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PREFACE 

T h e  need has a r i s en  i n  Colorado f o r  a comprehen e appra isa l  of t h e  poten t ia l  
use of geothermal energy by industry.  T h e  broa ectrum of e x p e r t i s e  required 
t o  f u l l y  eva lua te  this  po ten t i a l  includes:  1) a n  understanding of industry 
processes ,  2 )  marketing and planning s k i l l s ,  and  3 )  a working knowledge of the 
many f a c e t s  of geothermal energy devel opment. 

In-house knowledge of some o f  t h e  t o p i c s  t o  be covered was l imi ted  a t  t h e  
Colorado Geological Survey. For t h i s  reason, Barbara Coe, an  independent 
marketing consul tan t  w i t h  a grea t  deal of experience regarding i n s t i t u t i o n a l  
concerns and o ther  aspects  o f  geothermal development, was contracted t o  produce 
the following repor t .  T h i s  document represents  Ms. Coe’s work e n t i r e l y ,  w i t h  
only minor geotechnical con t r ibu t ions  from the  Colorado Geological Survey; 
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SECTION I 
I 

INTRODUCTION 

Geothermal energy can be used f o r  heat f o r  a wide va r i e ty  of  i n d u s t r i a l  
a c t i v i t i e s  and processes.  I t  is  a c lean,  easy t o  use,  p o t e n t i a l l y  renewable 
source of energy t h a t  can of ten  be provided a t  a lower t o t a l  cos t  t h a n  o the r  
energy resources.  T h i s  repor t  descr ibes  the  r e s u l t s  of an inves t iga t ion  of the 
poten t ia l  f o r  use of geothermal energy for  a v a r i e t y  of  i ndus t r i a l  uses i n  
Col orado . 
A. In t en t  of Report 

T h i s  i nves t iga t ion  i s  a par t  of the  e f f o r t  by the Colorado Geological Survey, 
under-a  con t r ac t  w i t h  t h e  U.S. Department of Energy, t o  provide information t o  
he1 p s t i rnulate  private development of geothermal energy. The report  i s  intended 
t o  help i n d u s t r i a l  energy users  in Colorado learn  more about t he  d e s i r a b i l i t y  
o f  u s i n g  geothermal energy f o r  s p e c i f i c  i ndus t r i a l  uses. A t  t he  same time, i t  
can help prospect ive geothermal energy producers, investors, and d i s t r i b u t o r s  
i d e n t i f y  the poten t ia l  market f o r  the  product. Furthermore, i t  may be useful 
t o  loca l  communities w i t h  geothermal resources i n  t h e i r  e f f o r t s  t o  s t imula te  
economic development or  r e t a i n  e x i s t i n g  industries. 

T h i s  i nves t iga t ion  focuses on the  poten t ia l  i n d u s t r i a l  market demand f o r  
geothermal energy. Previous s t u d i e s  have focused upon  the  poten t ia l  su 1 of 
geothermal energy t o  e x l s t i n g  energy markets, usua l ly  f o r  r e s i d e n t i a  *and 
commercial consumption. Because t h e  vast  major i ty  of t h e  manufacturing i n  
Colorado occurs along t h e  Front Range, whereas t h e  vast  major i ty  of the 
i d e n t i f i e d  geothermal s i t e s  a re  found west of t h e  Front Range, t he  i n d u s t r i a l  
po ten t ia l  f o r  use of geothermal energy i n  Colorado has been l a r g e l y  discounted. 
I t  i s  now suspected, however, t h a t  the i n d u s t r i a l  po ten t ia l  f o r  use of 
geothermal energy m i g h t  be g r e a t e r  than has bee 

Several  events occurr ing i n  Colorado account f o  i c ion :  Much of the 
economic a c t i v i t y  i n  western Colorado, such as m i n i n g ,  a g r i c u l t u r e ,  and 
tourism, i s  i d e a l l y  suited t o  the  use of geothermal energy. Rapid population 
growth is  being s t imula ted  i n  western Colorado by. energy and mineral 
development and recrea t ion .  T h i s  population growth, i n  t u r n ,  s t imu la t e s  
addi t iona l  i n d u s t r i a l  growth.  Furthermore, as energy c o s t s  continue t o  r ise,  
industries a r e  becoming more i n t e r e s t e d  i n  l oca t ing  new plan ts  wherealower cos t  
energy i s  avaf 

Another reason n t he  poten t ia l  i n d u s t r i a l  demand for geothermal 
energy of Colorado i s  t h e  advantage t o  the  producer and d i s t r i b u t o r  of 
m a r k e t i n g  t o  t h a t  ec tor .  A1 though n o t  t h e  l a r g e s t  fuel  consuming s e c t o r ,  
i n d u s t r i a l  f a c i l i t  s t end  t o  consume g r e a t e r  q u a n t i t i e s  o f  fue l  per f a c i l i t y  
than do r e s i d e n t i a l  o r  i n d u s t r i a l  f a c i l i t i e s .  , T h i s  means t h a t  t h e  hea t  load 
per f a c i l i t y  wil7 be h i g h  re la t ’ ive  t o  the c a p i t a l ,  maintenance and 
admin i s t r a t ive  cos t s  of energy production and del ivery  systems. Furthermore, 
the magnitude of the sales per user  and t h e  year-round use wil l  help assure  a 
s u f f i c i e n t l y  l a r g e  market t o  warrant development of a geothermal resource with 
a l e s s  ex tens ive  marke t ing  e f f o r t  t h a n  is required t o  acquire a l a r g e  number o f  
i n d i v i d u a l  customers. 
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B. Format of Report 

Four  major sections make up  the report. This f i r s t  section introduces the 
topic and describes the format and methodology. Then before any meaningful 
t h o u g h t  can be given t o  the potential demand f o r  geothermal energy, some 
in i t i a l  facts about  the geothermal resources i n  the s t a t e  m u s t  be understood. 
The second section, therefore, describes resource characterist ics,  estimated 
temperatures, and the d i f f icu l ty  of d r i l l ing  for  each o f  the areas i n  which 
geothermal energy has been identified. A prospective geothermal energy user o r  
producer should bear i n  mind ,  however, t h a t  only a limited amount of 
i n fo rma t ion  regarding the t o t a l  resource i s  available. Much exploration i s  
needed i n  order t o  identify a l l  of the areas with usable geothermal energy and 
the magnitude o f  t h a t  energy. 

The t h i r d  section of the report f i r s t  presents an overview of the potential 
demand for geothermal energy i n  Colorado among fou r  major  industrial sectors: 
agriculture, manufacturing, mining, and tourism. Following t h a t ,  a closer look 
i s  given t o  the potential demand i n  each of those sectors. Section Four i s  the 
summary and conclusions section. 

C. Methodology of Investigation 

This investigation focused upon  two major  questions: 1. w h a t  e x i s t i n g  
industrial f a c i l i t i e s  which a r e  co-located w i t h  geothermal energy are a 
potential market for  t h e -  energy and;  2. what  i n d u s t r i a l  f a c i l i t i e s  n o t  
currently co-located w i t h  geothermal energy might reasonably be expected t o  
consider opening new f a c i l i t i e s  o r  relocating t o  areas t h a t  have geothermal 
energy? The l a t t e r  question is  confined t o  the m a n u f a c t u r i n g  sector, since 
agriculture, m i n i n g  and tourism faci l  i t i e s  are generally not  f lexible  regarding 
1 ocat i on. The f i r s t  two are dependent upon  resource a v a i  1 ab1 i 1 i t y ;  the 1 a t t e r  
i s  dependent upon an increasing demand for l o d g i n g  and food. 

To answer these questions, the f a c i l i t i e s  whose temperature requirements are 
low enough t o  use geothermal energy were identified. I n  order t o  a l l o w  f o r  the 
f u l l  range of poss ib i l i t i es ,  uses requiring temperatures up  t o  400°F were 
included. Resource temperatures are n o t  known for certain i n  most cases, b u t  
are not expected t o  be over 4 O O O F .  Then, t o  understand w h i c h  existing 
co-located f a c i l i t i e s  c o u l d  use the energy, those d a t a  t h a t  were available 
concerning f a c i l i t i e s  in the areas now k n o w n  t o  have geothermal energy were 
obtained. These included manufacturers, mines, and tour i s t  f a c i l i t i e s ,  namely, 
hotel s/motel s and restaurants. (Because most of  the agricultural uses 
discussed are new uses of heat, rather t h a n  existing ones, no d a t a  were 
available concexing them.) Estimates of t h e  energy requirements f o r  the 
fac i l  i t i e s  were then obtained or  calculated. 

To understand the potential demand for  geothermal energy among new industrial 
users i s  more d i f f icu l t .  Although the variety of possibi l i t ies  i s  quite v a s t ,  
where industries will decide t o  l oca t e  new f a c i l i t i e s  is  impossible t o  know. 
No patterns govern the i r  locations, which are selected by a decision process 
involving a complex search and analysis by individual firms. Various 
industries have, however, unique location c r i t e r i a .  Some are more central ized 
t h a n  others; Some require raw materials, labor or a market near a t  hand.  Fo r  
others, certain types of t r a n s p o r t a t i o n  faci l  i t i e s  o r  high-level research 
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ins t i tu tes  are c r i t i c a l .  Some of these +equirements were identified t h r o u g h  
interviews w i t h  s ta f f  members of the Colorado Division of Commerce and 
Development, who work closely w i t h  firms m a k i n g  such location decisions. Some 
industries whose requirements cou ld '  be 'met by geothermal s i t e s  i n  western 
Colorado were pinpointed; o thers  whose requirements were clearly n o t  met a t  
such locations were eliminated from further consideration, based on t h i s  
information. A second analysis t o o k  a s  i t s  point'of departure  the *assumption 
t h a t  the future would resemble the  present. I f - industr ies  a re  currently - ( : i n  
1977,  since those were the l a t e s t  d a t a  available) located i n  a significant 
number (i.e.,  10 counties) of areas o ther  t h a n  m a j o r  metropolitan areas, they 
were considered t o  be possible candidates. T h e  total  energy consumption and 
average plant consumption were then reviewed as a basis for selecting those 
t h a t  would be l ikely t o  be b o t h  most interested in the energy and of greatest 
interest  t o  a geothermal energy se l le r .  A d d i t i o n a l l y ,  studies of the location 
decision making c r i t e r i a  and processes for four industries t h a t  were conducted 
by the Earl Warren Legal Ins t i tu te  (Bressler and Hanemann, 1979, 1980) were 
extremely helpful in assessing the potential market demand in ,Colorado for  
geothermal energy of the lumber, onion and  p o t a t o ,  greenhouse and chemical 
industries. 

The most promising candidates for  u s i n g  the energy', bas"ed on the analysis, are 
identified in each sector. Some examples of existing geothermal users i n  each 
are indicated whenever possible, along w i t h  a brief description of the design 
and operation o f  the systems. Any c r i t i ca l  issues about  which a prospective 
producer o r  user should be aware are discussed as  appropriate. The l a s t  
section summarizes the investigation and findings and provides some suggestions 
f o r  targeting markets. 
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A. L - c a t  i - n - f Ge - 

SECTION I1 

GEOTHERMAL SITES IN COLORADO 

thermal S i tes  

Colorado has s u f f i c i e n t  geothermal energy f o r  i t  t o  be s e r i o u s l y  considered as 
an energy resource. F i f ty -e igh t  geothermal s i t e s  have  been p o s i t i v e l y  
i d e n t i f i e d  and inventor ied (Figure 1 and Table l ) ,  and t h i s  is  probably not the 
f u l l  ex ten t  of the energy. Frequently,  t h e  prime geothermal prospects a r e  
found i n  areas  lacking hot springs o r  o the r  natural  su r f ace  expressions.  As 
Tom Schessler  of t he  U.S. Forest  Service so a p t l y  p u t  i t :  "absence of evidence 
i s  not evidence of absence," where natural  resources a r e  concerned. Di l igent  
explorat ion is  required before the ex ten t  of t h e  energy wil l  be known. L i t t l e  
geothermal explora t ion  has been performed i n  Colopado t h u s  f a r  because t h e r e  i s  
l i t t l e  evidence of resources t h a t  a r e  i n  the h i g h  temperature,  h i g h  volume and 
h i g h  pressure category required f o r  power generat ion,  t h e  primary focus of 
geothermal explorat ion work t o  date .  

Even so ,  t h e  geothermal energy t h a t  i s  known i n  Colorado i s  s i g n i f i c a n t .  
Furthermore, i t  i s  d i s t r i b u t e d  widely throughout t he  mountains from north t o  
south. O f  the  63 count ies  i n  Colorado, 23 have some geothermal sur face  
expressions,  e i t h e r  hot s p r i n g s  or  wel ls .  T h i s  means t h a t  a l a r g e  number of 
communities and f a c i l i t i e s  .could use geothermal energy. Table 2 shows s i t e s  
matched w i t h  communities t h a t  a r e  w i t h i n  5 miles of an  incorporated community. 
As indica ted ,  1 7  s i t e s  a r e  i d e a l l y  located r e l a t i v e  t o  population centers .  

Of the  24 count ies  w i t h  observed geothermal energy, most a r e  charac te r ized  by 
t h e  Colorado Division of Commerce and Development as  e i t h e r  economically 
d i s t r e s sed  or growth-impacted. Where economic dis t ress ,  o r  low incomes a n d / o r  
h i g h  unemployment, i s  found, f requent ly  i t  stems from too l i t t l e  i n d u s t r i a l  
d i v e r s i t y .  If  an energy resource can be of fe red  t h a t  i s  c lean ,  abundant, easy 
t o  use and l e s s  expensive t h a n  a l t e r n a t i v e s ,  i t  may help encourage t h e  
development of new indus t ry  i n  such areas .  

Of those count ies  i n  Colorado t h a t  a r e  charac te r ized  as growth impacted, many 
a r e  growing because of energy explorat ion and development; some a r e  growing 
because new o r  e x i s t i n g  ski a reas  or  o ther  r ec rea t ion  s i tes  a r e  a t t r a c t i n g  
r e s iden t s ;  and some a re  growing because t h e i r  natural  beauty, c lean a i r  and 
small populations a t t r a c t s  people who a re  seeking an improvement in t h e i r  
qual i t y  of 1 i f e .  

In count ies  where growth i s  now occurring or  i n  count ies  which a r e  seeking 
economic growth, addi t iona l  energy wil l  be needed. Furthermore, where new 
f a c i l i t i e s  a r e  b e i n g  cons t ruc ted ,  no r e t r o f i t t i n g  wil l  be requi red ,  t h u s  
minimizing the cos t  of u s i n g  geothermal energy. 

Geothermal energy i s  a c lean energy source t h a t  can e a s i l y  be used f o r  numerous 
thermal energy needs including not only space and water heat ing b u t  a l s o  
i n d u s t r i a l  processes. I t  can be developed by a n  energy consumer f o r  his own 
use, thereby obtaining both lower cos t  energy cu r ren t ly  and the  s e c u r i t y  of his 
own energy source over t he  long range. T h e  consumer i n  t h i s  case wil l  pay only 

i 
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Figure 1.  A Map o f  Thermal Sites  i n  Colorado (see Table 1 )  (from Barrett 
and Pearl, 1978).  

n 



~~ 

T a b l e  1. List of  Thermal S i t e s  i n  Colorado  7 

Antelope Hot S p r i n g  
Birdsie Warm S p r i n g  
Brands Ranch A r t e s i a n  We1 1 
Brown ' s Canyon Warm S p r i n g  
Canon C i t y  Warm S p r i n g  
C e b o l l a  Hot S p r i n g s  
Cement Creek Warm S p r i n g  
C1 a r k  Artesian We1 1 
Colonel C h i n n  Hot Water Well 
Conundrum Hot S p r i n g s  
Cottonwood Hot S p r i n g s  
C r a i g  Warm Water Well 
Dexter Warm S p r i n g  
Don K Ranch A r t e s i a n  Well 
Do t se ro  Warm S p r i n g  
Dunton Hot S p r i n g  
D u t c h  Crow1 e y  A r t e s i a n  We1 1 
E ldorado  S p r i n g s  
Eoff A r t e s i a n  We1 1 
F1 o r e n c e  A r t e s i a n  We1 1 
Fremont Na ta to r ium Hot S p r i n g  
Geyser  Warm S p r i n g  
G 1  enwood S p r i n g s  
H a r t s e l  Hot S p r i n g s  
Haystack Butte Warm Water Well 
Hot Su lphur  S p r i n g s  
Idaho Hot S p r i n g s  
Juniper Hot S p r i n g s  
Lemon Hot S p r i n g  
Mc I n t y r e  
Mineral  Hot S p r i n g  
M t .  P r i n c e t o n  Hot S p r i n g s  
Orvis Hot S p r i n g  
Ouray Hot S p r i n g  
Pagosa S p r i n g s  
P a r a d i s e  Hot S p r i n g  
Penny Hot S p r i n g s  
P i n k e r t o n  Hot S p r i n g s  
Poncha Hot S p r i n g s  
Rainbow Hot S p r i n g  
Ranger Warm S p r i n g  
Rhodes Warm S p r i n g  
Rico 
Rout t  Hot S p r i n g s  
Sand Dunes Swimming P o o l ,  

Hot Water Well 
Shaws Warm S p r i n g  
South  Canyon Hot S p r i n g  
Spl ash1 and Hot Water We1 1 
Steamboat  S p r i n g s  
S t i n k i n g  S p r i n g s  
S w i s s v a l e  Warm S p r i n g  
Tr imble  Hot S p r i n g  
T r i p p  Hot S p r i n g  
Valley View Hot S p r i n g s  
Wagon- Wheel Gap H o t  S p r i n g s  
Waunita Hot S p r i n g s ,  Upper and Lower 46 
Wellsville Warm S p r i n g  24 

S i t e  Number 

44 
45 
5 

22 
26 
47 
16 
30 
14 
15 
20 
2 
36 
29 
10 
51 
39 
8 

40 
28 
27 
52 
11 
19 
7 
6 
9 
1 
50 
37 
31 
21 
48 
49 
41 
53 
13 
55 
23 
42 
17 
18 
54 
3 

34 
33 
12 
35 
4 
38 
25 
56 
56 
32 
43 

County 

Mineral  
Mineral  
J ackson  
Chaf fee  
Fremont 
G u n n i  son 
G u n n i  son 
Pueblo  
D e l t a  
P i t k i n  
Cha f fee  
Moffa t  
Cone j os 
Pueblo  
Eag le  
Dol ores 
A r c h u l e t a  
Boulder  
Archul e t a  
Fremont 
Fremont 
Dol ores 
G a r f i e l d  
Park  
Boulder  
Grand 
C1 e a r  Creek 
Moff a t  
San Miguel 
Conejos  
Saguac he 
Chaff  ee 
Ouray 
Ouray 
Archul e t a  
Dol ores 
P i t k i n  
La P l a t a  
Chaf fee  
Mineral  
G u n n i  son 
Park  
Dol ores 
Rou t t  

Saguac he 
Saguac he 
G a r f i e l d  
A1 amosa 
Routt  
Archul e t a  
Fremont 
La P1 a t a  
La P l a t a  
Saguac he 
Mineral  
G u n n i  son  
Fremont 

from B a r r e t t  and Pearl, 1978 - 6 -  
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T a b l e  2. Geothermal S i t e s  Wi th - in  Five Miles o f  a Community 

Geothermal A r e a s  Commun f t y  

G1 enwood S p r i n g s  
Spl  ash1  and 
Pagosa Hot S p r i n g s  
Steamboat  Hot S p r i n g s  
Hot S u l p h u r  S p r i n g s  
E l d o r a d o  S p r i n g s  
Idaho  S p r i n g s  
Ouray 
Dunton 
Col . C h i n n  
We1 1 svi l l  e/Swissval e 
Canon C i  t y /F remont  
C1 a r k  
Orvis 
R i  c o  
Poncha S p r i n g s  
C r a i g  

G1 enwood S p r i n g s  
A1 amosa 
Pagosa S p r i n g s  
Steamboat  S p r i n g s  
Hot S u l p h u r  S p r i n g s  
E l d o r a d o  S p r i n g s  

Dunton 
Paon i a 
Sa l  i d a  
Canon City 
Pueb lo  
R i  dgway 
R i  co 
Poncha S p r i n g s ,  Sa l  i d a  
C r a i g  

t he  m a i n t e n a n c e  and o p e r a t i n g  c o s t s  f o l l o w i n g  payback o f  the  i n i t i a l  c a p i t a l  
investment. Or, i t  can  be deve loped  by an e n e r g y  p r o d u c e r  and s o l d  t o  
consumers  o r  t o  a d i s t r i b u t o r  f o r  s a l e  t o  consumers ,  S t u d i e s  show t h a t  i n  b o t h  
s i t u a t i o n s ,  geo the rma l  energy i s  o f t e n  a very c o s t - e f f e c t i v e  e n e r g y  s o u r c e .  
From the p o i n t  of view of the  consumer,  i t  c a n  s a v e  d o l l a r s .  From the  p o i n t  o f  
view of an  i n v e s t o r  i n  geo the rma l  e x p l o r a t i o n  and p r o d u c t i o n ,  t h e  r a t e  o f  
return on investment c a n  a l s o  be q u i t e  a t t r a c t i v e ,  a s  much a s  30 p e r c e n t  
a c c o r d i n g  t o  one C o l o r a d o  s i t e  e v a l u a t i o n  (Coe, e t  a l ,  i n  p r o g r e s s ) .  

B. Charac te r i s t i c s  of-Geothermal S i t e s  

The usefulness of a geo the rma l  r e s o u r c e  i s  p r i m a r i l y  dependen t  
c h a r a c t e r i s t i c s :  t e m p e r a t u r e ,  w a t e r  q u a l i t y ,  d i s c h a r g e  r a t  
d r i l l i n g  c o s t ,  and s i t e  l o c a t i o n .  Temperature, d i s c h a r g e  r a t e ,  and pressure 
refer t o  the  r e s o u r c e  o b t a i n e d  from a wel l ,  n o t  from s p r i n g s - - t h e  two c a n  be 
q u i t e  d i f ferent .  D r i l l i n g  c o s t  i s  l a r g e l y  a f u n c t i o n  o f  t he  d r i l l i n g  
r e q u i r e d  and  the d i f f  i n g  i n  the  p a r t i c u l a r  f o r m a t i o n .  

Some research h a s  bee 11  o f  t h e  i n  n t o r i e d  geo the rma l  s i  
Colorado.  T h i s  i n c l u d e s  geochemical  t e c h n i q u e s  t0 e s t i m a t e  subsurface w a t e r  
t e m p e r a t u r e s .  Becaus ochemica l  model s f r e q u e n t l y  a r e  n o t  able t o  a c c u r a t e l y  
predict  t e m p e r a t u r e s  t e m p e r a t u r e  e s t i m a t e s  s h o u l d  be used o n l y  a s  a u ide ,  
i n  c o n j u n c t i o n  w i t h  
measured s u r f a c e  and e s t i m a t e d  s u b s u r f a c e  t e m p e r a t u r e s ,  current d i s c h a r g e  r a t e ,  
and t o t a l  d i s s o l v e d  sol ids  (TDS) i n  the f l u i d  - a t  e a c h  s i te .  I n  g e n e r a l ,  
C o l o r a d o ' s  r e s o u r c e s  a r e  1 ow t o  modera t e  t e m p e r a t u r e ,  w i t h  good w a t e r  qua l  i ty .  

d a t a ,  n o t  t r e a t e d  a s  known f a c t .  T a b l e  3 shows 5 t e 
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Table 3. Colorado Geothermal S i t e  C h a r a c t e r i s t i c s  Parameters 

S i t e  

Antelope 
B i  r d s i e  
Brand's Ranch 
Brown's Canyon 
Canon City 
Ceboll a 
Cement Creek 
Clark 
Col one1 C h i n n  
Con und r urn 
Cottonwood 
Craig 
Dexter 
Don K. Ranch 
Dotsero 
D u n t o n  
D u t c h  Crow1 ey  
Eldorado Springs 
Eoff Well 
F1 orence We1 1 
Fremont 
Geyser 
G 1  enwood 
Hartsel  
Haystack Buttes 
Hot Sulphur Springs 
Idaho Hot Springs 
Jun ipe r  Hot Springs 
Lemon W. S. 
Me In ty re  
Mineral Hot Springs 
M t  . Princeton 
Orvis 
Ouray 
Pagosa 
Paradise  
Penny 
Pinkerton 
Ponc ha 
Rainbow 
Ranger 
Rhodes 
Rico 
R o u t t  

Subsurface 
Temperature 

Estimate Surf ace  
O C  Temperature 

35 32 
35 30 
42 42 
50 25 
42 40 
65 41 
30 25 
25 25 
42 42 
40 38 
105 58 
40 39 
20 20 
28 28 
32 32 
50 42 
70 70 
26 26 
40 39 
34 34 
35 36 
60 28 
100 51 
55 52 
50 28 
75 44 
60 46 
50 38 
33 33 
20 14 
70 60 
150 83 
70 52 
70 69 
80 58 
46 46 
60 56 

32 
71 

40 40 
30 27 
25 24 
44 44 
125 64 

Discharge 
(Gal 1 ons 

mF',Cte, 

3 
15 
80 
3 

Water Qual i t y  
(Total  

D i  s s o l  ved 
Sol i d s )  

151 
168 
262 
494 

200 1230 
20 1460 
60 401 
12 1210 
1 2130 
50 1910 
60 370 
24 896 
50 195 
25 1700 

1500 
25 

10,400 
1340 

75 575 
200 101 
50 1500 
130 1480 
18 1370 
100 1620 
2678 21,500 
50 2330 
4 1200 
55 1220 
52 
18 

2110 
1150 

io 2810 
5 165 

100 690 
60 351 
20 2490 
200 1660 
300 3320 
30 6180 
22 2960 
80 3990 
235 697 
45 161 
150 474 
200 194 
60 2790 
65 539 

from Coe, 1978 
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F TABLE 3 (CONT.) 

S i t e  

Sand Dunes 
Shaws 
Spl  ash1 and. 
S. Canyon 
Steamboat 
S t i n k i n g  
Swissvale 
T r i p p / T r i m b l  e 
V a l l e y  View 
Wagon Wheel Gap 
Wauni t a  
Lower Waunita 
W e l l s v i l l e  

I -  

Subsurface - Discharge 
Temperature ( G a l  1 ons 

"C Temperature m inu te )  

44 44 50 
30 30 40 
40 40 50 

. 100 . -  48 . "  - 18 . 

125 39 200 

Es t ima te  S u r f  ace Per 

40 27 24 
35 28 145 
45 44 1 

~ 40 37 135 
100 57 60 
175 80 50 
110 75 40 
35 33 200 

Water Qual i t y  
( T o t a l  

D isso lved  
S o l i d s )  ' 

334 
424 
311 
800 
61-70 
899 
500 
3340 
252 
1620 
613 
549 
484 

To know w i t h  c e r t a i n t y  what the resource c h a r a c t e r i s t i c s  a re  r e q u i r e s  d r i l l i n g  
and t e s t i n g  a w e l l ,  u s u a l l y  f o l l o w i n g  severa l  p r e l i m i n a r y  e x p l o r a t i o n  tasks  
such as geophysical  surveys and g r a d i e n t  h o l e  d r i l l i n g .  

A t  severa l  l o c a t i o n s  i n  Colorado, w e l l s  have been d r i l l e d  and t e s t e d  and a t  
seve ra l  a d d i t i o n a l  l o c a t i o n s  i n  Colorado, p r e l  i m i n a r y  e x p l o r a t i o n  has been 
done. Fo r  these s i t e s ,  which a r e  l i s t e d  i n  Table 4, more i n f o r m a t i o n  i s  
a v a i l a b l e  than  f o r  t h e  o the rs .  Based upon b o t h  known and hypothes ized data, 
v a r i o u s  c h a r a c t e r i s t i c s  o f  t h e  s i t e s  can be rated.  Table 5 r a t e s  each s i t e  i n  
t h e  s t a t e  based upon known o r  est imated temperature, d ischarge,  w a t e r  qual i t y ,  
and d r i l l i n g  d i f f i c u l t y .  The r e l i a b i l i t y  o f  t h e  d a t a  i s  a l s o  i nd i ca ted ,  
depending upon t h e  magnitude and q u a l  i t y  o f  t h e  d a t a  a v a i l a b l e .  

Tab le  4. S i t e  Where D r i l l  i n g  d / o r  P r e l  i m i n a r y  Ex o r a t i o n  Work Has 

_. _ _  - 

- _  

3 
4 
6 
9 

11 
17 
19 
21 

R o u t t  Hot Sp r ings  
Steamboat Sp r ings  
Hot Su lphur .Spr ings  
Idaho Spr ings  
Glenwood Spr ings  
Ranger Warm Spr ings  
H a r t s e l  
M t .  P r i n c e t o n  

26 Canon Ci ty 
35 Alamosa 
41 Pagosa Spr ings  
46 Waunita Hot Spr ings 
49 Ouray 
55 P i n k e r t o n  
56 Tripp/Trimble 
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Table 5. Rating of Colorado Geothermal Site Characteristics. Lower 
numbers generally indicate more favorable characteristics 
for most applications. 

Subsurface  
Temperature Sur face  Sur face  Water D r i l l i n g  Data 

S i t e  Es t imate  Temperature Discharge Q u a l i t y  D i f f i c u l t y  R e l i a b i l i t y  

Ante 1 ope 3 3 3 1 2 3 
B i r d s i e  3 3 3 1 2 3 
Brand's Ranch 3 2 2 1 2 2 
Brown's Canyon 2 3 3 1 3 3 

2 2 3 1 3 3 
2 3 1 3 

2 Cement Creek 3 3 2 1 
C1 ark  3 3 3 1 3 

3 2 3 2 3 3 
Conundrum 3 2 2 2 3 
Cottonwood 1 1 2 1 3 2 

3 2 3 1 2 2 
Dexter 3 3 2 1 3 3 
Don K. Ranch 3 3 3 2 2 3 

3 3 1 3 1 2 
Dunton 2 2 3 1 2 
D u t c h  Crowley 2 1 2 1 2 2 
Eldorado 3 3 4  1 1 2 1 
Eoff We1 1 3 2 2 2 3 
Florence We1 1 3 3 2 1 3 

2 3 1 3 2 3 
2 Geyser 2 3 2 2 

61 enwood 1 2 1 3 1 2 
2 2 2 2 1 

Haystack B u t t e  2 3 3 1 3 
Hot Sulphur Spr ings  2 2 2 1 2 2 
Idaho Hot Spr ings  2 2 2 2 2 2 
Juniper Hot Spr ings  2 2 3 1 1 2 
Lemon Hot Spr ings  3 3 3 2 2 2 

3 3 3 1 3 3 Mc I n t v r e  
Mineral 2 1 2 1 2 
Mount Pr ince ton  1 1 2 1 2 1 

2 2 3 2 2 2 O r v  i s 
2 1 1 2 1 

Pagosa 2 1 1 3 1 1 
Ouray 

2 3 3 2 3 
2 

Parad i se  
2 1 3 2 
2 3 2 3 1 1 

Penny 
P i  nker ton 

1 1 1 3 1 
3 

Poncha 
Rainbow 3 2 3 1 

3 3 2 1 2 2 Ranger 
3 3 2 1 2 Rhodes 

R i  co 3 2 2 2 1 
Routt  1 1 2 1 3 1 

2 
2 
3 

2 

Canon C i t y  
Ceboll a 

Col one1 C h i  n n  

Craig 

Dotsero 

2 

3 

2 
2 -  

3 

1 
3 

F r emon t 

Har tse l  

2 

2 

3 
2 

1 
3 

2 
2 

3 
1 
1 

3 

2 
2 

1 
2 

3 2 2 1 3 3 

2 2 1 3 3 
2 

3 

Sand Dunes 
Shaws 3 3 3 1 3 
Spl ash1 and 
S. Canyon 3 1 
Steamboat 2 3 
S t  i n  k i n q  3 1 2 

3 1 2 
1 Tripp/Trimbl e 3 3 

Val ley  View 2 
3 
2 

Lower Waunita - 2  
Well svil l e  2 

Swi s sva l  e 

Wagon Wheel Gap 
Wauni t a  

~ 

3 3 
3 2 
2 3 
2 2 
1 2 
1 2 
1 3 
3 1 

1 
2 
1 
1 
1 

2 
3 
1 
1 
2 

from Kevin McCarthy, unpublished 
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TABLE 5 (CONT.) 

EXPLANATION FOR TABLE 5 
F 

Subsurface temperature es t imate  from Pearl (1979) 

>90 "C 1 
50-a9oc 3 2 
0-49OC 3 

Surface temperature from Pearl (1979). 

>55OC 1 
35-54OC 2 

0-34"C 3 

Surface d ischarge  from Pearl  (1979) and CGS es t imates  

>ZOO gpm 1 
50-199 gpm 2 

0-49 gpm 3 

Water Qual i t y  - Total Dissolved Sol ids  om Pearl  (1979) 

0-1499 Mg/l 1 
1500-2999 Mg/l 2 

>3000 Mg/l 3 

D r i l l i n g  d i f f i c u l t y  - a s u b j e c t i v e  es t imate  based on rock type ,  approximate 
depth t o  s u f f i  en t  resource,  and previous d r i l l i n g  experience a t  each s i t e .  

re1 a t  i vel y easy 1 
moderate 2 
d i f f i c u l t  3 

R e l i a b i l i t y  of d a t a  used i n  r a t i n g .  

- 1  
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SECTION I11 

INDUSTRIAL MARKET FOR GEOTHERMAL E N E R G Y  IN COLORADO 

A wide va r i e ty  of e x i s t i n g  and poss ib le  uses f o r  geothermal energy has been 
iden t i f i ed  i n  previous studies. In addi t ion  t o  space heat ing,  app l i ca t ions  i n  
ag r i cu l tu re ,  manufacturing and even i n  m i n i n g  a r e  quite f e a s i b l e .  Some 
s p e c i f i c  examples, along w i t h  the temperatures normally required a r e  shown on 
Figure 2. 

Geothermal energy i s  sometimes thought t o  be exo t i c  because i n  the United 
S ta t e s  i t s  use has  not been common. Actual ly ,  t he  use of geothermal energy i s  
a simpler process than t h a t  of many o the r  energy forms because i t  i s  already i n  
usable form, ( h o t  water or steam) requi r ing  no combustion process. 

Early h i s t o r i c a l  records ind ica t e  the Romans, Chinese, Japanese,  T u r k s ,  
Ice1 anders , Central Europeans and Maori of New Zeal and used geothermal energy 
f o r  bathing, cooking and space heating. (Lienau, e t  a l ,  1979). These and o the r  
uses a re  common today i n  many areas .  For example, the Soviet  Union uses the 
energy form i n  t h e i r  a g r i c u l t u r a l  industry.  New Zealand uses i t  f o r  cool ing,  
f o r  ea r th  drying and f o r  paper and wood processing. Other cu r ren t  uses a r e  
drying of wool, f i s h ,  onions,  and lumber and  ex t r ac t ion  of chemicals (Lienau, 
e t  a1 , 1979). 

TO use geothermal energy, hot water, o r  steam ( o r  heat u s i n g  a downhole heat 
exchange u n i t )  i s  simply removed from a well and t ransmi t ted  t o  a f a c i l i t y .  
There the  heat wi l l  be used d i r e c t l y  as  hot water or  steam o r  t r a n s f e r r e d  t o  
another medium - a i r ,  water o r  some o the r  f l u i d .  The heat is t h e n  t ransmi t ted  
through a system t o  perform such processing as space warming, preheat ing,  
washing, cooking, evaporat ing,  s t e r i l i z i n g ,  d i s t i l l i n g ,  drying and even 
r e f r i g e r a t i o n .  System designs take  i n t o  account the chemistry of t h e  f l u i d  
which sometimes a f f e c t s  t h e  hardware. 

Analyses have  shown numerous i n d u s t r i a l  uses f o r  geothermal energy t o  be 
economically f e a s i b l e  or  p ro f i t ab le .  Eva1 uat ions a re ,  however, s i t e - s p e c i f i c  
because cos t s  depend upon the c h a r a c t e r i s t i c s  of t h e  resource resource and i t s  
loca t ion  and upon the requirements o f  the proposed appl ica t ion .  A f a i r l y  
simPle evaluat ion can be conducted based on e x i s t i n a  information about resource 

~~~ 

step-by-step method-fi 
i 

In Colorado, the s i g n i f i c a n t  major i n d u s t r i a l  s e c t o r s  t h a t  r equ i r e  thermal 
energy i n  t he  range t h a t  could be s u p p l i e d  d i r e c t l y  by geothermal energy ( t h a t  
i s ,  no t  converted t o  e l e c t r i c i t y )  include a g r i c u l t u r e ,  manufacturing, m i n i n g  
and tourism. As Figure 3 shows, the f i r s t  t h r e e  s e c t o r s  i n  1979 were 
responsible  f o r  $586,055,000, $3,341,825,000 and $832,404,000, o r  2 ,  13, and 3 
percent respec t ive ly  of t h e  t o t a l  personal income derived i n  the s t a t e .  
Tourism is estimated t o  have b rough t  i n  $890,000,000 i n  1979 (Colorado 
Department of Labor and Employment, June, 1980). 

T h e  o the r  major i n d u s t r i a l  s ec to r s :  cons t ruc t ion ;  t r a n s p o r t a t i o n ,  
communication and p u b l i c  u t i1  i t i e s ,  f inance ,  insurance and rea l  e s t a t e ,  r e t a i l  
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OF 

392 

374 

356 

338 

320 

302 

284 

266 

248 

200 - 
190 - 
180 - 

170 - 

160 - 

150 - 
140 - 

2 30 

212 

194 

176 

158 

140 

Evaporation o f  h igh l y  conc. solut ions 
Refr igerat ion by ammonia absorption 
d igest ion i n  paper pulp, K r a f t  

Heavy water v i a  hydrog. sulphide proc. 
Drying o f  diatomaceous ear th  

Drying o f  f i s h  meal 
Drying o f  t imber 

Alumina v i a  Bayers proc. 

Drying farm products a t  h igh rates 
Canning o f  food 

122 

104 

85 

70 

Temp. range o f  
conventional 
power production 

Ext ract ion o f  s a l t s  by evaporation and c r y s t a l i z a t i o n  

Most mu1 t i p l e  e f f e c t  evaporations, concentr. o f  sa l ine sol.  
Refr igerat ion by medium temperatues 

12 Eresh water by d i s t i l l a t i o n  

11 Drying and cur ing o f  l i g h t  aggreg. cement slabs 

10 Drying o f  organic materials, seaweeds, grass, vegetables, etc. 
Washing and dry ing o f  wool 

Intense de- ic ing operations 

Greenhouses by space heating 

9 Drying o f  stock f i s h  

8 . Space heating 

Refr igerat ion by low temperature 

Greenhouses by combined space and hotbed heat 
husbandry 

Mushroom growing 
50 1 

Bal neol ogi ca l  baths 

Soi 1 warming 

Warm water f o r  year-around mini ng i n  co ld c l  imates 
De-icing 

Hatching o f  f i s h ;  f i s h  farming 

F i g u r e  2. Approximate Temperatures Required f o r  Var ious Geothermal Uses 
( f r o m  Lienau, 1979). 
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AG R I CU LTURE 

OTHER 
21% 

/ 
1 TRANSPORTATION AND 

PU BLlC UTI LIT1 ES \u 
REAL ESTATE 

Figure 3.  Percent o f  Personal Income Derived From Each Industrial 
Sector i n  Colorado (from Colorado Dept. of Labor and Employment, 
June 1980).  
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1 ' and wholesale t r a d e ,  s e rv i ces  and government, use thermal energy pr imari ly  only 
for space hea t ,  so they a r e  not addressed i n  t h i s  study. The one exception i s  
p u b l i c  u t i l i t i e s ,  a s e c t o r  which uses energ f o r  conversion t o  e l e c t r i c i t y ,  
another  t o p i c  not addressed i n  th is-  repor t .  The poten t ia l  market demand f o r  
geothermal energy w i t h i n  each of these  sec t  s i s  discussed i n  the  following 
sec t ions  . 
A. 

Within the agr icul tural  s e c t o r ,  p o t e n t i a l  geothermal market demand i s  i n  
production of c rops ,  e s p e c i a l l y  f o r  heat ng  and cool i n g  greenhouses, and a1 so 
i n  soil warming t o  extend growing  seasons a1 production of l ives tock  
i s  another po ten t ia l  use, f o r  warming feedlo  l ives tock  water and feed,  
f o r  warming barns,  lambing and calving p i g  farrowing pens, f o r  
nurser ies  and f o r  p o i l t r y  houses. Geothermal f l u i d  i s  a l s o  i d e a l l y  su i t ed  t o  
clean-up of d a i r 9  barns and equipment and animal s h e l t e r s .  Aquaculture is  
another  poss ib le  a g r i c u l t u r a l  use of geothermal energy, including warming water 
f o r  f i s h  hatcher and raceways. Production of alcohol from farm produce i s  
another  possibl  e f o r  geothermal hea t ,  one t h a t  has g a i n e d  considerable  
a t t e n t i o n  over the pas t  several  years .  (Processing of many ag r i cu l tu ra l  
products i s  a prime po ten t i a l  use of geothermal energy, too ,  b u t  t o  conform t o  
the Standard Indus t r i a l  C l a s s i f i c a t i o n  System, a l l  processing wi l l  be discussed 
i n  the sec t ion  e n t i t l e d  "Manufacturing 

No estimates of t h e  energ requirements f o r  a g r i c u l t u r a l  uses wil l  be 
attempted. Because t uses" would near ly  a1 1 be new a i t i e s ^ ,  any est imate  
of aggregate energ uirements cauld be only co ura l .  Examples of 
a g r i c u l t u r a l  uses of geothermal energy a r e  g i v e n  i n  t he  following sect ion.  
Where information regarding energy requirements i s  ava i l ab le  for  those 
examples, i t  is  presented along w i t h  the o ther  d e t a i l s .  

Crop Production. Crops can be grown u s i n g  geothermal energy i n  a va r i e ty  of 
ways. Greenhouses can be e a s i l y  heated w i t h  geothermal energy. Geothermal 
heating systems a r e  n o t  u n l  ike conventional types of space heating systems , 
u s i n g  e i ther  water o r  a i r  as a heating medium. Figure 4 i l l u s t r a t e s  some types 
o f  heat ing systems su i tab le  f o r  these  and o ther  space heating appl ica t ions .  

Geothermal greenhouse heat ing is not uncommon, even i n  the United S ta t e s .  For 
oneylake Hjdroponrc Farms near 5 u s a n v i l l  "Gal i forni  a-,' produces 

cucumbers and tomatoes u s i n g  geothermal heat (Figures  5 and 6 ) .  A t  Klamath 
F a l l s ,  Oregon, two mi l l i on  t ree  seedl ings  a r e  grown i n  30,000 square f e e t  of 
greenhouse area f o r  the U.S. Forest  Service and Bureau of Land Management. A 
combination of geothermal and s o l a r  heat keeps the temperature a t  68" t o  85OF. 
The operat ion i s  expected t o  produce 50,000 t o  80,000 evergreen seedl ings  per 
day, f o r  r e f o r e s t a t i o n  p r o j e c t s ,  u s i n g  a crew of 4 o r  5 people. (Lienau, 
1979) . 
The f a c i l i t y  used f l u i d  from a 12" diameter geothermal well t h a t  can supply 
1,100 gpm of 189OF water t o ,  a s to rage  t a n k .  The water i s  fed t o  the  
greenhouses by g r a v i t y  flow and is  cont ro l led  by manually operated valves. 
Finned pipe hea te r s  under  t he  p lan t  benches heat the  b u i l d i n g .  The temperature 
drop o f  t h e  f l u i d  i s  26OF ( L i e n a u ,  1979). 
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I .  

. I 

I 

From Heat To Heat Sink 
source c -  

Evaporator Condenser 

Expansion Valve 

HEAT PUMP 

I 1 

Hot Water Coil. 
I 

Warm Air 

FORCED AIR 

I HYDRONIC RADIANT FLOOR OR CEILING PANEL 

Figure  4. Types o f  Heat ing Systems S u i t a b l e  f o r  Geothermal 
( f rom Lienau,  1979). 

Appl ica t ions  
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Figure 6 .  Interior o f  Honey1 ake Hydroponi c Greenhouse. 
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A t  M t .  P r i nce ton  near Buena V i s t a ,  Colorado, geothermal ly-heated greenhouses - 
produce geraniums f o r  Denver and Colorado Spr ings markets ( F i g u r e  7) .  Th i s  
ope ra t i on  i s  a complete cyc le :  t h e  very  pure geothermal f l u i d  c i r c u l a t e s  
th rough  t h e  ho t  w a t e r  hea t ing  system, then through t h e  hea t ing  and domestic ho t  
water  systems of t h e  owner's home, p r o v i d i n g  ho t  w a t e r  f o r  a swimming pool, as 
w e l l  . The water i s  then cooled (by submersing t h e  c o i l  c a r r y i n g  t h e  water i n  a 
nearby stream) t o  p rov ide  domestic co ld .water  f o r  t h e  home and f o r  wa te r ing  t h e  
p l a n t s  i n  t h e  greenhouses (Wr ight ,  pers. comm., 1977). 

F i g u r e  7. Wr ight  Greenhouse a t  M t  . Pr inceton.  

I n  the  San L u i s  Va l ley ,  a geothermal w e l l  was planned f o r  use i n  mushroom 
growing. The heat would be used f o r  compost p repara t ion ,  spawning and 
product ion.  F i g u r e  8 shows a schematic o f  a geothermal l y -heated  mushroom 
growing f a c i l  i ty .  As. noted by Coury and Associates,  a1 though t h e  mushroom 
i n d u s t r y  has exper ienced r a p i d  growth, c u r r e n t l y  most o f  t h e  mushrooms consumed 
i n  t h e  Denver r e g i o n  o f  Colorado are  impor ted from Utah o r  C a l i f o r n i a  (1980). 

Greenhouse owners see geothermal energy as an a t t r a c t i v e  energy source, 
accord ing  t o  a survey by t h e  E a r l  Warren Legal I n s t i t u t e .  S ince energy cos ts  
and a v a i l a b i l i t y  a re  o f  concern i n  t h i s  h i g h  energy-consuming i n d u s t r y ,  t h e y  
would welcome t h e  o p p o r t u n i t y  t o  purchase geothermal energy f r o m  a d i s t r i b u t o r  
i f  t h e y  can o b t a i n  i t  a t  a lower  cos t  than t h a t  o f  t h e i r  c u r r e n t  f u e l .  
A l though most greenhouse owners a re  no t  w i l l i n g  o r  ab le  t o  r e l o c a t e  s imp ly  t o  
o b t a i n  t h e  energy, those t h a t  are c u r r e n t l y  near a geothermal resource o r  a re  
expanding and cou ld  cons ider  a new l o c a t i o n  f o r  t h e  expansion cou ld  f i n d  t h e  
use o f  geothermal energy ve ry  appeal i n g  . Numerous greenhouse opera tors  i n  
Colorado have a1 ready expressed i n t e r e s t  . 
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According t o  the Earl Warren s tudy ,  the pot ted p lan t  and green p l an t  s e c t o r  of 
the greenhouse indus t ry  i s  r a p i d l y  growing, whereas the  cut f lower s e c t o r  has 
dec l ined  because of competi t ion from imports. Vegetable c u l t i v a t i o n  i s  a small 
s e c t o r  because of competit ion from field-grown crops (Bressler and Hanemann, 
1980). In Colorado, a s  Table 6 shows, the  t o t a l  wholesale value of  s a l e s  of  
f lowers  and p l an t s  i n  Colorado i n  1980 was $31,827,000. Greenhouses could be 
cons t ruc ted  a t  any of  the geothermal s i t e s  i n  Colorado where the  l o c a t i o n  
requirements i n  add i t ion  t o  energy a r e  met: c l ima te ,  market, l a b o r ,  water  and 
raw mater ia l  (Bressler and Hanemann, 1979). 

Soi l  warming experiments have been conducted a t  Raft  River, Idaho, t o  l e a r n  how 
t o  increase  c rop  growth w i t h  geothermal energy. A t  Pagosa S p r i n g s ,  Colorado, 
w h i c h  has a very s h o r t  growing season, i t  was reported t h a t  tomatoes once were 
grown by u s i n g  geothermal f l u i d  t o  r a i s e  the  s o i l  temperature. Although not a s  
well-developed as greenhouse use, this  a p p l i c a t i o n  may be a s i g n i f i c a n t  one i n  
the  future.  

Table 6. Sa les  and Value of Flowers i n  Colorado, 1980 

Number of 
Kind P rod uce rs 

number 
Carnat ions : 

Standard............... 79 
Miniature.............. 35 

Hybrid Tea............. 14 
Sweetheart............. 15 . 

Roses : 

Snapdragons.............. 9 

Number 
So ld  
t hous . 
79,850 
1,107 

22,598 
8,566 

107 

S a l e s  Value 
% of Value of 
s a l e s  w h l s .  s a l e s  a t  
a t  whls r ice  wholesl. p%z- U n i t  

u n i t  % 

Blooms - 

Bunches 

B1 ooms 
B1 ooms 

S t  ems 

100 234 5,288 
100 0212 1,816 

51 .319 34 

99 . 146 11,658 
100 2.01 2,225 

Pot ted  P1 a n t s  : 
Chrysanthemums......... 13 Pots 287 95 3.16 90 7 

3.22 1,346 Poinsettieas........... 30 Pots  418 81 
Geraniums.............. 53 Pots 865 80 . 990 856 
L i l  ies.,. .............. 17 P o t s  139 96 2.67 371 
Hydrangeas............. 11 Pots 29 96 3.47 108 

575 83 4.81 2,766 
125 71 4.04 505 

Flowering.... 68 F1 a t s  
Vegetable.............. 62 F l a t s  ' 

Bedding P1 a n t s  : .......... 
Fol iage  P.lants........... 29 ----- --- 85 ----- 

from 1981 Colorado Agricu ure S t a t i s t i c s ,  Colorado Department of  
Agriculture 
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. 
8 Livestock Production. Livestock production ca be a s s i s t e d  by geothermal 

energy. As noted i n  t h e  Geothermal Resources Council 's  Special Report No. 7 ,  
advantages of r a i s i n g  l i ves tock  i n  cont ro l led  environments include: lower 
mor t a l i t y  ( e s p e c i a l l y  d u r i n g  t he  f i r s t  few weeks of l i f e )  more we igh t  g a i n  per 
u n i t  o f  feed,  t e r  growth, lower f a t  l e v e l s  i n  meat, b e t t e r  q u a l i t y  
by-products S U C  s hides, l a r g e r  l i t t e r s ,  and e a s i e r  waste management 
(Anderson and Lund, 1979). Coi l s  in f l o o r  slabs can heat open c a t t l e  feed 
l o t s .  A v a r i e t y  of types of space heating systems can heat calving and lambing 
pens and p i g  fa-rrowing houses, nu r se r i e s  and  poul t ry  ha tcher ies  a n d  brooders. 
The space heating system schematics shown previously a r e  appl icable  t o  these  
s i t u a t i o n s .  

Some l ives tock  producers a r e  new u s i n g  geothermal ene y t o  improve production. 
In the Sari Luis Valtey, for  example, Weisbart 's  l i ves tock  operat ion has p i g  
farrowing pens and nu r se r i e s  heated w i t h  geothermal energy cascaded from one 
pen t o  another t o  provide progressively lower temperatures as required by 
animal s i z e .  The operat ion i s  a n  in tegra ted  one, w i t h  geothermal heat used t o  
produce methane f o r  e l e c t r i c i t y  generation from animal waste and waste water 
used for watering the  animals and s lushing the  pen 

Livestock producers now loca ted  i n  count ies  known t o  have geothermal energy a r e  
the  most obv ious  po ten t ia l  markets f o r  th i s  app l i ca t ion  o f  geothermal energy. 
These a r e  shown on Table 7. 

New opera t ions  could be e s t ab l i shed  a l so .  S tudies  have inves t iga ted  t h e  
economic f e a s i b i l i t y  of geothermal energy use i n  the l i ves tock  industry.  One 
such study, f o r  Mountain Home, Idaho, is  t h e  Mountain Home Geothermal P ro jec t ,  
an i nves t iga t ion  of geothermal energy app l i ca t ions  i n  a in tegra ted  l ives tock  
meat and feed production f a c i l i t y .  he operat ion would include: 

a. 

b. Multi-animal l i ves tock  feed m f l l  f a c i l i l t y ;  
c.  Modular, t o t a l l y  confined swine r a i s i n g  f a c i l i t y ;  
d. Hog s laughter  and marketing f a c i l i t y ;  
e. A n i m a l  by-product processing f ac i  1 i t y ;  
f .  
g. Total waste management f a c i l i t y  including methane generat ion 

A sprouted gra in  grower f o r  production o f  enzymes an  v i t a m i n s  as  
a c o n s t i t u t e n t  of animal feed;  

Po ta to  dehydration and processing p l a n t ;  

(Energet ics  Marketing and Management ASSOC., L td . ,  1979). 

Figure 9 i s  a schematic diagram of t h e  hot water mains-for such an in t eg ra t ed  
system. 
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Table 7. Livestock Production i n  Counties w i t h  Geothermal Energy, 
1980, 1981. 

County 

A1 amosa 
Archul e t a  
Boulder 
Chaffee 
Clear  Creek 
Cone j o s  
Delta  
Dol o r e s  
Eagle 
Fremon t 
Gar f i e ld  
Grand 
Gunn i son 
Jackson 
La P la t a  
Moffat 
Ouray 
Park 
P i t k i n  
Pueblo 
Routt 
Saguac he 
San Miguel 

Head of 
C a t t l e  
1981 

13,500 
14,000 
32,000 
9,000 
100 

38,000 
44,000 
5,900 
19,000 
16,000 
35,000 
22,500 
39,500 
38,000 
32,500 
34,000 
15,000 
11,000 
5,000 
52,000 
30,000 
34,000 
7,500 

547,500 

Head of 
Sheep 
1981 

12,000 
1,100 
3,200 
500 
600 

30,000 
26,000 

5,500 
400 

21,000 
2,000 
100 
200 

10,000 
121,000 

900 
1,500 
100 

3,500 
23,000 
11,000 
15,000 

288,300 

------ 

17 percent 56 percent 
of  Statewide o f  Statewide 
production production 

from Colorado Department of  Agr icu l ture ,  1981 

Head of 
Hogs and Pigs  

1980 

800 
100 

3,600 
100 

9,000 
5,700 

100 
2,500 
400 

--- 
--- 

1,500 
200 

-- - 
3,400 
100 

3,000 --- 
30,600 

10 percent 
o f  Statewide 
production 

i 
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According t o  the r e p o r t  , because swine a r e  g r e a t l y  influenced by c l i m a t i c  
c o n d i t i o n s ,  swine r a i s i n g  i s  becoming h i g h l y  t e c h n i c a l  . The f a c i l i t y  would 
c o n t r o l  t e m p e r a t u r e s  by bo th  h e a t i n g  and c o o l i n g ,  t o  improve swine  c o n c e p t i o n  
r a t e ,  s ize  of p i g s ,  s u r v i v a l  r a t e ,  h e a l t h  and growth ( E n e r g e t i c s  Marke t ing  and 
Management ASSOC.,  L t d ,  1979) .  

P roduc ing  animal feed a t  the  same l o c a t i o n  precludes t r a n p o r t a t i o n  c o s t s  and 
u n c e r t a i n t y  o v e r  a v a i l a b i l i t y  and price o f  feed. Swine s l a u g h t e r  f a c i l  i t i e s  a t  
t he  s i t e  can a s s u r e  t h a t  hogs  a r e  s l a u g h t e r e d  a t  the most a d v a n t a g e o u s  time. 
By c o n s o l i d a t i n g  the en t i re  cycle and c o n d u c t i n g  more o f  the  p r o d u c t i o n  steps 
himself, the p r o d u c e r  can  add t o  his p r o f i t .  

A u a c u l t u r e .  A q u a c u l t u r e  i s  a n o t h e r  p o t e n t i a l  use f o r  geo the rma l  e n e r g y  t h a t  
h d e l y  d i s c u s s e d  and e x p l o r e d .  S p e c i e s  t h a t  can  be c u l t i v a t e d  u s i n g  
geothermal  f l u i d  or heat  include carp,  b u f f a l o  f i s h ,  p a d d l e  f i s h ,  c a t f i s h ,  
pike,  perch, b a s s ,  t i l a p i a ,  f r o g s ,  mullet ,  m i l k f i s h ,  ee l s ,  sa lmon,  smelt, 
s t u r g e o n ,  s h a d ,  s h r i m p ,  c r a y f i s h ,  c r a b s ,  o y s t e r s ,  c l a m s ,  s c a l l o p s ,  mussels, and 
a b a l o n e  (Anderson and Lund, 1979) .  

T h e  results o f  an in fo rma l  s u r v e y  o f  f i sh  m a r k e t s  i n  the Denver a r e a  i n d i c a t e d  
t h a t  a f r e s h w a t e r  s h e l l f i s h ,  "Malays i an  prawns,"  i s  much i n  demand b u t  
d i f f i c u l t  t o  o b t a i n ,  since i t  is g e n e r a l l y  s h i p p e d  from S o u t h e a s t  As ia .  T h i s  
s p e c i e s  is  one t h a t  is  r a i s e d  commerc ia l ly  i n  I s r a e l  and e x p e r i m e n t a l l y  a t  
Klamath F a l l s ,  Oregon, u s i n g  geothermal  f l u i d  (Michael Anison,  p e r s .  comm. , and 
Lund ,  1979).  Fo r  t h a t  m a t t e r ,  even the  growth o f  Colo rado  stream t r o u t  can b e  
enhanced by r a i s i n g  w a t e r . t e m p e r a t u r e s  somewhat. The Rainbow S p r i n g s  Trout 
Ranch, n e a r  Durango, Co lo rado ,  uses s p r i n g  w a t e r  t h a t  i s  s l i g h t l y  warmer t h a n  
normal i n  the i r  f e e d i n g  ponds. Owners r e p o r t  enhanced growth from the  s l i g h t l y  
e l e v a t e d  t e m p e r a t u r e s  (Putnam, pers. comm.). T h e  o p e r a t o r s  o f  t he  Co lo rado  
F i s h  Ha tche ry  n e a r  S a l i d a ,  Co lo rado ,  i n d i c a t e d  in te res t  i n  u s i n g  t he  h e a t  t o  
enhance  trout growth (Coe, e t  a l ,  1 9 8 2 ) .  As the  demand f o r  f i sh  a s  a s o u r c e  
o f  p r o t e i n  continues t o  grow, the o p p o r t u n i t i e s  f o r  u s i n g  geo the rma l  f l u i d  t o  
enhance  growth will  expand a s  well. 

A t  Klamath F a l l s ,  a t  the  Oregon I n s t i t u t e  o f  Technology,  a pond 30'  by 8 '  by 4' 
deep  c o n t a i n s  g i a n t  f r e s h w a t e r  prawns and m o s q u i t o  f i s h .  ( F i g u r e  1 0 ) .  T h e  
prawns a r e  h a t c h e d  i n  s a l t  w a t e r ,  t r a n s f e r r e d  t o  a sma l l  h o l d i n g  pond then 
t r a n f e r r e d  t o  the l a r g e r  pond. Water t e m p e r a t u r e  is  8OoF f o r  optimum growth 
r a t e s  w h i c h  r a n g e  from 6" t o  8" and abou t  5 t o  6 prawns per pound i n  a b o u t  s i x  
months ( F i g u r e  1 1 ) .  Commercial f i s h  food  and z o o p l a n k t o n  a r e  used  f o r  food  f o r  
the prawns (Lund, 1979) .  

, 

S e v e r a l  o t h e r  uses of geothermal  e n e r g y  f o r  a g r i c u l t u r e  a r e  found i n  the  San 
Luis V a l l e y  i n  Colorado .  B u r l e y  Jenkins r a i s e s  c a t f i s h  f o r  Oklahoma and New 
Mexico m a r k e t s  i n  geothermal  f l u i d  a t  Sand Dunes Hot Water Well, and Gary 
Weisba r t  raises t i l a p i a  and ee l s  s o u t h  o f  Alamosa (Coe, 1980) .  

B. T h e  P o t e n t i a l  i n  the M a n u f a c t u r i n g  I n d u s t r y  

A second i n d u s t r i a l  sector t h a t  c o u l d  use geo the rma l  e n e r g y  i s  m a n u f a c t u r i n g ,  
w h i c h  c o u l d  use geothermal  e n e r g y  f o r  p r o c e s s  h e a t .  As i n d i c a t e d  by t h e  S o l a r  
E.nergy Resea rch  In s t i t u t e ,  47 percent o f  t he  1972 n a t i o n a l  i n d u s t r i a l  e n e r g y  
consumption was i n  the  m a n u f a c t u r i n g  sector. The s i x  l a r g e s t  m a n u f a c t u r i n g  
consuming sectors were chemica l  s and a1 1 i e d  p r o d u c t s ;  p r i m a r y  me ta l  s; p e t r o l e u m  

i 
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Figure 10. Geothermal Prawn Pond a t  Klamath Falls,  Oregon. 

Figure 11. Malaysian Prawn. 
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and coal products ;  paper and a l l i e d  products;  s t o n e ,  c l a y ,  and g l a s s  products; 
and food and k i n d r e d  products (Sol a r  Energy Research Ins t i t u t e ,  1980) . 
Although many manufacturing processes  r e q u i r e  temperatures h i g h e r  than those  
expected from geothermal energy i n  Colorado, a s u r p r i s i n g l y  l a r g e  number 
r e q u i r e  temperatures under 400OF. A n  i n i t i a l  screening indica ted  t h a t  some 
SIC'S (Standard I n d u s t r i a l  C l a s s i f i c a t i o n s )  i n  every major ( 2 - d i g i t )  ca tegory  
(Table 8 )  use temperatures w i t h i n  the  range t h a t  can be s a t i s f i e d  by geothermal 
energy . 
A complete l i s t  of  more specific ( 4 - d i g i t )  c l a s s i f i c a t i o n s  i s  provided i n  Table 
9. A l l  of those  manufacturing processes  l i s t e d  may be considered a s  p o t e n t i a l  
markets f o r  geothermal energy. 

TABLE 8 

SOME STANDARD INDUSTRIAL CLASSIFICATIONS (S.I.C.) AND CODE NUMBERS 

20 Food and Kindred Products 
21 Tobacco 
22 Text i  1 es 
23 Apparel 
24 Lumber and Wood Products 
25 Household Furniture 
26 Paper Products 
27 P r i n t i n g  
28 Chemical s 
29 Lubr ica t ing  O i  1 s 
30 Rubber 
31 t e a t  her 
32 C1 ay/Concrete 
33 Primary Metal s 
34 Fabr ica ted  Metal s 
35 Machinery 
36 E 1 ec t r i cal  Mach i nery 
37 Trucks, Buses 
38 Instruments  
39 M i  scel 1 aneous 

Some processes  now r equ i r ing  h igher  process  heat  temperatures might be 
candida tes  as well, because processes can be changed t o  use lower temperatures 
if  i t  is p r o f i t a b l e  t o  do so. 

Because i n d u s t r i a l  processing r equ i r e s  a re1 a t i v e l y  s teady ,  year-round energy 
supply,  i t  i s  an a t t r a c t i v e  market f o r  prospective geothermal producers. The 
s t eady  demand a l s o  allows a producer t o  offer geothermal energy a t  a lower 
price. Where the  energy use i s  seasonal,  a geothermal p r o j e c t  must be paid out  
over a longer  period of time. 
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Table 9. Estimated Thermal Energy Requirements o f  Manufacturing Plants i n  
Counties w i t h  Geothermal Energy (from the New Mexico Energy Institute, 1982). 

I 

N 
U 

I 

2511 Wood Furniture I I I I I I  I I I I 



Table  9 (Cont . )  

7519 Hniic,&ld. Fukn. 

7 w i  Wood O f f i c e  Furn. 
2531 P u b l i c  Bldg. Furn. 
2541 Wood P a r t i  t l o n s  
2591 Drapery Hardware 
2599 Furn. & F i x t u r e s  
2645 Die-Cut Paper 
2646 Pressed Pulp 
2661 B u i l d i n q  Paper 

n77 .027 
.006 .006 
.003 .003 
.028 .014 .014 .056 

.067 .067 
.085 .085 

11.585 11.585 
1.533 1.533 

2782 Bankboo ks 
2789 Bookbindiw 
7791 TYDesetti  nq 
7795 LithoaraDh i c  

.013 ,013 

.096 .006 .lo2 

.006 .002 .002 .010 
024 .024 

I n d u s t r i a l  Gases 18.59 6 

7871 P l a s t i c s  M a t e r i a l  1.095 
7833 Medic i n a l s  7.875 
2834 P h a m u t i c a l  5.322 
7844 T o i l e t  Preo. 074 

7869 Oraan i c  Chemicals 153.930 
2879 Aqric.  Chemicals .677 
7899 m c a l  PreD. 

Paints  074 723 .074 

1 .  575 
------ - - ~  ------- 

~~ ~ ~~~~~~~~~~ - - 
LHnnt A Shop S t m K  079 

1147 Hnirzp SlippPrz on6 
3171 Women’s Handbags .016 

18.596 
23.511 

1.095 
7.875 
5.322 

.024 

.371 
153.930 

.677 

575 
I. 575 

.029 

O@ 
ol6 
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Tab le  9 (Cont. )  

UNTY 

MANUFACTURER 

3172 Leather Goods (Pers.1 .016 ,016 
3111 Leather Goods (Nec.) ,050 .400 .450 
3259 Clay Prod. 37.222 1.063 15.952 54.237 
3271 Concrete Block .248 ,248 .744 1.240 
3272 Concrete Prod. 1.605 .321 .749 .428 .lo7 1.819 5.029 
3273 Ready-Mixed Conc. .123 2.715 .123 .123 .740 .864 .123 .123 .864 .24€ .864 6.908 
3275 Gypsum Prod. 2.164 2.164 
3281 Cut Stone .096 .096 .168 .360 

3291 Abrasive Prod. 
3292 Asbestos 
3293 Gaskets .039 ,039 
3296 Mineral Wool 32.900 32.900 
3317 Steel Pipe 40.800 40.800 
3321 Gray I r o n  1.116 1.166 

3324 Steel Investment 
3325 Steel Foundries 1.267 1.267 

3361 Alum. Foundries 1.515 .649 2.164 
3362 Brass, Bronze 4.880 4.880 

3423 Hand Tools .120 2.117 .06C 2.297 
3429 Hardware .350 ,. 050 .400 
3432 Plumbinq F i t t inas ’  .057 .057 
3433 Heatinq Equipment .094 ~ .047 .141 .282 
3441 Fabric. Met a1 .480 .280 .760 

.340 .034 

3444 Sheet Met a1 Work .146 .925 1.071 
3446 Archit. .042 .042 .021 .062 .167 
3448 Prefab. Metal Bldqs. .037 .037 .OZ4 

Metal Work 

1449 Misc,Metal Work .430 .062 .492 

7461 f r w m  Prod. 020 .020 
7453 Bolts. Nuts 7.870 2.870 
1467 Fnrgibaq 17.64d 17.640 

3339 Nonferrous Metals ,595 .595 

3421 Cutlerv .945 I *  .945 .. 

3443 Fabric. Plate Work .166 .166 
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Use of geothermal  e n e r g y  i n  numerous m a n u f a c t u r i n g  p r o c e s s e s  h a s  been 
d e m o n s t r a t e d  o r  i n v e s t i g a t e d .  Some of the  d e m o n s t r a t e d  commercial  uses 
i ncl ude : 

1. 
2. 

3. 

4. 

5. Alcohol p r o d u c t i o n  a t  Wabuska Hot S p r i n g s ,  Nevada. 

Tasman P u l p  and Pape r  Company i n  New Zea land ;  
Drying of d i a tomaceous  slurry i n  I c e l a n d  t o  p roduce  f i l t e r a i d s  t o  
be used i n  beer p r o c e s s i n g ;  
M i l k  p a s t e u r i z a t i o n  a t  the Medo Bel Creamery i n  Klamath F a l l s ,  
Oregon; 
D e h y d r a t i o n  o f  o n i o n s  a t  the Geothermal Food P r o c e s s o r s  p l a n t  a t  
Brady Hot S p r i n g s ,  Nevada; 

Uses t h a t  have  been i n v e s t i g a t e d ,  e i ther  t h r o u g h  e x p e r i m e n t a l  p r o j e c t s  o r  
t h r o u g h  f e a s i b i l i t y  studies a r e  shown on T a b l e  10. 

T a b l e  10. A p p l i c a t i o n s  o f  Geothermal Energy Tha t  Have Been I n v e s t i g a t e d .  

A1 coho1 P r o d u c t i o n  
Bar1 e y  Mal t i  ng 
Corn M i l l i n g  
C h i l e  Dry ing  
Frwi t and V e g e t a b l e  F r e e z i n g  
F r u i t  and V e g e t a b l e  P r e s e r v i n g  
O n i o n  D e h y d r a t i o n  
Tomato P a s t e  Manufac tu r ing  
S u g a r  Beet P r o c e s s i n g  
S u g a r  Cane P r o c e s s i n g  
Meat and Poul t ry  Pack ing  
Glue Making 
Z i  nc P r o c e s s i n g  
Lumber K i  1 n Drying 
Tungs ten  P r o c e s s i n g  
P r o t e i n  Recovery 
Papaya P r o c e s s i n g  
Wine Making 
P u l p  and P a p e r  
Tanning 
Pharmaceut  i c a l  s 
S p i n n i n g  and Weaving 
Mi 1 k P a s t e u r i z i n g  

Note: . S e e  Appendix A f o r  comple t e  l i s t i n g  of p a p e r s  d e s c r i b i n g  
these a p p l i c a t i o n s .  

- 

Some examples  o f  the process h e a t  s y s t e m s  f o r  commercial  a p p l i c a t i o n s  o f  
geothermal  energy a r e  a s  f o l  1 ows : 

Alfa l f a  Drying. I n  New Zeal and ,  t he  Broad lands  Lucerne Company uses geo the rma l  
e n e r g y  t o  p r o c e s s  a l f a l f a .  
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In t h e  d r i e r ,  about 7 tons per hour  o f  dry sa tu ra t ed  steam r a i s e s  the a i r  
temperature t o  124°C. The drier i s  designed t o  produce one t o n  per hour  of  
d r i e d  a1 f a 1  f a  (Lienau, 1978). 

According t o  Paul I. Lienau, t h e  m a r g i n  o f  p r o f i t  for  a l f a l f a  p e l l e t  production 
i s  only about $5 per t o n ,  so any s a v i n g  on energy costs is  s i g n i f i c a n t .  He 
i l l u s t r a t e s  a r o t a r y  drum a l f a l f a  dryer  u s i n g  220°F geothermal water a s  shown 
on Figure 1 2  (Lienau, 1978). 

Ethanol Production. A t  Wabuska Hot S p r i n g s  near Yerington, Nevada, geothermal 
heat i s  used t o  produce 400,000 ga l lons  per year  of ethanol froin corn shipped 
f<rom the midwest. A 350 f o o t  well pumps 440 gpm of water a t  220°F. The waste 
i s  expected t o  be marketed as  c a t t l e  feed. ( G R C  B u l l e t i n ,  January,  1981). 

Lumber Dr i n  . For k i ln  drying of lumber, a i r  would be heated by passing i t  ---_1I;p over f inne heat exchange tubes  car ry ing  h o t  water t h a t  a r e  placed in s ide  t h e  
k i l n .  Water temperature should be about 20" t o  40°F above ambient operat ing 
temperatures  i n  t h e  k i l n ,  o r  about 200" t o  240°F, preferab ly .  Where geothermal 
temperatures a r e  lower the energy could be supplemented i n  the f i n a l  s t ages  of  
t h e  drying cycle .  Figure 13 compares conventional and geothermal k i l n  drying 
systems. A l t h o u g h  wood waste is of ten  used f o r  k i l n  fuel ,  where i t  has o t h e r  
income-producing uses (such as for  plywood extender  o r  bark chips  f o r  ga rdens )  
o r  can be burned  for environmental reasons,  geothermal energy may be an 
economic a1 t e r n a t i  ve. 

M i l k  Pas t eu r i za t ion .  T h e  Medo Bel Creamery, i n  Klamath F a l l s ,  Oregon ob ta ins  
180°F geothermal f l u i d  from a 765 f o o t  well which i t  uses f o r  m i l k  
p a s t e u r i z a t i o n ,  i c e  cream production and space heating. The savings over t h e  
cos t  of conventional fuel  is  est imated t o  be $1000 per m o n t h .  The m i l k  i s  
heated by 172°F water f o r  15 seconds using a p l a t e  heat exchanger which i s  
capable  of processing 800 ga l lons  of milk per hour (Figure 14) .  ( L u n d ,  1979) 

I ce  cream mix is  pasteurized w i t h  geothermal heat.  Hot water and process steam 
a r e  mixed t o  250°F i n  a 250 ga l lon  s to rage  tank. T h e  heat i s  then used t o  
pas t eu r i ze  t h e  i c e  cream mix a t  145°F for  30 minutes ( L u n d ,  1979). About 800 
ppm of dissolved solids,  about ha l f  s u l f a t e ,  one q u a r t e r  sodium and a t e n t h  
s i l i c a  a r e  contained i n  the water. T h e  pH of t h e  water i s  8.8. L i t t l e  
corrosion i s  evident i n  the well. The j e t  pump was replaced only once i n  the 
30 y e a r  opera t ion  of t h e  system ( L u n d ,  1979). 

Onion Dehydration. Geothermal Food Processors  a t  Brady Hot S p r i n g s ,  Nevada, 
uses geothermal f l u i d  f o r  dehydration of onions and other vegetables.  

A t y p i c a l  dehydration process uses a continuous b e l t  conveyor o r  batch process 
with hot a i r  of a b o u t  100" - 200°F. Figure 15 shows a conveyor dryer  w i t h  
blowers and exhaust f ans  t h a t  move the a i r  through water c o i l s  containing t h e  
geothermal f l u i d  o r  water heated by geothermal energy and through t h e  beds of 
onions (Anderson and Lund, 1979). 

Potato Processing. P o t a t o  processors  commonly can use geothermal f l u i d  300°F 
or lower. F i g u r e  16 shows a complete f r ench- f r i ed  potato processing operat ion.  
The  pHatoes are scrubbed, preheated and then peeled. They next are washed and 
cu t .  Then the potatoes  a r e  dewatered then f i r e d  i n  o i l  heated t o  375°F. Low 
temperature  geothermal f l u i d  could be supplemented for  t h e  l a s t  s t a g e  i f  
necessary . 
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Figure 12. Rotary Drum Alfalfa Dryer (from Lienau, 1 9 7 9 ) .  
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Figure 14.  Heat Exchanger for Milk Pasteurization a t  Medo-Bell Dairy, 
Klamath Fal ls ,  Oregon. 

r insulation 

A 
Geothermally Heated 
Hot Water Coils r' Insulation 

- 1 :  

Roduct 

L, Distribution 
A, Grating 

Figure 15. Schematic of  Conveyor Dryer for Vegetable Drying (from Lienau, 
1979)  . 
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re 16. Potato Processing Schematic (from Lienau, 1979) .  
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As indica ted ,  numerous manufacturing processes could use geothermal energy. 
Since energy p r i ces  have been r ap id ly  r i s i n g ,  energy h a s -  become a l a r g e r  
production cos t  f a c t o r  f o r  many f i rms.  Therefore,  those  p l an t s  c u r r e n t l y  
located near i d e n t i f i e d  geothermal s i t e s  a r e  among the  l i k e l y  candidates  f o r  
using geothermal energy. Table 9 l i s t s  those p l an t s  i n  t h e  count ies  where 
geothermal energy h a s  been i d e n t i f i e d  and t h e i r  estimated energy requirements 
(1977 d a t a ) .  All of these  a re  considered t o  be po ten t i a l  candidates  f o r  use o f  
geothermal energy. 

Poss ib le  New Plants .  There may a l s o  be a s i g n i f i c a n t  market fo r  geothermal 
energy among manufacturing p l an t s  n o t  now located near geothermal s i t e s .  
Replacement p lan ts  and expansions may f o r  a v a r i e t y  of reasons be loca ted  a t  
new s i t e s .  As a mat ter  of po l icy ,  t h e  S t a t e  of Colorado i s  encouraging 
addi t ional  value-added for  products o r i g i n a t i n g  i n  t h e  S t a t e  before they leave  
t h e  S ta t e .  T h a t  i s ,  a g r i c u l t u r a l  o r  timber products,  f o r  example, could be 
processed more ex tens ive ly  i n  Colorado p r io r  t o  export .  (Metcalf ,  pers.  comm.) 
Whether new manufacturing p lan ts  a r e  e s t ab l i shed  near geothermal s i t e s  depends 
upon t h e  s i t e  l oca t ion  c r i t e r i a  of t he  p a r t i c u l a r  process and firm. Several 
f a c t o r s  determine the  s u i t a b i l i t y  of  a p a r t i c u l a r  l oca t ion  fo r  a p a r t i c u l a r  
manufacturer. These include:  m a t e r i a l s ,  1 a b o r ,  market , t r a n s p o r t  , energy, 
publ ic  pol icy.  Management cons ide ra t ions ,  which a l s o  impact l o c a t i o n  
dec i s ions ,  vary from f i rm t o  firm. 

Some i n d u s t r i e s  r e q u i r e  highly-populated urban  area loca t ions .  For  e f f i c i e n t ,  
e f f e c t i v e  opera t ion ,  they may need a l a r g e  o r  highly- t ra ined labor  fo rce ,  l a r g e  
loca l  market, major research and educational inst i tut ions a n d / o r  a wide range 
of t r a n s p o r t a t i o n  modes including j e t  a i r  and r a i l .  Others p re fe r  l a r g e r  c i t i e s  
f o r  t he  l i f e  s t y l e  they a f f o r d .  I n d u s t r i e s  with these  c r i t e r i a  f o r  loca t ion  
a r e  not t he  most l i k e l y  po ten t i a l  users  of geothermal energy s ince  most 
geothermal s i t e s  (except fo r  Boulder and Pueblo) a re  a t  1 oca t ions  a s i g n i f i c a n t  
d i s t ance  from the  Colorado F r o n t  Range and have small populations ( s e e  Sect ion 
11).  

Some new manufacturing p l an t s  wil l  be es tab l  ished i n  more sparsely-popul ated 
a r e a s ,  however, including those w i t h  geothermal energy. As population grows 
in  western Colorado, new market-oriented i n d u s t r i e s  wil l  be needed. Some 
i n d u s t r i e s  wil l  d e c e n t r a l i z e ,  opening small p lan ts  in new l o c a t i o n s .  Certain 
i n d u s t r i a l  ca t egor i e s  a re  more l i k e l y  t o  be a t t r a c t e d  t o  such a reas  t h a n  
o the r s .  To attempt t o  i d e n t i f y  those  ca t egor i e s  , t h e  major manufacturing 
groups  t h a t  a r e  most dispersed outs ide  metropolitan a reas  were i d e n t i f i e d ,  a s  
shown on Table 11. 

Of these  eleven c a t e g o r i e s ,  those t h a t  most commonly r equ i r e  process heat 
temperatures within the range of geothermal energy a re  food ,  apparel , lumber, 
f u r n i t u r e ,  p r i n t i n g ,  f ab r i ca t ed  metal and miscellaneous.  Fabricated processes ,  
however, as well as appare l ,  f u r n i t u r e  and p r i n t i n g ,  r equ i r e  only small amounts 
of low temperature heat fo r  a very few processing s t eps .  Addi t iona l ly ,  most 
chemical manufacturing requi res  low temperatures as do several  s p e c i f i c  s tone ,  
c l ay  and concrete  ca t egor i e s .  These incl ude s t r u c t u r a l  c l ay ,  concre te  products 
and ready-mix and gypsum, s tone  and asbes tos  products. Machinery and 
t r a n s p o r t a t i o n  equipment almost a1 ways requi re  h i g h  temperatures and can, 
t h e r e f o r e ,  be excluded as  po ten t i a l  candidates  f o r  geothermal energy use. Of 
these  e ight  ca t egor i e s  t h a t  a r e  po ten t i a l  markets, food, chemicals and s tone ,  
c l ay  and concrete  have the  highest  t o t a l  energy requirements and those  t h r e e  
plus lumber have the  highest  percentages of non-metro energy requirements. 
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Table 11. Estimated Thermal Energy Requirements of Selected Indus t r i e s  in  
Non-Metro Colorado Counties in  BTU's x 1010 (1977). 

Food Apparel Lumber Furn i ture  P r i n t i n g  

883.559 14.677 58 . 300 14.672 Total Energy 
Required 
S t  a t  ewi de 

Required , 
Outs i de 
Denver Metro 
and El Paso 
County 

Required , 
Outside 
Denver Metro 
and El Paso 
County 

Total Energy 536.359 3.124 34 . 362 . 942 

Percent Energy 61 22 59 

37 . 137 

10.153 

27 

Stone, 
c1 aY 9 Fabricated Transportat ion 

Chemicals Concrete Metal Prod .  Machinery Equipment 

131 . 999 69 . 801 Total Energy 737.763 1,231.234 173.852 
Required , 
Statewide 

707.143 54.311 26.310 

Denver Metro 
and E l  Paso 
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The ana lys i s  i n d i c a t e s ,  t h e r e f o r e ,  t h a t  o f  the manufacturing processes most 
l i k e l y  t o  l oca t e  near geothermal s i t e s ,  those t h a t  would have  the g r e a t e s t  
demand f o r  geothermal energy a re :  

1. Food and k i n d r e d  products 
2. Lumber and lumber products 
3. Chemicals 
4. Clay, concrete ,  gypsum and asbestos  

These indus t r i e s  consume a t o t a l ,  i n  Colorado, o f  29,109 b i l l i o n  Btu's of 
thermal energy annually,  according t o  New Mexico Energy I n s t i t u t e  es t imates  
(Table 1 2 ) .  

Although the  t o t a l  energy requirement i n  non-metro a reas  f o r  these  four  s e c t o r s  
could not be completely sa t i s f ied  by geothermal energy, t h e  magnitude of the 
poten t ia l  market demand i s  evident .  Some food processing p l an t s  a l ready  use 
geothermal energy and members of t h e  lumber indus t ry  have indicated i n t e r e s t  i n  
geothermal energy. 

Some of these  industries a r e  a l ready eying geothermal energy. According t o  
Bress le r  & Hanemann (1980), most of the onion and potato p lan t  managers they 
interviewed were seeking e i t h e r  a l t e r n a t i v e  f u e l s  o r  ways t o  conserve energy t o  
cut  t h e i r  production cos t s .  Nearly a l l  of them indica ted  wi l l ingness  t o  
purchase geothermal energy from a d i s t r i b u t o r .  To obtain information, they  

Table 12. Energy consumption of s e l e c t  i n d u s t r i e s  in Colorado. 

Food 

Lumb 

Energy Requirements 
Statewide 

I n d u s t  ry Types o f  Processes ( lo lo -  

Drying, peel ing,  canning, wash ing ,  883.6 
f r eez ing ,  c h i l l i n g ,  warming, sca ld ing ,  
b l a n c h i n g ,  clean-up, cooking, s t e r i l i z i n g ,  
pas teur iz ing ,  evaporating 

Drying, cur ing 58.3 

Chemical s Hea t ing ,  drying,  d iges t ing ,  washing 737.8 

Clay, Con- Curing, heat ing water,  drying 
c r e t e ,  Stone 

1,231.2 

2,910.9 

Energy requirements da ta  f rom New Mexico Energy I n s t i t u t e ,  1979. 
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* genera l ly  use consu l t an t s  or  o the r s  ou ts ide  the  industry.  L i t t l e  information 
i s  shared among indus t ry  competitors (Bres s l e r  and Hanemann, 1980). 

g t o  a - s t u d y  by Bress le r  and Hanemann, t h e  lumber indus t ry  h a s  
expkessed- in te res t  i n  geothermal energy. Most of t he  indus t ry  r ep resen ta t ives  
interviewed indica ted  they would consider development of geothermal energy o r  
buy i t  from a d i s t r i b u t o r .  They indicated t h a t  information about energy i s  
o f t en  obtained from o the r  members of t h e  indus t ry ,  e i t h e r  ind iv idua l ly  o r  
through t r a d e  organiza t ions  (Bressl  e r  and Hanemann, 1980). Unfortunately,  t h e  
indus t ry  i s  a t  a low point  because of the  severe dec l ine  i n  building. I n  the 

The chemical indus t ry ,  on the  o ther  h a n d ,  may be l e s s  l i k e l y  t o  consider  
g,eothermal energy i n  t h e  near fu tu re .  Although members of the chemical 
indus t ry  who were interviewed indicated t h a t  energy was a major problem f o r  
them, they s t r e s s e d  t h a t  raw mater ia l  a v a i l a b i l i t y  i s  their  main s i t e  loca t ion  
c r i t e r i a .  Also, many have h i g h  temperature as well a s  low temperature 
requirements. Where geothermal energy i s  proximate t o  the  raw ma te r i a l s  
necessary f o r  chemical production, most chemical companies-would be wil l  i n g  t o  
consider  purchasing geothermal energy, according t o  the  survey. Most of the 
information they use f o r  making such a decis ion i s  obtained through 
company-supported research r a t h e r  than through t r a d e  jou rna l s  and assoc ia t ions  
or o ther  firms i n  the  indus t ry  (Bres s l e r  and  Hanemann, 1979). 

s 

however, geothermal energy may help reduce indus t ry  cos t s .  

In summary, a po ten t ia l  market demand i s  found i n  t he  manufacturing s e c t o r ,  
both among those manufacturing types now co-located with geothermal energy and 
among those t h a t  will expand or  r e l o c a t e  in the  fu tu re .  For demand among 
co-located manufacturing t o  ma te r i a l i ze  depends l a r g e l y  upon the  ex ten t  t o  
which geothermal energy i s  made ava i l ab le  and  can reduce production cos t s .  For 
p l an t s  t o  l o c a t e  where they can use geothermal energy depends both upon those 
c r i t e r i a  and the  s a t i s f a c t i o n  of o the r  s i t e  loca t ion  c r i t e r i a .  Where the re  i s  
a match, both t h e  geothermal producer and t h e  manufacturer stand t o  benef i t .  

C. The Po ten t i a l  Market f o r  Geothermal Energy i n  t h e  M i n i n g  Industry 

Several m i n i n g  processes t h a t  use temper<atures w i t h i n  the  spec i f ied  range  were 
inves t  i gated as  potent i  a1 users  of geot hermal energy. These i ncl uded 
processing of i ron o r e ,  copper concent ra te ,  bituminous c o a l ,  p o t a s h ,  phosphate 
rock and  sulphur.  The  l a t t e r  t h r e e  a re  not produced commercially i n  Colorado. 
Copper concent ra te  i s  produced along w i t h  o the r  metals b u t  not smelted i n  
Colorado (Schwochow, pers .  comm.). Although i ron ' ore  r equ i r e s  h i g h  
temperatures f o r  some processes ,  i t  could probably use .geothermal energy f o r  
lower temperature processes.  However, when processes require h i g h  
temperatures ,  waste heat can usua l ly  s a t i s f  

One of t he  m i n i  -processes  d i d  seem t o  be.a 
i n  the fo re seeab le  future: bituminous coal drying. Coal i s  d r i e d  f o r  one of 
two reasons: e i ther  t o  dewater t he  coal i n  order  t o  minimize s h i p p i n g  c o s t s  o r  
t o  remove water used f o r  w a s h i n g  the coal . I n  t he  f i r s t  case ,  the coal would 
need t o  be d r  near the m i  mouth o r  poss ib ly  a t  a t r anspor t a t ion  mode 
t r a n s f e r  poi In the  second s e ,  the coal could be washed and d r i e d  either 
a t  t he  mine m o r  t r a n s f e r  point  or  a t  t he  rece iv ing  end, Where t h e  coal i s  
t o  be burned  l y  two f a c i l i t i  i n  Colorado own t o  be 
drying coal Dorchester Coa 
Mid-Continent Coke and Coal Company near Red 
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. 
A t  t h e  Dorchester  f a c i l i t y ,  washed coal  i s  passed across an 80 f o o t  t a b l e  t h a t  
i s  heated t o  255°F w i t h  propane. One g a l l o n  o f  propane i s  r e q u i r e d  per  t o n  o f  
coa l ,  w i t h  about 300,000 g a l l o n s  o f  f u e l ,  o r  about 30 b i l l i o n  B t u ' s  r e q u i r e d  
f o r  a hea t ing  season (DeLucio, pers.  comm.). 

I n  t h e  f u t u r e ,  a d d i t i o n a l  coal  cou ld  be d r i e d  i n  Colorado, e i t h e r  t o  reduce 
sh ipp ing  cos ts*  o r  t o  reduce p o l l u t a n t s .  Indeed, t h e  f e a s i b i l i t y  o f  coa l  
dewater ing has been i n v e s t i g a t e d  i n  some areas a1 ready (Pearson, pers. comm.) 
Where geothermal energy i s  a v a i l a b l e  prox imate t o  coa l  p r o d u c t i o n  o r  t o  coa l  
convers ion,  coal  d r y i n g  c o u l d  be economica l l y  f e a s i b l e .  To determine t h e  
f e a s i b i l i t y  would r e q u i r e  a s i t e  s p e c i f i c  ana lys i s .  

To i d e n t i f y  t h e  p o t e n t i a l  f o r  d r y i n g  coal  w i t h  geothermal energy, coa l  f i e l d  
and mine l o c a t i o n s  were i d e n t i f i e d .  As shown on F i g u r e  17, many coa l  and 
geothermal s i t e s  a re  co- located.  As Table 13 i n d i c a t e s ,  o f  24 c o u n t i e s  w i t h  
i d e n t i f i e d  geothermal energy, 16 have coal  f i e l d s  and 10 have p e r m i t t e d  coa l  
mines (Kelso, Ladwig and S i t o w i t z ,  1981). 

~ ~ ~ _ _ _ _ _  ~ ~ _ _ _ _ ~  

Table 13. Coal F i e l d s  and Coal Mines Co-Located w i t h  Geothermal Energy 

Count ies w i t h  Coal 
F i e l d s  and Geothermal Pe rm i t ted  
S i t e s  Coal Mines 

Archul  e t a  
Boulder  
D e l t a  
Dol o res  
Fremont 
G a r f  i e l  d 
Grand 
Gunn i son 
Jackson 
La P l a t a  
M o f f a t  
Ouray 
Park 
P i t k i n  
R o u t t  
San Miguel 

f rom Kelso, Ladwig and S i t o w i t z ,  1981 

X 

X 

X 
X 

X 
X 
x 
X 

X 
X 

~ ~ _ _ _ _ _ _ ~  

*If r a i l  f r e i g h t  r a t e  r e g u l a t i o n  i s  e l im ina ted ,  r a i l r o a d s  could,  i f  t h e y  
wish, charge h ighe r  r a t e s  f o r  d r i e d  coa l ,  t he reby  d e f e a t i n g  t h e  
purpose of dr,ying. However,-since t h e  coa l  would consume l e s s  space 
i f  i t  were dewatered, t h e  r a i l r o a d s  would ga in  h a u l i n g  c a p a c i t y  f o r  
coa l  whether it was dewatered o r  not. 

- 42 - 



I 

P 
w 
I 

! EXPLANATION Q X H  0 



Addit ional ly ,  loca t ions  of coa l - f i r ed  power generat ing p l an t s  were compared 
w i t h  geothermal s i t e s .  As indicated on Figure 1 7 ,  p l a n t s  a r e  located i n  
count ies  which a r e  known t o  have geothermal energy. Whether d r y i n g  of coal 
w i t h  geothermal energy occurs depends upon the  a v a i l a b i l i t y  of geothermal 
energy near mines, coal t r a n s f e r  points  o r  users ,  t he  need f o r  drying, the 
economic bene f i t s  of drying,  and the  economic advantages of u s i n g  geothermal 
energy f o r  heat. The loca t ion  of geothermal energy i n  Colorado does seem t o  
coincide reasonably well w i t h  prospect ive drying s i tes .  T h e  o the r  quest ions 
can only be answered through subsequent, d e t a i l e d  analyses.  Where coal drying 
i s bei ng  considered a t  1 ocat  i ons near geothermal s i t e s  , however, coal producers 
may be well-advised t o  consider  geothermal energy as a heat source. 

D. The Potent ia l  Market f o r  Geothermal Energy i n  t h e  Tourism and Travel 
Industry 

Travel and tourism i s  a b i g  business i n  Colorado. According t o  the  Colorado 
Office of Tourism, expenditures by t o u r i s t s  t o t a l e d  $1.6 b i l l i o n  i n  1980, $1.8 
b i l l i o n  i n  1981, and a r e  fo recas t  t o  be $2.2 b i l l i o n  i n  1982. Total t r a v e l  
expenditures i n  1980 were more than double the  tourism f i g u r e ,  $3.3 b i l l i o n .  
As Table 14 shows, t he  t o t a l  t r ave l  expenditures i n  a l l  of those  count ies  i n  
which geothermal energy has been i d e n t i f i e d  were $839 mil l ion  i n  1980. 

Numerous hotel  s,  motel s and r e s t au ran t s  are necessary t o  accommodate t r a v e l e r s  
in  Colorado. Hotels,  motels and r e s t au ran t s  use l a r g e  amounts of hot water f o r  
c leaning,  cooking and laundry. The energy required i n  Colorado fo r  Reating 
t h a t  hot water and f o r  heating space,  a s  well as  f o r  some cooking, was 

'estimated t o  be 2970 b i l l i o n  B t u ' s  f o r  h o t e l s  and motels,  and 3060 b i l l i o n  
Btu's f o r  r e s t au ran t s  per year  i n  1978 (Colorado Energy Research I n s t i t u t e ,  
1979) . 
Geothermal energy can e a s i l y  heat water and space f o r  h o t e l s ,  motels and 
r e s t au ran t s .  Other commercial b u i l d i n g s  can equal ly  e a s i l y  be heated w i t h  
geothermal energy b u t  t he  lodging and d i n i n g  f a c i l i t i e s ,  i n  p a r t i c u l a r ,  can 
benef i t  and a r e  t a rge ted  as an exceptional market opportuni ty  because of t h e  
1 arge,  year-round energy requirements. The market po ten t ia l  f o r  o the r  
commercial f a c i l i t i e s  i s  more appropr ia te ly  examined a s  pa r t  of a heat ing 
d i s t r i c t  . 
Because water and space have long been heated w i t h  geothermal energy, numerous 
examples can be c i t e d .  Examples s p e c i f i c  t o  the  category of lodging and d i n i n g  
f a c i l i t i e s  include the  famous Baden, Baden Resort in Germany. Japan has many 
such f a c i l i t i e s .  In the  Ohtake area of Japan, f o r  example, geothermal f l u i d  i s  
de l ivered  t o  8 ho te l s  fo r  room heat ing,  bathing and dishwashing. Each hotel  
uses about 11 gpm of f l u i d  113" t o  140"F, a t o t a l  f o r  the 8 h o t e l s  of 91 gpm 
(Geoheat U t i l i z a t i o n  Center,  June, 1980).  In the  United S t a t e s ,  t h e  E l  Capitan 
Casino a t  Hawthorne, Nevada, uses geothermal heat. Water a t  a temperature of 
210°F from a 650 f o o t  well producing 700 gpm i s  de l ivered  through f i b e r g l a s s  
pipe a mile t o  the  Casino. 
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Table 14. Travel i n  the Colorado Counties w i t h  I d e n t i f i e d  Geothermal Energy 

Total  Travel - Travel - 
Travel Generated Generated 

Expenditures Payroll  Employment 
(Thousands) (Thousands), ( Jobs)  

A 1  amosa $ 12,097 $ 2;592 
Arc h u  1 e t  a 14,937 ’ 3,1 95 
Boulder 70,819 16 , 683 
C1 e a r  Creek 10 , 448 2 , 170 
Cone j os 3 , 603 740 
Delta 8,028 1,641 * 261 
Dol ores 564 96 
Eagle 
Fremont 

G u n n i  son 30 , 990 6,417 1,034 
Jackson 1 , 554 317 51 

74 , 639 15,711 2 , 566 La P l a t a  
Mineral 3 , 633 720 115 
Moffat 15 , 138 3 , 187 52 2 
Ouray 7,012 1,458 237 

20 , 902 4 , 533 703 
P i t k i n  
Pueblo 
R o u t t  ,817 15,614 2,565 
Sag uac he , 152 1,071 .173 
San Miguel ~ ‘ 6,283 1,301 21 3 

Gar f i e ld  60,875 * 1 

Grand . 53,882 

139 , 630 30 , 028 4 , 935 

j j  

h Div is ion ,  

Closer t o  home, t he  M t .  Pr inceton Hot Springs Resort (F igure  18) near  Buena 
Vi s t a  , Col orad s geothermal f l u i d  fo r  space hea t  f o r  cab ins  a s  well as  f o r  
the swimming p The Adobe I n n  a t  Pagosa Spr ings ,  a ho te l ,  r e s t a u r a n t ,  and 
comp’lex o f  sho es ‘geothermal energy t o  heat  t h e - b u i l d i n g  and w a t e r  f o r  a 

I n n  Motel and other bu i ld ings  i n  Pagosa Springs a l s o  use 
ergy. (A new geothermal d i s t r i c t  hea t ing  system has recently been 
n Pagosa Springs.) A t  the Weisbaden Lodge i n  Ouray, Colorado, 

geothermal f l u i d  i s  used for  space and water hea t ing  and f o r  mineral ba ths  and 
a swimming pool (Pea r l ,  1979). Heating systems a r e  similar t o  those  shown on 
Figure  4. In Glenwood Spr ings ,  Colorado, a geothermal well d r i l l e d  i n  
September, 1981, t o  heat for an of f ice  

mm.). 
i l d i n g  may a l s o  be use 

a1 h o t  water for both recreation nd hea l th  has had a 
resurgence  along wi th  t h e  increased  interest  i n  recreation -and hea l th  i n  
general  . Entrepreneurs may f i n d  the  t iming r i g h t  t o  e s t a b l i s h  new fac i l i t i e s  

pas  and na ty ra l  hot  water energy. east one such f a c i l t t y  i 
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Figure 18. M t .  P r ince ton  Hot Spr ings  Resort. 

a l r e a d y  underway: Canadian i n v e s t o r s  a r e  p l a n n i n g  t o  b u i l d  a 400 u n i t  motel  
w i t h  a swimming pool and sauna  on 33 a c r e s  t h e y  have  pu rchased  a t  Pagosa 
S p r i n g s  (Co lo rado  G e o l o g i c a l  S u r v e y ,  1982)  The Ramada Inn a t  Glenwood 
S p r i n g s ,  Co lo rado ,  was d e s i g n e d  so t h a t  i t  c o u l d  use geo the rma l  e n e r g y  i n  the 
fut.ure. H o t e l ,  m o t e l ,  and r e s t a u r a n t  owners i n  Sa l  i d a ,  Co lo rado ,  have  
e x p r e s s e d  i n t e r e s t  i n  u s i n g  f l u i d  f rom Poncha Hot S p r i n g s  f o r  s p a c e  and h o t  
w a t e r  h e a t  (Coe e t  a1 , i n  p r o c e s s )  . The p o t e n t i a l  f o r  u s i n g  geo the rma l  e n e r g y  
a t  the Baca Inn i n  the San Luis V a l l e y  was i n v e s t i g a t e d .  P r o p o n e n t s  of 
economic development  i n  Ouray, Co lo rado ,  have  d i s c u s s e d  t he  p o s s i b i l i t y  of a 
g e o t h e r m a l l y - h e a t e d  c o n v e n t i o n  c e n t e r .  

Numerous hotel s, mote l  s and r e s t a u r a n t s  i n  Co lo rado  a r e  l o c a t e d  n e a r  geo the rma l  
a r e a s  and c o u l d ,  t h e r e f o r e ,  e a s i l y  use the  ene rgy .  In f a c t ,  many o f  C o l o r a d o ' s  
most p o p u l a r  v a c a t i o n  towns o r i g i n a t e d  a s  h o t  s p r i n g  r e s o r t  a r e a s .  As T a b l e  15 
shows, 25 geo the rma l  a r e a s  i n  Co lo rado  have  o r  have had n a t u r a l  h o t  w a t e r  b a t h s  
o r  p o o l s .  Undeveloped s p r i n g  a r e a s  i n  remote  a r e a s  a r e  a l s o  p o p u l a r ,  f o r  a 
r e f r e s h i n g  d i p  a f t e r  c r o s s - c o u n t r y  s k i i n g  o r  f o r  " sk inny"  d i p p i n g  any  time of 
year.  

To a t t e m p t  t o  e s t i m a t e  t h e  p o t e n t i a l  marke t  demand f o r  geo the rma l  e n e r g y  f o r  
l o d g i n g  and d i n i n g  f a c i l i t i e s  i n  Co lo rado ,  the t o t a l  t h e r m a l  e n e r g y  

. r e q u i r e m e n t s  f o r  t he  f a c i l i t i e s  were e s t i m a t e d .  I n  t h o s e  c o u n t i e s ,  a s  shown on 
T a b l e  1 6 ,  i n  w h i c h  geothermal  e n e r g y  h a s  been i d e n t i f i e d ,  t h e r e  a r e  estimated 
t o  be n e a r l y  15 ,000  h o t e l  and motel rooms ( U n i v e r s i t y  o f  Co lo rado  and Ci ty  
Chambers of Commerce) ' and  2807 r e s t a u r a n t s  ( F e r d  Dircks, p e r s .  comm.) . Based 
on a v e r a g e  e n e r g y  u s a g e  per room, these h o t e l  and motel rooms would r e q u i r e  
a b o u t  700 b i l l  i o n  Btu's o f  t he rma l  ene rgy .  R e s t a u r a n t  e n e r g y  r e q u i r e m e n t s  a r e  
more d i f f i c u l t  t o  e s t i m a t e  because  of the l a c k  o f  d a t a .  However, based  on the  
p e r c e n t a g e  of the t o t a l  number of r e s t a u r a n t s  i n  t h e  s t a t e  t h a t  a r e  i n  t he  
counties w i t h  geo the rma l  e n e r g y ,  the e n e r g y  r e q u i r e m e n t  would b e  a b o u t  796 
b i l l i o n  Btu's ( a d a p t e d  from Colo rado  Energy Res. I n s t . ,  1979) .  
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* Table 15. Geothermal Swimming Pools  and Baths i n  Colorado. 

Type o f  Use 

Swimming Pool s 

Baths - 

Name o f  Area 

J u n i p e r  Hot Sp r ings  
Steamboat Hot Spr ing 
Hot Sulphur Spr ings 
El dorado Warm Spr ings 
Idaho Hot Spr ings 
G1 enwood Hot Spr ings 
Cement Creek Hot Spr ings 
Cottonwood Creek Hot Spr ings 
M t .  P r i n c e t o n  Hot Spr ings 
Poncha Hot Spr ings 
Shaws Warm Spr ing  
Spl ash1 and Hot Water We1 1 
Pagosa H o t  Spr ings 
Wagon Wheel Gap Hot Sp r ings  
Upper Waunita Hot Spr ings 
Ouray Hot Spr ings 
V a l l e y  View Hot Spr ings 

J u n i p e r  Hot Sp r ings  
Hot Sulphur Spr ings  
Idaho Hot Spr ings 
G1 enwood Hot Spr ings 
V a l l e y  View Hot Spr ings 
Cebo l l a  Hot Spr ings 
O r v i s  Hot Spr ings 
Ouray Hot Sp r ings  
Dunton Hot Spr ings 
Paradise Hot Spr ings 
M t .  P r i n c e t o n  Hot Spr ings 

Much o f  t h i s  energy demand c o u l d  r e a d i l y  be met w i t h  geothermal energy, and, as 
t r a v e l  con t i nues  t o  expand i n  Colorado, many a d d i t i o n a l  ‘ h o t e l  and mote l  rooms 
and r e s t a u r a n t s  w i l l  be b u i l t ,  c r e a t i n g  an even l a r g e r  demand f o r  energy 
i n c l  ud ing geothermal energy. C e r t a i n l y ,  no abatement o f  t h i s  t r a v e l  expansion 
i s  i n  s igh t .  
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Table 16. Number of Hotel and Motel Rooms and Res taurants  i n  Counties w i t h  . 
I d e n t i f i e d  Geothermal Energy, 1981. 

Estimated Estimated 
Number of thermal energy Number of thermal energy 
Restaurants Re u i redf  Hotel/Motel Rooms 

I+) 
County 

A1 amosa 
Archuleta 
Boulder 
Chaffee 
Clear  Creek 
Cone j o s  
Delta 
Dol ores 
Eagle 
Fremon t 
Gar f i e ld  
Grand ' 

G u n n i  son 
Jackson 
La P l a t a  
Moffat 
Ouray 
Park 
P i t k i n  
Pueblo 
Routt 
Saguache 
San Miguel 

61 
26 
662 
78 
79 

' 31 
10 
6 

160 
125 
123 
110 
77 
14 
159 
57 
25 
36 
146 
643 
116 
33 
30 m 

400 
200 

1,000 
1,055 
180 
39 
153 
49 

717 
8 

2,093 
42 

1,523 
325 
188 
N .A. 

2,744 
1,386 
1,406 

15 
386 rn m 

N.A. - Not Avai lable  

*Restaurant 
requirement 
normal i zed 
Energy Res. 

energy.was est imated t o  be 26 percent of t o t a l  s t a t e  na tura l  gas 
s es t imated  by C E R I .  Hotel/motel energy was derived from the 
na tura l  gas requirement o f  47 x 106 B t u ' s  es t imated by colorado 
Inst. (1979) for Montrose. 

Sources:  Business Research Div i s ion ,  1975, Chambers o f  Commerce, and 
Colorado Department of Health. 
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SECTION IV 

SUMMARY OF THE INDUSTRIAL MARKET FOR GEOTHERMAL E N E R G Y  IN COLORADO 

The industrial potential of geothermal energy i n  Colorado has been l i t t l e  
discussed, in the p a s t ,  probably because Colorado's major i n d u s t r i a l  area a long  
the Front Range apparently has no geo t  mal s i t e s  with temperatures above 
normal close by. The emphasis i n  p r i o  scussions of potential demand f o r  
geothermal energy h a s  been primarily upon  space heating of commercial and 
residential buildings. Industrial use i s ,  however, an a t t rac t ive  prospect f o r  
b,oth consumers and producers/di s t r i  b u t o r s  of geothermal energy. The heat 1 oad 
of the industrial consumer i s  usually re la t ively 'high and i s  often stable 
year-round. Rising energy b i l l s  eat into prof i ts ,  stimulating the search f o r  
ways t o  reduce those b i l l s .  The energy producer/distributor can more 
economically supply energy t o  one o r  a few major  geothermal energy consumers 
t h a n  t o  numerous small users, because of the cost of distribution and heating 
systems. Furthermore, he stands t o  receive a greater return i n  a shorter time 
because industrial consumption i s  relatively steady, compared t o  more seasonal 
commercial and residential consumption. 

This research shows t h a  a j o r  industrial sectors offer a ent i a1 market 
for  geothermal energy i n  Colorado. These a re  agriculture nufacturing, 
m i n i n g  and travel. Among the 58 geothermal s i t e s  t h a t  have b inventoried, 
most have  some PO for i nd us t r  i a1 hese four sectors . 
A. Geothermal Si tes  

Although 58 geothermal resource areas i n  24 counties have been positively 
identified so f a r +  many more may be f o u n d  i n  the  future. O f  these s i t e s ,  some 
are more conducive t o  i n d u s t r i a l  development t h a n  are others. Temperature, 
discharge,  water quali ty,  and d r i l l ing  d i f f icu l ty  a l l  influence the 
desireabil i t y  <of the prospect. Most of these characterist ics c a n n o t  be known 
w i t h  certainty until a f te r  wells a re  dr i l led.  However, some s i t e s  are prime 
candidates for various kinds of indust development because o f  the 



Table 17. Most Desirable  GeOthermal S i t e s  f o r  Development Based on 
E x i s t i n g  Information. 

S i t e  No. 

3 94 
6 
11,12 
19 
20 
21 
23 
4 1  
48  
49 

S i t e  

Steamboat S p r i n g s - R o u t t  
Hot Sulphur Springs 
G 1  enwood Springs-South Canyon 
Hartsel  Hot S p r i n g s  
Cottonwood Hot Springs 
M t .  Princeton Hot Springs 
Poncha Springs 
Pagosa Springs 
Orvis Hot Springs 
Ouray 

operat ions and th ree  aquacul ture  operat ions i n  Colorado have found t h e  use of 
geothermal energy t o  be extremely b e n e f i c i a l .  Feed l o t s ,  b a r n s  and pens can be 
heated t o  increase  survival  and growth r a t e s  of ca lves ,  swine and lambs. 
Poul t ry  houses can be heated t o  enhance the  production of eggs and chicks.  
Hatcher ies ,  raceways and ponds  can a l s o  use geothermal f l u i d  t o  increase  t h e  
growth of such aquat ic  spec ies  as c a t f i s h ,  e e l s ,  prawns and even t r o u t .  As 
shown in Section 111, a l l  24 count ies  i n  Colorado w i t h  geothermal energy a l s o  
have a g r i c u l t u r e  production. 

C .  Manufacturing 

Numerous types o f  manufacturers i n  Colorado can use geothermal energy. Some 
manufacturers in every major category have maximum temperature requirements 
t h a t  could be s a t i s f i e d  by geothermal energy. These include food i n  kindred 
products,  tobacco, t e x t i  1 e s  , apparel , 1 umber and wood products ,  pr i  n t  i n g ,  
chemical s ,  1 e a t h e r ,  c lay  and concrete  and even metal s manufacture. 

Manufacturing p lan ts  co-located in count ies  with geothermal energy include food 
processing p l a n t s ,  lumber m i l l s ,  c lo th ing  manufacturers,  chemical p l a n t s ,  
concrete  producers,  and p r i n t e r s .  A1  t oge the r ,  t h e  manufacturing p l an t s  in 
those count ies  ( i n  1977)  were estimated t o  requi re  over 5,000 b i l l i o n  Btu ' s  o f  
thermal energy (New Mexico Energy I n s t i t u t e ,  1982) .  

Additional manufacturing p l an t s  seem l i k e l y  t o  l o c a t e  i n  t h e  f u t u r e  where 
geothermal energy i s  ava i l ab le .  Based on t h e i r  cu r ren t  d i s t r i b u t i o n  i n  
non-metro coun t i e s ,  energy requirements,  and t o  some exten t  t h e i r  s i t e  l o c a t i o n  
c r i t e r i a ,  t he  major manufacturing ca t egor i e s  t h a t  would seem t o  have t h e  
g r e a t e s t  demand for  geothermal energy i n  Colorado a re  t h e  f o o d ,  lumber, 
chemicals,  and c l ay ,  concrete  and s tone i n d u s t r i e s .  Some of t h e  processes 
poss ib le  u s i n g  geothermal energy a re  drying,  peel i n g ,  canning, washing, 
f r eez ing ,  c h i l l i n g ,  warming, sca ld ing ,  blanching, c lean-up,  cooking, 
s t e r i l i z i n g ,  pas t eu r i z ing ,  and evaporating f o r  food processing;  drying and 
c u r i n g  for lumber products;  hea t ing ,  drying,  d i g e s t i n g ,  and w a s h i n g  fo r  
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chemical manufacturing; and c u r i n g ,  h e a t i n g  water, and d r y i n g  o f  c l a y ,  
concrete,  and s tone products .  As shown i n  Sec t i on  111, manu fac tu r ing  i n  these 
s e c t o r s  i s  est imated t o  consume about 29,110 b i l l i o n  B t u ' s  o f  thermal energy, 
acco rd ing  t o  t h e  New Mexico Energy I n s t i t u t e .  

D. 

Fewer o p p o r t u n i t i e s  f o r  s a t i s f y i n g  energy needs were found i n  t h e  m in ing  
i n d u s t r y .  With one except ion,  those m in ing  processes t h a t  can r e a d i l y  be met 
w i t h  geothermal energy a r e  n o t  conducted on a commercial s c a l e  i n  Colorado. 
D r y i n g  o f  coa l  was t h e  one m in ing  process t h a t  seemed l i k e l y  t o  f i n d  t h e  use o f  
geothermal heat d e s i r a b l e  i n  t h e  n o t - t o o - d i s t a n t  f u t u r e .  Hea t ing  b i l l s  f o r  
d r y i n g  coal  e i t h e r  a f t e r  dewater ing - t o  reduce s h i p p i n g  charges, o r  a f t e r  
washing - g e n e r a l l y  f o r  environmental  reasons, a re  a s i g n i f i c a n t  c o s t  i tem. 
The two coal  d r y e r s  t h a t  were i d e n t i f i e d  i n  t h e  S ta te ,  as w e l l  as numerous coa l  
f i e l d s ,  are l o c a t e d  near geothermal s i t e s  . 
E. T rave l  and Tour ism 

Because o f  t h e  i n t e n s i t y  of t h e  t r a v e l  and t o u r i s m  i n d u s t r y  i n  Colorado, (much 
o f  it focused upon areas w i t h  h o t  s p r i n g s )  h o t e l s ,  mo te l s  and r e s t a u r a n t s  a re  a 
s i g n i f i c a n t  p o t e n t i a l  market f o r  geothermal energy. Unl i k e  most o t h e r  
commercial estab l ishments,  these f a c i l i t i e s  use l a r g e  q u a n t i t i e s  o f  h o t  water  
y e a r  around f o r  c lean ing ,  l a u n d r y  and ba th ing .  Hea t ing  t h e  h o t  water, a long  
w i th  h e a t i n g  l a r g e  areas o f  space consumes s i g n i f i c a n t  amounts o f  energy. As 
i n d i c a t e d  by t h e  Colorado Energy Research I n s t i t u t e  (1979), i n  Montrose, 
Colorado, f o r  example, a r e s t a u r a n t  r e q u i r e s  more than  t w i c e  t h e  thermal  energy 
r e q u i r e d  by  a supermarket p e r  square f o o t .  I n  those c o u n t i e s  where geothermal 
energy i s  l oca ted ,  t h e  h o t e l j m o t e l  i n d u s t r y  i s  es t ima ted  t o  r e q u i r e  about 700 
m i l l i o n  B t u ' s  o f  thermal energy, o r  23 pe rcen t  o f  t h e  s ta tew ide  t o t a l  energy 
requi rements f o r  t h a t  group. Restaurants  i n  those c o u n t i e s  were es t ima ted  t o  
r e q u i r e ,  i n  1977, about 796 b i l l i o n  B t u ' s  o r  26 pe rcen t  o f  t h e  s t a t e w i d e  t o t a l .  

Fo r  these uses, geothermal energy i n  t h e  temperature range o f  12Oo-18O0F i s  
q u i t e  acceptable.  I n s t a l l a t i o n s  a re  s tandard types o f  h e a t i n g  and h o t  water  
systems t h a t  have been used f o r  decades, t a k i n g  i n t o  account, when necessary, 
t h e  chemical composi t ion i n  t h e  f l u i d .  S ince t h e  t r a v e l  and t o u r i s t  i n d u s t r y  
i n  Colorado con t inues  t o  grow, an i n c r e a s i n g  energy demand i n  t h i s  s e c t o r  can 
be a n t i c i p a t e d .  

emand f o r  ener 
be s a t i s f i e d  b 
i d e n t i f i e d :  agr  
w i t h i n  t h e  tem range, w i t h i n  
t e c h n o l o g i c a l  range o f  geothermal e 
greenhouses, 1 i v e s t o c k  p r o d u c t i o n  and aquacu l tu re  coul 
energy use. I n  t h e  manu fac tu r ing  sec to r ,  process 
p roduc ts  and lumber products  and t o  some e x t e n t  chen 
and s tone products  a r e  obvious markets. I n  t h e  m i n i n  
f o r  geothermal use i s  l e s s  e v i d e n t ;  a demand may be 

y i n  Colorado t h a t  c o u l d  
i n  t h e  f o u r  s e c t o r s  

avel  , energy demands a re  
c area and w i th in  t h e  
l e  a g r i c u l t u r e  sec to r ,  
I b e n e f i t  f r om geothermal 
ng o f  food and k i n d r e d  
c a l s  and c lay ,  c o n c r e t e  
i n d u s t r y ,  t h e  p o t e n t i a l  

'ound i n  t h e  coa l  d r y i n g  
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process. I n  t’he t r a v e l  sec to r ,  h e a t i n g  o f  ho t  water  and space f o r  h o t e l s ,  
mo te l s  and r e s t a u r a n t s  i s  c l e a r l y  a s t r o n g  p o t e n t i a l  .market, g i v e n  t h e  - 
c o - l o c a t i o n  o f  t o u r i s m  and geothermal energy. Using geothermal energy f o r  
these i n d u s t r i a l  a p p l i c a t i o n s  can i n  many cases reduce c o s t s  f o r  these 
i n d u s t r i e s .  A t  t h e  same t i m e ,  t h e  demand f o r  energy f o r  i n d u s t r i a l  use can be 

by geothermal producers t o  p r o f i t a b l y  develop geothermal t h e  impetus needed 
s i t e s  i n  Colorado. 

L 
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