
i 
il - -  

I f  I 

. . . .  ._ .............. __ .......... ..... . .......... _ _  ........ . 

GEOTHERNAL Fh'ERGY MARKET POTENTIAL IN IWDUSTRIAL PROCESSING 
- _ _  - - - -.I . . -  . -  

- . . .  - . . . . .  - -  - ._ 

Robert J. Schultz 
Joseph A.  Hannv 

-.. _ _  - William H. Knuth 

- 
- __ 

.__ - - - -  
EG&G IDAHO, IKC. 

IDAHO NATIONAL ENGINEERING LABORATORY 
- .  - - ~ __I IDAHO FALLS, IDAHO - -  - 

ABSTRACT 
I ,  

Geothermal energy is currently being used 
for a number of industrial processes in 
countries throughout the world. Its applica- 
tion in the United States is mainly limited to 
space heating even though the temperature of 
the geothermal fluid is sufficient for process 
uses, and could be sold at attractive prices 
while maintaining a high return on investment. 
The temperature span for industrial use ranges 
from 40°C t o  275'C, thus encompassing both the 
abundant low temperature and the less available 
high temperature resources. Hydrothermal 
fluids can be used either directly or indirectly 
dependent upon fluid quality and process needs. 
The barriers facing hydrothermal industrial pro- 
cess development are (a) the development infra- 
structure does not exist, (b) energy users are 
not aware of hydrothermal energy and its ad- 
vantages, (c) federal incentives are limited, 
(d) resources are not fully defined. 

Historical Background 

applications of geothermal energy for process 
heat is n o t  dependent upon technological break- 
throughs. Hydrothermal energy is a viable energy 
source today with potential for use and expansion 
into many industries. The earliest utilization 
of geothermal energy in industrial processing is 
not well documented, but appears to have been 
initiated in the early 1950's. A compilation of 
the types of processes and the country in which 
they are currently utilized are presented in 
Table I. The use of hydrothermal resources for 
industrial processing in the United States is 
just now becoming viable. The first of these 
operations are Medo-Bel Creamery in Kalarrath 
Falls, Oregon. Medo-Bel has been using this 
energy source since 1973 for milk pasturization. 
Geothermal Food Processors have also recently 
initiated onion drying operations at Brady Hot 
Springs, Nevada. The DOE field demonstration 
prograw ha5 recently stimulated processing 
efforts in potato processing, grain drying, aqua- 
culture, agro-processing and sugar processing. 
It is interesting to note that on a worldwide 
basis, approximately 5500 Nii(th) of geothermal 
energy is being utilized for direct applications 

Unlike many envisioned energy systems, direct 
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NOTICE 
lhhs report was prepared as an account of work 
sponsored by the United States Government. Nenher Ihc 
United Stater nor the Umted Stater Department of 
Energy, nor any of their cmployccr, nor any of thelr 
contractors, subcontractors. or [hell employees, makes 
any warranty, exprcs or Implied, or assumes any legal 
liability or responsbihty far the accuracy. completeness 
or uxfulners of any mformatm. apparatus, product or 
process dsclopd,  or reprewnu that 11s use would not 
infringe pnvately owned righu. 

while the current United States use is less than 
50 MW(th). 

Potential For Process Applications 

of our national energy budget. 
industry can be broken into the following use 
categories: * 

Industrial energy u s e  represents 40 percent 
The energy used by 

Process Steam 40.6% 
Electric Drive 19.2% 
Electrolytic Process 2.8% 

Feed Stocks and Chemicals 8.8% 
Other 0.8% 

Direct Process Heat 27.8% 

Process steam and direct process heat account for 
68.4 percent of the total industrial use of energy 
much of which potentially can be supplied by 
hydrothermal energy. Today, high temperature pro- 
cessing is being practiced in many cases only 
because of the ilatural temperatures acqrtired when 
burning fossil f u e l s .  Current process temperature 
restrictions niust be reviewed in many processes to 
define the actual process needs. 

A study by Intertechnology Corporation' re- 
viewed in excess of 75 processes and defined the 
associated heat requirements. Typical processes, 
which can be operated in the low- to moderate- 
temperature range together with the percentage of 
the process energy needs as a function of maximum 
temperature required, are given in Table 11. It 
should be noted that the methodology of the study, 
considered the process temperature required, not 
the temperature supplied. However, in many pro- 
cesses, time and temperature can be considered as 
a trade-off when looking at lower temperature 
energy sources; thus there are potentially many 
additional processes which can be adapted to low- 
temperature energy sources. 

Analysis of current energy use within the 
Rocky Mountain Basin & Range region indicates that 
a prime market sector exists for the direct use of 
geothermal energy in space conditioning, and in 
low-to-moderate temperature industrial processing. 
Currently, greater than 75% of these market 
sections are being served by fossil fuels, with 
electricity clahing the majority of the remaining 
sales. Energy competition projections for the 
RMB&R region indicate a higher dependence upon 
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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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TABLE I 

- - - _. .- 
CU-T INDUSTRIAL PROCESSES USING GEOTHERXAL ENERcY'l) _ _ _  - - -  - 

APPLICATION COUNTRY DESCRIPTION OF APPLICATION 

_ _ _ . . _ _  _ _  - ._ - - - _ .  - -_  
- .  

Wood & Paper  I n d u s t r y  
P u l p  & Paper  Kew Zealand P r o c e s s i n g  and a s m a l l  amount of e l e c t r i c a l  power 

g e n e r a t i o n .  K r a f t  p r o c e s s  used.  

._ 
Timber Drying New Zealand K i l n  o p e r a t i o n .  
Washing & Drying of  Wood I c e l a n d  Steam d r y i n g .  

- 

- .  - 

Mining - 
Diatomaceous E a r t h  P l a n t  I c e l a n d  P r o d u c t i o n  of  d r i e d  diatomaceous e a r t h  r e c o v e r e d  by 

wet-nining t e c h n i q u e s .  

Chemicals  
S a l t  P l a n t  
Sulphur  > l in ing  

. J a p a n ,  P h i l l i p i n e s  
J a p a n  

B o r i c  Acid,  Ammonium I t a l y  
B i c a r b o n a t e ,  Amonium 
S u l p h a t e ,  Sulphur  - 2  

_ I  - 

M i s c e l l a n e o u s  
C o n f e c t i o n a r y  I n d u s t r y  J a p a n  
G r a i n  Drying P h i l l i p i n e s  
Brewing & D i s t i l l a t i o n  J a p a n  
S t o c k  F i s h  Drying I c e l a n d  
Cur ing  Cement B u i l d .  S l a b s  I c e l a n d  
Seaweed IC e l a n d  
Onion Drying Uni ted  S t a t e s  
Mi lk  P a s t u r i z a t i o n  Uni ted  S t a t e s  

P r o d u c t i o n  of s a l t  from s e a  w a t e r .  
S u l f u r  e x t r a c t i o n  from the g a s e s  i s s u i n g  from a 
volcano .  
I n c l u d e s  r e c o v e r y  of  s u b s t a n c e s  f rom t h e  v o l a t i l e  
components which accompany t h e  geothermal  s t e a m .  

Geothermal  steam h e a t s  r o t a r y  k i l n  d r y e r .  

F i s h  d r y i n g  i n  s h e l f  d r y e r s .  
Curing of l i g h t  a g g r e g a t e  cement b u i l d i n g  s l a b s .  
Drying seaweed f o r  e x p o r t .  
Dehydra t ion  of onions .  
Mi lk  p r o c e s s i n g  us ing  low t e m p e r a t u r e  r e s o u r c e .  

TABLE II 
TYPICAL INDUSTRIAL PROCESS HEAT REQUIREMENTS 

Dehydrated F r u i t s  & Vegetables  
C o n c r e t e  Block - Low P r e s s u r e  

Autoc lave  
Frozen  F r u i t  & Vegetables  
P o u l t r y  D r e s s i n g  
Meat Packing  
P r e p a r e d  Feeds - P e l l e t s  

P l a s t i c  P l a t e r i a l s  
D a i r y  I n d u s t r y  - Cheese 

- A l f a l f a  Drying 

4OoC- 6OoC- 8OoC- 100°C- 120°C- 140OC- 160OC- 180°C- 2 o o ~ c  
. 6OoC 8OoC 100°C 120°C 3.40°C 16OoC 18OoC 2OO0C 

0 100% 2 

0 100% : 
0 0 0 0 '  0 0 0 100% A 

0 0 39% 100% 

0 99% 100% 
0 0 100% 
0 0 0 0 0 0 0 0 100% 
0 0 0 0 0 0 0 0 100% 

- 
100% - - - - 

23% 100% 

S o f t  D r i n k s  
Soaps 
D e t e r g e n t s  

- _. 

- Condensed Milk 0 63% 
- Dried  Milk 0 0 
- F l u i d  hii lk 0 0 

61% 100% 
0 0 
0 0 

63% 93% 100% - 
42% 66% 71% 71% 71% 100% - 
100% - 

0 
0 

1% 100% 
52% , c 100% 

.. .. ........ . i ? .... . - .. ...... ......-........_...I_. .............. -. ..... 

........... . .- .................. .-.. .. ._ - ... ............................... .. 

2 



............ ........... ..-. . ....... . . .  
.... .- . - 

. I  . . - 
* >  

. . . .  
............ . . . .  

." 

coal in the future which may encounter environ- 
mental or other growth constraints. A cross 
matching of the hydrothermal resources, as known 
today and projected in the future, on a county-by- 
county geographical basis with the potential u s e r  
sectors, has defined the prime areas to be 
developed. This analysis reveals that all 10 
states within the RELB&R region have significant 
amounts of resources which correlate with potential 
energy market areas, and that the majority of the 
industrial and population centers are colocated 
with hydrothermal resources. 
use, considering all potential uses of direct heat, 
is 362 x 1OI2 Btufyr with a growth potential by 
the year 2020 of 3980 x 10" Btu/yr. 

The current energy 

Many of the major industrial energy consumers 
of the WB&R region can use low-to-moderate heat 
sources to meet a portion, if not all, of their 
energy needs. These industries include food and 
kindred products processing, wood and lumber 
products, mining and minerals, chemical processing, 
and the concrete industry. Table I11 lists the 
top prospects that are matched by counties with 
hydrothermal resources in the RMB&R region. 
energy supply requirements of the industrial sector 
are somewhat smaller than the energy needs f o r  
residential/commercial space conditioning, but the 
region's growth potential is excellent and it 
appears that market penetration can more readily 
be made in the industrial sector. Current in- 
dustiral energy u s e  in the low-to-moderate heat 
processing sector which can be served by hydro- 
thermal energy is 7 4  x 10l2 Btulyr with a growth 
pattern of 177  x 10" Btu/yr by 1 9 8 5 ,  480  x 10" 
Btu/yr by 2000, and 1476 x 10'' Btu/yr by the year 
2020. For the year 2020, this energy use equals 
approximately 250,000,000 barrels of oil per year. 

The 

Market growth projections for hydrothermal 
energy in the RMB&R region present an attractive 
profile. From the data illustrated in Figure 1, 
it is evident that a substantial portion of the 
region's energy needs can be satisfied by hydro- 
thermal energy. Competition from conventional 
energy sources, as well as other alternative energy 
types (solar, biomass, etc.), result in choosing 
conservative market penetration rates as shown by 
the estimated penetration (bottom) curve. 

From the foregoing considerations, it can 
reasonably be observed that: (a) substantial long- 
term markets for hydrothermal energy exist in the 
W & R  region; (b) commonly found coincidence of 
resource occurrence with user locations promise 
favorable economics in competition with other 
energy supplies; and, (c) hydrothermal energy can, 
with appropriate stimulation and encouragement, 
be a near-term partial solution to the region's 
energy needs. 

Barriers 

sufficiently low, through abundance and tax 
incentives, to suppress energy prices below that 
attractive for developing geothermal resources. 
Although the hydrothermal energy source is 
currently economic and capable of supporting in- 
dustrial needs, one wonders why the industrial 

For many years, oil and gas prices have been 

j 
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sector of the United States is not actively 
attempting to develop this energy source. A 
quick look identifies the major reasons for the 
lack of development interest. Those most easily 
identified are, (a) the energy is not trans- 
portable over large distances, (b) tax incentives 
have not favored this energy source, (c) the use 
potential is unknown, and (d) the resource base 
has not been well defined. 

._ _ -  - _ -  - .. 
As the availability of oil and gas diminishes 

and the availability of new hydropower sites 
decrease, both fossil fuel and electrical energy 
costs will continue to increase, thus giving 
hydrothermal energy a more comfortable market- 
place in which to compete. This leaves resource 
definition, the knowledge of potential u s e ,  and 
the lack of incentives the major previously 
identified barriers to overcome. DOE has programs 
in progress to help mitigate these problem areas. 
The major unsolved barrier, and one which was not 
previously identified, is the absence in the pre- 
sent marketplace of the infrastructure necessary 
to develop and deliver hydrothermal energy to the 
user sector. 

References 

'Howard. J. F., "Present Status and Future Pro- 
spects for Non-Electric Uses of Geothermal 
Resources", UCRL-51926, Lawrence Livermore 
Laboratory, October 15, 1976. 

'Intertechnology Corporation, "Analysis of the 
Economic Potential of Solar Thermal Energy to 
Provide Industrial Process Heat", Volume 1, 
February 7 ,  1 9 7 7 ,  ERDA. 

, 

! .......... - . . ~ ....... 

'i 

3 



- -_ " - _I -_ 
- - _  

i _ - 1  
. I  

' S c h u l t 7 ,  e t  a l .  _ -  * 
TABLE 111 

P 20 INDUSTRIAL PROCESS HEAT APPLICATIOXS - - - - - -- - - - - 
I __ ___ - - __- . -- 

DIRECTLY MATCHED( 1) FOR GEOTHERMAL ENERGY RFPLACE~MENT 
, I N  THE RMB6R REGION 

- - _- - -  - - - - - - - (x 10l2 BTU/YR) __ - - __ - - - - - - I _ _  - , 
1 _ _  - - _. -. - - - _. ____I - - _ _  --- 

MATCHED 1975 MATCHED 1975 
INDUSTRY ENERGY USE(2)  INDUSTRY ENERGY USE(*> 

- - - - - - ! 

I Dehydrated F r u i t s  & Vege tab le s  11.80 I n o r g a n i c  Chemicals 
_ _  . - -  

1.06 - _ _  
Concrete Block 7.10 Ready-Mix Concre t e  .98 
Frozen F r u i t s  & Vege tab le s  5.24 Gypsum .97 
P o u l t r y  Dress ing  - -  -- 4.82 Canned F r u i t s  & Vege tab le s  -97  
Meat Packing 4.45 Beet Sugar  .82 
Prepa red  Feeds 3.65 T r e a t e d  Mine ra l s  .69 
P l a s t i c  Platerials 3.63 Cot ton  Seed O i l  M i l l s  .34 
Dai ry  I n d u s t r y  3.24 Prepa red  Meats .34 
S o f t  Drinks 2.91 Pha rmaceu t i ca l s  .25 
Soaps 1.24 F u r n i t u r e  .21 

I n d u s t r i e s  matched by c o l o c a t i o n  w i t h  r e s o u r c e s  and 
compa t ib l e  p r o c e s s  t empera tu res  i n  t h o s e  c o u n t i e s  
having hydrothermal  r e s o u r c e s .  
Reg iona l  consumption of d i r e c t  h e a t  energy i n  1975 
r e p l a c e a b l e  by hydrothermal  energy from c o l o c a t e d  
and temperature-matched r e s o u r c e s .  

FIGURE 1 
ENERGY CONSU M PTl  ON PROJECTIONS 

FOR THE R M B & M  REGION 

Note: Tolal region energy use includes 
transportalion and energy 
conversion losses 

Use (Industrial 
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