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Abstract 

Preliminary r e s u l t s  of engineering, economic, and geographic ana lys i s  
o f , t h e  use of low-temperature geothermal heat  f o r  the  commercial drying of 
grains ,  grasses,  f r u i t s ,  vegetables and l ives tock  products i n  t h e  United 
S ta t e s  are reported. 
process and cos t  study. 

W 

Alfa l fa  (lucerne) dehydration w a s  chosen f o r  de t a i l ed  
I 

Six  d i f f e r e n t  geothermal hea t  exchanger/dryer configurations w e r e  ex- 
Y amined. 

e n t i r e  hea t  requirement proved t o  be the  most economical. 
estimate f o r  an all-geothermal a l f a l f a  dehydration p lan t  near the  Heber 
Known Geothermal Resource Area i n  the  Imperial Valley, Cal i fornia  w a s  pre- 
pared. 
Output i s  about 11 metric tonnes per hour. 

compiled for the  areas surrounding i d e n t i f i e d  hydrothermal resources i n  11 
western states. 
replaced by geothermal hea t  f o r  drying these  crops w i l l  be estimated. 

A conveyor type that could u t i l i z e  geothermal hot  water f o r  i ts 
A c a p i t a l  cos t  

The combined cos t  f o r  hea t  exchangers and dryer i s  about $1.6 mil l ion.  

Y 

Acreage, production and d o l l a r  value da ta  f o r  22 dryable crops w e r e  

The po ten t i a l  magnitude of f o s s i l  f u e l  use t h a t  could be  

V 

Introduct ion 

f t h i s  study is t h  Of the appli-tion 
of moderate temperature geothermal heat (90 t o  
commercial drying of grasses,  grains ,  and se lec ted  f r u i t s ,  vegetables,  and 
l i ves tock  products. A de ta i l ed  engineering and cos t  analysis  is  being per- 
formed f o r  a geothermal a l f a l f a  dehydration process. 
energy cos t s  with those of present  energy sources and with t h e  r i s k s  of na tu ra l  
gas curtailments.  The reg iona l  and na t iona l  impacts of geothermal drying f o r  
agr ibusiness ,  o ther  interest  groups, and the  publ ic  i n  general  w i l l  be evalu- 
ated. 
This study is being performed under U.S. Government Contract No. EG-77-C-07- 
1628 f o r  the  Division of Geothe rgy Research and Develop- 
ment Administra 

of a l f a l f a  technical ly  and economically f e a s i b l e  with moderate temperature 
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degrees to 
Q 

We w i l l  compare geothermal 

Final ly ,  w e  w i l l  recommend po l i c i e s  designed t o  optimize these impacts. 

. 
F i r s t ,  is the  drying 

Y 
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geothermal energy? What crops are 
located near  i d e n t i f i e d  moderate temperature geothermal resources,  and f o r  
which of these  crops are the  drying processes su i t ed  t o  geothermal hea t?  

The second quest ion is more general. 

A l fa l f a  dehydration w a s  s e l ec t ed  f o r  ana lys i s  fo r  s eve ra l  reasons. 
A l fa l f a  hay is among the  t en  most valuable  crops on the  bas i s  of gross  r ece ip t s  
by growers i n  a l l  of the  eleven cont inenta l  U.S. states west of and including 
Montana, Wyoming, Colorado, and New Mexico. 
in tens ive  process: about 10 Gigajoules (GJ)  per metr ic  tonne are required 
t o  dry fresh-cut "green-chop" from 75 percent i n i t i a l  moisture t o  t h e  10 
percent  moisture "dehy" product. 
d ra in  on na tu ra l  gas suppl ies  wi th in  t h e  drying indus t r ies .  
annually burn about 10 mi l l ion  Gigajoules (1016 joules )  o r  10 t r i l l i o n  BTUs 

. of n a t u r a l  gas, Final ly ,  t he  a l f a l f a  dehydration indus t ry  has suf fered  cu to f f s  
i n  n a t u r a l  gas de l ive r i e s  i n  some loca t ions ;  these threa ten  t o  become widespread 
and frequent.  
r e t r o f i t t i n g  of present  dehy p l an t s  and the  construct ion of new ones located 
near i d e n t i f i e d  geothermal areas. 

Al fa l f a  dehydration is an energy- t 

Alfa l f a  dehydrators represent  an important 
U.S. dehydrators 

6, 
Based on these  considerat ions,  our study addressed both the  

The Conventional A l fa l f a  Dehydration Process 
ry 

The following is  a descr ip t ion  of t h e  standard process used t o  produce 
dehydrated a l f a l f a  meal, usua l ly  pe l l e t ed  f o r  ease i n  handling and feed mixing: 

v Green-chop a l f a l f a  is trucked from independent growers' f i e l d s  
wi th  the  moisture content ranging from 70 t o  90 percent,  depend- 
i n g  on weather conditions. 
t o  approximately 7 t o  10 percent  i n  order t o  prevent spoi lage;  
elapsed t i m e  between harvest ing and dehydration must not exceed 
about two hours, This considerat ion,  as w e l l  as t ranspor t  cos t s ,  
d i c t a t e s  a normal d is tance  of 15  t o  20 kilometers between the  
f i e l d s  and the  dehy p lan t .  

An automatically cont ro l led  rotary flame furnace f i r e d  by o i l  o r  
n a t u r a l  gas suppl ies  t h e  necessary 'heat  f o r  t h e  drying process. 
Hot gases pass d i r e c t l y  from the  combustion chamber through t h e  
in take  tube and e n t e r  the  inner drum cyl inder  a t  a temperature 
ranging from 500 t o  1000°C depending upon the  moisture content 
of t he  mater ia l  t o  be dehydrated (6SOOC is typ ica l ) .  

the  suction-sealed feed conveyor, which conveys it i n t o  the  

This moisture content must be lowered 

U 

t o  be d r i ed  is chopped o r  shredded' and fed i n t o  

Q of the  in t ake  tube. 

cons i s t s  of t h  c e n t r i c  drying cyl inders  
t gases and the  material t o  be dr ied  en te r  by 

The mater ia l  is then advanced through tube. 
t h e  drying drum by means of a suc t ion  fan. 
are concentr ical ly  arranged, mechanically inter locked,  and rotate 
a t  the  same speed. The mater ia l  is repeatedly ca r r i ed  t o  t h e  t o p  
of each cyl inder  by the  cyl inder  f l i g h t s  and dropped through t h e  

The three  cy l inders  
Y 

0 
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hot  gases,  giving off moisture as i t  passes progressively 
forward through the  inner  cyl inder ,  then back through the  in t e r -  
mediate cyl inder ,  and forward again through the outs ide cyl inder  
t o  the  suc t ion  fan  a t  the discharge end of the  machine. 
t h i s  w p e  of concentric cyl inder  construction, t h e  material is 
exposed t o  the  drying medium f o r  about 20 meters, ensuring 
complete u t i l i z a t i o n  of heat  through rad ia t ion  from each cylinder.  
Retention t i m e  i n  the  dryer is no more than two t o  three  minutes. 

A f t e r  the  material passes through the  drying drum, i t  is blown 
i n t o  the  l a r g e  drying co l lec tor ,  where the  vapor-laden air a t  
about 12OoC escapes out  of the top, and the  dr ied 'mater ia l  passes 
i n t o  the cooling hopper and gravi ty  separator ,  where the  foreign 
materials are removed. 
t he  cooling co l l ec to r  where it s w i - r l s  downward i n t o  the  sacking 
pipes  or the  hammermill f o r  pe l l e t ing ,  as may be desired.  

A f t e r  cooling, the p e l l e t s  may be s tored  i n  tanks at below- 
ambient temperature o r  i n  i n e r t  gas t o  prevent spoilage.  
Shipment t o  d i s t a n t  markets is by rail--to the  Eastern-U.S. 
from the Midwestern producers o r  t o  po r t  f o r  export t o  Japan 
from Western dehydrators. 

Y 

With 

A second fan  propels the  mater ia l  i n t o  w 

Y 

Local del ivery is  by truck. 

"he normal operating season i n  the Northern P la ins  (Kansas and Nebraska 
are states t h a t  produce the most dehy) extends from about May through October. 
All-year operat ion is possible  i n  the  Imperial  Valley, Cal i forn ia  due t o  
favorable climate and i r r iga t ion .  
p l an t s  most commonly produce about 3 dry tonnes per hour. 
t h i s  s i z e  are used when l a r g e r  capac i t ies  are requi red .  
may range from 5,000 t o  50,000 dry tonnes per year. 
proportion of capacity over t i m e  t h a t  is ac tua l ly  u t i l i z e d ,  appears t o  range 
from about 30 to  50 percent. 

W Dehydrating u n i t s  range i n  s i z e ,  bu t  new 
Several 'dryers of 

Annual production 
The load f ac to r ,  or 

ti 

The c o s t  of na tu ra l  gas t o  dehydrators varies subs t an t i a l ly  a t  d i f f e r e n t  
locat ions.  
interviews with Western dehydrators. 
of the  f in i shed  product pr ice .  

Costs ranging from $10 to $20 per dry tonne w e r e  quoted during 
These cos t s  represent 10 t o  20 percent 

t h a t  t h e  temperatures uired f o r  the conventional alfalfa Y 

i dehydration process are a good dea l  higher than those of moderate temperature 
geothermal resource Before the  techniques with which we Proposed t o  cope 
wi th  t h i s  problem were defined, another question was addressed: How f a r  can 
geothermal hot  water of about 15OoC be piped t o  a dehydrator a t  reasonable 
cost?  
sources of supply for green-chop a l f a l f a  a f t e r  conversion to-geothermal heat ,  
Prospective dehydrators would wish t o  loca t e  as near as possible  t o  prospective 
suppl iers .  A knowledge of the  cos t  of geothermal heat  with respect  t o  p ipe l ine  
length would enable a dehydrator t o  t rade  off  r a w  a l f a l f a  t ransportat ion cos t  
with energy cos t  t o  determine whether he could remain i n  h i s  present loca t ion  
and convert t o  geothermal, o r  i f  not ,  where the  optimum location might be. 

One can assume t h a t  present  dehydrators would wish t o  r e t a i n  e x i s t i n g  0 

v 
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Heat Transmission t o  the  Dehydrating P lan t  

Y Two s tud ie s  were undertaken i n  t h e  e a r l y  por t ion  of this study toward'. 
the design and cost ing of systems t o  de l ive r  geothermal hot water t o  dehydra- 
t i o n  p l an t  sites. 
fo r  t h ree  different p lan t  hea t  loads. 
transmission submodel developed a t  Battelle P a c i f i c  Northwest Laboratory. 

The f i r s t  study was  a parametric ana lys i s  of piping costs 
The second u t i l i z e d  the  geocost f l u i d  

For the  parametric ana lys i s ,  an alfalfa dehydration p lan t  t h a t  requi res  Y 

about 15 GJ/hours t o  produce 3 tonnes/hours of dr ied  alfalfa w a s  assumed as 
,a base case. Heat demands of 50 and 100 GJ/hours were also considered i n  
order t o  assess the  e f f e c t  of scale on costs .  Given a geothermal water re- 
j e c t i o n  temperature of 49"C, the  required inlet temperatures t o  t h e  f i r s t  
water-isobutane hea t  exchanger were calculated.  
changer is required i n  t h i s  design.) 
by s p e c i f i c  geothermal water flow rates. 
use of t h e  "economic velocity" (1.7 meters per  second) through t h e  range of 

. standard schedule-40 steel pipes  s i z e s  from 4 t o  16 inches (10 t o  40 cm) i n  
diameter. 
i n su la t ion  and a 14OC s o i l  temperature, t he  required wellhead temperature 
could be ca lcu la ted  as a funct ion of distance.  
maximum production w a s  about 38 l i t e r s l second  of ho t  water. An equation* 
gave c a p i t a l  cos t  of t h e  production and r e in j ec t ion  w e l l  system. One rein- 
j e c t i o n  w e l l  f o r  each two supply w e l l s  w a s  assumed. 
beyond ac tua l  d r i l l i n g  and hardware were set equal t o  the  cos t  of one w e l l .  

(A second isobutane-air ex- 
These i n l e t  temperatures w e r e  es tab l i shed  ci 

The flow rates were se t  by assuming 

Knowing pipe diameter,"and assuming 5 centimeter polyurethane 
rlv Well c o s t  w a s  $400,000 and 

Field development cos t s  

W No- cos t s  were included f o r  geophysical explorat ion and t h e  like--a developed 
f i e l d  w a s  assumed. 

Another equation e s t iqa t ed  the  c a p i t a l  c o s t  f o r  t h e  p ipe l ine  and booster  
pumps as a funct ion of pipe diameter and length. 
hea t  exchanger is given by the  sum of the  c o s t  of the  product ion/reinject ion 
system and the p ipe l ine  system. 
w a s  then derived, assuming 10 percent per  year w e l l  replacement, 30-year 
s t r a igh t - l i ne  depreciat ion a t  8 percent i n t e r e s t ,  and non-profit operation. 
Final ly ,  t h e  cos t  of heat i n  dol lars  per Gigajoule w a s  computed assuming 
50 percent  duty as a base case (4,380 hours per  year  operation; 25 percent 
duty is more typ ica l  today i n  the  Northern P la ins  states). 

Total  capita1,cost  up t o  t h e  

Annual operat ing cos t  f o r  t he  combined system 
. 

Y 

Y - 
Fox the  GEOCOST simulation, very similar assumptions were made f o r  t he  

base case" run except t h a t  only one estimate of hea t  demand, 15.7 GJ/hour, 
w a s  used. The wellhead temperature parameter was  var ied from 66OC t o  204OC 
i n  a series of five va r i a t ions  from the  base case. Transmission lengths  of 
1.6, 32.2, and 80.5 kilometers were t e s t ed  and the  options of no r e in j ec t ion  
and publ ic  f inancing (thus el iminat ing most taxes)  were t r i e d  i n  o ther  runs. 

Table I gives the  cos t s  as shown by the  parametric study f o r  hea t  trans- 
mission t o  t h e  dehydration p l an t  s i te  and f o r  hea t  exchange. 
assumed t o  be located a t  the si te of a geothermal source of 132OC so t h a t  
p ipe l ine  cost is near zero. 
energy c o s t  f o r  t he  15 GJ/hour p l an t  fo r  p ipe l ine  transmission; f o r  a 50 G J /  
hour heat load, about $.22 per  kilometer. 

81 

The p lan t  is 

About $.53 per kilometer m u s t  be added t o  the  

*Bernard B. Basse, "The Thermal Systems Model," Paper X, Susanvi l le  
Geothermal Energy Pro jec t  : Workshop Proceedings/Final Technical Report, 
ERDA Report SAN-1077-4 (July 13, 1976), p. X-2. 0 
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CAPITAL COST (1975 U.S. $1 

a. For production- 
reinject ion w e l l  
sys tern 

b. For heat exchangers 

c. Total (a & b) 

ENERGY COST ($/GJ) 

d. For production 
reinject ion w e l l  
sys tern 

e. For heat exchange 

15 GJ/Hour 

$1,262,160 

406,000 

1,668,160 

$5.44 

1.40 

6.84 

ION'PLANT HEA' 

50 GJ/Hour 

$1,262,160 

811,000 

. 2,073,160 

$1.63 

.84 

2.47 

DEMAND 

100 GJ/Hour 

$2,045,176 

1,345,000 

3,390,176 

$1.21 

.69 

1.90 
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The energy cos t  f o r  a 15.7 GJ/hour demand as estimated by the  GEOCOST 
base case run agreed q u i t e  w e l l  with the  15  GJ/hour r e s u l t  of t h e  parametric 

0 analysis .  GEOCOST predicted an energy cos t ,  less heat  exchange, of $12,84/GJ 
f o r  16 kilometer p ipe l ine  transmission; the  parametric study showed a c o s t  of 
about $13.49. 
$6.30; the parametric ana lys i s ,  $6.24. 

When p ipe l ine  length w a s  1.6 kilometers,  GEOCOST estimated 

Two main conclusions were drawn from these analyses of geothermal hot  
U water transmission. 

assumed, it is not  f e a s i b l e  t o  pipe the  geothermal water more than a few 
kilometers i f  energy cos t  is t o  be comparable t o  p re sen t -na tu ra l  gas o r  fuel-  
o i l  cost .  It follows t h a t  only a f e w  ex i s t ing  dehydration p l an t s  are l i k e l y  
t o  be near  enough t o  i d e n t i f i e d  geothermal areas t o  permit geothermal re t ro-  
f i t t i n g  . 

F i r s t ,  i f  w e l l  cos t s  are i n  the  $400,000 range as w e  

' i  

w 

Preliminary Assessment of Geothermal Dryer Options 

Several  methods f o r  u t i l i z i n g  moderate temperature geothermal heat  f o r  
alfalfa dehydration w e r e  evaluated. 
which is then ra i sed  t o  the  conventional ro ta ry  drum i n l e t  temperature of 500 
t o  1000°C with na tu ra l  gas combustion. O r  a heat  pump could be used t o  raise 
the  temperature ava i l ab le  from geothermal f l u i d s  t o  about 500°C, enough t o  
e l iminate  the  need f o r  f o s s i l  f u e l  combustion, The ro ta ry  drum dryer with 
i t s  present high i n l e t  temperature would be re ta ined  f o r  e i t h e r  of these methods. 
More plausibly,  one could seek a dryer  design capable of u t i l i z i n g  geothermal 
energy a t  the del ivered temperature f o r  t he  e n t i r e  drying requirement. 

The first method seems e n t i r e l y  f e a s i b l e  but  may w e l l  be uneconomic. A t  
a geothermally pre-heated air  temperature of 15OOC only about 15 t o  30 percent 
of the  n a t u r a l  gas requirement would be eliminated. The overriding problem 
of na tu ra l  gas curtailments would still  exist and t h e  need f o r  loca t ing  the 
dehydration p lan t  near a na tu ra l  gas p ipe l ine  would remain. 
i n  a high cos t ,  high output geothermal w e l l  would be underuti l ized. 

The concept of a l a rge  hea t  pump, o r  several of them i n  series, t o  boost 
the temperature ava i lab le  from geothermal hot  water resources seve ra l  hundred 
degrees Celsius w a s  s tudied and re jec ted  f o r  se r ious  consideration i n  our 
project .  
ava i lab le  or prototype u n i t  capable of boosting hea t  flows on the  order  of 
15 t o  100 GJ/hour t o  the  required temperature of 500°C or  so. 
t h a t  could operate  a t  such high temperatures are not  avai lable;  heat  pumps 
would probably have t o  be cascaded t o  achieve such la rge  temperature changes 
and would thus be extremely i n e f f i c i e n t  i n  

Two possible  approaches t o  low te 

Geothermal hot  water might pre-heat a i r  v 

Y 

c, 
Also, investment 

Y 
Several hea t  pump manufacturers were contacted but none knew of an  

Working f l u i d s  

case. 

e drying of alfalfa "ere ex- 

Or, one might use a d i f f e r e n t  type of dryer espec ia l ly  
A computer model t h a t  permits the  

amined. One might adapt conventional ro t a ry  dehydraters t o  use low temperature 
heat  a t  t h e  i n l e t .  
designed f o r  low temperature operation. 
simulation of ro ta ry  drum dehydrator operation a t  a var i e ty  of i n l e t  and o u t l e t  
temperatures, drum lengths,  and drying t i m e s  has been used t o  examine the  
first option. 
long i n  order t o  permit a l f a l f a  drying t o  10 percent moisture content. 
lengths on the order of hundreds of meters were indicated by t h e  model, c l ea r ly  
an impractical solut ion.  

r3 

We concluded t h a t  such a drum would have t o  be prohib i t ive ly  
Drum 

CYI, 
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The most feasible dryer  appears t o  be a u n i t  similar t o  t h a t  used by 
A b r i e f  descr ip t ion  of t h i s  dryer Broadlands Lucerne Co. i n  New Zealand. 

follows, based on information given t o  us by Mr. Ken P i r i e  of Fisher and 
Paykel Engineering Company, designer of the  plant.  The preliminary design 
and c o s t  of a scaled-up u n i t  f o r  operat ion i n  E l  Centro, Cal i forn ia  wi th in  
the Heber Known Geothermal Resource Area is presented i n  a later sect ion.  

v 

The p lan t ,  located about 55 kilometers south of Rotorua i n  t h e  Broadlands 
geothermal f i e l d ,  is  owned by a cooperative of a dozen farmers who grow 
lucerne on t h e  eas t e rn  s i d e  of the  Waikato River. Geothermal w e l l s  of t h e  
Broadlands f i e l d  are dot ted within t h i s  farmland. 

v 

The dryer  is  a f ixed  bed, double-pass, drag conveyor type. The bed 
is louvered t o  permit t he  air  stream t o  pass up through t h e  a l f a l f a  from 
below. 
t ions  2.4 meters wide. 
and i n t o  t h e  first sect ion.  
dr ied,  and then moved with an auger material-handler t o  t h e  hammermill and 
pe l l e t i ze r .  
bed i n  a p i l e  40 centimeters deep. 

The conveyor system is  30 meters long, composed of two 15 meter.sec- w 
The w e t  a l f a l f a  is  f i r s t  ca r r i ed  up an input  conveyor 

It is dropped onto the  second sec t ion ,  fu r the r  

The airstream from below near ly  "f loats"  t h e  a l f a l f a  above t h e  
Y 

The hea t  exchanger is a steel fin-tube type, a c o i l  e i g h t  rows deep, 
galvanized on the  outside,  2 finslcm. A total  of 1,400 square meters of 
surface area is  used. 
thermal steam is 20 percent by volume incondensable C02 so t h a t  t h e  c o i l  
should be  20 percent la rger .  
been encountered. 

This was thought t o  be a conservative,  but  t he  geo- 

Y Only s l i g h t  problems with s i l ica  sca l ing  have 

D r y  geothermal steam is fed i n t o  the  c o i l  exchanger a t  177OC. The 

A i r  flow 
pressure i s  constant a t  10.3 bars  (150 pounds/square inch). 
(16 t o  27OC) is  passed over t he  c o i l  and heated t o  93 t o  143OC. 
rate is va r i ab le  from 19.8 t o  23.6 cubic meters per  second t o  permit d i f f e r e n t  
i n i t i a l  moisture contents i n  the  a l f a l f a  input.  
a l f a l f a  varies from 65 t o  85 percent a t  t h e  end of summer and i n  ea r ly  spr ing,  
respect ively.  The a l f a l f a  is s l i g h t l y  w i l t e d  during harvest ing and transport. 
The o u t l e t  moisture content of t h e  a l f a l f a  ranges from 8 t o  12  percent and 
usual ly  is about 10 percent. 
w e t  bulb. 
'(5 tonnes/hour w e t  basis) .  
but  much more is possible .  

drying a t  temperatures of about 1 5 0 ° C  due t o  the  lengthened r e t en t ion  t i m e  
required ( 4 5  minutes as compared t o  two o r  t h ree  minutes i n  a conventional 
drum dryer).  Available experimental da t a  w a s  i n s u f f i c i e n t  t o  show whether ,! 
low temperature drying might permit des t ruc t ive  enzyme ac t ion  t o  take place.,/ 
Laboratory experiments t o  enable us t o  analyze t h e  e f f e c t s  of lowered tempera- 
tu res  and increased drying times on product qua l i t y  were too expensiye for /  

is operat ing with.drying conditions similar t o  those t h a t  our low temperature 
dryer design would require.  An ana lys i s  of the  dehy product from the  Broad- 
lands p l an t  shows product qua l i t y  comparable with t h a t  cur ren t ly  standard i n  
the  Western United States .  
produced by the  low temperature dryer  design discussed below wodd.be market- 
ab le  and of good commercial grade. 

Ambient air  

w The i n l e t  moisture of t h e  

Out le t  air  temperature is 49OC dry bulb, 32OC 
@ Alfa l f a  throughput is about 1 tonne/hour on a dry weight b a s i s  

is  1630 tonnes dry p e l l e t s ,  Annual product i  

I n i t i a l l y  we  were concerned t h a t  poor product qua l i t y  might r e s u l t  from 

0 

t 

* inclusion i n  t h i s  study. Fortunately the  Broadlands Lucerne Company plank 
Y I 

We are therefore  reasonably Sure t h a t  t h e  

Y 
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Market and I n s t i t u t i o n a l  Charac te r i s t ics  
of t he  U.S. Dehydrated Alfalfa Industry 

The rap id  expansion.of t he  dehydrated a l f a l f a  industry during t h e  1940's 
and e a r l y  1950's was stimulated by the  promotional e f f o r t s  of n a t u r a l  gas 
companies seeking an o u t l e t  f o r  gas sales during t h e i r  summer off-peak season. 
Natural  gas continues t o  be the  p r inc ipa l  source of energy f o r  dehydration of 
a l f a l f a ,  though promotional activit ies have ceased due t o  recent  shortages 
of supply of n a t u r a l  gas. By and larke, t h e  indus t ry  has tended t o  l o c a t e  
where n a t u r a l  gas suppl ies  w e r e  ava i lab le  and where gas consumption pa t t e rns  
f i t  i n  w e l l  wi th  t h e  growth period f o r  alfalfa. 

k 

There are estimated t o  be about 250 dehy p l an t s  i n  t h e  country, concen- 
t r a t ed  l a rge ly  i n  t h e  Midwest (see Figure 1). 
with about e igh t  p l an t s  known t o  be  active, leads  t h e  o ther  states. Oregon, 
Idaho, Arizona, and New Mexico have one o r  two p lan t s  each. (Colorado also. 
has about a dozen p l an t s ,  a l l  located i n  t h e  eas t e rn  p a r t  of t h e  state, re- 
mote from geothermal resources.) 

U I n  t h e  f a r  w e s t ,  Ca l i fo rn ia  

v Current annual U.S .  production of dehy is about 1.2 mi l l ion  tonnes, down 
from a peak of 1.6 mi l l ion  tonnes i n  1970. 
is purchased by l o c a l  feed formula manufacturers and l ives tock  f eed lo t s  
(within a radius  of 150 t o  300 kilometers of each p lan t )  o r  shipped t o  the  
l a rge  feed companies i n  the  East. 
exports t o  Japan. 
because of t h e  competition of Canadian dehy, however, has had a se r ious  impact 
on the  Cal i forn ia  dehy industry.  
231,000 tonnes i n  1971, were down t o  46,000 tonnes i n  1976. 

The industry may have excess capaci ty  a t  present.  

The dehy produced i n  t h e  Midwest 

Cal i forn ia ' s  market had been dominated by 
The recent  decl ine of Japanese purchases i n  t h e  United S ta t e s  

Y 
Shipments t o  Japan, which ran as high as 

The l o s s  t o  Canada 
(where dehy production has been promoted and p a r t i a l l y  subsidized by the  
government) of much of t h e  foreign market is probably permanent. 
t i c  market dehy competes on a cos t  per  n u t r i e n t  b a s i s  with o ther  feed formula 
ingredients .  
energy, high-fiber content l i m i t s  t he  amount t h a t  can be mixed into feed 
ra t ions.  
production level, provided production c o s t s  (energy, labor,  and p r i c e  of green- 
chop) do not escalate f a s t e r  than the  p r i ces  f o r  o ther  feeds tuf fs .  

industry,  we decided t o  concentrate on t h e  r e t r o f i t t i n g  of ex i s t ing  p l an t s  
near geothermal areas ra the r  than the  cons t ruc t ion  of new plants .  Figure 1 
and Table I1 show t h a t  there  are about a dozen p l an t s  known ,to be operat ing 
i n  the  v i c i n i t y  of i d e n t i f i e d  geothermal resources. 
p l an t s  are wi th in  20 kilometers of such resources. 
impacts on agribusiness  and energy consumption are t o  be an t ic ipa ted  from 
geothermal use f o r  a l f a l f a  dehydration. 

u The domes- 

Though i t  is  valued i n  poul t ry  as a pigmenting agent,  i t s  low- 

A r e l a t i v e l y  s t a b l e  market is  f e l t  t o  exist at about t h e  cur ren t  

0 

Based on t h e  discouraging prospects for growth of t h e  a l f a l f a  dehydration 

9 Only three  of these  
Local, and not  na t iona l ,  

.) 



I 
f 

S i t e  Spec i f ic  Analysis of Geothermal Alfa l fa  Dehydration < 

t Our objec t ive  i n  performing a case study f o r  a pa r t i cu la r  geothermal i 

resource and a p a r t i c u l a r  ex is t ing  dehydration p l an t  i s  t o  i n t e g r a t e  a l l  of 
t h e  technical  and economic elements of geothermal del ivery systems and t h e -  
alfalfa dehydration process i n  order t o  examine them as p a r t s  of a system. 
This i n t eg ra t ion  w i l l  allow consideration of c o s t  trade-offs, f o r  example, 
t he  cos t  of hauling a l f a l f a  versus p ipe l ine  transmission cost .  
performing t h i s  ana lys i s  f o r  an a c t i v e  dehy operat ion near E l  Centro, C a l i -  
fo rn ia  i n  t h e  Imperial  Valley geothermal area. 
operation near a geothermal resource i n  the Twin F a l l s  area, Idaho. These two 
sites were chosen p a r t l y  because they span a wide range of p l an t  operat ing 
conditions,  dehy markets, and geothermal resource types. Moreover, these  dehy 
p l an t s  are two of t he  th ree  i n  the U.S. t h a t  are wi th in  20 kilometers of 
i den t i f i ed  moderate temperature hydrothermal systems. 
located i n  Ho l tv i l l e ,  Cal i fornia ,  near t h e  E a s t  Mesa Known Geothermal Resource 
Area, a high-temperature resource.) 
f o r  e i t h e r  of these  two locat ions,  one may i n f e r  t h a t  i t  w i l l  no t  be f e a s i b l e  
f o r  any U.S. locat ion.  

We are 

We may a l s o  examine a smaller 

(The t h i r d  p l a n t  i s  t 

If geothermal r e t r o f i t t i n g  is not  f e a s i b l e  1 
I 
1 We have secured t h e  condi t ional  cooperation of the  operators  of these  

p l an t s  f o r  our study. 
has indicated t h a t  he would be wi l l i ng  t o  cooperate fu r the r  i f  t he  preliminary 
cos t s  f o r  geothermal energy and new drying equipment are attractive. 

et 
The operator of t h e  p l an t  i n  E l  Centro, Cal i forn ia  

I Should 
the  i n i t i a l  cos t s  f o r  energy and dryer modification o r  replacement be unattrac- 
tive t o  t h e  operators ,  t he  case s tud ie s  w i l l  conclude with assessments of 

1 
Y I 

which cos t s  were excessive. Should the  i n i t i a l  c a p i t a l  and e n e r m  c o s t s  be  
wi th in  p l a n t  investment and operating expense c a p a b i l i t i e s  , more-detailed 
ana lys i s  of geothermal r e t r o f i t t i n g  w i l l  be performed. 
E l  Centro p l an t  has indicated t h a t  a geothermal energy cos t  per  Gigajoule 
of up t o  50 percent more than the  present  c o s t  f o r  na tu ra l  gas might be  
f e a s i b l e  i f  geothermal use permitted him t o  operate  without in te r rupt ion .  
could thus take advantage of favorable p r i ces  f o r  a l f a l f a  a t  any t i m e  and be 
ab le  to guarantee h i s  supply o r  make f i rm cont rac ts  f o r  del ivery of h i s  product. 

The operator  of t h e  

He  

- 

The El Centro dehydrating p lan t  is loca ted  on a ra i l  s id ing  about one-half 
kilometer south  of an i n t e r s t a t e  highway and four  kilometers southeast  of t h e  
.center of t he  c i t y  of E l  Centro (see Figure 2). Across t h e  road to t h e  nor th  
of the dehy p l an t  is the Valley Nitrogen Plant ,  a f e r t i l i z e r  manufacturer, and 
subjec t  of one of t he  s i t e - spec i f i c  non-electric s tud ie s  being performed 
under contract  t o  t h e  U.S. Energy Research and Development Administration. 
Three miles to  t h e  south of t h e  dehydrating p l an t  is  t h e  center  of t h e  Heber 
anomaly with i t s  concentration of geothermal w e l l s .  

The dryers  cons is t  of two 8200 kg/hour (evaporative capacity) drums and 
two 10,000 kg/hour drums. 
tonnes/hour of 1 2  percent moisture, 1 7  percent  pro te in  dehy-this is  q u i t e  a 
l a rge  plant .  
fo r  use i n  poultry feeds. 
the p lan t  business;  t he  remainder is cheaper sun-cured a l f a l f a  f o r  l o c a l  
markets. 
the l o c a l  market, a l l  within a 400 kilometer radius ,  is  supplied by truck. 

6 

The four  drums together can produce about 9 dry 

Dehy production accounts f o r  about 50 percent of 

The export  market is supplied via ra i l  and the  po r t  of San Diego; 

A l l  dehy is  exported t o  Japan, which is p a r t  owner of t h e  p l an t ,  

. 
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Green-chop a l f a l f a  is delivered i n  plant-owned t rucks from independent 
growers mostly wi th in  15  kilometers of the  plant .  
alfalfa is from farms 15 t o  30 kilometers away. The climate and i r r i g a t i o n  
permit eleven cu t t i ngs  of a l f a l f a  annually f o r  a year-round p lan t  operat ing 
season. 

Perhaps 20 percent of t h e  

The operator  is worried about t he  r i s i n g  c o s t  and decl ining a v a i l a b i l i t y  
H i s  c o s t  f o r  gas is $12 to $13 per  tonne of dehy at  present ,  

With h i s  present  energy 

Y of na tu ra l  gas. 
and gas w a s  cu r t a i l ed  recent ly  f o r  four  days. 
would increase  the  energy cos t  per  dehy ton grea t ly .  
sources a long gas curtailment o r  a s i g n i f i c a n t l y  h ighe r -p r i ce  f o r  gas would 
make dehy production untenable. 

The use of stand-by f u e l  o i l  

W Unlike most dehy operators,  the  operator of the E l  Centro p l an t  w a s  
op t imis t i c  about h i s  market. 
tonnage t o  Japan than it now does. 
marketing, he is w i l l i n g  t o  consider a s izeable  investment i n  geothermal 
energy if t h e  u n i t  energy cos t  is  not much higher than the  present  n a t u r a l  
gas  cost .  

dryers  have been prepared f o r  a p lan t  scaled t o  present  peak production 
capaci ty  f o r  t h e  E l  Centro p lan t ,  about 12 tonnes/hour. 
t h e  first hea t  exchanger-dryer combination i s  shown i n  Figure 3. 
u t i l i z e s  a turbine-driven compressor t o  d r ive  a hea t  pump t h a t  i n  t u r n  generates 
pre-heated air a t  about 240OC. 
isobutane secondary f l u i d ;  hea t  f o r  expansion i s  geothermal. 
tu rb ine  'un i t  i s  commercially ava i lab le  as a "Magmamax. I t  

are required for t he  e n t i r e  system, making i t  q u i t e  expensive: $3 t o  $5 mi l l i on  
is t he  estimated cos t  of equipment f o r  t h i s  system, excluding compressor, 
process hea t  exchanger, condenser and process pump requirements. 

The drying equipment cons i s t s  of four conveyor u n i t s  each about 30 meters 
long. 

The hea t  exchanger f o r  t h i s  system (not shown) is  a counter-current 
shell and tube type wi th  a geothermal hot  water primary c i r c u i t  and process 
air  secondary circuit. 
i s  123 GJ/hour t o  hea t  303 kilograms/second of 2loC a i r  t o  a dryer i n l e t  
temperature of 138°C. 
t u r e  of 149OC with  71OC re tu rn  is 116 l i te rs / second.  The estimated cos t  of 
t he  hea t  exchanger i s  $700,000 based on t h e  use of type 304 s t a i n l e s s  steel 

a1 energy del ivered to t h e  hea t  

He fe l t  t h a t  Cal i forn ia  could export  more 
Because c o s t  is  h i s  main concern and not  

' 

v 
Preliminary engineering designs f o r  two types of geothermal alfalfa 

A flow,diagram f o r  
This system 

The turb ine  is  dr iven by t h e  expansion of t he  

Five hea t  exchangers 

w 
The isobutane 

, 

Y 
Figure 4 shows the  conveyor-type dryer about which w e  are more opt imis t ic .  

Total  dryer  cos t  is  estimated at  about $900,000. 

0 
The energy requirement f o r  our preliminary design 

The required b r ine  flow a t  an exchanger i n l e t  tempera- 

0 tubes and aluminum f i n s .  . 
We plan t o  explore the  cos t  of geothe 

exchanger w i  
a l t e rna t ives  
location u t i  

e a i d  of t he  GEOCOST program f o r  th ree  Plant  operat ion 
e f i r s t  opt ion would be operat ion of t he  p lan t  a t  its Present 
g Its own pipe l i ne .  A second opt ion would be a shared Pipe- 

Y l i n e  with the Valley Nitrogen Plant  j u s t  across  t h e  road from the  dehy plant .  
Energy consumption by the  Valley Nitrogen Plan t  i s  s i g n i f i c a n t l y  higher  than 
for t he  a l f a l f a  plant .  
s ign i f i can t ly  decrease t h e  cos t  of de l ive red \geo the rml  energy t o  the  d@hY 

Therefore i t  is l i k e l y  t h a t  a shared p ipe l ine  might 



v
 

Y
 

W
. 





plant  if a s i g n i f i c a n t  savings per  Gigajoule wi th  the  l a r g e r  p ipe l ine  could 
be real ized.  For these  cases p ipe l ine  length  is  approximately 4 kilometers. 
Another option would be t o  s h i f t  the e n t i r e  p lan t  south toward the town of 
Heber along the  r a i l r o a d  t o  a poin t  nearer  t h e  center  of w e l l  d r i l l i n g  ac t iv i ty .  
A p ipe l ine  from well-head t o  p l an t  might be l i t t l e  more than 1.5 kilometers 
long i n  t h i s  case. 

Analysis of Otber Dried Crops and Crop Data Base Construction 

Our r a the r  discouraging f indings f o r  t he  appl ica t ion  of geothermal energy 
t o  a l f a l f a  dehydration have prompted us t o  turn  t o  the  ana lys i s  of o ther  crop 
processing appl ica t ions  i n  order  t o  discover which might have favorable 
locat ions with respect  t o  geothermal energy, and more favorable i n s t i t u t i o n a l  
and marketing s i tua t ions .  
t h a t  depic t  f o r  t h e  eleven cont inenta l  geothermal states the  harvested area, 
u n i t s  produced, and d o l l a r  value of t he  dryable crops l i s t e d  i n  Table 111. 
These commodities appear t o  o f f e r  a high p o t e n t i a l  f o r  t h e  commercial applica- 
t i o n  of geothermal hea t  f o r  drying and dehydrating. 
processed (with t h e  exception of chicken manure) i n  s i g n i f i c a n t  amounts i n  
the  United S ta t e s  with methods f o r  which t h e  use of geothermal hea t  between 
90 and 15OoC may be technica l ly  feasible .  

* 
A primary t o o l  f o r  t h i s  ana lys i s  w i l l  be bar  cha r t s  

They are cur ren t ly  
W 

Before turning t o  our preliminary bar  cha r t s ,  t he  methods used t o  compile 
the  crop da ta  on which they are based w i l l  be  described. 
t o  generate a list of counties,  t h e  adminis t ra t ive u n i t  i n t o  which U.S. states. 
are divided, f o r  which geothermal heat  a t  temperatures above 90°C could be  
made aya i l ab le  f o r  drying ag r i cu l tu ra l  commodities. Secondly, t h e  1 i s t . o f  
those commodities which are now dried,  including a l f a l f a ,  w a s  prepared. 
a g r i c u l t u r a l  da ta  r e l a t i n g  t o  the  harvested crop area, u n i t s  of production, 
and crop value f o r  each of these commodities w a s  acquired f o r  t h e  count ies  
i den t i f i ed  i n  the  f i r s t ' t a s k .  The output, thought by t h e  study team t o  be  
unique f o r  the  United S ta tes ,  is  a comprehensive da ta  base showing t h e  coin- 
cidence of 22 crops wi th  i d e n t i f i e d  geothermal resources. 

Our f i r s t  t a sk  was 
Y 

Fina l ly ,  

Y 

The hydrothermal convection systems i d e n t i f i e d  by Renner , White, and 
W i l l i a m s  i n  U.S.G.S. Circular  726, Assessment of Geothermal Resources of t he  
United States--1975, form the  primary geothermal resource da t a  base. 
emphasis is  placed on those systems with estimated temperatures between 90 
and 15OoC,  it was thought unwise a t  t h i s  t i m e  t o  e l iminate  those estimated 
t o  be h o t t e r  i n  case plans t o  use these f o r  electrical power generation do 
not mater ia l ize  i n  some locat ions.  

While 0 

The township, range, and sec t ion  loca t ions  of a l l  Circular  726 resources,  
excluding those i n  na t iona l  parks, were found on 1:500,000-scale state 
''Geothermal Land C las s i f i ca t ion  Maps" (prepared by the  U.S.G.S. Western Region 
Conservation Division, Off ice  of the  Area Geologist). A scale 80-km circle 
was  d ram,  centered on the  geothermal resource (Figure 5 shows the Arizona 
example). Eighty kilometers was estimated to  be  the  maximum sum of (a) the  
dis tance t o  which geothermal hot  water could be  transported economically t o  
a dehydration p lan t ;  and (b) the d is tance  from which a l f a l f a  could be trans- 
ported economically t o  such a plant .  Once circles for each resource i n  each 
state were drawn, the  areas so circumscribed were aggregated i n t o  two groups: 

Q 



VEGETABLES 

potatoes 
onions 
gar l ic  
c h i l i  peppers 
carrots 
celery 
sweet potatoes 

tomatoes 

trate)  

(drying & healing) 

(drying & concen- 

FRUITS 

prunes 
apples 
apricots 
peaches 
pears 
grapes 

(ra is ins)  

LIVESTOCK PRODUCTS 
~ 

milk (drying & 
pasteurizing) 

whey 
eggs 
chicken manure 

(potential  protein 
supplement in  
feeds) 



the  t o t a l  area defined by 90 t o  15OoC resources and the  t o t a l  area defined 
by 150°C-plus resources. The in t e r sec t ion  of each county's area (see Figure 6) 
with each of these two areas w a s  p lo t ted  and measured w i t h  a planimeter. I n  
addi t ion,  t he  two statewide, resource-defined areas were combined t o  y i e l d  a 
th i rd ,  the  t o t a l  area within 80 kilometers of a l l  U,S.G.S.-identified.resources. 
Final ly ,  t h e  in t e r sec t ion  of each county with t h i s  t h i r d  area f o r  each state 
was measured (see Figure 7). 

Two hundred and seventy-five counties i n  11 states i n  and west of t h e  
I n  Arizona, Cal i fornia ,  Colorado, Idaho, Rocky Mountains were enumerated. 

Nevada, and Utah over 75 percent of each state's counties were included. 
New Mexico, Oregon, and Washington, 50 t o  75 percent were included. 
and Wyoming, less than ha l f  were included. 

I n  
I n  Montana 

Crop area and production da ta  f o r  each of t h e  22 crops i n  each of t h e  
275 counties was  extracted from the  1969 Census of Agriculture* and put  on 
computer files. 
f igures  are ava i l ab le  on a na t iona l  basis . )  Crop values w e r &  based on t h e  
p r i ces  received by farmers, and were calculated by one of seve ra l  BASIC 

(1969 appears t o  be the  most recent  year f o r  which such 

w computer codes. 

Another code ca lcu la ted  t h e  percent of each county area t h a t  is  wi th in  
80 kilometers of t h e  i d e n t i f i e d  geothermal resources. 
were used t o  weight t he  crop s ta t is t ics  i n  order  t o  allow estimates t o  be 
made of harvested crop areas, production and values wi th in  sub-county regions 
l i k e  those shown f o r  Arizona i n  Figure 7. (These sub-county estimates are 
based on t h e  assumption t h a t  each crop is  d i s t r ibu ted  homogeneously throughout 
each county because no simple method of l oca t ing  crops wi th in  the  count ies  
was  devised.) 
evaluate  them f o r  e n t i r e  counties. 

These percentages 

Y 

The county crop da ta  may be used without weighting i n  order  t o  

0 Our i n i t i a l  use of t h i s  crop da ta  base has been t o  prepare summations 

These state summations were i n  tu rn  added f o r  
of t he  crop areas and values f o r  each state t o  be  used i n  se l ec t ing  dryable 
crops f o r  fu r the r  ana lys i s ,  
each crop separa te ly  to produce the bar graphs shown i n  Figures 8 and 9 .  
Alfa l fa  and bar ley are c l ea r ly  the  most common of t h e  22 dryable crops grown 
near i d e n t i f i e d  geothermal resources, but  add i t iona l  crops--cotton, I r i s h  
potatoes,  tomatoes, and grapes--are among t h e  most valuable. A t h i r d  set of 

-bar graphs w i l l  show the  estimated energy now used f o r  drying each crop i n  
each of t he  11 states. 
primary t o o l  f o r  s e l e c t i o n  of o ther  crops f o r  f u r t h e r  study of geothermal 
drying appl icat ions.  

o r  t he  10 most valuable  crops i n  each of the  11 states 
regardless  of whether t he  crops are dr ied,  have a l s o  been gathered. This 
da ta  w i l l  a l so  be access ib le  by county o r  sub-county region and w i l l  permit 

9 
It is  t h i s  energy da ta  t h a t  w i l l  provide the  

0 

base t o  be used i n  a var i e ty  of ways by others .  It might be  used 

v *u.s. Bureau of t he  Census, Census of Agriculture,  1969: Volume 1, 
Area Reports (Washington, D.C. : U.S. Government Pr in t ing  Office, PbY 1972)* 
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e 9 . -  1969 continental U.S. crop values in areas near 
identified hydrothermal systems with estimated 
subsurface temperatures greater .than 90°C. 



t o  evaluate  the  i r r i g a t i o n  p o t e n t i a l  of geothermal water f o r  ex i s t ing  crops 
i n  a state o r  region. 
t h a t  wheat, barley,  oa ts ,  grasses,  a l f a l f a ,  potatoes,  and garden vegetables 
can be  grown successful ly  with flood o r  sp r ink le r  appl ica t ion  of geothermal 
water i n  the  Raft River Valley of Idaho. 
an evaluation t o  be  made of the  po ten t i a l  air and water pol lu t ion  impacts on 
crop production due t o  geothermal power p l an t  emissions o r  sur face  e f f luen t  

Work at Idaho National Engineering Lab* has indicated 

The da ta  base might a l s o  permit 

Y , disposal.  

Other Crop Processing Applications Under Study 

I n  addi t ion t o ' o u r  study of t h e  es tab l i shed  dehydration process f o r  
alfalfa, w e  have been inves t iga t ing  a "state of t h e  art" a l t e r n a t i v e  f o r  
which geothermal energy might be  used. 
i n  product qua l i ty ,  marketabi l i ty ,  and energy savings, w e t  processing (or 
mechanical de-watering) of a l f a l f a  is  cur ren t ly  an active *research area. 
of the  research i n  t h e  U.S. centers  around t h e  production of a high pro te in ,  
high xanthophyll j u i c e  coagulant terme_d~"Pro-Xan" which is  b e t t e r  s u i t e d  t o  
poul t ry  production than conventional dehy pe l l e t s .  
f o r  human consumption a l s o  can be produced and has been shown t o  be e f f e c t i v e  
i n  the  treatment of p ro te in  deficiency disease.  
a l f a l f a  permits a reduction i n  the  hea t  requirement f o r  complete dehydration. 
Also, t he  j u i c e  f r a c t i o n  is  processed a t  a r e l a t i v e l y  low temperature, about 
85OC. 
heat  could be included i n  the  w e t  f rac t iona t ion  procedure t o  produce an important 
vegetable protein.  

W 

Because of t h e  p o t e n t i a l  improvements 

Much 

Y A high qua l i ty  p ro te in  

P a r t i a l  de-watering of raw 

Both of these f ac to r s  lead  us t o  bel ieve t h a t  low temperature geothermal 
Y 

The crop residues and spoi lage l e f t  i n  t h e  f i e l d  a f t e r  harvest ing 
c o n s t i t u t e  an important po ten t i a l  source of animal feed ingredients .  
m a l  hea t  might be used i n  d i g e s t i b i l i t y  enhancing processes f o r  woody materials 
such as wheat stems. 
and o the r  green crop yields .  

Geother- 

Automated harvest ing machinery s p o i l s  p a r t  of l e t t u c e  W 

This spoi lage might be  dehydrated geothermally 
for feed use. 

Summary 3 
Alfa l f a  dehydration w a s  chosen f o r  in tens ive  study of t h e  p o t e n t i a l  

appl ica t ion  of geothermal energy because a l f a l f a  is  widespread i n  states w i t h  
i d e n t i f i e d  geothermal resources,  t he  process is energy in tens ive ,  and t h e  
industry is threatened by na tu ra l  gas shortages.  
process is performed wi th in  20 kilometers of t he  a l f a l f a  supply i n  most cases. 
An i n i t i a l  air  temperature from 500 t o  1000°C is  used, much too high f o r  d i r e c t  
subs t i t u t ion  of geothermal energy and use of present  dryers.  The most s u i t a b l e  
and least expensive dryer  f o r  geothermal use appears t o  be a conveyor type 
similar t o  t h a t  used t o  dry a l f a l f a  wi th  moderate-temperature geothermal hea t  
i n  the  Broadlands area, New Zealand. 

The conventional dehydration . 
0 

. 

r r r .  
*R.C. Schmitt and S.G. Spencer, "Beneficial Uses of Geothermal Energy:, 

Description and Preliminary Results f o r  Phase 1 of t h e  Raft  River I r r i g a t i o n  
Experiment," EGfiG, Inc., Report TREE-1048 (January 1977). Available NTIS. 
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An economic study of pipeline transmission of geothermal water to 
dehydrating plants showed that it is probably not ‘feasible to locate plants 
more than a few kilometers from the wellhead. 
the U.S. alfalfa dehydration industry revealed only three operating plants 
within 20 kilometers of identified geothermal sources. Declining national 
production of dehydrated alfalfa suggests that construction of new plants 
is not likely. 

An institutional study of 

The largest of the three operating dehy plants near identified geothermal 
sources is located in El Centro, California within the Heber Known Geothermal 
Resource Area. The operator is optimistic about his market and will be 
enthusiastic about geothermal retrofitting if energy cost is no more than 
about 50 percent of his present natural gas cost and capital investment 
requirements are not excessive. 
heat exchanger and conveyor dryers for this plant is $1.6 million. 
cost at the heat exchanger inlet is to be estimated with the GEOCOST model. 

The preliminary estimate for geothermal 
Energy 

Other crops that are now routinely dried are to be evaluated briefly 
for the potential application of geothermal heat. 
tural statistics for counties near all U.S.G.S.-identified hydrothermal 
resources was assembled to aid in this task. 
harvested areas (acres or hectares) are alfalfa and barley; the most valuable 
crops include alfalfa, barley, cotton, potatoes, tomatoes and grapes. 
crop data base might also be used by others who wish to evaluate geothermal 
water irrigation or pollution hazards, for example. 

an improved alfalfa product called Pro-Xan and harvest wasty processing for 
possible geothermal application. 

A data base of agricul- 
rri 

The crops with the largest 

The 

3 
In addition to conventional dehydration processes, we are also studying 
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