terest .  

ST. LUCIA 

S t .  L u c i a  i s  i n  the  Windward I s land  Group of the Lesser A n t i l l e s  o f  the 
West Indies; i t s  l oca t i on  i s  shown i n  Fig. 1. A more de ta i l ed  map o f  the 
i s l a n d  i s  p resented  i n  Fig.  2 which shows the l oca t i on  of the capi to l ,  
Castries, the i n d u s t r i a l  park area a t  Vieux Fort,  and the l o c a t i o n  o f  t h e  
geothermal area a t  Sulphur Springs near Soufriere. A comprehensive survey 
of the magnitude and d e t a i l e d  l o c a t i o n  o f  t h e  geothermal resource  was 
c a r r i e d  o u t  by  t h e  Los Alamos N a t i o n a l  Labora to ry  w i t h  the use o f  
geologic, geophysical , and geochemical studies. The encouraging r e s u l  t s  
l e d  t o  t h e  conclusion t h a t  a large geothermal rese rvo i r  w i t h  temperatures 
i n  excess o f  25OoC l i e s  approximately beneath the Sulphur Springs area a t  
a depth between 1000 and 2000 meters. A t  l e a s t  t h r e e  l o c a t i o n s  near 
Sulphur Springs were cons idered wor thy o f  f u r t h e r  d r i l l i n g .  F i g u r e  3 
shows the  geothermal area i n  greater d e t a i l  and includes the three s i t e s  
recommended for  d r i l l i n g  [ll. 

LUCELEC, t h e  S t .  Luc ia  E l e c t r i c  U t i l i t y  Co., now generates e l e c t r i c i t y  
w i t h  the use o f  2.6 MW D i e s e l  powered generators .  A t  t he  t ime  o f  t he  
s tudy  the  average e l e c t r i c  power consumption was about 8 MW, w i t h  a peak 
o f  12 MW. Although the maintenance i s  excel lent ,  many o f  these u n i t s  a r e  
approaching the end o f  t h e i r  useful l i f e t ime .  

With the conservative assumption o f  a 2.5 MW capacity f o r  each success fu l  
p r o d u c t i o n  w e l l  a schedule was dev ised f o r  the i n t r o d u c t i o n  o f  t he  
geothermal e l e c t r i c  power. This schedule i s  designed t o  make the capacity 
f a c t o r  o f  each new w e l l - g e n e r a t o r  system h i g h  enough t o  make i t s  use 
economical and a l so  t o  make the total generation capacity compatible w i t h  
t h e  growth  o f  e l e c t r i c i t y  consumption as p r e d i c t e d  by LUCELEC. The 
r e s u l t i n g  schedule i s  shown i n  Fig. 4 which a l so  i n d i c a t e s  the cont inued 
use o f  Diesel powered generators to provide peaking power. Although i t  i s  
bel ieved t h a t  the capacity o f  the geothermal f i e l d  can be higher, the cost 
es t ima te  f o r  the e l e c t r i c i t y  produced from geothermal energy was based on 
a t o t a l  capacity of 30 MW [23. 

I n  o r d e r  t o  e s t i m a t e  the cos t  o f  generating e l e c t r i c i t y  i t  was necessary 
t o  consider a s p e c i f i c  system. F i g u r e  5 shows t h e  system used f o r  t he  
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coSt  e s t i m a t e  and i n  Table I the values of some of the system parameters 
are l i s t e d .  

The c o s t  e s t i m a t i n g  was done, n o t  only for the e l e c t r i c i t y  produced from 
geothermal energy, b u t  a lso  for  other generation methods such as the con- 
t inued exclusive use of Diesel engines, the use o f  Diesel engines only f o r  
peaking power, an o i l - f i r e d  power plant, and a coa l - f i r ed  power plant. To 
make t h i s  comparison c o n s i d e r a t i o n  must be given to the f a c t  t h a t  each 
p l a n t  r e q u i r e s  a d i f f e r e n t  c o s t i n g  schedule, some r e q u i r i n g  a l a r g e  
i n i t i a l  i nves tmen t  fo l l owed  by a s m a l l e r  o p e r a t i n g  expenditure, whi le 
others have a l o w  i n i t i a l  investment fol lowed by a larger,  con t i nu ing  ex- 
pense f o r  f u e l .  Along w i t h  t h i s  the  e f f e c t s  o f  i n f l a t i o n ,  i n t e r e s t  on 
construction, and re tu rn  on investment must a l so  be considered. To make a 
f a i r  comparison a Los Alamos computer code, BICYCLE, was used. The 
BICYCLE code keeps track of the investments as they a r e  made as w e l l  as 
the  revenue from the p l a n t  production and then computes a l e v e l i t e d  l i f e -  
cycle cos t  (LLCC) per u n i t  o f  production (kWh i n  t h i s  case). The LLCC i s  
g i ven  i n  cons tan t ,  base year d o l l a r s  for  each o f  the methods considered, 
and the comparison o f  these LLCC's then gives a f a i r  method of comparing 
the  c o s t  of two d i f f e r e n t  processes f o r  producing the same product. The 
BICYCLE code i n p u t  includes a schedule o f  c o n s t r u c t i o n  c o s t s  as w e l l  as 
the  o p e r a t i n g  c o s t  f o r  each year  of p l a n t  operation. Some other inputs  
are the i n t e r e s t  to be paid on construction loans and the expected r a t e  o f  
i n f l a t i o n  over the l i f e  o f  the study period. For t h i s  study a wel l  d r i l l -  
i n g  cos t  of $1000 US per meter of depth and a w e l l  depth  of  2000 m were 
assumed. T y p i c a l  o f  the cons t ruc t i on  costs to be included are the s i t e  
preparation, d r i l l i n g  r i g  shipping, bui ldings, wel l  d r i l l i n g  costs, gener- 
a t i o n  equipment, p i p i n g  and valves, and i n s t r u m e n t a t i o n  and controls. 
Operating costs include fuel and e l e c t r i c i t y  costs, equipment maintenance, 
s a l a r i e s  f o r  o p e r a t i n g  personnel, wel l  maintenance, and d r i l l i n g  o f  r e -  
placement we l l s  a t  the end o f  t h e i r  20 year assumed l i f e t i m e .  

Wi th these assumptions and a number of others i t  was possible t o  compute 
LLCC's f o r  the above mentioned methods of e l e c t r i c i t y  generation, and the 
r e s u l t s  a r e  g i ven  i n  Table I1 where i t  can be seen t h a t  the geothermal 
e l e c t r i c i t y  ($0.06 US per kWh) i s  the l e a s t  expensive. The c o s t  f o r  the 
D i e s e l  genera t i on  ($0.09 t o  $0.10 US per kWh) was i n  good agreement w i th  
the e x i s t i n g  cos t  i n  S t .  Luc ia  f o r  D i e s e l  g e n e r a t i o n  ($0.10 per  kWh). 
Wi th  t o t a l  e l e c t r i c i t y  genera t i on  acco rd ing  t o  the  schedule shown i n  
Fig. 4 and w i t h  the costs shown i n  Table I1 i t  can be seen t h a t  o v e r  the 
30 year  l i f e t i m e  o f  the study a monetary saving o f  $94,000,000 US can be 
made. During t h i s  same per iod a saving of lo9 l i t e r s  (231,000,000 imp. 
gal lons) o f  Diesel o i l  can a lso  be rea l i zed  by S t .  Lucia. [2,31 

I n  the study o f  the generating system shown i n  Fig. 5 i t  was noted t h a t  a 
g r e a t  deal  of  energy s t i l l  remained i n  the geothermal f l u i d  being re in-  
jec ted  i n t o  the ground. For  the  c o n d i t i o n s  assumed (see Table I) t h e  
l i q u i d  stream leaving the steam separator s t i l l  contains about 4.7 x 10" 
J /hr  (44,600,000 Btu/hr). This i s  re fe r red  to as "residual  heat." I f  one 
were t o  consider dedicating a wel l  w i t h  the same flow r a t e  f o r  the d i r e c t  
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use of process h e a t  ( n o  e l e c t r i c i t y  p r o d u c t i o n ) ,  t h e n  10" J / h r  
(95,600,000 B t u / h r )  would become a v a i l a b l e .  T h i s  i s  r e f e r r e d  t o  as 
"primary k a t . "  It then became o f  i n t e r e s t  t o  see whether t h i s  quant i ty of 
h e a t  was a t  t h e  proper  temperature l e v e l  t o  be useful t o  e i t h e r  ex i s t i ng  
indus t r ies  o r  t o  indus t r ies  which would be a p p r o p r i a t e  f o r  S t .  L u c i a ' s  
economy . 
I n  Soufriere, about 2.4 km from the proposed we l l  s i t e s  t h e r e  i s  a copra 
processing p l a n t  t h a t  i s  now using bunker C petroleum as the source o f  i t s  
process heat. The requi red temperature l eve l  i s  compatible w i t h  the 16wC 
tempera ture  o f  t h e  f l u i d  l e a v i n g  the  steam separator ,  and the  p l a n t  
manager was very in te res ted  i n  obtaining the  geothermal h e a t  as soon as 
poss ib le .  Another e x i s t i n g  p o s s i b i l i t y  i s  the use o f  the residual  ho t  
water  t o  p r o v i d e  h o t  water  f o r  t he  t o u r i s t  h o t e l s  n e a r  S o u f r i e r e .  
Unfortunately these G o  indus t r ies  could u t i l i z e  only a very small por t ion  
of t he  r e s i d u a l  heat  f rom one w e l l  t h a t  i s  b e i n g  u s e d  t o  p r o d u c e  
e l e c t r i c i t y ,  see Table 111. More o f  t he  a v a i l a b l e  heat could be used 
e i t h e r  by a longer de l ivery  system t h a t  cou ld  t r a n s p o r t  t he  heat  t o  the  
i n d u s t r i a l  park area a t  Vieux F o r t  (about 2 1  km away) o r  by creat ing addi- 
t i o n a l  indus t r ies  i n  the Soufr iere area. A t  Vieux F o r t  one i n d u s t r y  t h a t  
c o u l d  u t i l i z e  the geothermal heat i s  the brewery. P o s s i b i l i t i e s  t h a t  ap- 
pear worthy o f  more de ta i led  examination i n c l u d e  such new i n d u s t r i e s  as 
production o f  banana chips from the po r t i on  o f  the banana crop t h a t  i s  n o t  
exported, the dry ing o f  timber, o r  t he  p r o d u c t i o n  o f  f u e l  a l c o h o l  f rom 
sugar. A l though n o t  d i r e c t l y  using heat the production o f  dry i c e  from 
the carbon dioxide i n  the geothermal f l u i d  would make i t  possib le  f o r  S t .  
Luc ia  t o  have e x p o r t  frozen f ish,  and the condensate from the steam tu r -  
b ines  would produce apprec iab le  q u a n t i t i e s  of  f r e s h  w a t e r  w h i c h  i s  
c u r r e n t l y  expensive. These p o s s i b i l i t i e s  p lus  several others are l i s t e d  
i n  Table 111. 

As w i t h  the e l e c t r i c a l  system i t  i s  advantageous t o  have a spec i f i c  system 
model i n  mind i n  order t o  estimate the c o s t  o f  the  hea t  t h a t  the  system 
can d e l i v e r .  I t  i s  a l s o  o f  i n t e r e s t  t o  i n v e s t i g a t e  the e f f e c t  o f  the 
capacity fac to r  a t  which the system can operate. I n  t h i s  case the  quan- 
t i t y  o f  heat ava i lab le  i s  large compared t o  the i n d u s t r i a l  capacity t o  use 
it. Therefore studies were made t o  determine heat cos ts  f o r  b o t h  a 100% 
u t i l i z a t i o n  as w e l l  as a 10% u t i l i z a t i o n  of the  heat  ava i lab le  from a 
s ing le  wel l .  A schematic representat ion o f  the system envis ioned for t h e  
use o f  a res idua l  heat system i s  given i n  Fig. 6, and a primary heat sys- 
tem i s  shown i n  F ig .  7. I n  b o t h  cases t h e  spent  geothermal f l u i d  i s  
r e i n j e c t e d  i n t o  t h e  ground. Flow r a t e s  and expected temperatures are 
shown on the f igures. 

A l though c o s t s  were no t  estimated f o r  the establishment o f  these new i n -  
dustr ies, costs were estimated f o r  the de l i very  o f  the geothermal heat  t o  
i n d u s t r i e s  e i t h e r  i n  Soufr iere o r  Vieux Fort. The costs can vary over a 
wide range depending upon the c a p a c i t y  f a c t o r  o f  t h e  t o t a l  system, the 
d i s tance  t o  t h e  use s i t e  f rom t h e  we l l s ,  and the  f r a c t i o n  o f  the heat 
a v a i l a b l e  t h a t  i s  a c t u a l l y  used. F i g u r e  8 g i ves  s e v e r a l  c o s t s  f o r  
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geothermal h e a t  a t  t he  p l a n t  s i t e  e i t h e r  i n  Sou f r i e re  o r  Vieux Fort, 
e i t h e r  for primary o r  res idual  heat, for  two p l a n t  o p e r a t i o n  schedules, 
and f o r  e i t he r  100% o r  10% of we l l  capacity being used. Also shown are 
the costs for o i l  and natura l  gas process heat i n  the US, and from Fig.  8 
i t  can be seen t h a t  the costs for  the geothermal heat are competit ive i n  
a l l  cases. Only i n  the case o f  de l i very  o f  p r imary  h e a t  t o  the  f a r t h e r  
d e l i v e r y  p o i n t  w i t h  the  sma l le r  w e l l  capaci ty  and a t  the smaller p l a n t  
capacity fac to r  does the heat cost  exceed t h a t  o f  the cos t  o f  n a t u r a l  gas 
i n  the US. A l l  costs are less than t h a t  o f  o i l  i n  the US. 

GUATEMALA 

The work i n  Guatemala i s  a cooperative program beGeen Los Alamos and the 
two Guatemalan organizations: M in i s te r i o  de Energia y Minas de Guatemala 
(MEM) and I n s t i  t u t o  Nacional de E l e c t r i f i c a c i o n  (INDE). MEM par t i c ipants  
have included Leone1 Lopez Rodas, Carlos A. Avalos O r t i r ,  and Rolando Yon. 
I N D E  p a r t i c i p a n t s  have been p r imar i l y  Hugo Rolando Bethancourt and Edgar 
Tobias. 

Guatemala (see Fig.  9) has a l a n d  area of 42,000 m i 2  and a populat ion 
close to 8 m i l l i on .  I t s  economic base i s  a g r i c u l t u r a l  b u t  the i n d u s t r i a l  
sector i s s i  gni  f i can t. 

Since ea r l y  1985, Los Alamos has been ass i s t i ng  w i t h  energy developments 
i n  C e n t r a l  America. There are d i f f e r e n t  program components i n  Guatemala, 
E l  Salvador, Honduras, Costa Rica, and Panama. S i m i l a r  t o  t h e  S t .  Luc ia  
program t h a t  was previously described, the major ob ject ives are t o  create 
new employment oppor tun i t ies and improve the balance o f  trade by reduc ing  
o i l  impor ts .  A l l  types o f  indigenous or  renewable energy sources are o f  
i n t e r e s t  bu t  f o r  Guatemala most o f  the Los Alamos work t o  data has con- 
centrated on the use o f  geothermal energy and involves the appl icat ions o f  
geothermal energy as process heat i n  ag r i cu l tu ra l ,  i ndus t r i a l ,  o r  commer- 
c i a l  e n t e r p r i s e s .  However as was found i n  S t .  Lucia, i t  i s  o f ten  no t  as 
useful  as i t  might otherwise be to  study o n l y  hea t  a p p l i c a t i o n s  w i t h o u t  
a 1  s o  c o n s i d e r i n g  e l e c t r i c  power genera t ion  f rom the  same geothermal 
resource. 

Geothermal Resources i n  Guatemala 

I n  general, Central America i s  heavi ly  endowed w i t h  geothermal energy. I n  
Guatemala alone there are 35 volcanos, inc lud ing  three t h a t  emi t  volcanic 
mater ia ls  a t  f requent i n te rva l s  (Fuego, Santiaquito, Pacaya).[4] The vol- 
can ic  h igh lands,  where the  geothermal resources are located, are i n  the 
southern and southwestern par ts  o f  the country. I n  eleven areas t h a t  have 
been stud ied,  t he  estimated reservo i r  temperatures range from 140 t o  300° 
C. The f i e l d  w i t h  the highest temperature i s  c a l l e d  Z u n i l  I and i s  l o -  
ca ted  about  8 km south  o f  Quezal tenango and near  the  small v i l l a g e  of 
Zuni l .  This f i e l d  has been given the highest development p r i o r i t y  by the 
Guatemala Government. Zuni l  11, adjacent t o  Zuni l  I, may become another 
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favorable geothermal f i e l d  b u t  i t s  e x p l o r a t i o n  i s  s t i l l  i n  the e a r l y  
stages. Another promising f i e l d  i s  ca l l ed  Amatit lan and i s  located about 
25 km south-southwest o f  Guatemala C i t y  and mostly to the southeast of the 
c i t y  of Amatit lan. S l i m  holes have been d r i l l e d  b u t  no fu l l - s i ze  produc- 
t i o n  w e l l s  e x i s t .  A maximum r e s e r v o i r  temperature o f  about  25OoC i s  
p r e d i c t e d  f o r  the Amatit lan land f i e ld .  Prel iminary ind ica t ions  are t h a t  
t h i s  area i s  an exce l len t  resource capable of suppor t i ng  a l a r g e  power 
p 1 a n t  devel opmen t. 

The geothermal resources i n  Guatemala range f rom hydrothermal  t o  steam- 
dominated. To generate e l e c t r i c  power i n i t i a l l y  from the high temperature 
resources, conventional steam turb ine conversion systems are planned. For 
e x p l o i t a t i o n  o f  lower temperature resources i n  the future, the use o f  b i -  
nary cycle power systems might be most viable. 

A f a c t  worth not ing i s  t h a t  Guatemala has the theore t ica l  po ten t ia l  t o  use 
hydroelect r ic  f a c i l i t i e s  to meet a l l  o f  i t s  e l e c t r i c i t y  demand. However, 
t h e r e  a r e  some s e r i o u s  p r a c t i c a l  impediments to the achievement o f  t h a t  
condition. One fac to r  i s  t h a t  the i n i t i a l  costs of hydro f a c i l i t i e s  a r e  
very  la rge ,  r e q u i r i n g  scarce fo re ign  exchange equal t o  hundreds o f  m i l -  
l i o n s  o f  US dol lars.  This economic cons t ra in t  may p reva i l  f o r  many years. 

Another f a c t o r  i s  t h a t  t he re  i s  a marked seasonal va r ia t i on  i n  r a i n f a l l  
which means t h a t  supplemental power cou ld  be and i n  f a c t  i s  r e q u i r e d  
dur ing dry periods. A t  t h i s  time, a l l  o f  the supplemental power i s  gener- 
ated i n  thermal ( o i l )  plants. Guatemala's l a rges t  hydro pro jec t ,  Chixoy, 
went on l i n e  i n  1983 and the t o t a l  nat ional  capacity was almost 700 MWe. 
O f  the total, 60% was generated by hydro and 40% by thermal  p l a n t s .  I n  
the  fu tu re ,  as i n  1983, i t  i s  expected t h a t  the supplemental power re- 
quirement w i l l  always be substant ia l .  However, the  supplementary power 
could be generated by other means besides thermal, e-g., geothermal. 

Survey o f  Exi  s t i n g  Process Heat Appl 4 cat ions 

The Guatemala based o r g a n i z a t i o n ,  I n s t i  t u t o  Centro-American0 de 
lnvest igacion y Technologia I n d u s t r i a l  (ICAITI 1 was subcontracted t o  make 
a survey o f  process heat users i n  the Amatit lan and Zuni1 regions. Data 
on 28 d i f f e r e n t  users were compiled. Using data from 20 o f  the most rep-  
r e s e n t a t i v e  type  users  i t  was determined t h a t  t he  a.verage p l a n t  used 
10,500 x lo6 Btu/year which would requi re burning the equiva lent  o f  about  
80,000 g a l / y r  o f  bunker o r  d i s t i l l a t e  fuel. The average capacity fac to r  
was 0.67. The a v a i l a b i l i t y  f ac to r  f o r  the geothermal p i p i n g  and produc- 
t i o n  sys tem was e s t i m a t e d  as 0.94. Combining the  l a t t e r  w i t h  the 
previously noted capacity f a c t o r  o f  0.67 r e s u l t s  i n  an o v e r a l l  average 
c a p a c i t y  f a c t o r  o f  0.63. Our previous studies i n  S t .  Lucia showed t h a t  
capacity fac to rs  greater than about 0.50 should r e s u l t  i n  favorable cos ts  
o f  h e a t  d e l i v e r e d  t o  a f a c t o r y  assuming t h a t  o t h e r  f a c t o r s  such as 
p ipe l ine  length and e f f i c i e n c y  o f  heat  u t i l i z a t i o n  a t  t he  f a c t o r y  a re  
reasonable. 
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A map of the Al la t i t lan  area i s  shown i n  Fig. 10 w i t h  the  l o c a t i o n  o f  the  
f a c t o r i e s  t h a t  m i g h t  use geothermal heat. The p o t e n t i a l  users t o  the 
south o f  A m t i t l a n  are the most l i k e l y  users. The loca t ion  o f  p roduc t i on  
w e l l s  w i th  tcmperatures su i tab le  f o r  process heat w i l l  probably be t o  the 
southeast o f  Amatit lan and south o f  the lake. The area j u s t  southeast  o f  
t he  c i t y  has the po ten t ia l  t o  become an i n d u s t r i a l  park and Guatemala in -  
d u s t r i a l i s t s  appear to be qu i te  in terested i n  t h a t  idea. However, f u r the r  
explorat ion w i t h  add$ t i ona l  exploratory boreholes are requi red before t h i s  
geothermal resource can be f u l l y  exploited. 

Figure 11 shows the locat ions o f  the e x i s t i n g  p lan ts  i n  the Zuni l  v i c i n i t y  
t h a t  use process heat a t  temperatures compat ib le  w i t h  geothermal heat. 
Un fo r tuna te l y  none o f  these are very near to the Zuni l  I f ie ld .  However, 
the f u t u r e  Zuni1 I 1  f i e l d  i s  expected t o  l i e  t o  the  no r thwes t  toward 
Quezal  tenango and many new geothermal heat appl icat ions might develop i n  
the future. Quezaltenango i s  the second la rges t  c i t y  i n  Guatemala and i t s  
a g r i c u l t u r a l  and i n d u s t r i a l  enterpr ises are growing. 

There are s i x  f u l l  scale production we l ls  a t  Zuni l  I and we a r e  p l a n n i n g  
t o  i n s t a l l  t h e  f i r s t  s m a l l - s c a l e  demonstrat ion f a c i l i t i e s  a t  t h a t  
locat ion.  The surrounding area, i n c l u d i n g  the  steep s lopes  o f  the  ad- 
j a c e n t  Santa Mar ia  volcano, produces many o f  t he  vegetables used i n  
Guatemala and neighboring E l  Salvador. Therefore, we f e e l  t h a t  the use o f  
the geothermal hea t  f o r  p rocess ing  f r u i t s  and vegetables could be very 
useful. 

Near-Term Plans f o r  Zuni l  1 
A f r u i t  and vegetable processing center near the Zuni l  f i e l d  i s  conceived 
as i n c l u d i n g  f reez ing ,  b lanching,  d ry ing ,  s t e r i l i z a t i o n ,  and cooking. 
There i s  a ready market  i n  the  US f o r  f rozen  produce. A s u b s t a n t i a l  
amount o f  energy i s  r e q u i r e d  f o r  t he  f r e e z i n g  process. Figure 12 il- 
l u s t r a t e s  the  concept  now be ing  s t u d i e d  f o r  a t t a i n i n g  t h e  necessary 
f r e e z i n g  temperatures. I t  i s  an o rgan ic  Rankine cycle "binary" system 
prov id ing sha f t  power t o  d r i ve  compressors. A smal l  amount o f  e l e c t r i c  
power can a l s o  be generated as needed by t h e  process ing  p l a n t .  The 
processes requ i r i ng  steam o r  d i r e c t  heating w i l l  use a res idual  hea t  sys- 
tem such as was described previously (Fig. 6 ) .  Figure 13 i l l u s t r a t e s  the 
components i n  a f u l l  scale processing plant. Construction o f  such a p l a n t  
w i l l  have t o  w a i t  u n t i l  some o f  t h e  m a j o r  p r o c e s s i n g  s t e p s  a re  
demonstrated i n  smaller f a c i l i t i e s .  The f i r s t  smal l  demonstrat ions a re  
planned f o r  l a t e r  t h i s  year. 

Benef i ts  from Geothermal Energy Appl icat ions 

We have a l r e a d y  d iscussed the  way t h a t  geothermal e l e c t r i c  power p lants  
could displace o i l - f i r e d  power p lan ts  and be bene f i c ia l l y  i n teg ra ted  w i t h  
Guatemala's hydro capacity. Benef i ts  can a lso  be obtained from the use o f  
geothermal heat i n  p lace  o f  o i l - d e r i v e d  heat  i n  i n d u s t r i a l  processes. 
F i r s t ,  c o s t  pe r  u n i t  hea t  q u a n t i t y  (e.g. $/lo6 B t u )  i s  important. The 
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costs are s i t e  s p e c i f i c  and d i f f e r e n t  scenarios were assumed i n  o rde r  t o  
es t ima te  the  cos t  o f  de l i ver ing  heat to factory boundaries. Our cost  es- 
t ima tes  range f rom about  $1.50 (US) t o  $5.00 (US)/106 B t u  over h e a t  
t r a n s p o r t a t i o n  d is tances o f  1 t o  7 km. These costs are competit ive w i th  
o i  1 -der i ve d hea t co s t s  . 
When eva lua t i ng  o i l  displacement and how ef fect ive geothermal d i r e c t  heat 
appl icat ions are compared to geothermal power genera t i on  we found t h a t  
d i r e c t  hea t  can be more ef fect ive.  Table I V  i l l u s t r a t e s  t h i s  point. The 
comparison i s  made f o r  equal f l o w  ra tes  o f  geothermal f l u i d  on an h o u r l y  
and an annual basis. We assumed t h a t  the o i l  power p lan ts  being displaced 
have a heat r a t e  o f  10,200 Btu/kWh and the p l a n t  c a p a c i t i e s  a r e  0.63 f o r  
t he  d i r e c t  h e a t  a p p l i c a t i o n s  and 0.85 f o r  the geothermal power plants. 
Three geothermal resource  temperatures were eva lua ted :  165, 200, and 
250%. We have been evaluat ing d i r e c t  heat a t  temperatures up to 200:C i n  
Guatemala b u t  have a lso  included 25OoC as one case l i s t e d  i n  t h e  tab le .  
The 25OoC temperature represents an exce l len t  geothermal resource and f o r  
generating power, steam t u r b i n e s  would be used. A t  2OO0C, one m i g h t  
economica l l y  use e i t h e r  a steam turb ine o r  an organic Rankin cycle type 
plant. A t  165QC, the l a t t e r  type p l a n t  would be most appropriate. 

The second row o f  Table I V  shows the more important comparison t h a t  the 
geothermal d i r e c t  heat appl icat ions can displace approx imate ly  tw ice  the  
o i l  t h a t  geothermal e l e c t r i c  power can. Thus the use o f  geothermal energy 
f o r  process heat can be worthwhile-even i f  geothermal e l e c t r i c  power i s  
displaced. O f  course, t h i s  i n  no way impl ies t h a t  geothermal power should 
n o t  be developed because the  t o t a l  energy q u a n t i t i e s  f o r  a n a t i o n ' s  
e l e c t r i c 1  t y  genera t i on  i s  a lmost  always much greater than t h a t  required 
f o r  process heat. 
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TABLE I 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

BASE-CASE ASSUMPTIONS AND OPERATING CHARACTERISTICS 
OF A STEAM TURBINE ELECTRIC POWER SYSTEM I N  ST. LUCIA 

Well depth : 1000 to 2000 m 
Reservoi r-f 1 u i  d temperature : 250'C (482°F) 
F1 uid-saturat ion pressure : 4.0 MPa (580 l b / i n 2  abs.) 
Pumping i s  by f lash-bo i l ing  ac t ion  i n  the well .  
Steawseparator pressure : 0.62 MPa (90 l b / i n 2  abs.) 
S team-separa tor tempera tu re  : 16OoC (32O0F) 
Residual water : 98,600 kg/h (217,400 lb /h )  
Tota l  steam generated : 24,267 kg/h (53,510 lb /h )  
Steam through turbine : 23,040 kg/h (50,800 lb /h )  
Turbine i n l e t  pressure : 0.52 MPa (75 l b / i n 2  abs.) 
Turbine ef f ic iency : 0.80 
S team-condensa ti on temperature : 46OC (l lS°F) 
Steam-condensa t i o n  pressure : 10 kPa (1.5 l b / i n 2  abs.) 
Surface condenser cooled by ocean water i s  assumed. 
Coolant temperature i n t o  condenser : 15.6% (60'F) 
Coolant temperature ou t  o f  condenser : 43.3'C (110'F) 
Cool an t-f 1 ow r a  te 
Gross power : 2,865 kWe 
Net power : 2,500 kWe 

: 474,000 kg/h (1,045,000 lb /h )  

TABLE I 1  

COST COMPARISON--ELECTRICITY FROM GEOTHERMAL ENERGY 
AND FROM ALTERNATIVE TECHNOLOGIES 

LLCC Savi ngsa 
System (SUS/kWh 1 ($US M )  

1. Geothermal 0.063 
2.  Diesel (peaking) 0 . 102 
3. Diesel ( t o t a l )  0.090 
4. O i l - f i r e d  steam 0.086 
5. Coal - f i red system 0.071 

94 

0 
2 

62 

0-0 

a 
Savings represent d i f ference i n  t o t a l  expendi tures over  a 30-yr 

p e r i o d  between 100% diesel  generation and using d iesels  f o r  peak- 
i n g  only  p lus geothermal systems f o r  base-load. 
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TABLE I11 

TYP ICM PROCESS-HEAT DELIVERY RATES 

Work Schedule Average Heat 
(8-h s h i f t 1  Con sump tl on 

Act1 v l  ty days/wk) Product1 on (m i l l i on  Btu/h) 

1. 
2. 

3. 

4. 
5. 

6. 
7. 

9. 

Coconut-of 1 productlon 3/5 
Tfmber drylng 317 

Concrete-b 1 ock 215 
production 
8wr productton 3/ 7 
Alcohol /gasohol from 3/5 
sugar cane 
Dry-ice production 315 
BanaM-Chi PS product1 on 315 
Tour ls t  6 other comerclal  317 
ho t l r a t e r  appl I ca t lons 
Alumina production 3/7 

3300 Imp gal/day 

20 days 
650,000 b l k s l y r  

6,000 bott leslday 
482,300 US g a l l y r  

1,270 metric tonslyr  
10.3 m l l l l o n  l b / y r  
213 o f  256 r m  
hotel 's  annual needs 
28,500 metric tons/yr 

15,000 brd f t /  
2.7 
0.4 

0.4 to 1.2 

1.0 
4.0 

5.5 
2.1 

0.3 to 1.1 

66 

TABLE I V  

COMPARISON OF OIL DISPLACED BY TWO GEOTHERMAL 
APPLICATIONS: DIRECT HEAT VS POWER GENERATION 

Geothermal Resource Temperature ( 'C) 

011 displaced per hour by d i r e c t  heat 
il displaced per hour by power generatlon 

O i l  displaced per year by d l r e c t  heat 
11 displaced per year by power generation 

250 

* 2.9 2.6 2.4 

_I 

200 - 165 - 

= 2.1 1.9 1.8 
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F i g .  1 :  West Indies  and Central  America, Arrow shows the loca t ion  o f  the I s l and  
o f  S t .  Lucia.  
Source: National Geographic Socie ty  
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St. Lucia 

F i g .  2: Major populat ion centers 
f i e l d  i s  a shor t  d istance 

n St. Lucia. The geotherma 
east o f  Soufriere. 
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61' 
f T 0  C A S T R I E S  & 

F i g .  3: The geothermal field i n  St. Lucia. The dots locate 
the electric resistivity measurement stations made 
through the caldera area. The proposed well drilling 
sites are noted. 
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F i g .  4 :  A scenario f o r  the in t roduc t ion  o f  geothermal 
e l e c t r i c  power i n  St. Lucia. 
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F i g .  5: Power g e n e r a t i o n  components used f o r  performance estimates. 
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Simplified schematic o f  a "residual heat system." 
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Fig.  7 :  Simp l i f i ed  schematic o f  a "primary heat system." 
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F i g .  9: Map of Guatemala showing: ( 1 )  Guatemala Ci ty,  
( 2 )  Amati t l  an, ( 3 )  Zuni 1 , and ( 4 )  Quezal tenango. 
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Fig. 10: The locat ions o f  e x i s t i n g  and po ten t ia l  users o f  
geothermal heat i n  t h e  Amatit lan area. The mos” 
i n t e r e s t i n g  app l ica t ion  concept seems t o  be t h a t  
o f  an i n d u s t r i a l  park, noted a t  (10).  
power w i l l  probably be produced somewhere i n  the 
area a t  the lower r i g h t  corner o f  the map. Each 
square has 1 km sides. 

E l e c t r i c  
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Fig. 11: The location of existing and potential users o f  geothermal 
heat between Zunil and Quezaltenango. The geothermal field 
noted is Zunil I. Each square has 1 krn sides. 
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COOLINQ 
SYSTEM 

Fig. 1 2 :  Thermally driven freezer system using an 
organic Rankine power cycle. 
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F i g .  13: Zuni1 "Agricultural Processing Center" Plant. 
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