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PREFACE 

T h i s  document c o n t a i n s  a r e p o r t  on t h e  work done by The F u t u r e s  Group 
and i t s  s u b c o n t r a c t o r ,  Midwest Research I n s t i t u t e ,  t o  i n v e s t i g a t e  t h e  u s e  
of: low-qua3ity geothermal  h e a t  i n  t h e  d r y i n g  o f  a g r i c u l t u r a l  p r o d u c t s ,  par -  
t i c u l a r l y  a l f a l f a .  The work w a s  sponsored  under  c o n t r a c t  t o  t h e  Energy 
Research and Development A d m i n i s t r a t i o n  (E(10-1)-1628)  and ex tended  from 
O c t o b e r  4 ,  1976 t o  November 10 ,  1977 .  

The p r i n c i p a l  i n v e s t i g a t o r  f o r  t h e  s t u d y  w a s  Theodore J .  Gordon w 
p r o v i d e d  p r o j e c t  management and d i r e c t i o n .  Rod Athey,  Jerry B r a d l e y ,  and 
Dennis C o s t e l l o  s e r v e d  as p r i n c i p a l  i n v e s t i g a t o r s  f o r  t h e  Midwest Research 
I n s t i t u t e  p o r t i o n  of  t h e  s t u d y ;  M r .  James G a l e s k i  p r e p a r e d  t h e  geothermal  
a l f a l f a  d r y e r  d e s i g n s .  On The F u t u r e s  Group s t a f f ,  M r .  Thomas Wright per -  
formed t h e  r e s e a r c h  a s s o c i a t e d  w i t h  t h e  geographic  c o i n c i d e n c e  between geo- 
t h e r m a l  r e s o u r c e s  and a g r i c u l t u r a l  p r o d u c t s ,  developed t h e  concept  o f  
mul t i -c rop  d r y i n g  c e n t e r s , "  and c o o r d i n a t e d  t h e  major  p o r t i o n  of t h e  tech-  

n i c a l  work. M r .  T h o m a s  Munson c o n s t r u c t e d  t h e  thermodynamic computer model 
used' t o  dettermine t h e  r a t e  of d r y i n g  i n  a r o t a r y  d r y e r  and a n a l y z e d  thenno- 
d y n a d c  and e n g i n e e r i n g  c o n s i d e r a t i o n s  i n v o l v e d  i n  p a r t i c u l a r  i n s t a l l a t i o n s .  
M r .  E l i  F e i n  w a s  r e s p o n s i b l e  f o r  s t u d y i n g  i n s t i t u t i o n a l  a s p e c t s  of  t h e  u s e  

u a l i t y  geothermal  E I u i d s  i n  a g r i c u l t u r a l  d r y i n g  a p p l l c a t i o n s .  
r t  Richmond c o n t r i b u t e d  work i n  t h e  s t u d y  of b i o l o p i c a l  p r o c e s s e s  

I t  

a s s o c i a t e d  w i t h  s t o r i n g  and d r y i n g  of a l f a l f a .  

Two c o n s u l t a n t s  a l s o  worked w i t h  t h e  s t u d y  team. P r o f e s s o r  S t a n l e y  
S e a v e r  of t h e  U n i v e r s i t y  of C o n n e c t i c u t  ( a g r i c u l t u r a l  economics) made sug- 
g e s t i o n s  about  s t u d y  s c o p e  and d i r e c t i o n  e a r l y  i n  t h e  research. P r o f e s s o r  
H e r b e r t  K l e i  of t h e  U n i v e r s i t y  o f  C o n n e c t i c u t  (chemical: e n g i n e e r i n g )  made 
very s i g n i f i c a n t  c o n t r i b u t i o n s  i n  e s t i m a t i n g  t h e  c o s t  a s s o c i a t e d  w i t h  the 
t r a n s m i s s i o n  of low-qual i ty  geothermal  f l u i d s .  

F i n a l l y ,  the  s t u d y  team i s  i n d e b t e d  t o  M r .  S t e v e  Metzger who served as 
t h e  ERDA program manager. M r .  Metzger m e t  w i t h  t h e  s t u d y  team a'i several' 
p o i n t s  th roughout  t h i s  work and c o n t r i b u t e d  v a l u a b l e  s u , g g e s t i o n s  and guidance.  
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ABSTRACT 

At least 2 x Btu's are used each year for crop drying within 50 
miles of identified hydrothermal resources. A alfa dehydration consumes 
a substantial portion of this energy, 1.4 x 10 Btu's. In addition, the 
coincidence between alfalfa-growing areas in the western United States 
and geothermal resources is relatively large: about 1 million acres in 
the top 25 alfalfa-producing counties of those that are partly or wholly 
within 50 miles of resources. These observations led to selection of the 
alfalfa dehydration industry for in-depth analysis of the application of 
moderate-temperature geothermal heat. 

15 

Six geothermal heat exchangerldryer cQnfigurations were examilied. X 
low-temperature conveyor dryer using geothermal water to supply all required 
heat was chosen for site-specific analysis, the retrofitting of a large al- 
falfa dehydration plant within the Heber KGRA in the Imperial Valley, Cali- 
fornia. Even in the most favorable scenario--sharing a geothermal pipeline 
with the neighboring fertilizer plant--geothermal retrofitting would increase 
the price of the alfalfa "dehy" about 40 percent. The geothermal brine is 
estimated to cost $2.58/miliion Btu's compared with a 1977 natural gas cost 
of $1.15. Capital cost for heat exchangers and the new dryers is estimated 
at $ 3 . 3  million. 

The Heber plant appeared to offer the only good opportunity for geothermal 
retrofitting of an existing alfalfa dehydration plant. 
plants at geothermal resource sites cannot be justified due to the uncertain 
state of the dehy industry.. Increased solar drying of alfalfa is the recom- 
mended method for saving energy. 

Construction of new 

U s e  o f  g e o t h e r m a l  hea t  for drying o t h e r  c r o p s  m a y  b e  m u c h  m o r e  p r o m i s i n g .  
The potato dehydration industry, which is concentrated in the geothermal-rich 
Snake River Valley of Idaho, appears to offer good potential for geothermal 
retrofitting; about 4.7 x 1012 Btu's are used annually by plants within 50 miles 
of resources. Drying together at the geothermal wellhead several crops that 
have interlocking processing seasons and drying-temperature requirements may 
be quite attractive. The best "multicrop drying center" site identified was 
at Power Ranch Wells, Arizona; 34 other sites were defined. 

Agricultural processing applications other than drying were investigated 
briefly. 
new source of human and animal food; moderate-temperature geothermal heat 
could be used. 
produce large amounts of crop residues was found; these residues could be 
processed for animal feed. 

Extraction of leaf-protein from' alfalfa could provide an important 

Good coincidence between geothermal resources and areas that 
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CHAPTER I: INTRODUCTION AND SUMMARY 

The most important use for geothermal energy is probably the generation 
of electricity. The production of electricity from geothermal sources 
currently depends, however, on the use of vapor-dominated or high-quality 
liquid-dominated resources. 

Vapor-dominated resources are those which are primarily single phase, 
thermodynamically saturated, superheated steam. The number of vapor-dominated 
sites discovered to date are quite limited and include The Geysers, Califor- 
nia; Larderello, Italy; Matsukawa, Japan; Onikobe, Japan; and the Monte Amiata 
Regions, Italy. High-quality liquid-dominated resources are two-phase mixtures 
of liquid water (‘or brine) and steam at an elevated temperature and corre- 
sponding saturation pressure. 
dant than vapor-dominated, and lower temperature liquid-dominated resources 
are m o r e  abundant than higher temperature.” 2 7 4  

Liquid-dominated resources are much more abun- 

Studies have shown that the amount of low-quality liquid-dominated 
resources (50-150°C) is probably very large, but its extent is as yet uncer- 
tairt.lY3 The use of these resources in the generation of electricity is 
likely to be impractical for the next severa1 decades at least, yet these 
resources might find important nonelectric uses including space heating 
and air conditioning; the production of desalinated water; mineral extraction: 
and process heat.4 In areas where geothermal resources exist in proximity 
to population centers, they have been used successfully f o r  space heating and 
air conditioning. Large-scale use of geothermal energy is currently being 
made for this purpose in Iceland, Hungary, the USSR, New Zealand, Japan, and 
the United States. Desalinated water can be produced from geothermal sources 
through multiple-effect distillation or multi-stage flashing. Geothermal 
resources provide a great potential supply of desalted water.5 
Department of the Interior is currently operating a geothermal desalination 
plant in the Imperial Valley of California.6 
methods for producing potassium, lithium, and calcium have been described; 
geothermal brfnes contain large amounts of such minerals which may be re- 
covered by precipitation.’ 

The U..S. 

A s  for mineral extraction, 

Geothermal energy currently provides process heat for industry and 
agriculture in a number of countries.8 Among the industrial uses of geo- 
thermal heat are: drying, distillation, refrigeration, deicing, tempering 
in mining operations, production of alumina from bauxite, production of 
heavy water through hydrogen sulfide water isotope-exchange processes, and 
other applications in which hot water or steam is used. 9 

Applications of low-quality geothermal resources to agriculture have 
also been made. These applications include: drying of farm products, canning 
of food, evaporation of sugar in refining, extraction of salts by evaporation 
and crystallization, fresh water by distillation, drying of organic materials-- 

-2- 



seaweeds,  g r a s s ,  v e g e t a b l e s ,  e tc . - -dry ing  of s t o c k  f i s h ,  space  h e a t i n g  of  
greenhouses ,  an imal  husbandry,  s o i l  s t e r i l i z a t i o n ,  s o i l  warming, b io-  
d e g r a d a t i o n ,  enhancement of f e r m e n t a t i o n  p r o c e s s e s ,  h a t c h i n g  of f i s h ,  and 
a q u a c u l t u r e  i n  g e n e r a l .  10 

The F u t u r e s  Group and i t s  s u b c o n t r a c z o r ,  Midwest Research I n s t i t u t e ,  
under c o n t r a c t  t o  t h e  D i v i s i o n  of Geothermal Energy, U . S .  Energy Research 
and Development A d m i n i s t r a t i o n ,  performed a s t u d y  of t h e  a p p l i c a t i o n  of 
moderate tempera ture  geothermal  h e a t  (90-150°C) t o  commercial d r y i n g  o f  
g r a s s e s  , g r a i n s ,  and s e l e c t e d  f r u i t s ,  v e g e t a b l e s  , and l i v e s t o c k  p r o d u c t s  .I1 
The s t u d y  ex tended  from October  1 9 7 6  t o  October  1977. 

Study O b j e c t i v e s  

The f o c u s  of t h e  work w a s  on a l f a l f a  d e h y d r a t i o n  f o r  several r e a s o n s .  
A l f a l f a  hay is  among t h e  t e n  most v a l u a b l e  c r o p s  on t h e  b a s i s  of g r o s s  re- 
c e i p t s  by growers i n  a l l  of t h e  e l e v e n  c o n t i n e n t a l  U.S. s ta tes  w e s t  of and 
i n c l u d i n g  Montana, Wyoming, Colorado, and N e w  Mexico. A l f a l f a  d e h y d r a t i o n  
i s  an e n e r g y - i n t e n s i v e  p r o c e s s :  about  10 m i l l i o n  B t u ' s  p e r  t o n  are r e q u i r e d  
t o  d r y  f r e s h - c u t  "green-chop'' from 75 p e r c e n t  i n i t i a l  m o i s t u r e  t o  t h e  10  p e r -  
c e n t  m o i s t u r e  "dehy" product .  A l f a l f a  d e h y d r a t o r s  r e p r e s e n t  an i m p o r t a n t  
d r a i n  on n a t u r a l  gas  s u p p l i e s  w i t h i n  t h e  d r y i n g  i n d u s t r i e s .  U.S. d e h y d r a t o r s  
a n n u a l l y  burn about  15 t r i l l i o n  B t u ' s  of n a t u r a l  g a s .  F i n a l l y ,  t h e  a l f a l f a  
d e h y d r a t i o n  i n d u s t r y  h a s  s u f f e r e d  c u r t a i l m e n t  of  n a t u r a l  gas  d e l i v e r i e s  i n  
some l o c a t i o n s .  Based on t h e s e  c o n s i d e r a t i o n s ,  o u r  s t u d y  addressed  b o t h  t h e  
r e t r o f i t t i n g  of p r e s e n t  dehy p l a n t s  and t h e  c o n s t r u c t i o n  of new ones l o c a t e d  
n e a r  i d e n t i f i e d  geothermal  areas. 

More s p e c i f i c a l l y ,  t h e  o b j e c t i v e s  of t h i s  s t u d y  i n c l u d e d  

- e v a l u a t i n g  t h e  economics o f  t h e  use o f  moderate tempera- 
t u r e  geo the rma l  hea t  i n  a l f a l f a  d r y i n g ,  compar ing  t h e  geo- 
thermal  r e s o u r c e  w i t h  o t h e r  s o u r c e s  of  h e a t  from t h e  
s t a n d p o i n t  of t h e  u s e r  and s u p p l i e r  o f  t h e  r e s o u r c e .  

- e v a l u a t i n g  t h e s e  u s e s  from t h e  s t a n d p o i n t  of t h e  a l f a l f a -  
d r y i n g  i n d u s t r y  and t h e  p u b l i c ,  i n c l u d i n g  a n a l y s e s  of t h e  
economics of t h e  use  of geothermal  r e s o u r c e s  i n  t h i s  ap- 
p l i c a t i o n  and energy s a v i n g s  t o  be achieved  through t h e  
use of geothermal  h e a t .  

- e x t e n d i n g  t h i s  a n a l y s i s  t o  i n c l u d e  t h e  a p p l i c a t i o n  of 
geothermal  h e a t  t o  o t h e r  a g r i c u l t u r a l  d r y i n g  p r o c e s s e s .  

- i d e n t i f y i n g  key impacts  which would f low from implemen- 
t a t i o n  of t h e s e  uses  w i t h i n  t h e  a p p l i c a b l e  geographic  
r e g i o n s ,  n o t  o n l y  f o r  t h e  b u s i n e s s e s  employing them, but  
f o r  o t h e r  i n t e r e s t  groups as w e l l .  

- i d e n t i f y i n g  p o l i c i e s  which would s e e m  t o  be e f f e c t i v e  i n  
encouraging  t h e  use  of geothermal  h e a t  i n  a p p l i c a t i o n s  
i d e n t i f i e d  as a p p r o p r i a t e .  
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The Convent ional  A l f a l f a  Dehydrat ion P r o c e s s  

Before  d e s c r i b i n g  t h e  s t e p s  fo l lowed i n  t h i s  s t u d y ,  i t  may b e  u s e f u l  t o  
review t h e  s t a n d a r d  p r o c e s s  used t o  produce dehydrated a l f a l f a  m e a l ,  which i s  
u s u a l l y  p e l l e t e d  f o r  ease i n  h a n d l i n g  and f e e d  mixing:  

Green-chop a l f a l f a  i s  t r u c k e d  from independent  growers '  f i e l d s  
t h e  m o i s t u r e  c o n t e n t  r a n g i n g  from 70 t o  90 p e r c e n t ,  de- 

pe'fidjlng on weather  c o n d i t i o n s .  This  m o i s t u r e  c o n t e n t  must be 
lowered t o  approximate ly  7 t o  10 p e r c e n t  i n  o r d e r  t o  p r e v e n t  
s p o i l a g e ;  e l a p s e d  t i m e  between h a r v e s t i n g  and d e h y d r a t i o n  
must n o t  exceed about  two h o u r s .  This  c o n s i d e r a t i o n , .  as w e l l  
as t r a n s p o r t  c o s t s ,  d i c t a t e s  a normal d i s t a n c e  of  10  t o  1 5  
m i I l e s  between t h e  f i e l d s  and t h e  dehy p l a n t .  

An a u t o m a t i c a l l y  c o n t r o l i e d  ro ta ry- f lame furnace  f i r e d  by 
o i l  o r  n a t u r a l  gas  suppl i 'es  t h e  n e c e s s a r y  h e a t  f o r  t h e  dry- 
i n g  p r o c e s s .  Hot ga'ses p a s s  d i r e c t l y  from t h e  combustion 
ch'amber through t h e  i n t a k e  tube  and e n t e r  t h e  i n n e r  drum 
c y l i n d e r  a t  a tempera.ture r a n g i n g  from 900-1800°F depending 

t h e  m o i s t u r e  c o n t e n t  of t h e  ma te r i a l  t o  be dehydra ted  
0°F i s  t y p i c a l ) .  

The material  t o  b e  d r i e d  i s  chopped o r  shredded and f e d  i n t o  

r e c e i v i n g  hopper of t h e  i n t a k e  t u b e .  
n-*.sealed f e e d  conveyor ,  which conveys i t  i n t o  t h e  

The drum u n i t  u s u a l l y  c o n s i s t s  o f  t h r e e  c o n c e n t r i c  d r y i n g  
c y l i n d e r s  i n t o  which t h e  h o t  gases  and t h e  material  t o  be 
d r i e d  e n t e r  by way of t h e  i n t a k e  t u b e .  The m a t e r i a l  i-s t h e n  
advanced through t h e  d r y i n g  drum by means of a s u c t i o n  f a n .  
The t h r e e  c y l i n d e r s  a r e  c o n c e n t r i c a l l y  a r r a n g e d ,  mechanica l ly  
i n t e r l o c k e d ,  and r o t a t e  a t  t h e  same s p e e d .  The material  i s  
l tepeatedly c a r r i e d  t o  t h e  top  of  each c y l i n d e r  by t h e  c y l i n d e r  
f l i g h t s  and dropped through t h e  h o t  g a s e s ,  g i v i n g  o f f  m o i s t u r e  
as i t  p a s s e s  p r o g r e s s i v e l y  forward through t h e  i n n e r  c y l i n d e r ,  
t h e n  back through t h e  i n t e r m e d i a t e  c y l i n d e r ,  and forward a g a i n  
through t h e  o u t s i d e  c y l i n d e r  t o  t h e  s u c t i o n  f a n  a t  t h e  d i s -  
charge  end of  t h e  machine.  With t h i s  t y p e  of c o n c e n t r i c -  
c y l i n d e r  c o n s t r u c t i o n ,  t h e  material i s  exposed t o  t h e  d r y i n g  
medium f o r  about  60 f e e t ,  e n s u r i n g  complete  u t i l i z a t i o n  of  
h e a t  through r a d i a t i o n  from each c y l i n d e r .  R e t e n t i o n  t i m e  i n  
t h e  d r y e r  i s  no more t h a n  two t o  t h r e e  minutes .  

A f t e r  t h e  m a t e r i a l  pa'sses through t h e  d r y i n g  drum, i t  i s  blown 
i n t o  t h e  l a r g e  d r y i n g  c o l l e c t o r ,  where t h e  vapor- laden a i r  a t  
about  250°F e s c a p e s  o u t  of t h e  t o p ,  and t h e  d r i e d  material 
passes i n t o  t h e  c o o l i n g  hopper  and g r a v i t y  s e p a r a t o r ,  where 
t h e  f o r e i g n  m a t e r i a l s  are removed. A second f a n  p r o p e l s  t h e  
material  i n t o  t h e  c o o l i n g  c o l l e c t o r  where i t  s w i r l s  downward 
i n t o  t h e  s a c k i n g  p i p e s  o r  t h e  hammermill f o r  p e l i e t i n g ,  as 
may be d e s i r e d .  
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A f t e r  c o o l i n g ,  t h e  p e l l e t s  may b e  s t o r e d  i n  t a n k s  a t  below 
ambient tempera ture  o r  i n  i n e r t  gas  t o  p r e v e n t  s p o i l a g e .  
Shipment t o  d i s t a n t  markets  is by r a i l - - t o  t h e  e a s t e r n  United 
S t a t e s  from t h e  midwestern producers  o r  t o  p o r t  f o r  e x p o r t  t o  
Japan from w e s t e r n  d e h y d r a t o r s .  Local  d e l i v e r y  i s  by t r u c k .  

The normal o p e r a t i n g  s e a s o n  i n  t h e  Northern P l a i n s  (Kansas and Nebraska 
are s t a t e s  t h a t  produce t h e  most dehy) e x t e n d s  from about  May through October .  
All-year  o p e r a t i o n  i s  p o s s i b l e  i n  t h e  I m p e r i a l  V a l l e y ,  C a l i f o r n i a  due t o  
f a v o r a b l e  c l imate  and i r r i g a t i o n .  
d r y e r s  most commonly produce about  3 d r y  t o n s  p e r  hour .  S e v e r a l  d r y e r s  of 
t h i s  s i z e  are used when l a r g e r  c a p a c i t i e s  are r e q u i r e d .  Annual p r o d u c t i o n  
m y  range  from 5,000 t o  50,000 d r y  t o n s  p e r  y e a r .  
p o r t i o n  of  c a p a c i t y  o v e r  t i m e  t h a t  i s  a c t u a l l y  u t i l i z e d ,  a p p e a r s  t o  range  
from about  30 t o  50 p e r c e n t .  

Dehydrat ing u n i t s  range i n  s i z e ,  b u t  new 

The l o a d  f a c t o r ,  o r  pro- 

The c o s t  of  n a t u r a l  gas t o  d e h y d r a t o r s  v a r i e s  s u b s t a n t i a l l y  a t  d i f -  
f e r e n t  l o c a t i o n s .  Cos ts  r a n g i n g  from $10 t o  $20 p e r  d r y  t o n  w e r e  quoted 
d u r i n g  i n t e r v i e w s  w i t h  wes tern  d e h y d r a t o r s .  These c o s t s  r e p r e s e n t  10 t o  
20 p e r c e n t  of t h e  f i n i s h e d  product  p r i c e .  

Study Design 

The s t e p s  involved  i n  o u r  s t u d y  i n c l u d e d :  

F i r s t :  The l i s t  of c o u n t i e s  w a s  formed t h a t  were p a r t l y  o r  who l ly  
w i t h i n  50 mi les  o f  i d e n t i f i e d  geot5ermal  r e s o u r c e s  i n  11 w e s t e r n  s ta tes .  
This l i s t  c o n t a i n e d  275 c o u n t i e s ,  and f o r  t h e s e  c o u n t i e s ,  c rop  s t a t i s t i c s  
were compiled.  The s t a t i s t i c s  i n c l u d e d  crop  a c r e a g e ,  p r o d u c t i o n ,  and dry-  
i n g  energy consumption f o r  each of approximate ly  20 c r o p s  i n  o r d e r  t o  e v a l u a t e  
how s i g n i f i c a n t  a g r i c u l t u r a l  d r y i n g  w i t h  geothermal  h e a t  might b e  i n  par-  
t i c u l a r  s ta tes .  T h i s  i n f o r m a t i o n  appears i n  Chapters 4 and 10 o f  t h i s  
r e p o r t .  

Second: S t u d i e s  were made of  d e s i g n  and c o s t s  of  systems t o  d e l i v e r  
geothermal  h o t  water from geothermal  s i tes  t o  d e h y d r a t i o n  p l a n t s .  Two 
s p e c i f i c  a n a l y s e s  w e r e  conducted:  t h e  f i r s t  involved  t h e  p a r a m e t r i c  a n a l y s i s  
of  p i p i n g  c o s t s  f o r  t h r e e  d i f f e r e n t  p l a n t  l o a d s ,  and t h e  second u t i l i z e d  t h e  
GEOCOST f l u i d  t r a n s m i s s i o n  submodel developed a t  Bat te l le  P a c i f i c  Northwest 
L a b o r a t o r i e s .  For t h e  p a r a m e t r i c  a n a l y s i s ,  an  a l f a l f a  d e h y d r a t i o n  p l a n t  re- 
q u i r i n g  15 m i l l i o n  B t u ' s / h r  t o  produce 3 t o n s l h r  of  d r i e d  a l f a l f a  w a s  assumed 
as a b a s e  c a s e ;  h e a t  demands of 50 and 100 m i l l i o n  B t u ' s / h r  were a l s o  con- 
s i d e r e d  i n  o r d e r  t o  assess t h e  e f f e c t  o f  scale on c o s t s .  This  work i s  sum- 
marized i n  Chapter  5 .  

Thi rd :  P r e l i m i n a r y  d e s i g n s  of a l f a l f a  d r y e r s  were c o n s i d e r e d .  The f i r s t  
involved  geothermal  "augmentation"; h e r e  t h e  d r y i n g  a i r  i s  p r e h e a t e d  geother -  
mal ly  and t h e n  r a i s e d  t o  t h e  c o n v e n t i o n a l  r o t a r y  drum tempera ture  of 500-1000°C 
(1000-1800°F) by n a t u r a l  gas  combustion. The second method u s e s  a d i f f e r e n t  
t y p e  of d r y e r  w i t h  a n  a i r  t empera ture  of about  140°C (280°F) i n  a manner t h a t  
p e r m i t s  t h e  d r y i n g  t o  occur  a t  t h e s e  lower tempera tures .  F i n a l l y ,  h e a t  pumps 
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were c o n s i d e r e d  t o  ra ise  t h e  t e m p e r a t u r e  from t h e  geothermal  f l u i d s  enough 
t o  provide  high-temperature  i n l e t  a i r  t o  a c o n v e n t i o n a l  drum d r y e r .  I n  a l l ,  
s i x  c o n f i g u r a t i o n s  were consi-dered i n  some d e t a i l .  T h i s  work i s  r e p o r t e d  i n  
Chapter 6.  

Four th :  In  o r d e r  t o  r e a c h  a b e t t e r  u n d e r s t a n d i n g  of t h e  dynamics of 
a l f a l f a - d r y i n g  p r o c e s s ,  a computer s i m u l a t i o n  of rotary-drum d e h y d r a t o r s  w a s  
c o n s t r u c t e d  t o  examine t h e  range  of d e s i g n  and o p e r a t i n g  parameters  t h a t  
would be r e q u i r e d  t o  use  geothermal  s o u r c e s  i n  t h e  dehydra t ion  p r o c e s s .  The 
program w a s  based on an a n a l y s i s  per-formed by A i r  Resources ,  I n c .  f o r  t h e  
American Dehydrators  A s s o c i a t i o n  i n  1975.  
w a s  developed and t h e  p r e s e n t  program can con‘sider e i t h e r  s i n g l e -  o r  t r i p l e -  
p a s s  d e h y d r a t o r s  and can b e  used f o r  t h e  a n a l y s i s  of b o t h  g a s - f i r e d  o r  he 
exchanger supply  sys tems.  

An e s s e n t i a l l y  new computer cod‘e 

This work i s  d e s c r i b e d  i n  Chapter 7 .  

F i f t h :  The n u t r i e n t  q u a l  and market v a l u e  of low-temperature-dried- 
a l f a l f a  w a s  cons idered .  T h i s  r k  was performed t o  d e t e r m i n e  whether  a l f a l f a  
can b e  d r i e d  w i t h  a i r  h e a t e d  by 15OoC o r  less geothermal  w a t e r  t o  y i e l d  a 
n u t r i t i o u s  and m’arketable p r o d u c t .  T h i s  work involved  i d e n t i f y i n g  changes’ i n  
n u t r i t i o n a l  q u a l i t y  o f  a l f a l f a  when t h e  material i s  d r i e d  under v a r i o u s  con- 
d i t i o n s  of t i m e ,  t e m p e r a t u r e ,  and i n i t i a l  m o i s t u r e .  A g r e a t  h e l p  i n  tti’is 
a n a l y s i s  w a s  i n f o r m a t i o n  o b t a i n e d  from t h e  s i n g l e  low-temperature geoth  
a l f a l f a - d r y i n g  p l a n t  o p e r a t i n g  i n  t h e  wor ld ,  i n  t h e  Broadlands ,  New Zea 
Chapter  8 descrinbes t h i s  work. 

Si-xth: An a n a l y s i s  w a s  made of t h e  a l f a l f a  d e h y d r a t i n g  i n d u s t r y  t o  
de te rmine  whether  o r  n o t  i t  h a s  t h e  c a p a c i t y  t o  absorb  d r y i n g  equipment based 
on t h e  use  of geothermal  energy.  T h i s  a n a l y s i s  i s  c o n t a i n e d  i n  Chapter  3 of 
t h i s  r e p o r t .  

Seventh:  A s i t e - s p e c i f i c  a n a l y s i s  of geothermal  a l f a l f a  d e h y d r a t i o n  was’ 
made. T h i s  s p e c i f i c  s i t e  c o n s i d e r e d  i s  an act ive d e h y d r a t i o n  o p e r a t i o n  n e a r  
E l  Cent ro ,  C a l i f o r n i a  i n  t h e  I m p e r i a l  V a l l e y ,  C a l i f o r n i a  n e a r  t h e  Heber K 
Geothermal Resource Area. The d e h y d r a t i o n  p l a n t  i s  a c r o s s  t h e  road from 
Val ley  N i t r o g e n  P l a n t ,  a f e r t i l i z e r  manufac turer ,  and t h e  s u b j e c t  of  a s i t e -  
s p e c i f i c  n o n e l e c t r i c  s t u d y  b e i n g  performed under  c o n t r a c t  t o  t h e  U.S. Energy 
,Research and Development A d m i n i s t r a t i o n .  Three m i l e s  s o u t h  of t h e  dehydra- 
t i o n  p l a n t  i s  t h e  c e n t e r  of t h e  Heber anomaly w i t h  i t s  c o n c e n t r a t i o n  of geo- 
thermal  w e l l s .  The p l a n t  c o n s i d e r e d  produces about  10  t o n s  p e r  hour  of dehy- 
d r a t e d  a l f a l f a .  W e  a t t e m p t e d  t o  answer:  what would i t  c o s t  f o r  t h i s  p a r t i c u l a r  
o p e r a t o r  t o  c o n v e r t  t o  geothermal  h e a t ?  
of t h i s  r e p o r t .  

T h i s  work is r e p o r t e d  i n  Chapter  9 

E i g h t h :  Crops o t h e r  t h a n  a l f a l f a  were cons idered .  A s  i n  t h e  c a s e  of 
a l f a l f a  w e  f i r s t  c o n s i d e r e d  t h e i r  d i s t a n c e  from geothermal  energy s o u r c e s  and 
p r e p a r e d  a l i s t i n g  of c rop  area and p r o d u c t i o n  d a t a  f o r  each of 36 c r o p s  i n  
t h e  275 c o u n t i e s  c o n s i d e r e d .  The most v a l u a b l e  c rops  n e a r  r e s o u r c e s  a r e  
I r i s h  p o t a t o e s ,  tomatoes,  l e t t u c e  and s u g a r  beets.  The concept  of m u l t i c r o p  
d r y i n g  c e n t e r s  (HDCs) w a s  i n v e s t i g a t e d ,  u t i l i z i n g  t h i s  d a t a  and i n € o r m a t i o n  
about  t h e  d r y i n g  p r o c e s s e s  and s e a s o n s  f o r  1 2  of t h e  c rops .  T h i s  concept  i s  
d i s c u s s e d  i n  Chapter  10.  
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Ninth :  The s t u d y  team c o n s i d e r e d  w e t  p r o c e s s i n g  ( o r  mechanical  dewater ing)  
of a l f a l f a .  Much of t h e  r e s e a r c h  of  t h e  United S ta tes  c e n t e r s  around t h e  pro- 
d u c t i o n  of  a h i g h - p r o t e i n ,  h igh-xanthophyl l  j u i c e  coagulant  c a l l e d  “€‘ro-Xan” 
which i s  b e t t e r  s u i t e d  t o  p o u l t r y  p r o d u c t i o n  t h a n  c o n v e n t i o n a l  dehy p e l ’  ,,ets. 
P a r t i a l  dewater ing  of  r a w  a l f a l f a  p e r m i t s  a r e d u c t i o n  i n  t h e  h e a t  requirement  
f o r  complete  dehydra t ion .  A l s o ,  t h e  j u i c e  f r a c t i o n  i s  processed  a t  a rela- 
t i v e l y  low t e m p e r a t u r e ,  about  85°C. F i n a l l y ,  we c o n s i d e r e d  t h e  p o s s i b i l i t i e s  
f o r  u s e  of geothermal  h e a t  i n  p r o c e s s e s  used t o  improve t h e  d i g e s t i b i l i t y  of 
crop r e s i d u e s  and s p o i l a g e  f o r  woody m a t e r i a l s  such as wheat stems f o r  use i n  
p r o d u c t i o n  of animal-feed i n g r e d i e n t s .  T y p i c a l l y ,  t h e s e  p r o c e s s e s  can b e  per-  
formed a t  low t e m p e r a t u r e s .  
c u l t u r e  are r e p o r t e d  i n  Chapter  11. 

These a l t e r n a t i v e  u s e s  of geothermal  h e a t  i n  a g r i -  

Tenth :  Cons ider ing  all of  t h e  p r e v i o u s  work, p o l i c y  i m p l i c a t i o n s  were 
s t u d i e d .  P o l i c i e s  w e r e  r e l a t e d  t o  t h e  m o d i f i c a t i o n  of  e x i s t i n g  d r y i n g  sys-  
t e m s ,  t h e  i n t r o d u c t i o n  of new d r y i n g  systems w e l l  s u i t e d  t o  geothermal  energy  
s o u r c e s ,  and o t h e r  t e c h n i q u e s .  The p o l i c y  a n a l y s i s  c o n s i d e r e d  a l f a l f a ,  o t h e r  
c r o p s ,  and combinat ions o f  a l f a l f a  and o t h e r  c r o p s .  I n  each i n s t a n c e ,  p o l i -  
cies were judged  on t h e  b a s i s  of t h e  c o s t  o f  t h e  energy d e l i v e r e d  t o  t h e  dry- 
i n g  p r o c e s s ,  t h e  amount o f  n a t u r a l  gas  saved ,  t h e  margina l  c o s t  r e q u i r e d ,  t h e  
t o t a l  inves tment  r e q u i r e d ,  t h e  a c c e p t a b i l i t y  of t h e  p o l i c y  t o  t h e  i n d u s t r i e s  
i n v o l v e d ,  n u t r i t i o n a l  impact ,  and probable  d a t e  of implementat ion.  Modes of 
i n t r o d u c t i o n  i n c l u d e d :  demonst ra t ion  p l a n t s ,  s t i m u l a t i o n  of marke t ,  s u b s i d y ,  
i n c r e a s i n g  t h e  c o s t  o f  competing energy s o u r c e s ,  and r e g u l a t i o n .  This  a n a l y s i s  
a p p e a r s  i n  Chapter  12 .  

The n e x t  c h a p t e r  summarizes t h e  p r i n c i p a l  f i n d i n g s  and recommendations 
of t h e  s tudy .  
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CHAPTER 2 :  STUDY FINDINGS AND RECOMMENDATIONS 

Find i n  g s 

W e  found,  p r i n c i p a l l y ,  t h a t  i t  does n o t  appear  c o s t - e f f e c t i v e  t o  
modify c u r r e n t  a l f a l f a - d e h y d r a t i n g  o p e r a t i o n s  on a l a r g e  scale  o r  t o  con- 
s t r u c t  new p l a n t s  f o r  d r y i n g  a l f a l f a  u s i n g  low-grade geothermal  energy.  
We reached  t h e s e  c o n c l u s i o n s  because  

- t h e r e  are  few a l f a l f a  d r y i n g  p l a n t s  i n  e x i s t e n c e  t h a t  
are c a n d i d a t e s  f o r  convers ion .  

- t h e  c o n v e r s i o n  i s  r e l a t i v e l y  c o s t l y  and would add t o  
t h e  p r i c e  of dehydra ted  a l f a l f a  (dehy) an  amount t h a t  
would n o t  permi t  i t  t o  compete w i t h  o t h e r  s o u r c e s  of 
animal-feed p r o t e i n .  

- t h e  c o n s t r u c t i o n  of  new p l a n t s  ( r a t h e r  t h a n  r e t r o f i t  
of e x i s t i n g  p l a n t s )  cannot  b e  j u s t i f i e d  on t h e  b a s i s  
of o u r  economic and i n d u s t r i a l  e v a l u a t i o n s .  

- even i f  t h e  u s e  of geothermal  energy were encouraged 
through t h e  u s e  of a r t i f i c i a l  s u b s i d i e s ,  g r a n t s ,  o r  o t h e r  
p o l i c y  mechanisms, t h e  amount of n a t u r a l  gas  t o  b e  saved 
i s  r e l a t i v e l y  low. 

- c u r t a i l m e n t s  of n a t u r a l  g a s  supply  would b e  v e r y  damaging 
t o  t h e  e x i s t i n g  dehy i n d u s t r y .  However, i f  l a r g e - s c a l e  
c u r t a i l m e n t s  were t o  o c c u r ,  geothermal  energy  would n o t  b e  
a good s u b s t i t u t e  s ince less expens ive  and l e s s  energy- 
i n t e n s i v e  alternatives t o  dehy are  probably  a v a i l a b l e  f o r  
most u s e s .  

The dehy i n d u s t r y  u t i l i z e s  about  15 x l o 9  SCF of n a t u r a l  g a s  a n n u a l l y ;  
1.4  x l o 9  SCF are u t i l i z e d  by d e h y d r a t o r s  w i t h i n  50 m i l e s  of i d e n t i f i e d  
geothermal  r e s o u r c e s .  

The pr imary market f o r  dehy i n  t h e  West i s  t h e  p o u l t r y - f e e d  i n d u s t r y ;  
t h e  x a n t h o p h y l l  component i n  t h e  dehy serves as a ye l lowing  a g e n t  f o r  egg 
y o l k s  and b r o i l e r  s k i n s .  S u b s t i t u t e s  are a v a i l a b l e  f o r  t h i s  a p p l i c a t i o n - - f o r  
example, marigold p e t a l s  can serve as a x a n t h o p h y l l  s o u r c e  i n  p o u l t r y  f e e d .  
Not a l l  of t h e  b e n e f i c i a l  n u t r i e n t  q u a l i t i e s  of dehy are known w i t h  c e r t a i n t y ;  
however, a r a t h e r  small p r i c e  i n c r e a s e  would make i t  less c o s t - e f f e c t i v e  t h a n  
competing f e e d  i n g r e d i e n t s .  
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. .  If natural gas were severely curtailed for one reason or another, we 
would expect to see an increase in the production of sun-cured alfalfa for 
ruminant feed and the substitution of other xanthophyll sources in poultry 
feed. The national impact of such a substitution would not be large; the 
impact on the dehy industry itself would be significant. 

In considering alternative strategies that might be followed by the 
government, we found that modifications to existing alfalfa-drying systems 
would cost the least, bzth in terms of required investment and operating 
costs, and save the most natural gas. 

Of all the strategies considered, field wilting followed by conventional 
drying may be the best bet. Careful control could result in minimum l o s s  
of nutritional qualities and, assuming that harvesting could be properly 
timed, quite appreciable quantities of gas could be saved. Furthermore, 
this technique could be practiced throughout the country, not just in the 
West. If all dehy in the United States were processed this way, approxi- 
mately 6 x l o 9  SCF of natural gas could be saved. The dehy industry would 
not be affected greatly and the product would remain usable in its present 
applications. 

A site-specific analysis of geothermal retrofitting was made for a very 
promising alfalfa dehydration plant at El Centro, California. It showed 
that even in the most favorable scenario, use of geothermal Energy would 
add about $40 per ton to the price of  the dehy product, or about a 40-percent 
increase in the present price. 

This scenario involved the use of a shared geothermal pipeline from 
the Heber KGRA by the Valley Nitrogen Plant and United Alfalfa Mills. 
Chevron Resources Company, the geothermal leaseholder, would charge about 
$2.60 per million Btu's to deliver the energy to the two plants; present 
natural gas price is about $1.15 per million Btu's. In addition to the 
brine price, however, a capital investment of about $3 million in new low- 
temperature dryers and geothermal-to-air heat exchangers would be needed 
in this scenario in order to completely replace natural gas. The cost of 
capital recovery amounts to about 30 percent of the total additional energy 
cost that geothermal energy use would require. Substantial added costs for 
electricity, heat-exchanger and dryer maintenance, and general and admin- 
istrative expenses are also projected. 

The operator of the El Centro dehydration plant feels that the price 
increase projected under the 100-percent geothermal-use scenario would be 
prohibitive at present. He also indicated that the less-ambitious scenarios, 
which would replace only a portion of the present natural gas use, would not 
solve his problem--gas curtailment. His most likely course would be to switch 
to sun-cured alfalfa were curtailments to occur. 

In the course of our research we found that processes were being 
developed for the extraction of leaf protein from alfalfa that could provide 
an important new source of human and animal food. In view of world popu- 
lation growth and the probable need for new food sources within the next few 
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decades, such processes may have enormous importance in the short term. 
On a per-acre basis, no plant or animal exceeds alfalfa in terms of protein 
production per unit of harvested land area. Therefore, we probed to some 
depth the state-of-the-art of the new, experimental protein-extraction proc- 
esses .  We found that these processes require heat and that low-temperature 
geothermal resources could supply the required energy at the appropriate 
temperatures and heat-flow rates for reasonably sized plants. 

The study team also investigated the use of geothermal energy for drying 
crops other than alfalfa. Some of these applications, in contrast to alfalfa, 
seem quite promising. In particular, potato dehydration to produce granules, 
flakes, slices, dices, and starch appears to have few of the impediments asso- 
ciated with the use of geothermal energy in alfalfa dehydration. The market 
for dehydrated potato products is growing. The maximum temperature required 
in any potato-drying process is about 340°F (for flakes) and thus can be pro-  
vided by geothermal fluids without augmentation from other energy sources. 
Furthermore, potato-dehydration plants currently coincide in many instances 
with existing geothermal resource locations. (For example, at least 15 potato 
drying plants are located in the Snake River Valley of Idaho; only two of 
these plants are more than 50 miles from identified geothermal resources.) 
Using estimates for installing and operating geothermally-powered dryers for 
potato dehydration, we find that the product would increase in cost less than 
one cent per pound. The cost of geothermal heat is low because a potato- 
dehydration plant can be operated almost year-round, resulting in high 
utilization of the geothermal system. 

IJe found synergies among the drying and processing requirements of 
several crops. The synergies result from “dove-tailing” of the crop process- 
ing seasons and/or compatible temperature cascading (the output temperature 
of one process serving as the input temperature of the next). Combinations 
involving potatoes and onions appear to be particularly attractive. The 
most promising site for a multicrop drying center appears to be at Power 
Ranch Wells i n  Maricopa County,  Arizona. T h i s  site is f o l l o w e d  in potential 
by those at the Brawley KGRA in the Imperial Valley, California, and P!apa 
Soda (Rock, Priest) Spring near the Geysers in Yorthern California. 

Recommendations 

1. Since the cost of using low-quality geothermal fluids depends 
greatly on well, distribution, and heat-exchanger costs, DOE should emphasize 
research into very low cost wells, distribution systems, and heat-exchange 
systems. These elements will be key to any direct-heat application of low- 
or moderate-temperature geothermal fluids. 

2. DOE should study and design incentives for encouraging the field 
wilting of alfalfa in conjunction with conventional alfalfa dehydration; 
the use of sun-cured alfalfa as a replacement for conventionally dried alfalfa 
should also be investigated carefully. Both techniques could save appreci- 
able amounts of natural gas; the former would have minimum impact on the 
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dehydra t ion  i n d u s t r y .  One i n c e n t i v e  t h a t  might b e  n e c e s s a r y  i n  o r d e r  t o  a d o p t  
e i t h e r  of  t h e s e  approaches  i s  some form o f  g u a r a n t e e  t h a t  would guard t h e  
fa rmer  a g a i n s t  l o s s  o f  h i s  c rop  i n  t h e  e v e n t  o f  unexpected a d v e r s e  wea the r  
d u r i n g  t h e  f i e l d - w i l t i n g  o r  sun-cur ing  p r o c e s s .  

3. I n  view of  t h e  promis ing  i n i t i a l  f i n d i n g s  w i t h  r e s p e c t  t o  t h e  u s e  
o t h e r w l  energy  f o r  p o t a t o  d e h y d r a t i o n ,  w e  recommend t h a t  a s t u d y  o f  

t h e  s o r t  pecformed h e r e  f o r  a l f a l f a  be  performed f o r  t h e  po ta to -p rocess ing  
i n d u s t r y .  We are  r e l a t i v e l y  c e r t a i n  t h a t  t h e  economics o f  d r y i n g  as s t u d i e d  
h e r e  f o r  a l f a l f a  w i l l  app ly  t o  p o t a t o  d e h y d r a t i o n ;  t h e r e f o r e ,  t h e  recommended 
s t u d y  shou ld  b e  of s h o r t  d u r a t i o n  and ,  i f  i t  proves  encourag ing ,  shou ld  be 
fo l lowed q u i c k l y  by a demons t r a t ion  p l a n t .  

4 .  The n o t i o n  of  syne rgy  among a g r i c u l t u r a l  p r o c e s s e s  t h a t  r e q u i r e  
h e a t  s h o u l d  be  pursued .  We have  i d e n t i f i e d  h e r e  s eve ra l  c rops  t h a t  seem 
t o  " f i t  t o g e t h e r "  v e r y  w e l l .  A s  a p a r t i c u l a r  recommendation, w e  s u g g e s t  
t h a t  DOE c o n s i d e r  convening a confe rence  o f  t h e  v a r i o u s  d r y i n g  i n d u s t r i e s  

p r o c e s s e s .  T h i s  s t u d y  cou ld  serve as a s t a r t i n g  p o i n t  f o r  such  a c o n f e r e n c e .  
A number of  j o i n t  p r o j e c t s  t o  s t u d y  c o o p e r a t i v e  d r y i n g  o r  p r o c e s s i n g  v e n t u r e s  
cou ld  emerge from t h i s  confe rence .  

i n t  them w i t h  t h e  p o t e n t i a l  use  of  geothermal  f l u i d s  i n  d r y i n g  

5 .  Because of  t h e  s w e l l i n g  wor ld  need f o r  p r o t e i n ,  we recommend t h a t  
DOE p a r t i c i p a t e  in. s d i e s  o f  t h e  use  o f  i nexpens ive  energy  s o u r c e s  i n  pro- 
cesses l i k e  t h o s e  d e s c r i b e d  h e r e  f o r  t h e  p r o d u c t i o n  of  l e a f  p r o t e i n  f o r  
human and an imal  consumption. Obvious ly ,  t h i s  has  fo re ign -po l i cy  impl ica-  
t i o n s :  t h e  c o i n c i d e n c e  i n  c e r t a i n  f o r e i g n  c o u n t r i e s  of  t h e  need f o r  food ,  
a l f a l f a  p r o d u c t i o n ,  and t h e  p r e s e n c e  of  low-grade geothermal  r e s o u r c e s  
shou ld  be  a s c e r t a i n e d .  
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CHAPTER 3: THE DEHYDRATED ALFALFA INDUSTRY 

I n t r o d u c t i o n  and H i s t o r i c a l  Development 

A l f a l f a  as a mains tay  of t o d a y ' s  a g r i c u l t u r e  a c c o u n t s  f o r  approximate ly  
one t h i r d  of t h e  hay c r o p  i n  t h e  United S t a t e s .  A s  may b e  s e e n  from Figure  3 .1 ,  
t h e  c rop  i s  grown throughout  t h e  count ry  w i t h  t h e  h e a v i e s t  c o n c e n t r a t i o n  i n  t h e  
Midwest and t h e  Far  West. The c r o p  i s  n o t  n a t i v e  t o  t h e  Americas, b u t  w a s  in-  
t roduced  h e r e  by t h e  c o l o n i z i n g  Por tuguese  and S p a n i a r d s  of t h e  1 6 t h  c e n t u r y .  
I ts  p r o b a b l e  homeland i s  I r a n ,  and i t  w a s  b rought  t o  Europe by Greek i n v a d e r s .  
I n t r o d u c t i o n  t o  t h e  United S t a t e s  w a s  made by e a r l y  m i s s i o n a r i e s  coming from 
Mexico i n t o  Texas and Arizona and C a l i f o r n i a  d u r i n g  t h e  mid-19th c e n t u r y .  Known 
as  "Chilean c l o v e r , "  a l f a l f a  proved t o  b e  of  major importance i n  C a l i f o r n i a  dur- 
i n g  t h e  days of t h e  gold  r u s h . l  

By 1900 t h e r e  were two m i l l i o n  a c r e s  of a l f a l f a  under  c u l t i v a t i o n ,  t h e  
c r o p  having s p r e a d  from t h e  w e s t e r n  and southwes tern  s ta tes  i n t o  Kansas and 
t h e  Midwest .  Acreage under  c u l t i v a t i o n  cont inued  t o  grow r a p i d l y .  By 1 9 2 4  
t h e r e  w e r e  1 0  m i l l i o n  acres devoted t o  a l f a l f a ;  t h i s  a c r e a g e  doubled by 1950, 
and a peak of 30 m i l l i o n  was reached i n  1958. S ince  then  t h e  a c r e a g e  under 
p r o d u c t i o n  h a s  remained somewhat under 30 m i l l i o n  a c r e s .  T a b l e  3 . 1  shows the 
d i s t r i b u t i o n  of p r o d u c t i o n  of a l f a l f a  hay i n  t h e  United S ta tes  by r e g i o n .  

The a l f a l f a  m i l l i n g  i n d u s t r y  may b e  d a t e d  from t h e  e a r l y  exper iments  of 
Ot to  Weiss of W i c h i t a ,  Kansas,  who a t  t h e  t u r ?  of t h e  c e n t u r y  s t a r t e d  p u t t i n g  
ground a l f a l f a  i n t o  commercially mixed f e e d s .  H e  w a s  fo l lowed by M. E .  P e t e r s  
of Omaha, Nebraska,  whose exper iments  i n  mixing ground a l f a l f a  and molasses  
i n  t h e  f e e d  s e r v e d  t o  i n c r e a s e  t h e  u s e  of a l f a l f a  i n  mixed f e e d  p r e p a r a t i o n s .  
I n  these early experiments the alfalfa meal was ground from naturally dried 
o r  "sun-cured" a e r i a l  p o r t i o n s  of t h e  a l f a l f a  p l a n t .  Demands f o r  a uniform 
d a r k  green  product  w e r e  s u f f i c i e n t  t o  encourage a r t i f i c i a l  d r y i n g  which could  
a s s u r e  a h i g h - q u a l i t y  meal. The f i r s t  commercial d e h y d r a t o r s  began o p e r a t i o n  
i n  t h e  e a r l y  1930s.  Dehydrat ion proved n o t  o n l y  t o  enhance t h e  appearance of 
t h e  meal, b u t  t o  d e c r e a s e  t h e  n u t r i e n t  l o s s e s  which r e s u l t  from f i e l d  d r y i n g .  
Furthermore,  t h e  b u l k  of  c r o p  d e t e r i o r a t i o n  d u r i n g  t h e  d r y i n g  p e r i o d  when t h e  
n a t u r a l l y  d r i e d  c u t  a l f a l f a  l i e s  exposed t o  t h r e a t  of r a i n  could  b e  e l i m i n a t e d  
by p r o c e s s i n g  t h e  a l f a l f a  a lmost  d i r e c t l y  f o l l o w i n g  i t s  c u t t i n g .  

Dehydrat ion t h u s  seemed t o  p r o v i d e  a b e t t e r  product  f o r  f e e d  f o r m u l a t i o n s  
and t o  o f f e r  t h e  grower b e t t e r  p o s s i b i l i t i e s  f o r  c rop  management. While t h e  
p r i n c i p a l  h a r v e s t i n g  of a l f a l f a  i s  i n  t h e  form of sun-dried hay (approximate ly  
70 m i l l i o n  t o n s  p e r  y e a r ) ,  approximate ly  1-1/3 m i l l i o n  t o n s  of a dehydra ted  
a l f a l f a  ( g e n e r a l l y  known as "dehy") a r e  c u r r e n t l y  produced each y e a r  i n  t h e  
United States .  The modern d e h y d r a t i n g  p r o c e s s  removes t h e  m o i s t u r e  r a p i d l y  
from f r e s h  a l f a l f a  and makes f o r  a p o r t a b l e  and s t o r a g e a b l e  f o r a g e .  
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SOURCE: A l f a l f a  S c i e n c e  and Technology, C .  H. Hanson, 
e d . ,  American S o c i e t y  of  Agronomy, Hadison ,  
Wiscons in ,  1972 .  

F i g u r e  3.1. Area and D i s t r i b u t i o n  of  A l f a l f a  in North  
America. Each d o t  r e p r e s e n t s  4,000 ha  
(9 ,884  a c r e s ) .  

Tab le  3 . 1  

AREA, PRODUCTION, AND YIELD OF ALFALFA HAY 
I N  USA BY REGIONS, 1969 

Area P r o d u c t i o n  Y i e l d  

Region Xes t a r  e s Acres  hiT Tons !4T/ha Tonsl.4 

2.62 2-59 I Nor th  A t l a n t i c  S t a t e s  858,000 2,119,000 4,973,000 5,i82,QOO 5.80 
I Nor th  Central S t a t e s  6,764,000 16,715,000 39,748,000 43,814,030 5.88 

1 i Wes tern  S t a t e s  2,620,000 6,475,000 19,735,000 21,754,000 7.53 3.36 i 
' South  A t l a n t i c  S t a c e s  1 3 2 ,  OCO 253,000 595,iOO 656,000 5.53 2.59 I i s o u t h  C e c t r a l  S:aces i44,000 1,109,000 2,831,000 3,176,000 6.42 2.86 ' 

T o t a l  10,793,000 26,671,000 67,932,000 74,882,000 6.29 2.81 
I 
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There h a s  been a g e n e r a l  r e c o g n i t i o n  t h a t  c rop  d e h y d r a t i o n  o f f e r s  t h e  
p o s s i b i l i t y  o f  producing a g r e a t e r  y i e l d  i n  d a i r y ,  p o u l t r y  and meat p e r  acre 
t h a n  most c o n v e n t i o n a l  f e e d i n g  sys tems.  Even a t  p r e s e n t  l e v e l s  of  e f f i c i e n c y ,  
t h e  n u t r i e n t  c o n c e n t r a t i o n  achieved  by crop  d r y i n g  can produce t w i c e  as much 
n e t  energy ( s t a r c h  e q u i v a l e n t )  and t h r e e  t o  f o u r  t i m e s  as much p r o t e i n  as 
cereals and o i l - s e e d  c r o p s  from an acre of land .3  In  t h i s  r e g a r d  dehy,  l i k e  
many o t h e r  f e e d s t u f f s ,  c o n t r i b u t e s  a complexi ty  of n u t r i e n t s ,  v i t a m i n s ,  
and m i n e r a l s  t o  a feed  formula.  Dehy i s  r i c h  i n  amino a c i d s ,  pigmenting 
x a n t h o p h y l l s ,  and t h e  p r o t o  v i t a m i n s .  However, i n  r e l a t i o n  t o  o t h e r  c r o p s  
i t s  energy-to-weight r a t i o  i s  less t h a n  i s  r e q u i r e d  i n  most r a t i o s ,  and 
t h i s  m u s t  be  o f f s e t  by t h e  a d d i t i o n  of high-energy i n g r e d i e n t s .  Nonethe less  
i t s  c o n t r i b u t i o n  t o  an imal  growth h a s  k e p t  i t  as a s i g n i f i c a n t  c o n s t i t u e n t  
i n  t h e  f e e d s  of  p o u l t r y  and ruminants  r a i s e d  f o r  b e e f .  

Animal f e e d s  a r e  compounded i n  an  a t t e m p t  t o  maximize n u t r i e n t  q u a l i t i e s  
and minimize c o s t s .  S e l e c t i o n  i s  made from a v a r i e t y  o f  competing i n g r e d i e n t s ,  
w i t h  t h e  r e c o g n i t i o n  t h a t  most feed  i n g r e d i e n t s  a r e  r i c h  i n  some e s s e n t i a l s  
b u t  d e f i c i e n t  i n  o t h e r s .  The s e l e c t i o n  p r o c e s s  i s  compl ica ted  by t h e  f a c t  
t h a t  t h e  b e n e f i t s  a s s o c i a t e d  w i t h  a g iven  feed  i n g r e d i e n t  may n o t  b e  e n t i r e l y  
a t t r i b u t a b l e  t o  i d e n t i f i e d  c h a r a c t e r i s t i c s  o f  t h a t  i n g r e d i e n t .  I n  t h e  c a s e  
of dehy t h e r e  a r e  u n i d e n t i f i e d  growth and r e p r o d u c t i v e  f a c t o r s  which make 
v a l u a b l e  c o n t r i b u t i o n s  b u t  which have n o t  y e t  been q u a n t i f i e d .  The competi- 
t i ve  p o s i t i o n  of dehy i s  t h e r e f o r e  due b o t h  t o  i t s  i d e n t i f i e d  c o n t r i b u t i o n s  
through which i t  competes w i t h  o t h e r  feed  i n g r e d i e n t s ,  and t o  u n i d e n t i f i e d  
c o n t r i b u t i o n s  which are  p e c u l i a r  t o  dehy and which f o r  c e r t a i n  f e e d s  ( p o u l t r y  
i n  p a r t i c u l a r )  are  f e l t  t o  be of h i g h  i n t r i n s i c  v a l u e .  Marginal  product ion  
c o s t s  f o r  dehy, p a r t i c u l a r l y  i n  t h e  a r e a  o f  energy and l a b o r ,  have h u r t  i t s  
c o m p e t i t i v e  p o s i t i o n  i n  r e c e n t  y e a r s .  Nonethe less  t h e r e  i s  f e l t  t o  be a 
r e l a t i v e l y  s t a b l e  market f o r  t h e  p r o d u c t ,  p r o v i d i n g  t h a t  t h e s e  margina l  c o s t s  
do n o t  e s c a l a t e  above t h e  g e n e r a l  i n f l a t i o n  f o r  a g r i c u l t u r e  p r o d u c t s .  

The Dehy I n d u s t r y  in t he  United States 

Dehydrat ing a l f a l f a  r e q u i r e s  t h e  removal o f  m o i s t u r e  from f r e s h l y  c u t  
and chopped a l f a l f a .  T h i s  m o i s t u r e  removal must be accomplished r e l a t i v e l y  
soon a f t e r  c u t t i n g  i n  o r d e r  t o  p r e v e n t  n u t r i e n t  l o s s  through t h e  b u i l d  up of  
enzyme r e a c t i o n s  and t h e  d e t e r i o r a t i o n  o f  t h e  a l f a l f a  th rough t h e  subsequent  
p r o d u c t i o n  of h e a t .  Approximately f o u r  tons  of f r e s h l y  c u t  a l f a l f a  a re  re- 
q u i r e d  t o  make one t o n  o f  dehy. The d r y i n g  p r o c e s s  o c c u r s  th rough t h e  d i r e c t  
exposure  of  t h e  a l f a l f a  green  chop t o  i n t e n s e  a r t i f i c i a l  h e a t .  F u r t h e r  proc-  
e s s i n g  i n c l u d e s  g r i n d i n g  and p e l l e t i z i n g  o f  t h e  m e a l .  

The r a p i d  expansion of  t h e  dehy i n d u s t r y  d u r i n g  t h e  1 9 4 0 s  and e a r l y  1950s 
w a s  s t i m u l a t e d  by t h e  promot iona l  e f f o r t  of n a t u r a l  gas  companies s e e k i n g  an  
o u t l e t  f o r  gas  sales d u r i n g  t h e i r  summer of f -peak  s e a s o n .  N a t u r a l  gas con- 
t i n u e s  t o  be t h e  p r i n c i p a l  s o u r c e  of energy f o r  d e h y d r a t i o n  of  a l f a l f a ,  
though promot iona l  a c t i v i t i e s  by t h e  gas companies have ceased  due t o  r e c e n t  
s h o r t a g e s  of  supply  of n a t u r a l  gas .  By and l a r g e ,  t h e  i n d u s t r y  h a s  tended 
t o  l o c a t e  where n a t u r a l  gas  s u p p l i e s  were a v a i l a b l e  and where gas  consump- 
t i o n  p a t t e r n s  matched t h e  s e a s o n a l  growth p e r i o d  of a l f a l f a .  
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Table 3 . 2  shows t h e  number of dehy p l a n t s  i n  t h e  United S t a t e s  a t  d i f f e r -  
’en t  p e r i o d s  of t i m e .  S i n c e  t h e  i n d u s t r  began i n  t h e  1930s ,  900 t o  1000 p l a n t s  
are  e s t i m a t e d  t o  have been e s t a b 1 i s h e d . I  P r i o r  t o  1950 a d d i t i o n a l  new p l a n t s  
accounted f o r  i n c r e a s e s  i n  a n n u a l  p r o d u c t i o n .  A f t e r  1950, however, p l a n t  
s i z e  tended t o  grow l a r g e r .  A s  economies of scale were achieved  t h e s e  p l a n t s ,  
o p e r a t i n g  a t  h i g h  c a p a c i t y ,  s u p p l i e d  t h e  i n c r e a s e d  demand. 

Table  3.2 

NUMBER OF DEHY PLANTS I N  THE UNITED STATES 

1941 
1944 
1950 
1954 
1970 
1976 

200 
185 
500 
348 
3 0 0  
250* 

*ADA member p l a n t s  p l u s  estimated nonmember p l a n t s .  

SOURCE: G u i d e l i n e s  f o r  Coopera t ive  A l f a l f a  Dehydrat ing P l a n t s .  

‘Ther’e are  about  250 d e h y d r a t i n g  plarrts i n  t h e  c o u n t r y  a t  t h e  p r e s e n t  
R e p o r t i n g  of productkon i s  n o t  made on t h e  p e r - p l a n t  b a s i s ,  b u t  r a t h e r  by 
i n d i v i d u a l  drum-drying u n i t ;  c u r r e n t l y  t h e r e  is  a t o t a l  of 426  drums, i n d i c a t -  
i n g  an a v e r a g e  of n e a r l y  2 drums p e r  p l a n t .  
are investor-owned; however, t h e  i n d u s t r y  t e n d s  t o  b e  dominated by r e l a t i v e l y  
few f i r m s  i n  terms of t o t a l  annual  p r o d u c t i o n  w i t h  about  20 p e r c e n t  producing 
approximate ly  70 p e r c e n t  of t h e  a n n u a l  tonnage.  

Most of t h e  d e h y d r a t i n g  p l a n t s  

5 

F i g u r e  3.2 shows t h e  c u r r e n t  l o c a t i o n  of  d e h y d r a t i n g  p l a n t s  i n  t h e  United 
States .  The p l a n t s  v a r y  i n  s i z e  from less t h a n  1000 d r y  t o n s  of dehy p e r  y e a r  
t o  o v e r  35.,000 t o n s  p e r  y e a r ,  t h e  a v e r a g e  b e i n g  approximate ly  5000 t o n s  p e r  
y e a r .  - 6  

The American Dehydrators  A s s o c i a t i o n  i n  Kansas C i t y ,  Missour i  i s  t h e  
t r a d e  a s s o c i a t i o n  f o r  t h e  i n d u s t r y .  ( D i s t r i b u t i o n  of  member p l a n t s  by s t a t e  
i s  shown i n  Table  3 .3 . ;  The o r g a n i z a t i o n  s p o n s o r s  programs of  r e s e a r c h  i n t o  
f e e d i n g  tr ials w i t h  dehy which have been u s e f u l  i n  promoting dehy i n  a v a r i e t y  
of  f e e d s .  I n  a d d i t i o n  t o  p r o v i d i n g  i t s  membership w i t h  c u r r e n t  market i n f o r -  
mat ion,  which is  a p r e r e q u i s i t e  f o r  a s u c c e s s f u l  c o m p e t i t i o n  i n  t h e  v o l a t i l e  
feed  marke t ,  t h e  o r g a n i z a t i o n  a l s o  compiles  r e l a t i v e l y  complete  s ta t i s t ics  on 
p r o d u c t i o n  d i s a p p e a r a n c e  i n c l u d i n g  e x p o r t .  

Coopera t ive  d e h y d r a t i n g  p l a n t s  have been a t t e m p t e d  by t h e  i n d u s t r y ,  b u t  
by 1970 t h e r e  were o n l y  10 ,  20 o t h e r s  having  d i s c o n t i n u e d  t h e i r  o p e r a t i o n  
p r i o r  t o  t h i s  d a t e .  S i n c e  t h e s e  c o o p e r a t i v e s  went o u t  of e x i s t e n c e  a t  t h e  pea!: 
of a l f a l f a  p r o d u c t i o n  i n  t h e  United S ta tes ,  management d i f f i c u l t i e s  appeared 
t o  b e  a t  least  a p a r t i a l  s o u r c e  of t r o u b l e .  In some i n s t a n c e s  fa rmers  f a i l e d  
t o  c o n t i n u e  growing a l f a l f a  t o  p r o v i d e  a s t e a d y  s o u r c e  o f  i n p u t  t o  t h e  coopera- 
t ive .  R a t h e r ,  t h e y  wish t o  b e  f ree  t o  s w i t c h  t o  o t h e r  c rops  which may have 
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T a b l e  3 . 3  

ADA MEMBER PLANTS 

Alabama 
Arkansas 
C a l i f o r n i a  
Colorado 
Ind iana  
Kansas 
Mary l and  
M 5  ch i g an 
Minnesota 
M i  s sour i 
N e  b r a s  ka 
New York 
Ohio 
Oklahoma 
Oregon 
Pennsylvania  
South Dakota 
Tennessee 
Texas 
Vermont 

T o t a l  U . S .  

Canada 
Other  Foreign 

2 ( inc ludes .  3 s t o r a g e  p l a n t s )  
10 

2 
1 6  
12 
40 
1 
2 
6 
7 

7 7  
2 

20 
5 
1 
6 
3 
2 
8 ( i n c l u d e s  1 s t o r a g e  p l a n t )  
1 

223  

1 7  
18 
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had g r e a t e r  commercial advantage  t o  them, making i t  d i f f i c u l t  f o r  c o o p e r a t i v e s  
t o  g a i n  long-term commitments from t h e i r  member fa rmers  i n  o r d e r  t o  ' s t a b i l i z e  
p r o d u c t i o n .  However, under  good management and w i t h  a d e q u a t e  s u p p o r t  from i t s  
membership, a c o o p e r a t i v e  can o f f e r  a s t e a d y  market f o r  members' a l f a l f a ,  and 
w i t h  good promot iona l  a c t i v i t i e s  can s e c u r e  a s a t i s f a c t o r y  p r i c e .  
Coopera t ive  S e r v i c e  o f  t h e  United S t a t e s  Department o f  A g r i c u l t u r e  has  encour- 
aged t h e  f o r m a t i o n  of such  c o o p e r a t i v e  d e h y d r a t i n g  p l a n t s .  

The Farmer 's  

F i g u r e  3 . 3  shows t h e  m a t e r i a l  and a c t i v i t y  f l o w s  i n  a t y p i c a l  a l f a l f a -  
d e h y d r a t i n g  o p e r a t i o n .  H a r v e s t i n g  i s  done i n  f i e l d s  t h a t  are  u s u a l l y  dedi -  
c a t e d  t o  t h e  d e h y d r a t i n g  p l a n t ,  e i t h e r  th rough ownership by t h e  d e h y d r a t o r ,  
o r  th rough a l e a s i n g  arrangement  w i t h  f a r m e r s ,  whereby t h e  d e h y d r a t o r  c o n t r o l s  
t h e  h a r v e s t i n g  p r o c e s s .  In o r d e r  t o  m a i n t a i n  adequate  throughput  i n  t e r m s  
of p l a n t  p r o d u c t i o n ,  and a t  t h e  same t i m e  n o t  t o  h a r v e s t  t h e  a l f a l f a  premature ly  
(so t h a t  minimum t i m e  p a s s e s  between h a r v e s t i n g  and p r o d u c t i o n ) ,  c o n t r o l  of  t h e  
h a r v e s t i n g  p r o c e s s  must b e  i n  t h e  hands of  t h e  d e h y d r a t i n g  p l a n t  o p e r a t o r .  
G e n e r a l l y  t h e  d i s t a n c e  t h a t  t h e  green-chop can b e  economical ly  t r u c k e d  t o  t h e  
p l a n t  i s  approximate ly  10 t o  20 m i l e s .  A t  g r e a t e r  d i s t a n c e s ,  n o t  o n l y  do 
t r u c k i n g  c o s t s  i n c r e a s e ,  b u t  t h e  amount of t i m e  s p e n t  i n  t r a n s p o r t a t i o n  may 
have a d e l e t e r i o u s  e f f e c t  upon t h e  c u t  a l f a l f a  through i n c r e a s e d  enzyme a c t i o n  
and h e a t i n g  of t h e  green-chop. 

Approximately 2000 acres of a l f a l f a  a r e  r e q u i r e d  t o  m a i n t a i n  t h e  pro- 
d u c t i o n  o f  a t y p i c a l  p l a n t .  S a r v e s t i n g  i s  done i n  a ser ies  of  c u t t i n g s  
throughout  t h e  growing season ,  and may v a r y  from less t h a n  5 i n  t h e  Ifid- 
w e s t  t o  1 0  o r  11 i n  C a l i f o r n i a  i n  t h e  I m p e r i a l  V a l l e y ,  where t h e  c r o p  may 
be grown a l l  y e a r  around.  A p l a n t  w i t h  a one-drum d e h y d r a t o r  may employ 
up t o  15 people  d u r i n g  t h e  peak of  t h e  season .  A t y p i c a l  inves tment  i n  a 
5000 ton-per-year p l a n t  w a s  e s t i m a t e d  a t  $182,000 i n  1 9 7 0 ;  economies o f  
s c a l e  are r e v e a l e d  by comparison w i t h  a p l a n t  producing 15,000 t o n s  of dehy 
p e r  y e a r  a t  approximate ly  $ 2 7 3 , 0 0 0 . 7  

The energy requi rements  f o r  producing a t o n  of dehy v a r y  between 9000 
and 15,000 c u b i c  f e e t  of gas t o  d r y  green-chop w i t h  a m o i s t u r e  c o n t e n t  of 
between 65 and 85 p e r c e n t ,  t h e  average  b e i n g  apTroximately 12,000 c u b i c  f e e t  
p e r  t o n  f o r  green-chop w i t h  an  i n i t i a l  m o i s t u r e  c o n t e n t  of between 7 0  and 
75 p e r c e n t . 8  T o t a l  i n d u s t r y  consumption of n a t u r a l  g a s  i n  1975 u s i n g  t h e  
a v e r a g e  f i g u r e  of 12,000 c u b i c  f e e t  p e r  t o n  and assuming v i r t u a l l y  a l l  dry-  
i n g  w a s  done by n a t u r a l  gas  l e a d s  t o  a consumption estimate of 1 7  b i l l i o n  
c u b i c  f e e t .  T o t a l  n a t u r a l  g a s  consumption i n  t h e  United States  f o r  1975  
w a s  20,000 b i l l i o n  c u b i c  f e e t .  Thus, t h e  d e h y d r a t i n g  i n d u s t r y  consumed 
less t h a n  one t e n t h  of 1 p e r c e n t  of t h e  U.S .  domest ic  consumption of n a t u r a l  
gas .  

S ince  t h e  e a r l y  1950s t h e  u s e  of p e l l e t i n g  machines h a s  become p o p u l a r  
t o  produce a more e a s i l y  managed product .  Compacting t h e  a l f a l f a  meal i n t o  
p e l l e t s  more t h a n  doubles  t h e  d e n s i t y  of t h e  p r o d u c t  ( a l f a l f a  dehy meal h a s  
a d e n s i t y  of 1 6  t o  22 l b s  p e r  c u b i c  f o o t ;  a l f a l f a  dehy p e l l e t s  have a d e n s i t y  
of  4 1  t o  4 3  l b s  p e r  c u b i c  f o o t ) .  The a l f a l f a  p e l l e t s  can b e  handled w i t h  
b u l k  l o a d i n g  equipment.  I n  g e n e r a l ,  t h e  p e l l e t i n g  o p e r a t i o n  produces a 
r e d u c t i o n  i n  l a b o r  c o s t s  and a s i g n i f i c a n t  r e d u c t i o n  i n  d u s t  l e v e l s  a t  t h e  
p l a n t .  For t h o s e  customers  who wish a l f a l f a  meal, t h e  p s l l e t s  a r e  reground 
t o  o r d e r  a t  a s l i g h t  a d d i t i o n a l  c o s t .  
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One of t h e  advantages  of d e h y d r a t i o n  i s  t h e  p o s s i b i l i t y  of s t o r i n g  t h e  
product  w i t h o q t  s i g n i f i c a n t  d e t e r i o r a t i o n .  S t o r a g e  of  a l f a l f a  p e l l e t s  i s  
done i n  an i n e r t - g a s  environment which v i r t u a l l y  e l i m i n a t e s  o x i d a t i v e  l o s s e s  
i n  t h e  product  up to t h e  t i m e  o f  removal from s t o r a g e .  S t o r a g e  a l s o  p r o t e c t s  
a g a i n s t  l o s s e s  from f i r e ,  i n s e c t s  and r o d e n t s .  E f f e c t i v e  s t o r a g e  a l l o w s  
more of  t h e  p r o d u c t  t o  be marketed d u r i n g  t h e  w i n t e r  months when p r i c e s  w i l l  
be  h i g h .  A r e c e n t  survey  has  e s t i m a t e d  t h a t  t h e r e  a r e  6 8 2 , 0 0 0  m e t r i c  t o n s  
of i n e r t - g a s  s t o r a g e  c a p a c i t y  i n  t h e  United S t a t e s . 1 0  

P r o d u c t i o n  and Markets 

Dehy p r o d u c t i o n  i n  t h e  United S t a t e s  i n c r e a s e d  u n t i l  t h e  1970s, when a 
peak p r o d u c t i o n  of  1 . 7  m i l l i o n  t o n s  w a s  ach ieved .  A s  F igure  3 . 4  and Table  3 . 4  
show, p r o d u c t i o n  l e v e l s  s i n c e  t h i s  t i m e  have been f a l l i n g ,  d ropping  t o  a cur -  
r e n t  v a l u e  of about  1 . 3  m i l l i o n  t o n s .  F i g u r e  3 . 4  and Table  3 . 4  a l s o  show 
t h e  p r o d u c t i o n  of sun-cured a l f a l f a  meal f o r  t h e  p a s t  1 0  y e a r s .  

F i g u r e  3 .5  shows annual  e x p o r t s  of a l f a l f a  meal. The p r i n c i p a l  pur- 
c h a s i n g  c o u n t r y  h a s  been Japan,  whose impor ts  have accounted f o r  75 t o  85 
p e r c e n t  of e x p o r t e d  dehy, and upwards of 95 p e r c e n t  o f  sun-cured a l f a l f a  meal 
( s e e  Table  3 . 5 ) .  

The q u a n t i t y  of  d r i e d  a l f a l f a  produced by d r y i n g  w i t h  n a t u r a l  gas  
exceeded a l f a l f a  sun-cured p r o d u c t i o n  i n  1946 ( s e e  F i g u r e  3 . 6 ) .  S i n c e  t h e n ,  
t h e  use of  sun-cured a l f a l f a  f o r  domest ic  purposes  h a s  remained w e l l  below 
dehy p r o d u c t i o n .  However, a s  may b e  s e e n  from F i g u r e  3 . 5 ,  sun-cured a l f a l f a  
has  provided  a s u b s t a n t i a l  p o r t i o n  of  t h e  e x p o r t  market and i n  r e c e n t  y e a r s  
had l e d  over  dehy e x p o r t s .  The q u a l i t y  o f  sun-cured a l f a l f a  may vary  con- 
s i d e r a b l y ,  bu t  i n  g e n e r a l ,  t h e  l o s s e s  of  x a n t h o p h y l l  and c a r o t e n e  a r e  sub- 
s t a n t i a l  compared t o  dehy. The market f o r  sun cured i n  t h i s  c o u n t r y  h a s  i n  
r e c e n t  y e a r s  been f o r  ruminant an imals  p r i m a r i l y .  Sun-cured product  expor ted  
t o  Japan ,  however, i s  used i n  p o u l t r y  f e e d s .  S u b s t a n t i a l  r i s k s  may be i n -  
volved i n  loss of  t h e . c r o p  due t o  r a i n  and f i e l d  s p o i l a g e  when sun c u r i n g  
i s  a t tempted .  T h i s ,  coupled w i t h  t h e  need t o  produce a r e l i a b l e  p r o d u c t ,  
h a s  been a s i g n i f i c a n t  f a c t o r  i n  a c c e l e r a t i n g  t h e  growth of a r t i f i c i a l  d r y i n g  
of a l f a l f a .  

The r e c e n t  d e c l i n e  i n  t h e  p r o d u c t i o n  of dehy can be a t t r i b u t e d  t o  
several f a c t o r s .  It may b e  r e c a l l e d  t h a t  t h e  i n d u s t r y  had been promoted 
by n a t u r a l  gas  companies s e e k i n g  an o u t l e t  f o r  summer sales  of n a t u r a l  gas .  
The t i g h t n e s s  of  s u p p l i e s  o f  n a t u r a l  gas  i n  r e c e n t  y e a r s  h a s  caused t h e  
n a t u r a l  gas  companies t o  cease promotion and ,  i n  some i n s t a n c e s ,  t o  c u r t a i l  
s u p p l i e s  t o  d e h y d r a t o r s  i n  t h e  Southwest ,  where t h e  growing season  e x t e n d s  
i n t o  t h e  w i n t e r  months. R i s i n g  energy c o s t s  and u n c e r t a i n t i e s  i n  energy 
s u p p l i e s  were accompanied by i n c r e a s e s  i n  r u r a l  l a b o r  c o s t s  and by problems 
of  a v a i l a b i l i t y  o f  r u r a l  l a b o r .  Along w i t h  t h e s e  u n c e r t a i n t i e s  g r a i n  and 
o t h e r  cash  c r o p s  began t o  compete more s t r o n g l y  w i t h  a l f a l f a .  It became 
d i f f i c u l t  i n  some areas t o  m a i n t a i n  s u f f i c i e n t  a l f a l f a  a c r e a g e  w i t h i n  an  
economic r a d i u s  of t h e  d e h y d r a t o r .  

-21- 



Sun-Cured 

SOURCE: Dehydrated Alfalfa Production and Disappearance, American Dehydrators 
Association, 1969. 
E. Mengering, American Dehydrators Association, Feedstuffs, Feb. 7, 
1977, p .  31. 
Grain and Feed Division, Agricultural Marketing Service, U.S. Dept. 
of Agriculture. 

Figure 3 .4 .  Alfalfa Meal Production (May 1-April 30) 
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Table 3.4 

PRODUCTION OF ALFALFA MEAL 

Season Thousands of Tons 
(May 1-April 30) Dehy Sun-Cur ed 

1948-49 
1949-50 
1950-51 
1951-52 
19  5 2-53 
1953-54 
1954-55 
1955-56 
1956-57 

1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-69 

1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 

1957-58 

1968-69 

1976-77 1 .356 .500  

732.0 
800 .3  
907 .5  
846 .5  

1 , 0 2 0 . 1  
855 .6  

1 , 0 6 3 . 7  
1 , 1 6 3 . 7  

962 .3  
1 , 1 1 0 . 7  
1 , 1 2 2 . 9  
1 , 1 7 1 . 6  
1 , 2 4 2  .O 
1 , 2 7 7 . 9  
1 , 3 1 7 . 8  
1 , 4 3 7 . 5  
1 , 5 7 5  . O  
1 , 5 9 6 . 7  
1 , 6 6 0 . 2  
1 , 6 2 0 . 9  

1 , 7 3 7 . 2  

1 , 6 3 4 . 0  
1 , 5 3 8 . 4  
1 , 5 5 0 . 5  
1 , 4 2 5 . 4  
1 , 3 5 3 . 4  

1 ,582 .4  

1 , 6 9 8 . 1  

39 2 
323 
339 
371 
359 
399 
563 
358 
35 2 

SOURCE: Dehydrated Alfalfa Production and Disappearance, 
American Dehydration Association, 1969 .  
E. Mengering, American Dehydration Association, 
Feedst;ffs,-Feb. 7 ,  1 9 7 7 ,  p .  31.  
Grain and Feed Division, Agricultural Marketing 
Service, U. S. Dept. of Agriculture. 
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Figure 3.5. Exports of Alfalfa Meal (May l - A p r i l  30) 
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Table  3.5 

EXPORTS OF ALFALFA MEAL 

Annual e x p o r t s  of dehydrated a l f a l f a  and sun-cured a l f a l f a  from May 1 t o  
A p r i l  30 are  shown f o r  s e l e c t e d  c o u n t r i e s .  ( T o t a l s  a re  f o r  a l l  c o u n t r i e s . )  

Thousands o f  Tons 

D ehy 

1967-8 

Venezuela 12 .5  
United Kingdom 8 . 3  
Japan  134 .8  

T o t a l  164.4 

1968-9 

Venezuela 8.9 
United Kingdom 1 2 . 0  
Nether  1 and s 18 .2  
Japan 177.8 

T o t a l  231.7 

1969-70 

Venezuela 7.0 
S i n  gap0 r e 8.8 
Japan 199.5 

Tot a1 232.4  

1 9  70-71 

Venezuela 7.6 
Nether lands  8.8 
IJ. Germany 24.5 
Japan  254.9 

T o t a l  341.6 
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Sun -C u r  e d 

Nether lands  6 .6  
Japan 1 3 0 . 3  

T o t a l  141 .3  

Japan 180 .4  
Tot a1 183.9 

Japan 209.3 
T o t a l  211.5 

Nether lands  7 . 1  
Japan 236.4 

T o t a l  248.4 



T a b l e  3.5 (Cont . )  

Dehy 

19'71- 72 

Vene z ue-la 7.4 
S .  Vietnam 7.9 
S ingapore  7 .3  
W .  Germany 1 2 . 3  

T o t a l  207.4 
Japan  162.9" 

19 72- 7 3  

Japan  141 .4  
T o t a l  162 .3  

1 9  73-4 

Japan  142'. 3 
T o t a l  150.3. 

l-9 74-5 

Japan 84.8 
To-tal 91.6 

19.7 5- 6 

N e t  h e r 1  ands 17 .6  
Japan. 51.4 

T o t a l  77.8 

Sun-Cured. 

Japan  194.5 
T o t a l  196 .7  

Japan  148 .0  
To tax  152 ..8 

Japan  204 .1  
T o t a l  206.0: 

J apan  156 .O 
Total 159.9 

Japan  81.9 
To t a l  90.9 

SOURCE: Gra in  and Feed D i v i s i o n ,  A g r i c u l t u r a l  Marke t ing  S e r v i c e ,  
U.S. Dept. o f  A g r i c u l t u r e .  
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Improved i n f o r m a t i o n  on dehy n u t r i e n t  q u a l i t y  and s t a b i l i t y  h a s  made 
i t  p o s s i b l e  t o  i n c l u d e  dehy i n  f e e d  p r e p a r a t i o n  w i t h  reduced margins  f o r  
s a f e t y .  T h i s  h a s  r e s u l t e d  i n  a g e n e r a l  change i n  f e e d - p r e p a r a t i o n  mixing 
p r a c t i c e s .  P r i o r  t o  1964 t h e  amount of dehy going i n t o  f e e d s  was about  
3 p e r c e n t ;  s i n c e  t h e n  t h e  amount h a s  been reduced t o  2 p e r c e n t .  11 

The r o l e  of a l f a l f a  i n  f e e d s t u f f s  a l s o  h a s  changed w i t h  i n c r e a s i n g  
knowledge of p o u l t r y  g e n e t i c s ,  
i t y  i n  a s h o r t e r  p e r i o d ,  n u t r i t i o n i s t s  were f a c e d  w i t h  f o r m u l a t i n g  high-energy 
low-f iber  f e e d .  T h i s  d r a s t i c a l l y  l i m i t e d  t h e  amount of  a l f a l f a  f o r  a f e e d  
r a t i o n ,  and f o r  some companies ( p a r t i c u l a r l y  i n  C a l i f o r n i a  where dehy i s  used 
p r i m a r i l y  f o r  p o u l t r y )  t h i s  meant a r e d u c t i o n  of 40 t o  50 p e r c e n t  of t h e i r  
domest ic  m a r k e t . l 2  ( I n  t h e  Midwest, some of t h e  l o s s  t o  p o u l t r y  w a s  made up  
by increases i n  t h e  u s e  of dehy i n  c a t t l e  f e e d s . )  

By b r e e d i n g  p o u l t r y  which could r e a c h  matur- 

A s i g n i f i c a n t  f a c t o r  i n  t h e  r e d u c t i o n  of dehy p r o d u c t i o n  h a s  been a 
The drop of p r o d u c t i o n  f o r  d i m i n u t i o n  of e x p o r t s ,  p a r t i c u l a r l y  t o  Japan .  

e x p o r t  a f f e c t e d  C a l i f o r n i a  p r i m a r i l y ,  which h a s  s u p p l i e d  most of  t h e  sh ip-  
ments t o  Japan .  
a t t e n u a t i o n  of U.S. f o r e i g n  e x p o r t s .  A s  a r e s u l t  of t h e  d e p r e s s i o n  of 
Canadian w h e a t  p r i c e s  i n  1971 ,  the  Canadian government p r o m o t e d  and s u b s i -  
d i z e d  i n v e s t m e n t s  i n  new a l f a l f a - d e h y d r a t i n g  p l a n t s  i n  o r d e r  t o  s t i m u l a t e  
growth i n  a l f a l f a .  
c o n d i t i o n a l  g r a n t s  of up t o  one t h i r d  of t h e i r  t o t a l  c o s t .  Canada now pro- 
duces  approximate ly  300,000 t o n s  of dehy p e r  y e a r ;  165,000 t o n s  a re  e x p o r t e d ,  
n e a r l y  a l l  of  i t  t o  Japan .  P a r a l l e l i n g  Canadian dehy i n d u s t r y  growth,  U.S. 
e x p o r t s  t o  J a p a n  dropped from o v e r  140,000 t o n s  i n  t h e  e a r l y  1970s (peak of 
255,000 t o n s  i n  1970) t o  51,000 t o n s  i n  1975 ( s e e  Table  3 . 5 ) .  

Competi t ion from Canada h a s  been a s t r o n g  f a c t o r  i n  t h e  

The Canadian government s u b s i d i z e d  t h e s e  p l a n t s  w i t h  

In 1976 Europe provided  an  unexpected market  f o r  U . S .  dehy. Europe 
normal ly  produces 1.1 m i l l i o n  t o n s  of dehydra ted  a l f a l f a  p e r  y e a r .  
t h e  dominant producer ,  w i t h  a n  a n n u a l  p r o d u c t i o n  of n e a r l y  900,000 t o n s .  
However, as a r e s u l t  of extreme drought  c o n d i t i o n s ,  a l f a l f a  growth f e l l  o f f  
f o r  1976, making i t  n e c e s s a r y  t o  import  l a r g e  q u a n t i t i t e s  of dehy. 

France  i s  
13 

The p r i c e  of dehy can v a r y  c o n s i d e r a b l y  from one p a r t  o f  t h e  c o u n t r y  
t o  t h e  o t h e r .  P r i c e s  w i l l  a l s o  v a r y  s u b s t a n t i a l l y  w i t h  t h e  s e a s o n ,  w i n t e r  
p r ices  b e i n g  t h e  h i g h e s t .  For t h e  f i r s t  week i n  February  1977,  1 7  p e r c e n t  
p r o t e i n  dehy p e l l e t s  were p r i c e d  a t  $111, $127, $139, and $161 er  t o n  a t  
Kansas C i t y ,  San F r a n c i s c o ,  A t l a n t a ,  and Boston, r e s p e c t i v e l y .  1X 

H i s t o r i c a l l y ,  dehydra ted  a l f a l f a  p r i c e s  have shown somewhat g r e a t e r  
f l u c t u a t i o n s  w i t h  time t h a n  have t h e  p r i c e s  of  o t h e r  g r a i n s .  A s  may b e  s e e n  
from F i g u r e  3 . 6 ,  t h e  g e n e r a l  movement of a l f a l f a  p r i c e s  i s  c o n s i s t e n t  w i t h  
t h e  f e e d s t u f f s  index .  The s h a r p  e s c a l a t i o n  i n  p r i c e s  of dehydra ted  a l f a l f a  
a l o n g  w i t h  o t h e r  f e e d s t u f f s  beginning  i n  1973 i s  l a r g e l y  due t o  i n c r e a s e s  i n  
g r a i n  e x p o r t s ,  p a r t i c u l a r l y  t o  t h e  S o v i e t  Union. While dehy e x p o r t s  d i d  n o t  
grow d u r i n g  t h i s  p e r i o d ,  t h e  g e n e r a l  i n c r e a s e  i n  t h e  p r i c e  of  a l f a l f a ,  which 
competed f o r  a c r e a g e  w i t h  c a s h  c r o p s  t h a t  were b e i n g  e x p o r t e d ,  had a pr imary 
impact on p r i c e  of dehy. 

-28- 



Table 3.6 shows t h e  monthly v a r i a t i o n  i n  t h e  p r i c e  of  dehydra ted  a l f a l f a .  
AS may b e  s e e n  i n  t h i s  t a b l e ,  t h e r e  may b e  c o n s i d e r a b l e  v a r i a t i o n  i n  p r i c e  
throughout  t h e  y e a r ,  w i n t e r  p r i c e s  a v e r a g i n g  o v e r  10 p e r c e n t  h i g h e r  t h a n  t h e  
average  p r i c e  f o r  t h e  y e a r .  The i n c r e a s e d  p r i c e s  i n  t h e  w i n t e r ,  of c o u r s e ,  
r e p r e s e n t  c o s t s  o f  s t o r a g e ,  which s u p p l i e s  most of t h e  demand f o r  dehy d u r i n g  
t h e  w i n t e r  months. While i n e r t - g a s  s t o r a g e  a l lows  f o r  t h e  p o s s i b i l i t y  of  
s e l l i n g  t h e  dehy through t h e  y e a r ,  i t  a l s o  a l lows  f o r  t h e  p o s s i b i l i t y  o f  
l a r g e  c a r r y o v e r s  i n t o  a new growing s e a s o n .  Such c a r r y o v e r s  can s e r i o u s l y  
a f f e c t  t h e  p r i c e  of  t h e  p r o d u c t .  T h i s  happened r e c e n t l y ,  a t  t h e  b e g i n n i n g  
of  t h e  1968 s e a s o n ,  w i t h  a c a r r y o v e r  of  a lmost  215,000 t o n s ,  n e a r l y  t w i c e  
above normal c a r r y o v e r s .  The impact on p r i c e s  may b e  s e e n  from Table  3 . 6  
f o r  t h i s  p e r i o d .  It i s  f e l t  t h a t  when a g r i c u l t u r a l  p r o d u c t s  are overproduced 
even by as l i t t l e  as 5 p e r c e n t ,  t h e  v a l u e  of t h e  e n t i r e  c rop  w ' l l  b e  s e t  by 
n e c e s s a r y  p r i c e  r e d u c t i o n s  needed t o  s e l l  t h e  l a s t  5 percent . "  Thus,  i n  t h e  
case of  s e l l i n g  dehydra ted  a l f a l f a ,  i t  i s  n e c e s s a r y  t o  c o o r d i n a t e  c a r e f u l l y  
p r o d u c t i o n  and s t o r a g e  so  t h a t  t o t a l  p roduct  d i sappearance  r a t e s  w i l l  b e  a t  
p r o f i t a b l e  market p r i c e s .  

Markets f o r  midwest dehydra ted  a l f a l f a  are l o c a l  feed  formula manufac- 
t u r e r s ,  l i v e s t o c k  f e e d e r s ,  and t h e  l a r g e  f e e d  manufac turers  i n  t h e  East. 
Shipments t o  l o c a l  markets  g e n e r a l l y  a r e  economical w i t h i n  a r a d i u s  of  
100-200 m i l e s .  Shipments are of t e n  F. O . B .  v ia  t r u c k ,  though some d e h y d r a t o r s  
may s e l l  d e l i v e r y  i n  t h e i r  own o r  h i r e d  t r u c k s .  T r a n s p o r t a t i o n  t o  t h e  l a r g e  
c e n t r a l  markets  ( t h e  major  domest ic  f e e d  manufac turers )  i s  u s u a l l y  by r a i l .  

A s i g n i f i c a n t  p o r t i o n  o f  midwest dehy i s  used i n  c a t t l e  f e e d l o t  prepara-  
t i o n s .  While e x a c t  f i g u r e s  f o r  t h e  ul t imate  d i s p o s i t i o n  of dehydra ted  
a l f a l f a  are n o t  a v a i l a b l e ,  r e a s o n a b l e  estimates i n d i c a t e  t h a t  f o r  m i d w e s t e m  
dehy approximate ly  50 p e r c e n t  goes t o  beef  f e e d l o t s ,  between 15 and 20 p e r c e n t  
f o r  p o u l t r y  f e e d  f o r m u l a t i o n s ,  approximate ly  15 t o  20 p e r c e n t  f o r  swine f e e d  
f o r m u l a t i o n s ,  and a small  amount f o r  r a b b i t  f e e d s . 1 7  
i n  Colorado s e l l  most of t h e i r  dehy t o  Texas f e e d l o t s ,  though a small p e r c e n t -  
a g e  may end up i n  east Texas p o u l t r y  f e e d s .  Dehydrators  i n  t h e  Northwest look 
to poultry feeders in Portland and Spokane for their markets. 

F u r t h e r  w e s t ,  d e h y d r a t o r s  

A s  would b e  expec ted  i n  one of t h e  c o u n t r y ' s  l e a d i n g  p o u l t r y  s t a t e s ,  t h e  
C a l i f o r n i a  dehy market i s  a lmost  e x c l u s i v e l y  f o r  p o u l t r y  f e e d ,  though a small 
amount is  s o l d  f o r  r a b b i t  f e e d .  For  C a l i f o r n i a ,  a g r e a t e r  market had been 
e x p o r t ,  p a r t i c u l a r l y  t o  Japan.  The f r a c t i o n  of dehy which w a s  expor ted  i n  
C a l i f o r n i a  reached a lmost  t o  80 p e r c e n t  i n  t h e  e a r l y  1970s.18 
e x p o r t  marke t ,  however, h a s  made t h e  domest ic  market of about  e q u a l  importance 
a t  p r e s e n t .  

D e c l i n e  i n  t h e  

Outlook 

The h i g h  p r o d u c t i o n  reached i n  1970 probably  w i l l  n o t  b e  e q u a l l e d  i n  t h e  
n e a r  f u t u r e .  The l o s s  t o  Canada (where dehy p r o d u c t i o n  c o n t i n u e s  t o  b e  pro- 
moted and p a r t i a l l y  s u b s i d i z e d  by t h e  government) of  much of t h e  U . S .  e x p o r t  
market i s  probably  permanent. I n  t h e  domest ic  market , dehydra ted  a l f a l f a  
competes w i t h  o t h e r  f e e d  formula i n g r e d i e n t s  i n  terms of t h e i r  r e s p e c t i v e  
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T a b l e  3 .6  

Alfalfa Meal: Average Wholesale Price f o r  Dehydrated, li% Protein, i n  Dollars per ton, butk a t  Kansas C i t y  

Year 

1954-55 
1955-56 
1956-57 
1957-58 
1953-59 
1553- 60 
1$50-61 
1 9 5 1 - 6 2 

I 1362-63 
P 1,063-64 

1954-65 
1955-56 
1565-67 
1957-63 
1553-69 
1563- 70 
1570-71 
191-72 

- 

w 
I 

1972-73 
1573-74 
15174-75 
1975-76 
1976-77 

May 

40.75 
35- 10 
37.20 
39.00 
32.00 
5'1.25 
43.80 
46.25 
44.80 
kl.59 
37.20 
36.00 
43.00 
46.40 
36.20 
41 -50 
43 - 70 
49.25 
49.70 
71.40 
75.m 
77.00 
91.40 

June 

36.00 
32.10 
31.50 
33.75 
30.75 
41 .GO 
33.00 
40.75 
40.00 
41.25 
35-20 

- 

35.60 
41 -50 
45.50 
35-50 
38.80 
41 .go 
44. €0 
45.80 
72-70 
68.20 
'74.70 
94.20 

Julv 

47.40 
31.25 
31.00 
36.90 
32.00 
41.50 
39.00 
40.25 
39.60 
42.40 
36.00 
38.50 
47.00 
48.00 
35-00 
38.20 
42.50 
45.75 
47.10 
72.20 
76.70 
76.60 
99. so 

AUQ. 

44.10 
32.20 
36.24 
43 - 75 
31.60 
43.00 
41 .OO 
43.00 
43.35 
45.10 
38.30 
41 .00 
50.00 
47.80 
33 - 50 
f + O .  00 
43.00 
46.00 
43.20 
74.50 
93 - 75 
81.50 
101.15 

Sept . 
43 - 35 
38.40 
45.75 
45.50 
34.70 
43.40 
43.00 
43.00 
48.00 
46.25 
41 .OO 
42.20 
53.00 
47.00 
33.50 
42.10 
46.00 
1;.6.00 
50.00 
63.20 
89.75 
82.60 
114.20 

Oct. 

50.75 
45 - 25 
53.70 
45.70 
43.00 
49.50 
45.40 
45.20 
52.20 
47.70 
4i. 60 
46.60 
53-70 
47.00 
3 7 . 3 0  
44.00 
46.20 
46.00 
53.30 
101.50 
92.00 
87.80 
115.50 ' 

Nov. Dec. 
-I - 
53.30 55-60 
42.30 46.50 
57.55 59.10 
46.00 44.20 
46.00 lt9.00 
53.50 55.00 
47.90 47.10 
49.00 48.00 
51+.00 52.25 
49.90 49.80 
43.50 43.50 
49.50 49.50 
56.30 59.60 
47.00 45.70 
41.2G 44.40 

48.43 48.90 
46.80 48.75 
62.60 75.70 
lC3.60 104.70 
89.25 87.00 
92.30 98.70 

111.10 112.15 

45.60 47.20 

Feb. - Jan. - 
60.25 62.25 
46.60 44.00 
61.00 63.00 
41.10 42.10 
57.00 61.00 
55.00 55.00 
46.50 46.50 
49.70 52.50 
5 3 - 0 0  54.75 
47.60 45.40 
lt3.50 41.60 
49.80 52.60 
61.30 61.90 
43.00 39.20 
46.50 47.00 
49.10 48-00 
48.90 lt9.90 
49.75 49.70 
92.80 106.70 
104.80 102.60 
84.25 77.10 
llO.15 110.65 
112.73 111.30 

March 

57.40 
42.10 
62.00 
40.60 
61 .OO 
53 * 40 
48.10 
5 4 .  00 
52.25 
41.20 
38.80 
55.20 
59.50 
37-20 
46.50 
46.40 
50.70 
49 - 70 
94.80 
94.20 
74.40 

111.40 

A p r i  1 

50.75 
41 -50 
61 .OO 
38.60 
61 .OO 
52 - 75 
47.50 
55.00 
46.60 
3a.ko 
37-20 
53.20 
53.30 
36.80 
45. €0 
45.40 

49.40 
70.80 
82.00 
75 * 90 
108.40 

52 * 53 

Ave ra qe 

50.15 
39.65 
49.90 
41.45 
44.90 
49.85 
44- 55 
47.30 
M.40 
44.60 
39.90 
45.80 
53.83 
4.30 
40.29 
43.90 
46.90 
47.60 
66.40 
08 .90  
82.00 
92 - 65 

SOURCE: A m e r i c a n  D e h y d r a t o r s  Assoc ia t ion  



v a l u e s  f o r  p r o t e i n ,  f i b e r ,  energy ,  and v i t a m i n s ,  and how much a l f a l f a  w i l l  
b e  used i n  any f o r m u l a t i o n  i s  a matter of p r i c e  and q u a l i t y  r e l a t i o n s h i p s  
w i t h  competing i n g r e d i e n t s , .  depending on t h e  n u t r i t i o n a l  requi rements  of 
each s p e c i f i c  feed .  A t  t h e  same t i m e ,  however, dehy i s  f e l t  t o  b e  irre- 
p l a c e a b l e  i n  many f e e d  formulas  because of i t s  unique n u t r i t i o n a l  charac-  
t e r i s t i c s .  There a p p e a r s  t o  b e  a c o r e  market of about  700-800 thousand 
t o n s  p e r  y e a r  which w i l l  remain s t a b l e .  P r o d u c t i o n  h a s  remained n e a r l y  
c o n s t a n t  t h e  l a s t  two y e a r s  ( s e e  T a b l e  3 .6 )  and t h i s  may r e p r e s e n t  a rela- 
t i v e l y  s t a b l e  market provided  t h a t  p r o d u c t i o n  c o s t s  (energy ,  l a b o r ,  t h e  
p r i c e  of green-chop) do n o t  escalate f a s t e r  t h a n  t h e  p r i c e s  f o r  o t h e r  f e e d  
s t u f f s  .. 

Energy c o s t  f o r  d r y i n g  i s  an  i m p o r t a n t  component o f  dehy p r i c e ,  r e p r e -  
s e n t i n g  a t  l eas t  1 0  p e r c e n t  of  t h e  p r e s e n t  p r i c e  of t h e  p r o d u c t .  The p o s s i -  
b i l i t y  of  s h a r p  f u t u r e  rises i n  t h e  p r i c e  of n a t u r a l  gas and t h e  p r o s p e c t  of 
gas  c u r t a i l m e n t s  (which have a l r e a d y  o c c u r r e d  f o r  p e r i o d s  of several  days t o  
w e e k s  f o r  some d e h y d r a t o r s ,  p a r t i c u l a r l y  i n  t h e  Southwest d u r i n g  t h e  w i n t e r )  
have g iven  d e h y d r a t o r s  concern  about  b e i n g  a b l e  t o  m a i n t a i n  adequate  p r o f i t  
margins .  Diesel o i l  i s  o f t e n -  used as a backup t o  n a t u r a l  g a s ,  b u t  a t  c u r r e n t  
p r ices  of t w i c e  t h a t  o f  gas (pe r  B t u )  i t  i s  p r o b l e m a t i c  whether o i l  can b e  
an  economical a l te rna t ive .  

One- technique  t o  save energy c o s t s  which may come i n t o  widespread u s e  
i s  t h e  w i l t i n g  of t h e  a l f a l f a  b e f o r e  d e h y d r a t i n g .  L e t t i n g  t h e  c u t  green  
a l f a l f a  d r y  f o r  a p e r i o d  b e f o r e  p i c k i n g  i t  up f o r  d e h y d r a t i n g  can reduce  
s i g n i f i c a n t l y  t h e  i n i t i a l  m o i s t u r e  c o n t e n t .  ( I n  Kansas,  f o r  example,  tests 
of  f i e l d  w i l t i n g  of f o u r  h o u r s  reduced t h e  m o i s t u r e  c o n t e n t  from about  7 7 . 3  
p e r c e n t  t o  64.2  p e r c e n t .  T h i s  r e s u l t s  i n  a n e a r l y  60 p e r c e n t  s a v i n g  i n  t h e  
energy  r e q u i r e d  f o r  m o i s t u r e  e v a p o r a t i o n .  ) I7 F i e l d  w i l t i n g ,  however, does 
i n v o l v e  t h e  a d d i t i o n a l  expense of a r e t u r n  t r i p  t o  p i c k  up t h e  c u t  a l f a l f a  
as w e l l  as a d d i t i o n a l  c a p i t a l  i n v e s t e d  i n  f i e l d  equipment ,  and t h e s e  expen- 
ses have t o  b e  ba lanced  o f f  a g a i n s t  s a v i n g s  i n  f u e l  which w i l l  b e  i n c u r r e d  
because  of  t h e  lower m o i s t u r e  c o n t e n t  of t h e  sun-cured hay. Furthermore,  
w i l t e d  a l f a l f a  can b e  expec ted  t o  have a lower q u a l i t y  of c a r o t e n e  and xan- 
t h o p h y l l  due  t o  enzymatic  and o x i d a t i v e  l o s s e s  d u r i n g  w i l t i n g .  
of w i l t i n g  may a l s o  i n v o l v e  v i t a m i n  and dry-matter  l o s s e s .  The s t r a t e g y  of 
w i l t i n g  i n  o r d e r  t o  save f u e l  c o s t s ,  t h e r e f o r e ,  w i l l  b e  dependent upon produ- 
c i n g  a product  whose m a r k e t a b i l i t y  a t  a g i v e n  c o s t  i s  s t i l l  c o n s i s t e n t  w i t h  
t h e  p r o f i t  e x p e c t a t i o n s  of  t h e  d e h y d r a t o r .  

Longer p e r i o d s  

Several r e c e n t  tests have i n d i c a t e d  t h a t  f i e l d - w i l t e d  a l f a l f a ,  c a r e f u l l y  
c o n t r o l l e d  t o  a l l o w  p r o d u c t i o n  of a q u a l i t y  p r o d u c t ,  showed e s s e n t i a l l y  no 
d i f f e r e n c e s  between t h e  w i l t e d  a l f a l f a  and d i r e c t - c u t  a l f a l f a  when f e d  t o  
ruminants .18 A s imi la r  set  of t e s t s  shows “ t h e  o v e r a l l  q u a l i t y  of c a r e f u l l y  
f i e l d - w i l t e d  and dehydra ted  a l f a l f a  based  on n u t r i t i o n a l  d e t e r m i n a n t s  i s  es- 
s e n t i a l l y  e q u i v a l e n t  t o  c o n v e n t i o n a l  dehydra ted  a l f a l f a  f o r  ruminant a n i m a l s ,  
swine,  and t u r k e y s . ” l g  T h i s  set  of tes ts  d i d  show s i g n i f i c a n t  l o s s e s  i n  xan- 
t h o p h y l l  and p o i n t e d  o u t  t h a t  where pigment i s  d e s i r e d  ( t h a t  i s  i n  b r o i l e r  
and l a y i n g  hen r a t i o n s )  a l f a l f a  should  b e  purchased on a xanthophyl l -  
guaranteed  basis .  2o Western A l f a l f a  Corpora t ion  r e p o r t s  t h a t  on t h e  s t r e n p t h  of 
t h e  r e s u l t s  of t h e s e  tests f i e l d - w i l t i n g  d r y i n g  o p e r a t i o n s  w e r e  i n i t i a t e d  a t  
i t s  Granada, Colorado p l a n t ,  where some 31,000 t o n s  of dehydra ted  a l f a l f a  were 
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produced a t  a n  average  p r o t e i n  v a l u e  of 1 9 . 8  p e r c e n t ,  a v i t a m i n  A c o n t e n t  
of 150,OOC I.U. p e r  pound, and a r e d u c t i o n  i n  n a t u r a l  g a s  usage of n e a r l y  
34 p e r c e n t  p e r  t o n  of product .21  
wide ly  used t e c h n i q u e  f o r  s a v i n g  energy;  i t  can b e  expec ted  t o  grow i n  i m -  
p o r t a n c e  i n  t h e  f u t u r e .  

C u r r e n t l y ,  f i e l d  w i l t i n g  i s  t h e  most 

The p o s s i b i l i t y  of dewater ing  t h e  green-chop through mechanical  p r e s s i n g  
may come i n t o  wider  u s e  as a n  energy-saving p r o c e s s .  A t  p r e s e n t  no mechani- 
ca l  d e h y d r a t i n g  i s  done i n  t h i s  c o u n t r y  on any l a r g e  scale ,  b u t  Europeans 
have been exper iment ing  s e r i o u s l y  w i t h  t h i s  t e c h n i q u e .  The dewater ing  tech-  
n i q u e  produces a n u t r i e n t - r i c h  j u i c e  from which p r o t e i n  and x a n t h o p h y l l  a r e  
e x t r a c t e d  by steam c o a g u l a t i o n ,  whi le  t h e  dewatered p r e s s  cake i s  dehydra ted  
i n  a c o n v e n t i o n a l  way w i t h  a s u b s t a n t i a l l y  lower energy requi rement .  The 
French have been s t u d y i n g  t h i s  method and have c o n s t r u c t e d  a p i l o t  p l a n t  ca- 
p a b l e  of  producing two t o n s  of g r e e n  p r o t e i n  c o n c e n t r a t e  a day. The t e c h n i q u e  
l e a d s  t o  a c o n s i d e r a b l e  s a v i n g  i n  d r y i n g  energy  (from f r e s h  a l f a l f a  w i t h  20 
p e r c e n t  d r y  matter 3 . 5  ki lograms of water must b e  evapora ted  t o  produce 1 k i l o -  
gram of  dehydra ted  a l f a l f a  p e l l e t s ,  w h i l e  from p r e s s  cake w i t h  30 p e r c e n t  d r y  
matter o n l y  2 k i lograms of water need b e  evapora ted  f o r  1 k i l o g r a m  of p e l l e t s ) .  

The dewater ing  p r o c e s s  and p r o t e i n  e x t r a c t i o n  t e c h n i q u e  can a l s o  r e s u l t  
i n  t h e  p r o d u c t i o n  of  w h i t e  p r o t e i n ,  which may b e  c o n s i d e r e d  f o r  use  as an  ed- 
i b l e  f o r  human consumption. Limi ted  f e e d i n g  t r i a l s  u s i n g  s i m i l a r l y  produced 
l e a f - p r o t e i n  c o n c e n t r a t e  have been s u c c e s s f u l  i n  a l l e v i a t i n g  kwashiorkor ,  a 
s e v e r e  d i s o r d e r  r e s u l t i n g  from p r o t e i n  c a l o r i e  m a l n u t r i t i o n . 2 2  
i t y  of u s i n g  a l f a l f a  a s  a h i g h  s o u r c e  of p r o t e i n  f o r  humans would u l t i m a t e l y  
have a l a r g e  impact on t h e  growth of t h e  d e h y d r a t i o n  i n d u s t r y ,  i n  which pro- 
t e i n  c o n c e n t r a t e s  would become a c c e p t e d  d i e t a r y  supplements .  Supplying t h e  
world demand f o r  p r o t e i n  w i l l  r e q u i r e  t h e  i n c r e a s e d  consumption of p l a n t  pro- 
t e i n .  The French see t h i s  development as p r o v i d i n g  a s p u r  t o  t h e  a l f a l f a -  
d e h y d r a t i n g  i n d u s t r y .  A l f a l f a  y i e l d s  a l a r g e  q u a n t i t y  of p r o t e i n  p e r  c u l t i -  
v a t e d  s u r f a c e  area, and t h e  l e a f - p r o t e i n  c o n c e n t r a t e  p r o c e s s  i s  a b l e  t o  pro- 
v i d e  p r o d u c t s  having  s p e c i f i c  u s e s  e i t h e r  f o r  animal  consumption o r ,  i n  t h e  
near f u t u r e ,  f o r  human consumption. 23 

The p o s s i b i l -  
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CHAPTER 4 :  COINCI ENCE OF ALFALFA AND GEOTHERMAL RESOURCES 

The study began with a detailed investigation into the coincidence of 
alfalfa and geothermal resources. We were interested in identifying the 
distance between alfalfa crop growing areas and the geothermal resources 
that might be used for drying the harvested hay. 

The hydrothermal convection systems identified by Renner, White, and 
Williams in U.S.G.S. Circular 726, Assessment of Geothermal Resources of the - 
United States--1975, formed the primary geothermal resource data base. While 
emphasis was placed on those systems with estima'czd temperatures between 90" 
and 150°C, hotter resources were also included. In addition, to extend the 
data base down to 65OC, an extensive literature search of U . S . G . S .  open-file 
reports and state geothermal surveys was conducted. These data on lower 
temperature geothermal resources were not analyze? since the economies of 
alfalfa drying w i t h  resources of 90°C and higher did n o t  aypear t o  be attractive. 

We also considered the possibility of including normal gradient resources 
east of the Rocky Mountains.1 Of particular interest were the Madison and 
Arbuckle Formations, which underlie portions of the Northern Plains states. 
Parts of the aquifer systems in these strata probably contain fluids reaching 
65OC at reasonable depths. In North Dakota, Nebraska, and Kansas, large 
numbers of low-output oil wells may offer an unconventional source of 
geothermal heat: hot water produced along with the oil. Although temperatures 
are not likely to be high, the locations were attractive. Nebraska is 
usually the nation's number one producer of dehydrated alfalfa meal 
(California is second), Kansas is third, and significant production comes 
from the Dakotas and eastern Montana and Wyoming. 

Locating alfalfa growing areas was straightfoward. The township, 
range,, and section locations of all Circular 726 resources, excluding those in 
national parks, were found on 1:500,000-scale state "Geothermal Land Classifica- 
tion Maps" (prepared 'sy the U.S.G.S. Western Region Conservation Division, 
Office of the Area Geologist). A 50-mile circle was drawn, centered on the 
geothermal resource. (Fifty miles was chosen arbitrarily as the sum of the 
distance to which geothermal hot water might be transported and the distance 
from which alfalfa could be transported to such a plant). 
were used to identify counties lying within a reasonable span of the geothermal 
resources. In all some 275 counties were identified in 11 western states. The 
1969 Census of Agriculture2 was then used to provide information about crops 
grown in these counties. In Arizona, California, Colorado, Idaho, Nevada, and 
Utah, over 75 percent of each state's counties were included. In New Mexico, 
Oregon, and Washington, 50 to 75 percent were included. In Montana and Wyoming, 
less than half were included. 

The 50-mile circles 

It should be understood that this process produced information about 
For agricultural growing locations which were beyond the 50-mile circle. 
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example, t h e  50-mile c i r c l e  might have i n c l u d e d  o n l y  t h e  t i p  of a county ;  
n e v e r t h e l e s s ,  because  t h e  c i r c l e  touched t h e  county ,  i t  w a s  i n c l u d e d  i n  
our  sample.  

A summary of our  f i n d i n g s  a p p e a r s  i n  Table  4 . 1 .  T h i s  t a b l e  c o n t a i n s  t h e  
top  25 c o u n t i e s ,  rank  o r d e r e d  by number of t o n s  of a l f a l f a  produced a n n u a l l y .  

The most i m p o r t a n t  county is  I m p e r i a l  County, C a l i f o r n i a .  T h i s  county 
produces 785,000 d r y  t o n s  o f  a l f a l f a  p e r  y e a r  from 129,000 a c r e s .  The r e -  
s o u r c e s  which are c l o s e  t o  t h e s e  f i e l d s  a r e  t h e  East Mesa, Heber ,  Brawley 
and S a l t o n  Sea KGRAs .  IP f a c t ,  t h e  f i v e  tor, c o u n t i e s  a r e  l o c a t e d  i n  
C a l i f o r n i a  and accouat  f o r  43  p e r c e n t  of a l l  a l f a l f a  grown i n  t h e  top  25 
c o u n t i e s .  A s  a p o i n t  o f  r e f e r e n c e ,  t h e  a l f a l f a  produced by t h e s e  t o p  25 
c o u n t i e s  r e p r e s e n t s  some 6 p e r c e n t  o f  t o t a l  U . S .  a l f a l f a  p r o d u c t i o n  f o r  
t h e  y e a r  shown, 1 9 6 9 .  

Only t h r e e  of t h e  c o u n t i e s  from t h e  l i s t  of t h e  t o p  25 c u r r e n t l y  have 
o p e r a t i n g  d e h y d r a t i o n  p l a n t s .  I m p e r i a l  County, C a l i f o r n i a  h a s  two p l a n t s ;  
Madera County, C a l i f o r n i a  has  two p l a n t s  and Twin F a l l s  County, Idaho,  h a s  
a s i n g l e  p l a n t .  The p l a n t s  i n  Madera County, C a l i f o r n i a ,  are  u n l i k e l y  
c a n d i d a t e s  f o r  r e t r o f i t  s i n c e  t h e  a l f a l f a  f i e l d s  i n  t h i s  county are  about  
25 m i l e s  from t h e  n e a r e s t  r e s o u r c e .  The r e s o u r c e  i s  o f  l o w  tempera ture  and 
t h e  r e s e r v o i r  i s  unexplored.  Using q u a l i t y  of t h e  r e s o u r c e ,  d i s t a n c e  between 
t h e  c rop  and t h e  r e s o u r c e ,  and access t o  t r a n s p o r t a t i o n  as c r i t e r i a ,  t h e  
r e s o u r c e s  which have t h e  most f a v o r a b l e  o u t l o o k  a s  s i t e s  f o r  a l f a l f a  
d e h y d r a t o r s ,  e i t h e r  new o r  r e t r o f i t ,  a r e :  

- East Mesa KGRA, C a l i f o r n i a  (new o r  r e t r o f i t  of H o l t v i l l e  p l a n t )  
- Heber KGRA, C a l i f o r n i a  (new o r  r e t r o f i t  of E l  Centro p l a n t )  
- Brawley KGRA, C a l i f o r n i a  (new p l a n t )  
- S a l t o n  Sea KGRA, C a l i f o r n i a  (new p l a n t )  
- Power Ranch Wells, Arizona (new pl .an t )  
- R a f t  R iver  area,  Idaho ( n e w  p l a n t )  
- B r i d g e r  Spr ing  a r e a ,  Idaho (new p l a n t )  
- Oakley W a r m  S p r i n g ,  Idaho (new p l a n t )  
- N o r t h e a s t  Boise  thermal  a r e a ,  Idaho (new p l a n t )  
- Klamath F a l l s  area,  Oregon (new p l a n t )  
- Radium Hot S p r i n g s ,  Oregon (new p l a n t )  
- Medical Hot S p r i n g ,  Oregon (new p l a n t )  
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County 

* 1. I m p e r i a l  

2 .  F r e s n o  

3 .  Kern 

4 .  YO10 

* 5 .  Madera 

* 6.  Twin F a l l s  

7 .  Maricopa 

8 .  Los Angeles  

9 .  J e f f e r s o n  

10 .  R i v e r s i d e  

11. Cassia 

1 2 .  Malheur  

T a b l e  4 . 1  

TOP 25 ALFALFA-PRODUCING GEOTHERMAL COUNTIES 

l o 3  Dry Tons lo3 Acres 
S t a t e  (1969) 1 1 9 6 9 )  

CA 7 8 5  1 2 9  

CA 400 7 2  

CA 3 4 1  5 1  

CA 329 57 

CA 244 38 

ID 2 4 1  54  

AZ . 210 38  

CA 207 3 3  

ID 179 55 

CA 179 29 

ID 1 7 5  47 

OR 1 6 3  4 3  

13. Canyon ID 

1 4 .  l l in idonka  ID 

1 5 .  Ada ID 

1 6 .  G a l l a t i n  M 

' ' 1 7 .  C h u r c h i l l  w 

129 

1 2 8  

1 1 8  

118 

10 7 

20 

3 1  

29 

42 

25 

Nearest Resources  and Best 
E s t i n a t e  Temperature  ("C) 

East Mesa (180), Heber ( 1 9 0 )  
Brawley ( 2 0 0 ) ,  S a l t o n  Sea 
( 3 4 0 )  

Mercey Hot S p r i n g s  ( 1 2 5 )  

Sespe  Hot S p r i n g s  (155)  

One-Shot Mining Co. (150) 

Mercey Hot S p r i n g s  (125) 

Banbury area ( 1 4 0 )  
Cedar  H i l l  area (120)  

Power Ranch Wells ( 1 8 0 )  

Sespe  Hot S p r i n g s  (155)  

Newdale area (125)  

P i l g e r  Estates Hot S p r i n g s  
( 1 4 5 )  

R a f t  R i v e r  ( 1 4 0 ,  B r i d g e r  
S p r i n g  area ( 1 1 5 ) ,  Oakley 
Warm S p r i n g  (120)  

Neal Hot S p r i n g s  (180), 
Vale H.S. (1601, L i t t l e  
V a l l e y  area (150) 

Roys tone  H.S. area (150) 

B r i d g e r  S p r i n g  area (115) 

N.E. B o i s e  t h e r m a l  area (125)  

N o r r i s  (Hapgood) H . S .  (150)  

S t i l l w a t e r  area (160) 
Dixie H.S. ( 1 5 0 ) ,  Lee Hot  
S p r i n g s  ( 1 7 5 )  

* I n d i c a t e s  d e h y d r a t i n g  p l a n t  o p e r a t i n g  in c o u n t y ,  1 9 7 7  
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T a b l e  4 . 1  (Cont . )  

18. Bingham 

1 9 .  Lyon 

20. Gooding 

2 1  B o n n e v i l l e  

22. Madison 

2 3 .  Klamath 

2 4 .  Baker  

25. M i l l a r d  

ID 

Nv 

ID 

ID 

M 

OR 

OR 

UT 

106 3 1  

105 23 

104 27 

101 32 

101 42 

98 27 

97 33 

96 29 

Newdale area (125)  

Wabuska H.S. (155) 
Nevada (Hinds)  Hot S p r i n g s  
(105) 

C l o v e r  Creek  area ( 1 2 0 ) ,  w e l l  
n e a r  Chalk  Mine ( 1 4 0 ) ,  White 
Arrow H.S. ( 1 4 0 )  

Newdale area (125) 

N o r r i s  (Hapgood) H.S. (150) 
B a r k e l s  ( S i l v e r  S t a r )  H.S. 
(145) 

Klamath F a l l s  (120)  

Radium H.S .  ( 1 3 0 )  
Medica l  H.S. ( 1 3 0 )  

Meadow H.S. (1051, 
Cove F t . - S u l f u r d a l e  ( 2 0 0 )  

SOURCES: U.S. Bureau o f  t h e  Census,  Census o f  A g r i c u l t u r e ,  1969:  Volume I ,  Area 
R e p o r t s ,  1972;  U . S . G . S .  GEOTHERM d a t a  f i l e ,  R e v i s i o n  B .  
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CHAPTER 5:  E C O N O M I C  ANALYSIS OF HEAT TRANSMISSION 
FROM LOW-TEMPERATURE GEOTHEFSIAL RESOURCES 

I n t  r o  duc t i o n  

Two a n a l y s e s  were undertaken i n  t h e  e a r l y  p o r t i o n  o f  t h i s  work t o  s t u d y  
t h e  d e s i g n  and c o s t  o f  sys tems t o  d e l i v e r  geothermal  h o t  water t o  dehydra- 
t i o n  p l a n t  s i tes .  The f i r s t  s t u d y  w a s  a parametric a n a l y s i s  o f  p i p i n g  c o s t s  
f o r  t h r e e  d i f f e r e n t  p l a n t  h e a t  loads . '  

2 t r a n s m i s s i o n  submodel developed a t  Bat te l le  P a c i f i c  Northwest L a b o r a t o r i e s .  
The second u t i l i z e d  t h e  GEOCOST f l u i d  

For  t h e  p a r a m e t r i c  a n a l y s i s ,  an a l f a l f a  d e h y d r a t i o n  p l a n t  t h a t  r e q u i r e s  
about  15 m i l l i o n  B t u ' s l h r  t o  produce 3 t o n s / h r  o f  d r i e d  a l f a l f a  w a s  assumed 
as a b a s e  case. Heat demands of 50 and 100 m i l l i o n  B t u ' s / h r  were a l s o  con- 
s i d e r e d  i n  o r d e r  t o  assess t h e  e f f e c t  o f  scale on c o s t s .  Given a geothermal  
w a t e r - r e j e c t i o n  tempera ture  of 120°F, t h e  r e q u i r e d  i n l e t  t empera tures  t o  t h e  
f i r s t  w a t e r - i s o b u t a n e  h e a t  exchanger  w e r e  c a l c u l a t e d .  ( A  second i s o b u t a n e - a i r  
exchanger  i s  r e q u i r e d  i n  t h i s  d e s i g n . )  These i n l e t  t empera tures  were e s t a b -  
l i s h e d  by s p e c i f i c  geothermal  water-f low r a t e s .  The f low r a t e s  were se t  by 
assuming u s e  of  t h e  "economic v e l o c i t y "  ( 5 . 6  f e e t / s e c )  through t h e  range o f  
s t a n d a r d  schedule-40 s t e e l  p i p e s  s i z e s  from 4 t o  1 6  i n c h e s  i n  d iameter .  Know- 
i n g  p i p e  d i a m e t e r ,  and assuming i n s u l a t i o n  and a 40°F s o i l  t e m p e r a t u r e ,  t h e  
r e q u i r e d  wel lhead  tempera ture  could  b e  c a l c u l a t e d  as  a f u n c t i o n  of  d i s t a n c e .  
Well c o s t  w a s  $400,000. Basse's approach w a s  used t o  es t imate  c a p i t a l  c o s t  
o f  the p r o d u c t i o n  and r e i n j e c t i o n  w e l l  ~ y s t e m . ~  
two s u p p l y  w e l l s  w a s  assumed. F i e l d  development c o s t s  beyond a c t u a l  d r i l l i n g  
and hardware were set  e q u a l  t o  t h e  c o s t  o f  one w e l l .  No c o s t s  were i n c l u d e d  
f o r  g e o p h y s i c a l  e x p l o r a t i o n  and t h e  l ike- -a  developed f i e l d  was assumed. 

One r e i n j e c t i o n  w e l l  f o r  each 

E s t i m a t e s  were a l s o  made of t h e  c a p i t a l  c o s t  for t h e  p i p e l i n e  and b o o s t e r  
pumps as a f u n c t i o n  of p i p e  d i a m e t e r  and l e n g t h .  T o t a l  c a p i t a l  c o s t  up t o  t h e  
h e a t  exchanger  i s  g iven  by t h e  sum of t h e  c o s t  o f  t h e  p r o d u c t i o n / r e i n j e c t i o n  
sys tem and t h e  p i p e l i n e  system. Annual o p e r a t i n g  c o s t  f o r  t h e  combined sys tem 
w a s  t h e n  d e r i v e d ,  assuming 10  p e r c e n t  p e r  y e a r  w e l l  r ep lacement ,  30-year 
s t r a i g h t - l i n e  d e p r e c i a t i o n  a t  8 p e r c e n t  i n t e r e s t ,  and n o n p r o f i t  o p e r a t i o n .  
F i n a l l y ,  t h e  c o s t  of  h e a t  i n  d o l l a r s  p e r  m i l l i o n  B t u ' s  w a s  computed assuming 
50 p e r c e n t  du ty  as a b a s e  case (4380 hours  p e r  y e a r  o p e r a t i o n ;  25 p e r c e n t  
du ty  i s  more t y p i c a l  today i n  t h e  Nor thern  P l a i n s  s t a t e s ) .  

For  t h e  GEOCOST s i m u l a t i o n ,  very  s i m i l a r  assumptions w e r e  made f o r  t h e  
"base case" run e x c e p t  t h a t  on ly  one estimate of h e a t  demand, 16.5 m i l l i o n  
B t u ' s / h r ,  w a s  used. 
t o  400°F i n  a series of  f i v e  v a r i a t i o n s  from t h e  b a s e  case. Transmiss ion  
l e n g t h s  of 1, 20, and 50 miles were t e s t e d  and t h e  o p t i o n s  of  no r e i n j e c t i o n  
and p u b l i c  f i n a n c i n g  ( t h u s  e l i m i n a t i n g  most t a x e s )  were t r i e d  i n  o t h e r  runs. 

The wel lhead  temgera ture  parameter  w a s  v a r i e d  from 150eF 
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The energy c o s t  f o r  a 16.5 m i l l i o n  B t u ' s / h r  demand as e s t i m a t e d  by t h e  
GEOCOST base-case run agreed q u i t e  w e l l  w i t h  t h e  15 m i l l i o n  B t u ' s / h r  r e s u l t  
o f  t h e  p a r a m e t r i c  a n a l y s i s .  GEOCOST p r e d i c t e d  an  energy c o s t ,  less h e a t  ex- 
change, of  $13.54 p e r  106 B t u ' s  f o r  10-mile p i p e l i n e  t r a n s m i s s i o n ;  t h e  para-  
metric s t u d y  showed a c o s t  of about  $14.23. When p i p e l i n e  l e n g t h  w a s  1 m i l e  
GEOCOST e s t i m a t e d  $6.64; t h e  p a r a m e t r i c  a n a l y s i s ,  $6.58. 

The c e n t r a l  c o n c l u s i o n s  t o  b e  drawn from t h e s e  a n a l y s e s  a r e :  i f  w e l l  
c o s t s  are i n  t h e  $400,000 range  as w e  assumed, i t  i s  n o t  f e a s i b l e  t o  p i p e  
the geothermal  w a t e r  more t h a n  a few miles a t  an energy  c o s t  comparable t o  
p r e s e n t  n a t u r a l  gas  o r  f u e l - o i l  c o s t .  It f o l l o w s  t h a t  on ly  a few e x i s t i n g  
d e h y d r a t i o n  p l a n t s  are l i k e l y  t o  b e  n e a r  enough t o  i d e n t i f i e d  geothermal  
areas t o  permi t  geothermal  r e t r o f i t t i n g .  

Des i gn Cons i de ra t i o n s  

The f lowshee t  f o r  t h e  t r a n s m i s s i o n  o f  t h e  h o t  rater and i t s  h e a t  exchange 
a t  t h e  usage s i t e  i s  shown i n  F i g u r e  5.1.  T h e  geo the rma l  w a t e r  i s  w i t h d r a w n  
from a s o u r c e  w e l l  a t  150-300°F and t r a n s m i t t e d  through a p i p e l i n e  b u r i e d  
about  6 feet  i n t o  t h e  ground. B o o s t e r  pumps are spaced  p e r i o d i c a l l y  t o  over- 
come t h e  f r i c t i o n a l  l o s s  o f  energy  and t o  raise t h e  p r e s s u r e  i n  t h e  p i p e l i n e  
above t h e  vapor  p r e s s u r e  o f  t h e  geothermal  f l u i d .  A t  t h e  energy-usage s i t e ,  
t h e  water i s  cooled  by a n  i s o b u t a n e  secondary loop  and r e t u r n e d  t o  t h e  geo- 
t h e r m a l  f i e l d  by a r e i n j e c t i o n  w e l l .  The i s o b u t a n e  secondary  loop  i s  t h e n  
used t o  h e a t  t h e  a i r  i n  a s t a n d a r d  a i r  h e a t  exchanger .  The i s o b u t a n e  loop  
w a s  i n t r o d u c e d  t o  keep t h e  f o u l i n g  s u r f a c e  area t o  a minimum. S i n c e  t h e  hea t -  
t r a n s f e r  c o e f f i c i e n t s  f o r  a i r  are much less t h a n  f o r  l i q u i d s ,  t h e  s u r f a c e  
area f o r  a l i q u i d - a i r  h e a t  exchanger  i s  much h i g h e r  t h a n  f o r  a l i q u i d - l i q u i d  
h e a t  exchanger .  Hence t h e  geothermal  f l u i d  i s  cooled  i n  a l i q u i d - l i q u i d  
h e a t  exchanger  r a t h e r  t h a n  a l i q u i d - a i r  h e a t  exchanger .  I n  a d d i t i o n ,  t h e  
i s o b u t a n e  loop  keeps  t h e  geothermal  f l u i d  s u r f a c e  area low by e x t r a c t i n g  energy 
from t h e  geothermal  water a t  a r e l a t i v e l y  h i g h  c o n s t a n t  t e m p e r a t u r e  due t o  
changing i t s  phase  from a l i q u i d  t o  a gas .  I f  t h e  e q u i v a l e n t  energy  were 
e x t r a c t e d  w i t h o u t  t h e  change i n  p h a s e ,  t h e  s u r f a c e  areas i n  t h e  h e a t  exchangers  
would have t o  be i n c r e a s e d  t o  compensate f o r  t h e  l o w  t e m p e r a t u r e  d i f f e r e n c e  
o f  t h e  f l u i d s  a t  each end of  t h e  h e a t  exchanger .  The pr imary v a r i a b l e s  i n  t h i s  
s t u d y  are t h e  w e l l  t e m p e r a t u r e ,  T o ,  t h e  d i s t a n c e  between t h e  geothermal  f i e l d  
and t h e  energy  usage  s i t e ,  L ,  and t h e  t o t a l  energy demand of t h e  sys tem,  
Q ,  i n  B t u ' s  p e r  h o u r .  

A. P r e s s u r e  drop i n  p i p e l i n e .  The p i p e  d i a m e t e r ,  d ,  and t h e  flow rate ,  
M, are r e l a t e d  by t h e  "economic p i p e  d iameter , "  where c a p i t a l  c o s t s  are ba l -  
anced a g a i n s t  pumping and o p e r a t i n g  c o s t s .  For  water ,  a c u r v e  r e l a t i n g  t h e  
mass f low ra te  and p i p e  d iameter  can b e  prepared4  and i s  g iven  i n  F i g u r e  5 . 2 .  
S i n c e  t h e  economic v e l o c i t y  f o r  t h i s  curve  i s  5.6 f t l s e c ,  t h e  p r e s s u r e  drop 
can b e  c a l c u l a t e d  and i s  a l s o  shown on F i g u r e  5 . 2 .  I f  a 30 p s i  p r e s s u r e  drop 
i s  assumed between b o o s t e r  pumps, t h e n  t h e  s p a c i n g  between pumps can b e  cal- 
c u l a t e d  from t h e  p r e s s u r e  drop d a t a  o f  F i g u r e  5 . 2  and i s  g iven  i n  Table  5 .1 .  
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T a b l e  5 . 1  

SPACING BETWEEN BOOSTER PUMPS 

Pipe  Diameter, i n c h e s  Pump Spacing,  f t  

4 2 700 

6 4 2  80 

8 5172 

1 2  7895 

14 11540 

1 6  20000  

B .  F l u i d  tempera ture  i n  p i p e l i n e .  I f  an  energy  b a l a n c e  i s  w r i t t e n  around a 
d i f f e r e n t i a l  s e c t i o n  of  t h e  p i p e l i n e ,  w e  have 

AQ = Mcp A T  = - kxda(T - T,)AL 
X 

where M = mass f low rate ,  l b / h r  

cp = h e a t  c a p a c i t y ,  B t u ' s / h r  f t ° F  

T = f l u i d  tempera ture  i n  p i p e l i n e ,  "F 

Ts = t empera ture  of  s o i l ,  "F  

x = t h i c k n e s s  of i n s u l a t i o n ,  f t  

L = l e n g t h  o f  p i p e l i n e ,  f t  

a = shape  f a c t o r  r e l a t i n g  e f f e c t i v e  h e a t  t r a n s f e r  a r e a  t o  p i p e  
diameter  and i n s u l a t i o n  t h i c k n e s s  

k = thermal  c o n d u c t i v i t y  of t h e  i n s u l a t i o n ,  B t u ' s / h r  f t ° F .  

I n t e g r a t i n g  Equat ion  (l), w e  have 

where To i s  t h e  wel lhead  tempera ture  of t h e  f l u i d .  

Assuming t h a t  t h e  " t r u e "  h e a t  t r a n s f e r  a r e a  i s  a l o g  mean a r e a ,  t h e  shape  
f a c t o r ,  a ,  can b e  found t o  h e 5  

2 x l d  
I n ( l  + 2 x /d)  

a =  
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Equat ion (3)  is shown g r a p h i c a l l y  i n  F i g u r e  5 .3 .  I n  t h i s  s t u d y  t h e  p i p e  w a s  
assumed t o  b e  i n s u l a t e d  w i t h  p o l y u r e t h a n e  w i t h  k = 1 . 9  x loe2 B t u / h r  f t " F .  
For t h e  case of a b a r e  p i p e ,  t h e  effect ive d i s t a n c e  o f  s o i l  i n s u l a t i o n  w a s  
t a k e n  t o  b e  6 f e e t ,  and t h e  thermal  c o n d u c t i v i t y  of  t h e  s o i l  w a s  t a k e n  t o  
b e  1.3 B t u ' s / h r  f t 'F .  

For  each p i p e  d i a m e t e r ,  Equat ion  ( 2 )  w i l l  g i v e  t h e  f l u i d  t e m p e r a t u r e  as 
a f u n c t i o n  o f  d i s t a n c e  from t h e  w e l l  s o u r c e  assuming t h a t  t h e  mass v e l o c i t y  
i s  t h a t  given by Figure  5 . 2 .  S i n c e  t h e  economic c a l c u l a t i o n s  i n  l a t e r  s e c t i o n s  
assumed t h a t  t h e  p i p e  w a s  covered w i t h  2 i n c h e s  o f  p o l y u r e t h a n e  i n s u l a t i o n ,  
F i g u r e  5 . 4  g i v e s  t h e  normal ized  t e m p e r a t u r e  as a f u n c t i o n  o f  d i s t a n c e  from t h e  
w e l l  head.  To c a l c u l a t e  p i p e l i n e  t e m p e r a t u r e s ,  a s o i l  t empera ture  of 40" w a s  
assumed. 

C a p i t a l  Cost E s t i m a t e  

A. P i p e l i n e  and w e l l  system. One of t h e  i m p o r t a n t  parameters  i n  t h i s  
s t u d y  i s  t h e  demand f o r  thermal  energy .  S i n c e  a medium a l f a l f a - d r y i n g  p l a n t  
r e q u i r e s  about  15 x l o 6  R t u ' s / h r  t o  produce 3 t o n s  o f  d r y  (10 p e r c e n t  
m o i s t u r e )  a l f a l f a ,  hea t  duties of 15, 5 0 ,  and 100 m i l l i o n  B t u ' s / h r  were con- 
s i d e r e d .  
t h e  i n l e t  t e m p e r a t u r e  t o  t h e  water - i sobutane  bea t  exchanger can h e  c a l c u l a t e d  
and is g iven  i n  T a b l e  5.2.  

If a geothermal  r e j e c t i o n  t e m p e r a t u r e  of 120°F i s  assumed, t h e n  

Table  5.2 

HEAT-EXCHANGER INLET WATER TEMPERATURE 

I n l e t  Temperature  "F  

P i p e  Diameter ,  I n c h e s  
4" 6" 8" 10" 12" 14" 16" 

Heat Dutv. B t u ' s / h r  

15 x l o 6  270 180  153 1 4 1  136 13 1 129 

50 x l o 6  320 231 191  1 7 2  157 1 4 8  

100 x l o 6  342 224 195 178 2 6 3  

The c a p i t a l  c o s t  is i n f l u e n c e d  g r e a t l y  by t h e  assumptions about  w e l l  
c o s t s  and p r o d u c t i o n  rates and any d i s c u s s i o n  about  energy c o s t s  s h o u l d  
r e c o g n i z e  t h e  v a r i a b i l i t y  of t h e s e  items. I n  t h i s  s t u d y ,  t h e  w e l l  c o s t  w a s  
$ 4 0 0 , 0 0 0  and each w e l l  w a s  a b l e  t o  s u p p l y  300,000 l b / h r  of h o t  water.  The 
c a p i t a l  c o s t  f o r  t h e  w e l l s ,  w e l l  pumps, g a t h e r i n g  l i n e s ,  r e i n j e c t i o n  mains 
and mani fo lds ,  o p e r a t i n g  l a b o r  and e l ec t r i ca l  power f o r  t h e  w e l l  pumps and 

3 r e i n j e c t i o n  p i p e l i n e ,  have been c o r r e l a t e d  w i t h  t h e  foll.owj.ng e q u a t i o n :  
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(4)  CC1 = 1 . 2 1  Cw + 1.908n Cw + 14960n 1.217 + 31.65 n l l 2 L  

where 

Cw = t h e  cos t /wel l .  

n = number o f  w e l l s  

L = l e n g t h  between usage s i t e  and w e l l ,  f t  

C C 1  = c a p i t a l  c o s t  o f  w e l l s  and r e i n j e c t i o n  sys tem,  1975$ 

Equat ion  (4) assumes: one r e i n j e c t i o n  w e l l  p e r  each two supply  w e l l s ,  10% w e l l  
r e p l a c e m e n t / y r ,  10% s p a r e  w e l l s ,  30 y r  s t r a i g h t  l i n e  d e p r e c i a t i o n  a t  8% i n t e r e s t ,  
20 mil ls /kw-hr  e l e c t r i c a l  power @ 110 & / w e l l ,  2% t a x e s ,  2 %  r o y a l t y ,  f i e l d  
development is  c o s t  o f  one w e l l ,  n o n p r o f i t ,  10% cont ingency ,  and 5 . 8  people  
as o p e r a t i n g  l a b o r  w i t h  a n  average  r a t e  of $ 1 3 / h r  i n c l u d i n g  overhead.  

The c a p i t a l  c o s t  f o r  t h e  p i p e l i n e  and b o o s t e r  pumps i s  g iven  by 

(5)  C C 2  = 1 . 2 5 ( $ / f t  x L + cost/pump x x L) 

where a 25% f a c t o r  i s  added t o  cover  c o n t r o l s ,  v a l v e s ,  e n g i n e e r i n g  and con- 
t i n g e n c y .  

The c o s t s  i n  Equat ion (5)  are g iven  i n  Table  5 . 3  assuming a b a s e  c o s t  o f  
$720/HP f o r  t h e  pumps. 

Table  5 . 3  

TRANSMISSION COMPONENT COSTS 

P i p e  Diameter, i n .  Kw HP Cost/Pump,$ P i p e  Cos t ,  $ / f t  

4 4 . 7 2  6 . 3 3  4 , 5 5 8  3 3  

6 11.8 15.82 11,390 39 

8 21.24 28.5 20,520 47 

1 2  45.5 61.0 43,920 60 

14 63.25 84 .8  61,000 6 2  

1 6  82.13 110.1 79,200 64 

The t o t a l  c a p i t a l  inves tment  r e q u i r e d  t o  d e l i v e r  t h e  h o t  water i s  t h e  
sum of Equat ions (4)  and ( 5 ) .  S i n c e  t h e  c a p i t a l  inves tment  f o r  a g iven  h e a t  
du ty  i s  o n l y  a f u n c t i o n  of t h e  i n l e t  water  tempera ture  and p i p i n g  d i s t a n c e ,  
t h e  c a p i t a l  inves tment  can b e  p l o t t e d  as a parameter  when t h e  i n l e t  w a t e r  
t empera ture  and d i s t a n c e  a r e  t h e  o r d i n a t e  and a b s c i s s a ,  r e s p e c t i v e l y .  Such 
curves are g iven  i n  F i g u r e s  5 . 5 ,  5 .6  and 5 . 7 .  
e x p r e s s e d  i n  m i l l i o n s  of  1975 d o l l a r s .  

The c o n s t a n t  c o s t  l i n e s  a r e  
The dashed l i n e s  are t h e  f l u i d  
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F i g u r e  5 .5 .  P i p e l i n e  C a p i t a l  Cos t  as a F u n c t i o n  o f  Requ i red  
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F i g u r e  5 . 7 .  P i p e l i n e  C a p i t a l  Cos t  as  a F u n c t i o n  
of  Requ i red  Water Tempera ture  a t  t h e  P l a n t  
and P i p e l i n e  D i s t a n c e ,  100 N i l l i o n  B t u ' s / h r  
P l a n t  
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t empera ture  i n  t h e  p i p e l i n e  f o r  t h e  g i v e n  d iameters  c a l c u l a t e d  from F i g u r e  5 .4 .  
For example,  on F i g u r e  5 . 5 ,  t h e  c a p i t a l  i aves tment  r e q u i r e d  f o r  a 15 x l o 6  B t u ' s / h r  
p l a n t  u s i n g  water a t  180°F a t  t h e  p l a n t  and coming from a s o u r c e  100,000 f e e t  
away (19 m i l e s )  would b e  $9 m i l l i o n .  The geothermal  water f o r  t h e  p l a n t  would 
have t o  come from a w e l l  of 194'F. 

B .  Heat exchanger  system. T h i s  sys tem i s  composed of  a p r e h e a t e r ,  a 
v a p o r i z e r  w i t h  a r e c y c l e  pump t o  c i r cu la t e  t h e  i s o b u t a n e ,  and an  a i r  h e a t  ex- 
changer .  
w a t e r  a t  270°F. A i r  i s  assumed t o  leave t h e  a i r  h e a t e r  a t  215°F and e n t e r  a t  
100°F. 

The system i s  showed s c h e m a t i c a l l y  i n  F igure  5 . 8  f o r  t h e  c a s e  o f  i n l e t  

The o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s ,  U ,  f o r  t h e  p r e h e a t e r  and v a p o r i z e r  
are l a r g e l y  de te rmined  by t h e  f o u l i n g  of  t h e  t u b e s  by s a l t  and s o l i d  d e p o s i t i o n  
on t h e  o u t s i d e  s u r f a c e s .  Convent ional  s h e l l  and t u b e  exchangers  were assumed 
f o r  t h e  p r e h e a t e r  and vaDor izer  and a n  o v e r a l l  heat-  t r a n s f e r  c o e f f i c i e n t  of 
110 and 120  B t u ' s l h r  f t 2 0 F  w a s  assumed t o  h o l d  i n  each r e s p e c t i v e l y . 9  

The a i r  p r e h e a t e r  was des igned  by t h e  method of  Cook6 u s i n g  an o v e r a l l  
h e a t - t r a n s f e r  c o e f f i c i e n t  based  upon t h e  non-f in- tube area of 125 B t u ' s / h r  f t Z 0 F .  

C a p i t a l  c o s t  i n f o r m a t i o n  w a s  indexed t o  mid-1976. The i n s t a l l e d  c a p i t a l  
c o s t s  f o r  h e a t  d u t i e s  of 1 5 ,  50,  100 m i l l i o n  B t u ' s / h r  are g i v e n  i n  Table  5 . 4 .  
The p r e h e a t e r  and v a p d r i z e r  account  f o r  about  00-70 p e r c e n t  of t h e  c a p i t a l  
c o s t  of t h e  h e a t  r e c o v e r y  systems and u n f o r t u n a t e l y  r e p r e s e n t  t h e  l a r g e s t  area 
of u n c e r t a i n t y .  New t y p e s  of h e a t  exchangers  u s i n g  f l u i d i z e d - b e d  and d i r e c t -  
c o n t a c t  d e s i g n s  a r e  b e i n g  i n v e s t i g a t e d  a t  t h e  Idaho N a t i o n a l  Engineer ing  Labor- 
a t o r y  of ERDA and may o f f e r  t h e  p o t e n t i a l  f o r  lower c a p i t a l  inves tments  and 
less f o u l i n g  of h e a t - t r a n s f e r  s u r f a c e s .  

Table  5 .4  

I N S T L L E D  HEAT-EXCHANGER CAPITAL COST REQUIREMENTS 

Heat. Duty, C o s t s ,  Thousands o f  D o l l a r s  
106 B t u ' s / h r  P r e h e a t e r  Vapor izer  C i r c u l a t i n g  Pump A i r  Heater T o t a l  

15 184 140 4 1  4 1  406 

50 323 28 2 99 10 7 811 

100 586 4 06 180 1 7 3  1345 

Annual Opera t ing  Cos ts  

The annual o p e r a t i n g  c o s t s  (AOC) w e r e  determined assuming 30-year s t r a i g h t -  
l i n e  d e p r e c i a t i o n  a t  8 p e r c e n t  i n t e r e s t  and adding  15 p e r c e n t  of  t h e  c a p i t a l  
inves tment  t o  cover  mater ia ls ,  rep lacement ,  expendable  s u p p l i e s  and adminis- 
t r a t ive  expenses .  The power f o r  t h e  pumps was taken  t o  b e  $.03/Kw-hr. The 
sys tem w a s  assumed t o  o p e r a t e  f o r  4380 h o u r s l y e a r  (50 p e r c e n t  d u t y ) .  The AOC 
f o r  t h e  w e l l  sys tem h a s  been c o r r e l a t e d  us ing  t h e  f o l l o w i n g  e q u a t i o n : 3  
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AOC.1 ( $ / y r )  = 0.157 & + 0.398n Cw + 1945 n1.217 + 4.109 n1l2L + 
2.226 x l o 4  n + 1.302 x lo5 ( 6 )  

The AOC f o r  t h e  p i p e l i n e  w a s  t aken  t o  b e  

AOCZ($/yr) = .2388(CC2) + 131.4 ( t o t a l  Kw duty  of pumps) ( 7 )  

The w e l l  and p i p e l i n e  annual  c o s t  (AOC) is  t h e  sum of  t h e  v a l u e s  from Equat ions  
(6)  and ( 7 ) .  The c o s t  of t h e  energy i n  $/lo B t u ' s  becomes 6 

6 AOC x lo3 
Q x 4.38 $/lo B t u ' s  = 

where Q = Heat d u t y ,  B t u ' s / h r .  

The c o s t  o f  t h e  energy  from Equat ion (8)  at  t h e  u s e  s i t e  i s  shown i n  
F i g u r e s  5 .9  t o  5 .11.  Genera l ly  t h e  c o s t  of t h e  e l e c t r i c a l  energy t o  r u n  t h e  
b o o s t e r  pumps i s  n e g l i g i b l e  i n  comparison t o  t h e  d e p r e c i a t i o n  and maintenance 
f a c t o r s .  It can  b e  s e e n  t h a t  t h e  energy  c o s t s  become v e r y  l a r g e  away from t h e  
geothermal  s o u r c e  f o r  a l l  h e a t  d u t i e s ,  which would imply t h a t  t h e  usage s i t e  
b e  l o c a t e d  a t  t h e  geothermal  energy s o u r c e .  There i s  a l s o  a l a r g e  c o s t  b e n e f i t  
i n  going from 1 5  t o  50 m i l l i o n  B t u ' s / h r  demand. 
t h a n  50 m i l l i o n  B t u ' s / h r ,  t h e  t h e r m a l  o u t p u t  of t h e  one n e c e s s a r y  geothermal  
w e l l  i s  n o t  f u l l y  u t i l i z e d  and t h e  d e p r e c i a t i o n  and c o s t  o f  t h e  c a p i t a l  becomes 
e x c e s s i v e .  

When t h e  l o a d  f a c t o r  i s  less  

The AOC f o r  t h e  t r a n s m i s s i o n  sys tem u s i n g  1 5  m i l l i o n  B t u ' s / h r  was a l s o  c a l -  
c u l a t e d  us ing  t h e  GEOCOST 
t o r i e s . 1 °  
T h e i r  r e s u l t s  a g r e e  q u i t e  w e l l  w i t h  t h i s  s t u d y  around 10-15 m i l e s  b u t  a r e  
lower f o r  l o n g  d i s t a n c e s  and h i g h e r  f o r  d i s t a n c e s  n e a r  t h e  geothermal  s o u r c e .  
The GEOCOST sys tem used p i p e  v e l o c i t i e s  of  10-2 f t / s e c  i n s t e a d  of 5-6 f t / s e c ,  
thus a l l o w i n g  much smaller p i p e  s i z e s  and hence lower c a p i t a l  i n v e s t m e n t s .  
T h e i r  p i p e  s i z e s  w e r e  1-4 i n c h e s  which are a t  t h e  low end of p r a c t i c a l i t y  o v e r  
l o n g  d i s t a n c e s .  The GEOCOST system a l s o  assumed a 1.0-year w e l l  l i f e  i n  p l a c e  
o f  t h e  30-year l i f e  of  t h i s  s t u d y ,  which made t h e i r  power c o s t s  h i g h e r  i n  t h e  
absence of p i p e l i n e  t r a n s m i s s i o n  c o s t s .  

t r a n s m i s s i o n  model of B a t t e l l e  P a c i f i c  Northwest Labora- 
The GEOCOST r e s u l t s  are  shown on F i g u r e  5 .9  by numbers i n  p a r e n t h e s e s .  

The a n n u a l  o p e r a t i n g  c o s t  f o r  t h e  heat-exchanger  sys tem i n  a p l a n t  u s i n g  
270" i n l e t  geothermal water i s  o b t a i n e d  from Equat ions  ( 6 )  and (7)  and i s  
given i n  Table  5 .5 .  The c o s t  o f  power t o  run t h e  i s o b u t a n e  r e c i r c u l a t i o n  
pump w a s  found t o  b e  n e g l i g i b l e .  
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S i n  

Table  5 .5  

ANNUAL OPERATING COSTS FOR HEAT-EXCHANGER SYSTEM 

15 

50 

100 

Annual Opera t ing  Cost 

Heat Duty, l o 6  B t u ' s / h r  S l y e a r  $ / l o 6  B t u ' s  

9 7,000 1.48 

193,500 .89 

321,000 .73  

i t  ears onomical ly  i n f e a s i b l e  t o  t r a n s p o r t  t h e  geothermal 
water more t h a n  a couple  of  m i l e s ,  t h e  energy c o s t  f o r  h o t  a i r  a t  t h e  w e l l  s i t e  
w a s  c a l c u l a t e d  assuming 270°F water  l e a v i n g  t h e  w e l l  and e n t e r i n g  t h e  h e a t  
exchanger .  For such a system, t h e  c o s t s  are g iven  i n  Table  5 .6  where t h e  t o t a l  
a n n u a l  c o s t  (AOCT) i s  t h e  combined annual  c o s t s  of t h e  w e l l  and h e a t  exchanger  
u s i n g  Equat ions  ( 7 )  and ( 8 ) .  The economies of scale  a r e  c l e a r l y  s e e n  t o  become 
impor tan t  f o r  p l a n t s  above 50 m i l l i o n  B t u ' s l h r ,  where t n e  tnermai  c a p a c i t y  o f  one 
w e l l  i s  f u l l y  u t i l i z e d .  S i n c e  t h e  p r i c e  o f  energy i s  i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  p e r c e n t  of  u t i l i z a t i o n ,  t h e  c o s t s  of T a b l e  5.6 could b e  lowered by  having  
u t i l i z a t i o n  above t h e  50 p e r c e n t  l eve l  assumed i n  Table  5 . 6 .  Tne FrojsCKed 
geothermal  energy c o s t s ,  around $2/1O6 B t u ' s ,  a r e  n e a r  t h e  p r e s e n t  c o s t  f o r  new 
and imported n a t u r a l  gas .  Therefore ,  s h o u l d  t n e  i la tural  gas  a v a i l a b i l i t y  de- 
crease, o r  s h o u l d  t h e  p r i c e  s i g n i f i c a n t l y  i n c r e a s e ,  geothermal  sys tems could  
become c o m p e t i t i v e .  However, t h i s  optimism s h o u l d  b e  tempered by t h e  need 
f o r  new heat-exchanger  d e s i g n s  t o  h a n d l e  t h e  c o r r o s i v e  and sca le - forming  geo- 
thermal  f l u i d s .  

T a b l e  5 .5  

ENERGY COSTS AT WELL-SITE FOR HOT A I R  FROE A 2 7 0 ° F  GEOTHERMAL WELL 

~~ ~~ ~ 

15 1 4 .73  105 7 .20  

50 1 5.69 105 2.60 

100 2 8.81 105 2 . 0 1  
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T h i s  a n a l y s i s  e s t a b l i s h e d  t h e  f o l l o w i n g  r e s u l t s :  

1. With t h e  parameters  assumed, l o n g - d i s t a n c e  t r a n s m i s s i o n  of  low- 
t empera ture  geothermal  water i s  n o t  p r a c t i c a l  beyond 2-3 miles. 
Beyond 2-3 m i l e s ,  t h e  c o s t  i s  almost  l i n e a r  w i t h  d i s t a n c e .  

2 .  The economies of  scale  are v e r y  impor tan t  and energy demand should  
be  g r e a t e r  t h a n  50 m i l l i o n  B t u ' s / h r .  

3. Heat exchanger  c o s t s  are a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  energy 
c o s t  and r e s e a r c h  t o  f i n d  new d e s i g n s  should  b e  cont inued .  

4 .  For a 50 m i l l i o n  B t u ' s / h r  p l a n t  l o c a t e d  a t  a geotherm 1 s o u r c e  of 
270"F, t h e  c o s t  of h o t  a i r  t o  r u n  a d r y e r  i s  $2.60/10 

For a g r i c u l t u r a l  d r y i n g  o p e r a t i o n s  r e q u i r i n g  g r e a t e r  t h a n  50 x 106 
B t u ' s / h r  and l o c a t e d  a t  a geothermal  s o u r c e ,  geothermal  energy c o s t s  
are i n  the range o f  $1.50 to $3.00 p e r  m i l l i o n  B t u ' s  and c o u l d  be- 
come economical ly  c o m p e t i t i v e  . 

2 B t u ' s .  

5. 
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CHAPTER 6 :  GEOTHERMAL ALFALFA DRYER DESIGNS 

I n t r o d u c t i o n  

Three means f o r  d e h y d r a t i n g  a l f a l f a  u s i n g  geothermal  h e a t  were i d e n t i f i e d .  
The f i rs t  w a s  geothermal  "augmentation" i n  which t h e  d r y i n g  a i r  is  p r e h e a t e d  
geothermal ly  and t h e n  r a i s e d  t o  t h e  c o n v e n t i o n a l  rotary-drum t e m p e r a t u r e  of 
500 t o  1000°C (1000 t o  1800°F) by n a t u r a l  gas  combustion. The second method 
w a s  t o  u s e  a d i f f e r e n t  t y p e  of d r y e r  w i t h  an  a i r  tempera ture  of  about 150°C 
(302°F) so t h a t  geothermal water could p r o v i d e  a l l  t h e  h e a t  r e q u i r e d .  F i n a l l y ,  
we i n v e s t i g a t e d  a l a r g e  h e a t  pump t o  ra ise  t h e  t e m p e r a t u r e  from geothermal  
f l u i d s  enough t o  p r o v i d e  h igh- tempera ture  i n l e t  a i r  t o  a c o n v e n t i o n a l  drum 
d r y e r .  

The concept  of a l a r g e  h e a t  pump, o r  several of them i n  series, t o  b o o s t  
t h e  tempera ture  a v a i l a b l e  from geothermal  h o t  water r e s o u r c e s  s e v e r a l  hundred 
degrees  F a h r e n h e i t  w a s  s t u d i e d  and r e j e c t e d  from s e r i o u s  c o n s i d e r a t i o n  i n  t h i s  
p r o j e c t .  Several h e a t  pump manufac turers  were c o n t a c t e d ,  b u t  none knew of an 
of f - the-she l f  o r  p r o t o t y p e  u n i t  c a p a b l e  of  b o o s t i n g  h e a t  f lows on t h e  o r d e r  of 
lo7 t o  108 B t u ' s / h o u r  t o  t h e  r e q u i r e d  t e m p e r a t u r e ,  1000 t o  1800°F. 
p r e s s e d  t h e  o p i n i o n  t h a t  such a heac  pump would be ex t remely  i n e f f i c i e n t ,  and 
t h e r e f o r e  p r o h i b i t i v e l y  e x p e n s i v e ,  even i f  geothermal  i n l e t  h e a t  were f r e e .  

Many ex- 

Midwest Research I n s t i t u t e '  conducted t e c h n i c a l  f e a s i b i l i t y  a n a l y s e s  o f  
s i x  s p e c i f i c  h e a t  exchanger /dryer  combinat ions.  Four of t h e  d r y e r  schemes are 
of t h e  geothermal  augmentat ion t y p e .  A f i f t h  u t i l i z e s  a geothermal ,  steam- 
t u b e  p r e d r y e r  w i t h  a drum d r y e r  t o  complete t h e  d e h y d r a t i o n  p r o c e s s .  The s i x t h  
d r y i n g  sys tem i n v o l v e s  a conveyor o r  b e l t - t y p e  d r y e r .  I n  a d d i t i o n  t o  M R I ' s  
p r e l i m i n a r y  work on t h e  conveyor d r y e r ,  f u l l  d e t a i l s  of t h e  s imi l a r  geothermal  
a l f a l f a  p l a n t  a t  t h e  Broadlands f i e l d  i n  New Zealand were o b t a i n e d  from t h e  en- 
g i n e e r i n g  f i r m  t h a t  des igned  i t .  This  p l a n t  i s  d e s c r i b e d  a t  t h e  c o n c l u s i o n  of 
t h i s  c h a p t e r  . 

The f i r s t  of t h e  s i x  c o n f i g u r a t i o n s  w a s  a "base  case," i n v o l v i n g  geothermal  
augmentat ion.  It used a secondary loop  coupled t o  a s i m p l e  a i r  h e a t  exchanger  
t o  p r o v i d e  p r e h e a t e d  a i r  t o  t h e  drum d r y e r .  Both steam and i s o b u t a n e  working 
f l u i d s  were cons idered .  I f  t h e  drum d r y e r  sys tem c o n s i s t e d  of two H e i l  105 
drums w i t h  a combined c a p a c i t y  of  6 t o n s l h o u r  of d r i e d  a l f a l f a ,  t h e n  about  1 1 . 5  
p e r c e n t  of  t h e  h e a t  r e q u i r e d  f o r  d r y i n g  ( t o  t h e  s t a n d a r d  dehy m o i s t u r e  c o n t e n t ,  
10  p e r c e n t  by weight )  could  b e  s u p p l i e d  by geothermal  h e a t .  By way of compari- 
son, t h i s  i s  somewhat more n a t u r a l  gas  s a v i n g  t h a n  provided  by exhaus t  gas  h e a t -  
recovery  systems f o r  t h e s e  gas  drum d r y e r s .  

The second system u t i l i z e d  a t u r b i n e - d r i v e n  compressor t o  d r i v e  a h e a t  
pump t h a t  i n  t u r n  g e n e r a t e s  p r e h e a t e d  a i r  a t  a h i g h e r  tempera ture  t h a n  Case 1. 
The t u r b i n e  i s  d r i v e n  by t h e  expansion of t h e  i s o b u t a n e  secondary f l u i d ;  
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h e a t  f o r  expans ion  i s  geothermal .  T h i s  u n i t  i s  commercial ly  a v a i l a b l e  as 
t h e  "Magma Max." F i v e  h e a t  exchangers  are  r e q u i r e d  f o r  t h e  e n t i r e  system, 
making i t  q u i t e  expens ive .  

Case 3 i s  similar e x c e p t  t h a t  steam i s  used t o  d r i v e  t h e  turbo-compressor .  
A l e s s - e x p e n s i v e  steam f l a s h  t a n k  s u b s t i t u t e s  f o r  one of t h e  h e a t  exchangers .  
This  system w a s  n o t  found t o  b e  more promising t h a n  Case 2 s i n c e  br ine- f low 
r e q u i r e m e n t s  i n c r e a s e d  s u b s t a n t i a l l y  w h i l e  equipment c o s t  d e c l i n e d  l i t t l e .  

I n  Case 4 two steam f l a s h  t a n k s  a re  used i n  an  i n t e g r a t e d  system t o  d r i v e  
t h e  t u r b i n e  and t o  p r o v i d e  steam f o r  t h e  h e a t  pump working f l u i d .  
r e q u i r e m e n t s  a r e  c o n s i d e r a l l y  s i r o p l e r  t h a n  f o r  Case 2 .  

Equipment 

Case 5 c o n s i s t s  of a steam-tube r o t a r y  p r e d r y e r  u s i n g  geothermal  s team, 
coupled t o  a c o n v e n t i o n a l  n a t u r a l - g a s - f i r e d  drum d r y e r .  The l i n k  between 
t h e  two might  b e  a f i x e d  mechanical  conveyor ,  o r  t h e  two could  b e  l o c a t e d  some 
d i s t a n c e  a p a r t .  
could  permi t  t h e  steam-tube d r y e r  t o  b e  l o c a t e d  a t  t h e  geothermal  s o u r c e ,  
w h i l e  t h e  drum d r y e r ,  p e l l e t i n g  m i l l ,  and r a i l - l o a d i n g  f a c i l i t i e s  could re- 
main a t  t h e  r a i l  s i d i n g .  Of c o u r s e ,  a d d i t i o n a l  t r a n s p o r t a t i o n  between pre-  
d r y e r  and t h e  main f a c i l i t y  would b e  r e q u i r e d .  

I f  a dehy p l a n t  were t o  b e  conver ted  t o  geothermal  t h i s  

Case 6 c o n s i d e r e d  a system s i m i l a r  i n  p r i n c i p l e  t o  t h e  conveyor d r y e r  
It  s u b s t i t u t e d  d r y i n g  used by t h e  Broadlands Lucerne Company, New Zealand.  

t i m e  f o r  t e m p e r a t u r e ,  and w h i l e  expens ive ,  appears  t e c h n i c a l l y  f e a s i b l e .  

A l t e r n a t i v e  Drying Systems 

This  s e c t i o n  p re sen t s  a d e s c r i p t i o n  of t h e  t h r e e  t y p e s  of  d r y e r  systems 
c o n s i d e r e d  most f e a s i b l e  f o r  d i r e c t  u t i l i z a t i o n  of geothermal  energy--single- 
o r  m u l t i p l e - p a s s  drum-type d r y e r s ,  conveyor-type d r y e r s ,  and f l u i d i z e d - b e d  
d r y e r s .  P r i n c i p l e s  o f  o p e r a t i o n  of each sys tem are  d e s c r i b e d  a s  w e l l  as 
advantages  as a p p l i e d  t o  a l f a l f a  d e h y d r a t i o n  and geothermal  h e a t  u t i l i z a t i o n .  

Drum d r y e r s .  The c o n v e n t i o n a l  a l f a l f a - d e h y d r a t i o n  p r o c e s s  i n  t h i s  
c o u n t r y  u s e s  g a s - f i r e d  drum d r y e r s .  This  i s  b a s i c a l l y  a h igh- tempera ture  
d r y i n g  p r o c e s s ;  h o t  g a s e s  p a s s  d i r e c t l y  from t h e  combustion chamber through 
an  i n t a k e  t u b e  i n t o  t h e  d r y i n g  c y l i n d e r  a t  tempera tures  r a n g i n g  from 1000 
t o  1800"F, depending on t h e  m o i s t u r e  c o n t e n t  of t h e  material t o  b e  dehydra ted .  
The m a j o r i t y  of t h e  f u e l  used (93  p e r c e n t )  i s  consumed d i r e c t l y  i n  dehydra t -  
i n g  t h e  a l f a l f a  ( s e e  F i g u r e  6 . 1 ) .  

Energy consumed i n  d e h y d r a t i o n  i n  r o t a r y  d r y e r s  varies c o n s i d e r a b l y  
depending on d r y e r  d e s i g n ,  d r y i n g  tempera ture ,  and f e e d  c o n d i t i o n s ,  p r i -  
m a r i l y  t o t a l  mois ture .  
chop" i n  a d i r e c t - f i r e d  r o t a r y  d r y e r  w i t h  n a t u r a l  gas  f u e l  seems t o  b e  about  
9 . 5  m i l l i o n  B t u ' s  p e r  t o n  of product  meal ,6  a l t h o u g h  p r o d u c t i o n  s t a t i s t i c s  
s u g g e s t  t h a t  a c t u a l  g a s  usage i s  f r e q u e n t l y  20 t o  25 p e r c e n t  h i g h e r  t h a n  
t h i s . 2  Green-chop c o n t a i n s  between 70 t o  85 p e r c e n t  m o i s t u r e  by w e i g h t .  

A r e a s o n a b l e  lower l i m i t  f o r  d r y i n g  a l f a l f a  "green- 

7 
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The major s o u r c e s  of  d r y e r  i n e f f i c i e n c y  a p p a r e n t l y  r e s u l t  from d i s c h a r g i n g  
t h e  d r y i n g  g a s e s ,  a l f a l f a  p r o d u c t ,  and d e h y d r a t i o n  m o i s t u r e  a t  tempera tures  
which are  h i g h e r  than ambient (Table  6 . 1 ) .  For t h i s  r e a s o n ,  a s i g n i f i c a n t  
p o r t i o n  o f  t h e  d r y e r  f u e l  can b e  saved  by r e c i r c u l a t i o n  o f  t h e  .hot  gases  
and several p l a n t s  c u r r e n t l y  use  t h i s  p r a c t i c e .  

I n  t h e  c o n v e n t i o n a l  o p e r a t i o n  o f  t h e  d i r e c t - f i r e d  r o t a r y  d r y e r ,  t h e  
combustion p r o c e s s  serves c h i e f l y  t o  h e a t  t h e  d r y e r  a i r .  The volume r a t i o  
of combustion a i r  t o  t o t a l  combustion g a s  volume is  approximate ly  27 t o  1. 
This  means t h a t  n e a r l y  a l l  (about  96 p e r c e n t )  of t h e  h e a t  r e q u i r e d  f o r  dry-  
i n g  can be provided  by p r e h e a t i n g  t h e  a i r  p r i o r  t o  combustion. 
s a v i n g s  i n  f u e l  which can b e  r e a l i z e d  by p r e h e a t i n g  t h e  d r y e r  a i r  u s i n g  
geothermal  o r  o t h e r  energy s o u r c e s  i s  shown i n  Table  6 . 2 .  

P o t e n t i a l  

I n  c o n v e n t i o n a l  p r a c t i c e ,  r o t a r y  d r y e r s  a r e  o p e r a t e d  w i t h  gas  i n l e t  
t empera tures  i n  t h e  range  1500 t o  1800°F f o r  feed  m o i s t u r e  c o n t e n t s  of 70 t o  
85 p e r c e n t .  S i n c e  t h e  d r y e r  o p e r a t e s  c o c u r r e n t l y ,  d r y e r  e f f i c i e n c i e s  de- 
c l i n e  markedly a t  tempera tures  lower than  t h i s .  
some a t t e m p t  on t h e  p a r t  of t h e  d e h y d r a t i o n  i n d u s t r y  t o  r e d u c e  f u e l  consump- 
t i o n  by p a r t i a l l y  " w i l t i n g "  t h e  a l f a l f a  t o  60 t o  65 p e r c e n t  m o i s t u r e  p r i o r  
t o  d e h y d r a t i o n .  I n  o r d e r  t o  p r e v e n t  s c o r c h i n g ,  i t  i s  n e c e s s a r y  t o  
o p e r a t e  t h e  d r y e r  a t  lower t e m p e r a t u r e s  i n  t h e  range  1000 t o  1200°F when 
d r y i n g  f i e l d - w i l t e d  material .  Under t h e s e  c o n d i t i o n s  d r y e r  e f f i c i e n c y  d r o p s ,  
on t h e  a v e r a g e ,  t o  about  80 t o  90 p e r c e n t  of t h a t  observed a t  h i g h e r  tempera- 
t u r e s . 2  
t h e  c o n v e n t i o n a l  d r y e r  system i s  not  f e a s i b l e  i n  t h e  range  of 120  t o  320°F 
(Chapter  7 ) .  In summary, t h e  c o c u r r e n t  d i r e c t - f i r e d  r o t a r y  d r y e r ,  o p e r a t e d  
a t  gas  ( d r y i n g )  tempera tures  from 1500 t o  1800°F and r e s i d e n c e  times of 3 
t o  5 minutes ,  a l t h o u g h  s t i l l  t h e  most wide ly  u s e d ,  h a s  a s  i t s  o n l y  advantage  
t h e  minimiza t ion  c f  c a p i t a l  inves tment .  This  d e s i g n  i s  economical ly  f e a s i -  
b l e  o n l y  a t  low f u e l  p r i c e s .  Two p r a c t i c a l  methods of u s i n g  low- leve l  energy 
s o u r c e s  (50-160°C) t c  augment t h e  d i r e c t - f i r e d  d r y e r  a r e  ( a )  t o  p r e h e a t  d r y e r  
a i r ;  and (b)  t o  r e c i r c u l a t e  exhaus t  g a s e s .  However, energy s a v i n g s  t h a t  can 
b e  r e a l i z e d  i n  t h i s  manner a re ,  a t  m o s t ,  20 t o  30 p e r c e n t  of  t h e  t o t a l  energy 
requi rement .  

Recent ly  t h e r e  has  been 

Computer s i m u l a t i o n  of t h e  r o t a r y  d r y e r  i n d i c a t e s  t h a t  o p e r a t i o n  of 

Conveyor-type d r y e r s .  These w e r e  former ly  used f o r  a l f a l f a  d e h y d r a t i o n  
i n  t h i s  c o u n t r y  and r o r  d r y i n g  of a l f a l f a  as w e l l  as o t h e r  g r a s s e s  and g r a i n s  
i n  Western Europe, and i n  t h e  United K i n g d ~ r n . ~ , ~  There a re  many d i f f e r e n t  
types  of conveyor d r y e r s  ( a l s o  r e f e r r e d  t o  as ' ' be l t ' '  o r  "band" d r y e r s )  which 
may o p e r a t e  e i t h e r  i n  s i n g l e  o r  m u l t i p l e  p a s s  b u t  t h e s e  are g e n e r a l l y  low- 
t e m p e r a t u r e ,  c o u n t e r c u r r e n t  sys tems (about  200-300°F). 

An example of a conveyor d r y e r  c u r r e n t l y  manufactured i n  t h i s  c o u n t r y  
by t h e  P r o c t e r  & Schwartz Company ( P h i l a d e l p h i a ,  Pennsylvania)  i s  shown i n  
F i g u r e  6 .8 .  The material t o  b e  processed  i s  f e d  o n t o  t h e  f e e d  end of  t h e  
moving conveyor by means of a v a r i e t y  of preforming and f e e d i n g  machines.  
Conveyors are a v a i l a b l e  i n  a v a r i e t y  of  woven-wire and p e r f o r a t e d - p l a t e  
d e s i g n s .  Heated o r  c o n d i t i o n e d  a i r  i s  c i r c u l a t e d  a t  a uniform v e l o c i t y  
e i t h e r  up o r  down through t h e  material  by means of t u r b i n e - t y p e  f a n s .  
ed a i r  i s  t y p i c a l l y  s u p p l i e d  u s i n g  steam, g a s ,  o i l  o r  waste h e a t .  Food- 
p r o c e s s i n g  a p p l i c a t i o n s  f o r  t h e  P r o c t e r  & Schwartz sys tem i n c l u d e  an imal  
f e e d s ,  o n i o n s ,  n u t s ,  cereal p r o d u c t s ,  a p p l e s ,  y e a s t ,  soya p r o t e i n ,  c a r r o t s  

Heat- 
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Table 6.1 

SOURCES OF THERMAL INEFFICIENCY 
IN ALFALFA DEHYDRATION (IIOTARY DRYER)* 

Me c ha n i s m Percent of Gross Heat Input 

1. Heat air and combustion products 
I 

11.5%*" 

2. Heat alfalfa 1.7% 

3 .  Vaporize 1120 59.7% 

4 .  Heat evolved H20 5.2% 

5. Other losses 21. 9% 

*Basis: Heil SD-105-32 direct-fired, triple-pass rotary drum. 
Capacity at 75% moisture is 6.0  tons/hr (product basis). Gas 
consumption is 57.2 million standard cubic feet (scf) per hour 
natural gas. 

Theoretical combustion air is 9.41 scf air per scf natural gas 

Discharge temperature is 275°F. 
**Natural Gas Composition--gO% CH4, 5% C2H6, 5% $12 (by volume). 
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Tab le  6 . 2  

POTENTIAL SAVINGS IN CRYER FUEL 
BY PREHEATING COMBUSTION AIR (ROTARY DRYER) 

Combust i o n  P e r c e n t  of T o t a l  
A i r  Temperature,  OF Energy ** 

100 1 . 6  

200 6 .8  

300 12 .1  

400 1 7 . 3  

500 22.6 

1500 91.2 

“ B a s i s :  H e i l  SD-105-32 r o t a r y  d r y e r ,  75% 
m o i s t u r e  i n  a l f a l f a .  

* * T h e o r e t i c a l  v a l u e s .  
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and p o t a t o e s .  
low-temperature  h e a t  s o u r c e s  i n  t h e  range  250 t o  300°F. Variable-speed 
d r y e r s  and a i r - t e m p e r a t u r e  c o n t r o l s  are a v a i l a b l e  f o r  conveyor d r y e r s ,  making 
t h i s  t y p e  of d r y e r  p a r t i c u l a r l y  f l e x i b l e .  

Approximately 80 p e r c e n t  of a l l  d r y i n g  a p p l i c a t i o n s  i n v o l v e  

Reasons f o r  t h e  demise of  t h e  low-temperature  d r y e r  i n  t h i s  c o u n t r y  f o r  
a l f a l f a  d e h y d r a t i o n  are p r e s e n t l y  unknown, a l t h o u g h  c a p i t a l  c o s t s  f o r  a 
conveyor d r y e r  are b e l i e v e d  t o  b e  somewhat h i g h e r  t h a n  f o r  a d i r e c t - f i r e d  
r o t a r y  sys tem of e q u i v a l e n t  c a p a c i t y .  Opera t ing  and maintenance c o s t s  
may a l s o  b e  a f a c t o r .  Earlier sys tems b u i l t  i n  t h e  United States  and i n  
Europe tended t o  b e  of c o n s i d e r a b l y  smaller c a p a c i t y  t h a n  r e q u i r e d  by t h e  
new p l a n t s  b u i l t  i n  r e c e n t  y e a r s ,  a l t h o u g h  t h e  P r o c t e r  & Schwartz sys tem 
d i s c u s s e d  p r e v i o u s l y  i s  a v a i l a b l e  i n  u n i t s  of comparable c a p a c i t y .  The 
P r o c t e r  & Schwartz d r y e r  i s  a s i n g l e  pass sys tem w i t h  t h e  c a p a b i l i t y  f o r  
a i r  r e c i r c u l a t i o n .  The d r y e r  can  be b u i l t  t o  o p e r a t e  e i t h e r  c o c u r r e n t l y  o r  
c o u n t e r c u r r e n t l v .  

Of p a r t i c u l a r  r e l e v a n c e  t o  t h e  p r e s e n t  s t u d y  i s  a m u l t i p a s s  conve o r  
d r y e r  c u r r e n t l y  b e i n g  o p e r a t e d  a t  t h e  Broadlands f i e l d  i n  New Zealand. 71 
The Broadlands d r y e r  is  des igned  t o  o p e r a t e  u s i n g  100 p e r c e n t  geothermal  
s t e a m  a t  350°F t o  produce dehydra ted  a l f a l f a .  D r y  a i r  i s  h e a t e d  t o  200 t o  
290°F i n  a h e a t  exchanger .  
ex t remely  w e l l - s u i t e d  t o  t h e  u s e  of low t e m p e r a t u r e  geothermal  r e s o u r c e s  
and t h i s  sys tem i s  examined i n  more d e t a i l  la ter  i n  t h i s  c h e p t e r .  

Such a low t e m p e r a t u r e  d r y i n g  sys tem would b e  

Conveyor d r y e r s  o f f e r  a number of p o t e n t i a l  advantages  over  c o n v e n t i o n a l  
r o t a r y  d r y i n g  sys tems.  For example, t h e  conveyor d r y e r  p e r m i t s  t h e  v a r i a t i o n  
of f e e d  rates and a i r  f low rates  f a i r l y  e a s i l y ,  t h u s  f a c i l i t a t i n g  t h e  dehydra- 
t i o n  of c r o p s  having  d i f f e r e n t  m o i s t u r e  c o n t e n t s .  Some d e s i g n s  ( e . g . ,  P r o c t e r  
& Schwartz) i n c l u d e  p r o v i s i o n s  f o r  a i r  r e c i r c u l a t i o n ,  which a l l o w s  f o r  g r e a t e r  
e f f i c i e n c y .  It i s  sometimes b e l i e v e d  t h a t  low-temperatures  d r y i n g  systems a r e  
i n h e r e n t l y  less e f f i c i e n t  t h a n  h igh- tempera ture  d r y e r s ,  a l t h o u g h  s t u d i e s  of 
a c t u a l  d r y e r  performance have n o t  confirmed t h i s  ( s e e  T a b l e  6 . 3 ) .  

In summary, it does n o t  a p p e a r  t h a t  h igh- tempera ture  d r y e r s  have a 
n o t i c e a b l e  d i f f e r e n c e  i n  thermal  e f f i c i e n c y  compared w i t h  low-temperature con- 
veyor  d r y i n g  equipment employing r e c i r c u l a t i o n .  The o n l y  advantage  of  t h e  high-  
t e m p e r a t u r e  d r y e r  seems t o  b e  a s l i g h t l y  lower i n i t i a l  c o s t  when b o t h  are f i r e d  
w i t h  t h e  same f u e l .  The conveyor d r y e r  h a s  a s i g n i f i c a n t  advantage  i n  t h a t  i t  
i s  w e l l  adapted  t o  t h e  u s e  of low-temperature  geothermal  and o t h e r  a l t e r n a t i v e  
energy s o u r c e s .  

Other  d r y i n g  t e c h n o l o g i e s .  There are  numerous o t h e r  d r y i n g  t e c h n o l o g i e s  
which appear  t o  b e  b e t t e r  s u i t e d  t o  c rop  d r y i n g  u s i n g  geothermal  energy t h a n  
r o t a r y  h r y e r s .  
is commonly used f o r  g r a i n  d r y i n g  f o r  t h e  brewing i n d u s t r y . 1 °  
t u b e  d r y e r  i n c o r p o r a t e s  a series of steam t u b e s ,  f i t t e d  a l o n g  t h e  s h e l l  i n  
c o n c e n t r i c  c i rc les  and r o t a t i n g  w i t h  t h e  s h e l l .  The s o l i d s  p a s s  a long  t h e  
i n c l i n e d  s h e l l  and leave through p o r t s  a t  t h e  o t h e r  end. A s m a l l  c u r r e n t  
of a i r  i s  passed  through t h e  d r y e r  t o  c a r r y  away t h e  m o i s t u r e ,  and t h e  a i r  
leaves a lmost  s a t u r a t e d .  I n  t h i s  arrangement  t h e  w e t  material  comes i n t o  
c o n t a c t  w i t h  v e r y  humid a i r ,  and s u r f a c e  d r y i n g  i s  t h e r e f o r e  minimized. 

One of t h e s e ,  i n d i r e c t  d r y i n g  u s i n g  r o t a r y  steam-tube d r y e r s ,  
The steam- 
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T a b l e  6.3 

A COMPARISON OF ENERGY CONSUMPTION OF THREE DRYEES 
OPERATING AT DIFFERENT INLET A I R  TLVERATURES 

2 - s t a g e  conveyor  
r ec i r c u l a t  i n g  

Pneumat i c  

Pneumat i c  drum 

S p e c i f i c  Heat 
C m s  ump t: i o  n 

t u r e ,  p e r c e n t  

I n l e t  A i r  

Tempera- B t u ' s I l b  H20 

O F  I Theo- Manu- I 
r e t i c a l  f a c t u r e r ' s  

F i g u r e  

320 1330 1640 19 

842 1380 

1800 1375 

1796 

1710 

23 

19.5 
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This  t y p e  of u n i t  i s  w e l l  s u i t e d  f o r  use  w i t h  geothermal  energy s i n c e  i t  
u s e s  t h e  t o t a l  f l u i d  f low.  Steam-tube d r y e r s  have a very  h igh  thermal  e f f i -  
ciency,12,'4 and are  r e a d i l y  a v a i l a b l e  i n  c o r r o s i o n - r e s i s t a n t  materials. l4  
The r o t a r y  steam-tube d r y e r  concept  i s  examined i n  more d e t a i l  i n  a l a t e r  
s e c t i o n  of t h i s  c h a p t e r .  

There are two o t h e r  concepts  which are n o t  s t u d i e d  i n  d e t a i l  h e r e .  
The f i r s t  i n v o l v e s  u s i n g  t h e  geothermal  f l u i d  d i r e c t l y  as t h e  d r y i n g  medium. 
P a r a d o x i c a l  as i t  may seem, steam may be used d i r e c t l y  t o  d r y  many materials, 
t h e r e b y  e l i m i n a t i n g  t h e  c o s t l y  h e a t  exchanger  r e q u i r e d  by most i n d i r e c t  dry- 
i n g  schemes. A t  comparable t e m p e r a t u r e s ,  steam i s  n e a r l y  two t i m e s  as e f f e c -  
t i v e  f o r  d e h y d r a t i o n  as a i r ,  on a per-uni t -weight  b a s i s .  This  concept  can 
be used e f f e c t i v e l y  only  when d e a l i n g  w i t h  a "clean" f l u i d ,  and some t e s t i n g  
would be r e q u i r e d  t o  p r e v e n t  p r o d u c t  contaminat ion .  The second concept  i s  
f l u i d i z e d - b e d  d r y i n g  which h a s  s e v e r a l  p o t e n t i a l  advantages  :I2 

- Close  tempera ture  c o n t r o l  may be m a i n t a i n e d ,  due t o  
u n i f o r m i t y  of bed tempera ture  and t h e  h e a t - s i n k  e f f e c t .  

- R e t e n t i o n  t i m e  may be any r e a s o n a b l e  v a l u e ,  depending 
on requi rements  f o r  t h e  material. Occluded m o i s t u r e  
may thus  be e f f e c t i v e l y  removed. 

- Simultaneous d r y i n g  and s i z e - c l a s s i f y i n g  may be done. 

- Floor-space r e q u i r e m e n t s  are  s m a l l .  

- Several u n i t s  may b e  s t a c k e d  f o r  o p e r a t i o n s  such  as 
combined d r y i n g  and c o o l i n g ,  o r  f o r  c o u n t e r c u r r e n t  
e f f e c t  t o  improve h e a t  economy. 

- Gas r e c i r c u l a t i o n  i s  p o s s i b l e  because  t h e  u n i t  i s  
e a s i l y  s e a l e d .  Superhea ted  v a p o r s  o r  i n e r t  gas may 
b e  used f o r  d r y i n g .  

- S t r u c t u r a l  r e q u i r e m e n t s  are  minimized, as t h e r e  i s  
no dynamic s t r u c t u r a l  l o a d .  

The purpose of  t h e  p r e c e d i n g  d i s c u s s i o n  i s  t o  p o i n t  o u t  t h e  numerous 
d r y i n g  t e c h n o l o g i e s  t h a t  are f e a s i b l e  f o r  d e h y d r a t i n g  a l f a l f a  and o t h e r  
c r o p s .  Some of t h e  methods t h a t  are  f e a s i b l e  f o r  a l f a l f a  d e h y d r a t i o n  are  
n o t  c u r r e n t l y  b e i n g  p r a c t i c e d  f o r  v a r i o u s  r e a s o n s  i n c l u d i n g ,  p a r t i c u l a r l y ,  
t h e  m a r g i n a l  s t a t e  of t h e  i n d u s t r y .  

Dehydrat ion P l a n t  B a s e l i n e  Design 

Our b a s e l i n e  d e h y d r a t i o n  f a c i l i t y  w a s  assumed t o  i n c l u d e  two d r y i n g  
drums each c a p a b l e  of e v a p o r a t i n g  18,000 t o  20,000 pounds of water p e r  hour 
and consuming 30 t o  35 m i l l i o n  B t u ' s  p e r  hour .  
could  produce approximate ly  16,000 t o n s  of dehydra ted  a l f a l f a  p e r  s e a s o n  
u t i l i z i n g  green-chop o r  22,000 t o n s  u t i l i z i n g  f i e l d - w i l t e d  a l f a l f a . 1 3  

An i n s t a l l a t i o n  of t h i s  t y p e  
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A s p e c i f i c  d r y i n g  system w a s  s e l e c t e d  f o r  a n a l y s i s  of d e s i g n  o p t i o n s  
The system chosen t o  meet t h e  above d r y i n g  

Two dryers  a re  r e q u i r e d  
A 

which i n v o l v e  a r o t a r y  d r y e r .  
requi rements  w a s  t h e  H e i l  d r y e r ,  ?,lode1 SD105-32. 
t o  a c h i e v e  b a s e l i n e  p r o d u c t i o n  of about  6 .0  t o n s  p e r  hour (dry  b a s i s ) .  
d e s c r i p t i o n  of t h e  " b a s e l i n e "  d r y i n g  system f o l l o w s .  

The Model SD105-32 a g r i c u l t u r a l  d e h y d r a t o r  h a s  an a u t o m a t i c a l l y  c o n t r o l l e d ,  
ro ta ry- f lame f u r n a c e ,  w i t h  a combustion chamber f i r e d  by o i l  o r  n a t u r a l  gas .  
Hot g a s e s  p a s s  d i r e c t l y  from t h e  combustion chamber through t h e  i n t a k e  t u b e  
and e n t e r  t h e  i n n e r  drum c y l i n d e r  a t  a tempera ture  r a n g i n g  from 1000 t o  
1800"F, depending upon t h e  m o i s t u r e  c o n t e n t  o f  t h e  material t o  be dehydra ted .  
An a u t o m a t i c  c o l d - a i r  damper i s  provided  t o  p r e v e n t  o v e r h e a t i n g .  

The material t o  b e  d r i e d  i s  chopped o r  shredded  and f e d  i n t o  t h e  s u c t i o n -  
s e a l e d  f e e d  conveyor,  which conveys i t  i n t o  t h e  r e c e i v i n g  hopper  of  t h e  i n t a k e  
t u b e .  

The drum u n i t  c o n s i s t s  o f  t h r e e  c o n c e n t r i c  d r y i n g  c y l i n d e r s  i n t o  which 
t h e  h o t  g a s e s  and t h e  material t o  b e  d r i e d  e n t e r  by way of  t h e  i n t a k e  t u b e .  
The material  i s  t h e n  advanced through t h e  d r y i n g  drum b y  means of a s u c t i o n  
f a n .  The t h r e e  c y l i n d e r s  a r e  c o n c e n t r i c a l l y  a r r a n g e d ,  mechanica l ly  i n t e r -  
locked  and r o t a t e  a t  t h e  same speed .  The material i s  r e p e a t e d l y  c a r r i e d  
t o  t h e  t o p  o f  each c y l i n d e r  by t h e  c y l i n d e r  f l i g h t s  and dropped through t h e  
h o t  g a s e s ,  g i v i n g  o f f  m o i s t u r e  a s  i t  p a s s e s  p r o g r e s s i v e l y  forward through 
t h e  i n n e r  c y l i n d e r ,  t h e n  back through t h e  i n t e r m e d i a t e  c y l i n d e r ,  and forward 
a g a i n  through t h e  o u t s i d e  c y l i n d e r  t o  t h e  s u c t i o h  f a n  a t  t h e  d i s c h a r g e  end 
of t h e  machine. With t h i s  t y p e  of  c o n c e n t r i c  c y l i n d e r  c o n s t r u c t i o n ,  t h e  
material  i s  exposed t o  t h e  d r y i n g  medium f o r  about 60 f e e t ,  i n s u r i n g  complete 
u t i l i z a t i o n  o f  h e a t  through r a d i a t i o n  from each c y l i n d e r .  

A f t e r  t h e  m a t e r i a l  p a s s e s  through t h e  d r y i n g  drum i t  i s  blown i n t o  t h e  
l a r g e  d r y i n g  c o l l e c t o r ,  where t h e  vapor- laden a i r  escapes  o u t  t h e  t o p ,  i n t o  
the pr imary  c y l i n d e r ,  and the d r i e d  material passes  i n t o  the c o o l i n g  hopper 
and g r a v i t y  s e p a r a t o r  where t h e  f o r e i g n  m a t e r i a l s  are removed. A second f a n  
p r o p e l s  t h e  material i n t o  t h e  c o o l i n g  c o l l e c t o r  where i t  s w i r l s  downward 
i n t o  t h e  s a c k i n g  p i p e s  o r  i n t o  t h e  hammermill, as r e q u i r e d .  F i g u r e  6 . 2  shows 
a schemat ic  of a t y p i c a l  d e h y d r a t i n g  p l a n t ;  t h e  product  f low d i f f e r s  somewhat 
from t h e  above d e s c r i p t i o n .  

Dryer s p e c i f i c a t i o n s  which are r e q u i r e d  f o r  e v a l u a t i o n  of d e s i g n  alterna- 
t ives  a re  summarized i n  T a b l e  6 . 4 .  From t h e  i n f o r m a t i o n  p r e s e n t e d  i n  t h i s  
t a b l e ,  b a s e l i n e  e f f i c i e n c y  i s  about  60 p e r c e n t  ( p e r c e n t a g e  o f  t o t a l  energy 
consumed which i s  t h e o r e t i c a l l y  r e q u i r e d  t o  -evapora te  m o i s t u r e ) .  T h i s  e f f i -  
c i e n c y  level  is probably s l i g h t l y  h i g h e r  t h a n  t h a t  c u r r e n t l y  achieved  a t  most 
dehydra t ion  p l a n t s .  2 
which h a s  been p r e w i l t e d  t o  a m o i s t u r e  c o n t e n t  l e s s  than  about  65 p e r c e n t .  
Because d i r e c t - f i r e d  r o t a r y  d r y e r s  o p e r a t e  c o c u r r e n t l y  w i t h  b o t h  f e e d  and h o t  
combustion g a s e s  e n t e r i n g  a t  t h e  same end of t h e  d r y e r ,  i t  is  n e c e s s a r y  t o  
reduce d r y i n g  tempera tures  t o  p r e v e n t  s c o r c h i n g  t h e  p a r t i a l l y  dehydra ted  feed-  
s t o c k .  Energy e f f i c i e n c y  may, under t h e s e  c o n d i t i o n s ,  drop t o  50 p e r c e n t  o r  
less .  2 

E f f i c i e n c y  d e c l i n e s  when d r y i n g  f i e l d - w i l t e d  m a t e r i a l  
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T a b l e  6 . 4  

S P E C I F I C A T I O N S  OF H E I L  AGRICULTURAL DRYER 
MODEL ~ ~ 1 0 5 - 3 2  ( 1 1 ~ ~ ~ ~ ~ ~ ~ ~ "  CONDITIONS) 1C1,15 

Evapora t ion  r o t e  - 18,000 l b / h r  of w a t e r  when i n i t i a l  mois t i l re  c o n t e n t  i s  
70% o r  g r e a t e r  by we igh t .  

Dehydra t ion  p r o d u c t  - 6,800 d r y  Lb /h r  a t  107- m o i s t u r e  when o p e r a t i n g  on 
f r e s h  chopped a l f a l f a  c o n t a i n i n g  75% m o i s t u r e  p r i o r  
t o  drying. '  

F u e l  consumption - Maximum n a t u r a l  gas  consumption i s  28,000 s c f / h o u r .  

Fan speed  -8 1,800 rpm 

Fan p r e s s u r e  drop  - 7.0 i n c h e s  H20 f o r  s t a n d a r d  a i r  (70°F). 

Back end d r y e r  f low - 28,000 acfm 

Discharge  t:empera t u r e  - 275°F 

Equipment c:ost  (FOB) - $128,289'' 

.L "Capacit:y w i l l  va ry  wide ly  depending on m o i s t u r e  c o n t e n t ,  t ype  of 
f o r a g e ,  l e n g t h  of chop,  m a t e r i a l  t i andl ing ,  and s i z e  r e d u c t i o n .  
Capacit:y reduced a p p r o x i n a t e l y  6% f o r  each 1,000 f t  i n c r e a s e  i n  
a l t i t u d e  above 3,000 f t .  

' " C o s t  i n c l u d e s  drum, drum b a s e ,  f u r n a c e ,  in-feed conveyor ,  f e e d e r ,  
l i f t  ap ron ,  main f a n ,  and pr imary  cyc lone .  
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Because v a r i o u s  d r y e r  d e s i g n s  w e r e  e v a l u a t e d  f o r  u s e  w i t h  geothermal  
energy,  and because r o t a r y  d r y e r  performance depends on feed  c o n d i t i o n s  
and d e s i r e d  product  s p e c i f i c a t i o n s  as w e l l  as d r y e r  d e s i g n  and o p e r a t i n g  
c o n d i t i o n s ,  i t  i s  n e c e s s a r y  t o  s p e c i f y  p h y s i c a l  p r o p e r t i e s  of a l f a l f a  green  
chop and p r o d u c t  "dehy" i n  o r d e r  t o  o b t a i n  meaningful  comparisons among 
d i f f e r e n t  a l t e r n a t i v e s .  Thks i n f o r m a t i o n  i s  p r e s e n t e d  i n  Table  6 . 5 .  

Within the range  o f  p h y s i c a l  p r o p e r t i e s  shown i n  T a b l e  6 .5 ,  energy  
requi rements  f o r  r o t a r y  d r y e r s  vary  w i t h  f e e d  m o i s t u r e  c o n t e n t .  Produc- 
t i o n  s t a t i s t i c s  i n d i c a t e  t h a t  d e h y d r a t i o n  of  f i e l d - w i l t e d  a l f a l f a  (60 t o  
65 p e r c e n t  m o i s t u r e )  consumes on t h e  average  0.54 t o  0.60 t i m e s  t h e  energy 
r e q u i r e d  f o r  d r y i n g  green-chop (70 t o  85 p e r c e n t  m o i s t u r e )  . 2  
m o i s t u r e  and p h y s i c a l  p r o p e r t i e s  shown i n  T a b l e  6 . 5 ,  two H e i l  SD105-32 r o t a r y  
d r y e r s  consume approximate ly  57.2 m i l l i o n  B t u ' s  p e r  hour  t o  produce 6 . 0  t o n s  
p e r  h o u r  of dry  p r o d u c t .  Under t h e s e  c o n d i t i o n s ,  t h e  d r y e r  e f f i c i e n c y  i s  
approximate ly  60 p e r c e n t .  

A t  75 p e r c e n t  

It i s  a n t i c i p a t e d  t h a t ,  under  t h e  same c o n d i t i o n s ,  t h e  low-temperature 
conveyor d r y e r  w i l l  b e  s l i g h t l y  less e f f i c i e n t  t h a n  t h e  r o t a r y  d r y e r  by about  
10 t o  40 p e r c e n t ,  depending on i n l e t  a i r  tempera ture  and t h e  e x t e n t  of recir- 
c u l a t i o n  u s e d . 1 6 , 1 7  O t h e r  t y p e s  of d r y e r s  have d i f f e r e n t  performance charac- 
t e r i s t ics ,  and i t  i s  n e c e s s a r y  t o  e v a l u a t e  each system i n d i v i d u a l l y  t o  d e t e r -  
mine energy  requi rements  c o r r e s p o n d i n g  t o  t h e  b a s e l i n e  s p e c i f i c a t i o n s .  

Te  chni  cal  F e a s i b i l i t y  Evalua t  i o n s  

Three approaches  i n v o l v i n g  s i x  d i s t i n c t  cases were e v a l u a t e d  f o r  
d e h y d r a t i n g  a l f a l f a  u s i n g  geothermal  h e a t .  The f i r s t  approach is geothermal  

augmentation" i n  which t h e  d r y e r  used i s  of c o n v e n t i o n a l  des ign  and t h e  
d r y i n g  a i r  i s  p r e h e a t e d  geothermal ly  and t h e n  r a i s e d  t o  t h e  c o n v e n t i o n a l  
rotary-drum t e m p e r a t u r e  of 1000 t o  1800°F by n a t u r a l  gas  combustion. The 
second approach i n v o l v e s  t h e  use of  l a r g e - c a p a c i t y  h e a t  pumps t o  i n c r e a s e  
t e m p e r a t u r e  i n p u t  t o  t h e  d r y e r  above t h a t  which i s  p o s s i b l e  w i t h o u t  compres- 
s i o n .  
low-temperature  b r i n e  as t h e  energy s o u r c e .  Corresponding t o  t h e  t h r e e  
g e n e r a l  approaches  o u t l i n e d ,  s i x  s e p a r a t e  d e s i g n  cases were e v a l u a t e d  as 
d e s c r i b e d  on t h e  f o l l o w i n g  pages.  

11 

F i n a l l y ,  d i f f e r e n t  t y p e s  of d r y e r s  were e v a l u a t e d  t h a t  use  o n l y  t h e  

- Case 1. Geothermal augmentat ion u s i n g  a b r i n e - t o - a i r  h e a t - t r a n s f e r  
system: T h i s  concept  could  i n v o l v e  e i t h e r  a s i n g l e  h e a t  exchanger  
o r  an  i n t e r m e d i a t e  working f l u i d ,  as shown i n  F igure  6.3.  P r e l i m i -  
n a r y  d e s i g n  c a l c u l a t i o n s  i n d i c a t e d  t h a t  a 300'F geothermal  b r i n e  
could b e  used t o  f u r n i s h  11 .5  p e r c e n t  o f  t h e  t o t a l  energy require- 
ment of  a H e i l  SD105-32 r o t a r y  d r y e r ,  when d r y i n g  a l f a l f a  w i t h  
75 p e r c e n t  m o i s t u r e .  

- Case 2. Geothermal augmentat ion u s i n g  a h e a t  pump d r i v e n  w i t h  a 
Magmamax i s o b u t a n e  t u r b i n e :  P r e l i m i n a r y  d e s i g n  i n v e s t i g a t i o n s  d i s -  
c l o s e d  t h a t  t h e  use o f  a l a r g e - s c a l e  power c o n v e r s i o n  sys tem could  
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ALFALFA DEHYDRATION 

Table  6.5 

FACILITY DESIGN SPECIFICATIONS 

Dehydra t ion  c a p a c i t y  

A l f e l f o  - 6 . 0  d r y  t o n s / h r *  
Mois tu re  - 36,000 l b / h r  
Energy - Variab le**  

Feed s p e c i f i c a t i o n s  ( g r e e n  chop) 

Mois tu re  - 70-85% (75% av.)*** 
Bulk d e n s i t y  - 42 l b / i t 3  
P a r t i c l e  d e n s i t y  - 53 .0 -59 .3  l b / f t 3  
Heat c a p a c i t y  - 0.83  Btu / lb-"F  

P roduc t  s p e c i f i c s  t i o n s  

Mois tu re  - 8-12% (10% av.)'** 
Bulk d e n s i t y  - 20 l b / f t 3  

3 P a r t i c l e  d e n s i t y  - 42.4 L b / f t  
aeat c a p a c i t y  - 0.33  B tu / lh - "F  

m o i s t u r e  b a s i s .  
**Ba s e l i n e  ene rgy  r equ i r emen t  f o r  a r o t a r y  d r y e r  was 

chosen as 9.533 m i l l i o n  B t u ' s  p e r  t o n  o f  dry  p r o d u c t  
( B a s e l i n e  c o n d i t i o n s  - T a b l e  6.4) . 

***Average v a l u e  used  i n  p r e l i m i n a r y  d e s i g n .  
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b e  used t o  d r i v e  a h e a t  pump compressor w i t h  l i t t l e  o r  no r e t r o -  
f i t t i n g ,  and t h a t  t h e  "Magmamax" geothermal  power sys tem,  as shown 
i n  F i g u r e  6 .4 ,  w a s  n e a r i n g  commerc ia l iza t ion .  C a l c u l a t i o n s  made 
us ing  300°F b r i n e  showed t h a t  a t  l eas t  25 t o  30 p e r c e n t  of t h e  energy  
r e q u i r e d  f o r  d r y i n g  a l f a l f a  w i t h  75 p e r c e n t  i n i t i a l  m o i s t u r e  could  b e  
provided by t h i s  system. 

- Case 3 .  Geothermal augmentat ion u s i n g  a h e a t  pump d r i v e n  from a 
steam t u r b i n e :  T h i s  c o n c e p t ,  as shown i n  F i g u r e  6 . 5 ,  uses  f l a s h e d  
steam t o  run  t h e  compressor and i s  similar t o  t h e  power g e n e r a t i o n  
c y c l e  used a t  t h e  Geysers f a c i l i t y .  Energy i n p u t s  t o  t h e  d r y i n g  
c y c l e  are s i m i l a r  t o  t h e  p r e c e d i n g  case. 

- Case 4 .  Geothermal augmentat ion u s i n g  a h e a t  pump d r i v e n  from a 
steam t u r b i n e  and f l a s h e d  geothermal  steam i n  b o t h  t h e  power c y c l e  
and heat-pump c y c l e :  T h i s  system r e p r e s e n t s  an  attempt t o  reduce 
equipment c o s t s ,  compared t o  Cases 2 and 3 ,  by r e p l a c i n g  a l l  h e a t  
exchangers  which c o n t a c t  t h e  geothermal  b r i n e  w i t h  f l a s h  v e s s e l s  ; 
i t  is  shown i n  F igure  6 . 6 .  For  a l iquid-dominated r e s o u r c e ,  t h i s  
i s  accomplished a t  t h e  expense o f  i n c r e a s e d  b r i n e  flow. Energy 
i n p u t s  t o  t h e  d r y i n g  p r o c e s s  would b e  t h e  s a m e  as f o r  Cases 2 and 3-- 
25 t o  30 p e r c e n t .  

- Case 5. Geothermal h e a t  augmentat ion u s i n g  a r o t a r y  steam-tube 
d r y e r :  T h i s  d e s i g n  case r e p r e s e n t s  a n  a t t e m p t  t o  e v a l u a t e  t h e  mer i t s  
of  p r e h e a t i n g  t h e  a l f a l f a  f e e d  r a t h e r  t h a n  t h e  d r y e r  a i r ,  then. u s i n g  
t h e  c o n v e n t i o n a l  d r y e r  t o  complete  t h e  d e h y d r a t i o n .  P r e l i m i n a r y  
e v a l u a t i o n s  s u g g e s t  t h a t  a 300°F b r i n e  could  b e  used i n  t h i s  manner 
t o  p r o v i d e  30 t o  35 p e r c e n t  o f  t h e  energy r e q u i r e d  t o  dry a l f a l f a  
c o n t a i n i n g  75 p e r c e n t  m o i s t u r e .  T h i s  i s  s k e t c h e d  i n  F igure  6.7.  

- Case 6 .  All-geothermal  d r y i n g  f a c i l i t y :  Not a n  energy  augmentat ion,  
t h i s  d e s i g n  case would r e l y  on geothermal  energy  t o  p r o v i d e  a l l  t h e  
energy f o r  dehydra t ion .  The c o n v e n t i o n a l  r o t a r y  d r y e r  would b e  re- 
p l a c e d  by a low-temperature  d r y e r  b e t t e r  adapted  t o  t h e  low- 
t e m p e r a t u r e  geothermal  r e s o u r c e s .  T h i s  case i s  shown i n  F i g u r e  6 .8 .  

The t e c h n i c a l  f e a s i b i l i t y  a n a l y s i s  o f  t h e  s i x  d e s i g n  c a s e s  f o r  t h e  Heber 
geothermal  r e s o u r c e  i s  p r e s e n t e d  i n  t h e  remainder  of  t h i s  c h a p t e r .  

Case 1. Geothermal energy  augmentat ion u s i n g  an  a i r  p r e h e a t e r :  
F i g u r e  6 . 3  i n d i c a t e s  t h i s  concept  i n v o l v e s  an  a i r  p r e h e a t e r  ahead of a r o t a r y  
d r y e r  of  c o n v e n t i o n a l  d e s i g n ,  analogous t o  t h e  h e a t  exchanger  now used a t  dehy- 
d r a t i o n  p l a n t s  t h a t  p r a c t i c e  exhaust-gas  r e c i r c u l a t i o n  f o r  energy conserva- 
t i o n .  The p h y s i c a l  p r i n c i p l e  involved  is r e l a t i v e l y  s imple :  s i n c e  a major  
p o r t i o n  (95f p e r c e n t )  of t h e  gas  volume produced by n a t u r a l  g a s  combustion 
r e s u l t s  from t h e  combustion a i r ,  energy used t o  p r e h e a t  t h e  combustion a i r  
s u b t r a c t s  from t h e  t o t a l  n a t u r a l  gas requirement  on a n e a r l y  1:l b a s i s .  
S i n c e  t h e  concept  i n v o l v e d  i s  s i m p l e  and h a s  been e f f e c t i v e l y  demonstrated 
on p l a n t s  employing gas r e c i r c u l a t i o n ,  t e c h n i c a l  f e a s i b i l i t y  h a s  a l r e a d y  
been demonstrated,  e x c e p t  f o r  d e t a i l e d  heat-  exchanger  d e s i g n  f o r  l a r g e -  
scale: implementat ion.  
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I t  w a s  i n i t i a l l y  b e l i e v e d  t h a t ,  because  of  t h e  c o r r o s i v e n e s s  of t h e  
geothermal b r i n e s ,  an i n t e r m e d i a t e  working f l u i d  s h o u l d  b e  used t o  reduce t h e  
s i z e  o f  t h e  (more expensive)  b r i n e  h e a t  exchanger  a s  d e p i c t e d  i n  F igure  6 .3 .  
I s o b u t a n e  w a s  i n i t i a l l y  s e l e c t e d  a s  t h e  i n t e r m e d i a t e  working f l u i d .  However, 
i n  p r a c t i c e  t h e  h i g h  p r e s s u r e s  r e q u i r e d  t o  l i q u i f y  t h e  working f l u i d  a t  b r i n e  
t e m p e r a t u r e s  result i n  a c o s t  f o r  t h e  secondary  h e a t  exchanger comparable t o  
a b r i n e - t o - a i r  exchanger  f o r  t h e  Heber b r i n e s  ($15 t o  2 0 / f t 2 ) . 2 0  
c o r r o s i v e  b r i n e s  t h a n  H e b e r ' s ,  t h e  u s e  of a s i n g l e  h e a t  exchanger would b e  f a r  
less expens ive  t h a n  use o f  a secondary  f l u i d .  

For  less 

A p r e l i m i n a r y  d e s i g n  summary f o r  Case 1 i s  p r e s e n t e d  i n  T a b l e  6 . 6 .  The 
i n l e t  b r i n e  f low f o r  a d r y e r  c a p a c i t y  of 6 .0  d r y  t o n s l h r  and 75 p e r c e n t  i n i t i a l  
m o i s t u r e  i s  781 l b / m i n  a t  300°F. Air-flow r a t e  i s  4465 lb-moles/min. The 
h e a t  exchanger i s  a f i n - t u b e  d e s i g n  w i t h  b r i n e  f low tube-s ide .  The r a t i o  of 
e x t e r n a l  s u r f a c e  t o  bare- tube  s u r f a c e  i s  20.1/1.  The br ine- f low ra te  is 
4.42 f t / s e c .  The t o  a1 h e a t  d u t y  i s  6.6 m i l l i o n  B t u ' s l h r  and t o t a l  e x t e r n a l  
tube area i s  7050 f t  . The c o s t  of  t h e  exchanger  i n  304 SS i s  $105,700 (FOB). 
The i n s t a l l e d  c o s t  estimate s h o r n  i n  T a b l e  6.6 i s  $212,000 t o  a l low f o r  
t r a n s p o r t a t i o n ,  f o u n d a t i o n ,  i n s t a l l a t i o n ,  ductwork, f a n s ,  w i r i n g  and c o n t r o l s .  

5 

Case 2 .  Geothermal augmentat ion u s i n g  Magmamax power c y c l e  coupled t o  
h e a t  pump: P r e l i m i n a r y  i n v e s t i g a t i o n s  d i s c l o s e d  t h a t  w h i l e  a l a r g e - c a p a c i t y  
h e a t  pump peu s e  i s  n o t  commercial ly  a v a i l a b l e ,  t h e r e  i s  l i t t l e  p r a c t i c a l  
d i f f e r e n c e  whether  t h e  c o n v e n t i o n a l  Rankine c y c l e  i s  used t o  d r i v e  an elec- 
t r i c  g e n e r a t o r  o r  a compressor ,  as r e q u i r e d  f o r  t h e  h e a t  pump. An e x t e n s i v e  
b i b l i o g r a p h y  of  methods f o r  low- leve l  waste-heat  recovery  w a s  found based  on 
a l te rna t ive  u s e s  o f  t h e  t u r b i n e  power developed i n  t h e  b a s i c  power c y c l e .  2 1 * 2 2 % 2 3  
R e v i e w  of  t h e  l i t e r a t u r e  on geothermal  energy  sys tems 2 4 9 2 5  and c o n v e r s a t i o n s  
w i t h  York D i v i s i o n  of  Borg-Warner d i s c l o s e d  t h a t  ( a )  t h e  i s o b u t a n e  power 
sys tem,  which does n o t  r e q u i r e  a vapor-dominated geothermal  s o u r c e ,  w a s  near -  
i n g  commercial demonst ra t ion  as t h e  Magmamax p r o c e s s ;  (b)  t h e  Magma Energy 
Company o f  Los Angeles ,  which h o l d s  t h e  p a t e n t  r i g h t s ,  w a s  w i l l i n g  t o  c o o p e r a t e  
i n  making t h e i r  t echnology a v a i l a b l e  f o r  l i c e m e ;  and ( c )  a c o n s u l t i n g  f i r m  
w a s  found which had p r e v i o u s l y  e v a l u a t e d  t h e  a d a p t i o n  of heat-pump technology 
t o  t h e  Magmamax process .  The f i r s t  heat-pump sys tem e v a l u a t e d  w a s  based  on 
t h i s  p r o c e s s .  

P r e l i m i n a r y  d e s i g n  c a l c u l a t i o n s  d i s c l o s e d  t h a t ,  a t  a compression r a t i o  
of 10 t o  1, u s i n g  steam as t h e  secondary  working f l u i d ,  a 300'F b r i n e  could  
p r o v i d e  a t  least 21  p e r c e n t  of  t h e  h e a t  i n p u t  t o  a c o n v e n t i o n a l  r o t a r y  d r y e r .  
An a d d i t i o n a l  6-percent  energy r e d u c t i o n  could  b e  r e a l i z e d  by u s i n g  t h e  d r y e r  
a i r  f o r  i n t e r c o o l i n g  between compression s t a g e s .  The a d a p t a t i o n  of  t h e  
Magmamax p r o c e s s  f o r  a g r i c u l t u r a l  d r y i n g  p r o c e s s e s  IS d e p i c t e d  i n  F igure  6.4.  

The i s o b u t a n e  loop i n c l u d e s  a v a p o r i z e r ,  which c o n s i s t s  of a l a r g e  
bank o f  h e a t  exchangers  and i s  t h e  pr imary  b r i n e  h e a t  exchanger ;  expans ion  
valve; t u r b i n e ;  condenser ;  receiver;  f e e d  pumps ; and c l o s e d  c o o l i n g  tower .  
A s u p e r h e a t e r ,  shown i n  F i g u r e  6 . 4 ,  was e v a l u a t e d  as a means of usi-ng t h e  
n a t u r a l  gas t o  i n c r e a s e  t h e  Rankine c y c l e  e f f i c i e n c y ,  r a t h e r  t h a n  as a d r y e r  
f u e l ,  b u t  t h e  energy t r a d e - o f f s  i n v o l v e d  proved u n f a v o r a b l e .  I 
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Table  6 . 6  

A I R  PRZHEATER (CASE 1) PRELIMINARY D E S I G N  SulyMARY 

Design capac i ty '  

A l f a l f a  "g reen  chop" 2 1 . 6  t ons /hour  
( 75% m o i s t u r e )  

A l f a  1 f a  "dehy" 6 .0  tons /hour  
(10% m o i s t u r e )  

Energy i n p u t s  ( n e t )  
N a t u r a l  gas  50.6 m i l l i o n  B tu '  s / h o u r  
B r i n e  (300°F) 6 , 6  m i l l i o n  B t u ' s / h o u r  
Fuel  s a v i n g s  11.5% 

Br ine  r equ i r emen t s  

Flow 
Energy ( g r o s s )  
Temperature  

I n l e t  
Return  

P r e s s u r e  
I n l e t  
R e  t u r n  

781 P O  unds /minute  
6.G mi l - l ion  B t u ' s / h o u r  

300°F 
160"Fb 

90-100 psis' 
20 p s i a d  

Dryer  a i r  r equ i r emen t s  

Flow 
Temp e ra t u  re 

Exchanger 
Exchanger 

Exchanger 
Exchanger 

P r e s s u r e  

2 , 0 4 2  pounds /minute  

inlet 70°F 
o u t l e t  180°F 

i n l e t  1 5 . 1  paise 
o u t l e t  14 .7  p s i a  

Equipment c o s t s  
( i n s  t a  l l e d )  

$212,000 

a 

b A.ssumed minimunr r e t u r n  t empera tu re .  
c Assuming p r e s s u r e  drop o f  10 p s i a  th rough b r i n e  s i d e  

d 210 p s i a  nominal r e t u r n  p re s su re  (assnmed).  

e Eiased on assumed f low r e s i s t a n c e  o f  4 t o  l o  i n  WC. 

E:quFvalent t o  c a p a c i t y  of  two r o t a r y  drums of conven- 
t i o n a l  d e s i g n ,  e . g . ,  H e i l  SF105-32 o r  e q u i v a l e n t .  

18 

of exchanger .  

th rough hcu t exchanger .  
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For a 3100'F b r i n e  s u p p l y ,  t h e  t h e o r e t i c a l  Carnot e f f i c i e n c y  of  t h e  
Rankine ( i s o b u t a n e )  c y c l e  is 26 p e r c e n t ,  a l though this i d e a l  e f f i c i e n c i e s  of 
bo th  s team and o r g a n i c  working f l u i d s  drop t o  about  20 t o  2 2  p e r c e n t . 2 2  N e t  
c y c l e  e f f i c i e n c i e s  f o r  o r g a n i c  working f l u i d s  range Erc l ia  about 9 . 1  t o  1 2 . 6  
p e r c e n t  as shown i n  Table  6 . 7 .  
r a t h e r  t h a n  steam as t h e  working f l u i d  a r e  ( a )  a s u p ( 3 r h e a t e r  i s  n o t  r e q u i r e d ;  
( b )  t u r b i n e  c o s t s  are lower f o r  f l u i d s  having  molecd-ar  weights  g r e a t e r  t h a n  
1 atmosphere because  t h e  t k r b i n e  can b e  smaller. The working f l u i d  used i n  
t h e  Magmamax p r o c e s s  i s  i -butane .  A d e s i g n  e f f i c i e n c y  o f  1 2  p e r c e n t  w a s  
used which i s  somewhat c o n s e r v a t i v e  compared w i t h  t h e  12.24 p e r c e n t  g i v e n  
i n  T a b l e  6 .7 .  

Major advantages of  i lsing o r g a n i c  f l u i d s  

Turb ine  power from t h e  Magmamax power c y c l e  i s  used t o  d r i v e  a compres- 
s o r  which serves as t h e  b a s i s  of t h e  heat-pump c y c l e  i n  F i g u r e  6 . 4 .  S t e a m  
w a s  chosen a s  t h e  working f l u i d  f o r  t h e  heat-pump c y c l e ,  which i n c l u d e s  a 
v a p o r i z e r ,  t l n r o t t l e  v a l v e ,  and a condenser  which i n t e r f a c e s  w i t h  t h e  d r y i n g  
p r o c e s s  as t h e  a i r  h e a t  exchanger.  A s m a l l  p o r t i o n  of t h e  t o t a l  b r i n e  supply  
(about  5 p e r c e n t )  would b e  used t o  v a p o r i z e  t h e  steam ahead of t h e  compressor.  
Other  working f l u i d s  w e r e  n o t  e v a l u a t e d  s i n c e  t h e  i d e a l  c o e f f i c i e n t  of p e r -  
formance (COI?) f o r  steam (4.15) w a s  comparable t o  t h e  Carnot  COP of 4 .80 ,  f o r  
a compression r a t i o  of 1O:l. A p r e v i o u s  s t u d y  of heat-pump performance under 
comparable c o n d i t i o n s  concluded t h a t  steam was t h e  most e f f e c t i v e  working 
f l u i d  among a number of c a n d i d a t e  f l u i d s  e v a l u a t e d  t h a t  i n c l u d e d  n-hexane, 
i -pentane ,  n--octane,  and Freon R-113.25 

The a c t u a l  c o e f f i c i e n t  of performance f o r  t h e  heat-pump c y c l e  i n c l u d i n g  
system l o s s e s  i s  e s t i m a t e d  t o  b e  2.01, which r e s u l t s  i n  an  o v e r a l l  c y c l e  energy 
e f f i c i e n c y  of. s l i g h t l y  g r e a t e r  t h a n  8.0 p e r c e n t .  I f  p a r t  of t h e  energy  po- 
t e n t i a l l y  l o s t  i n  i n t e r c o o l i n g  between compressor s t z g e s  i s  recovered  by means 
of a d d i t i o n a l  h e a t  exchangers  i n  which d r y e r  a i r  i s  p r e h e a t e d ,  o v e r a l l  c y c l e  
e f f i c i e n c y  i n c r e a s e s  t o  9 .6  p e r c e n t .  The l a t t e r  f i g u r e  w a s  used f o r  s i z i n g  
purposes .  

T a b l e  6 . 8  p r e s e n t s  a summary of p r e l i m i n a r y  d e s i g n  d a t a  f o r  t h e  Magmamax 
heat-pump, geothermal-augmentation p r o c e s s .  B a s e l i n e  p r o d u c t i o n  ra te  is  6 . 0  
d r y  t o n s l h r .  B r i n e  a t  300°F would be used t o  provide  27.0 p e r c e n t  of t o t a l  
d r y e r  energy requi rements .  T o t a l  b r ine- f low ra te  i s  28,500 lb/min.  Equipment 
c o s t s  are: $1,500,000 f o r  t h e  b a s i c  Magmamax t u r b i n e  system ( i n s t a l l e d )  w i t h  
an a d d i t i o n a l  $1,530,000 e s t i m a t e d  f o r  t h e  heat-pump compressor ,  a i r  p r e h e a t e r  
( s team condenser)  and s t a g e - i n t e r c o o l i n g  h e a t  exchangers .  The compressor c o s t  
w a s  t h e  major a u x i l i a r y  c o s t  i t e m  w i t h  compressor power requi rements  e s t i m a t e d ,  
u s i n g  s t a n d a r d  d e s i g n  procedures ,  t o  b e  2026 hp.26 Magmamax c o s t  d a t a  w a s  es- 
t i m a t e d  f o r  Heber b r i n e  c o n d i t i o n s  from i n f o r m a t i o n  provided  by t h e  d e s i g n e r .  20 
t h e  b a s i s  used f o r  t h e  lfagmamax power system was on cne low s i d e  o f  t h e  
d e s i g n e r ' s  estimate,  which i n d i c a t e d  t h a t  t o t a l  i n s t a l l e d  c o s t  could b e  
g r e a t e r  by a s  much as 50 p e r c e n t . 2 0  

Case 3. Geothermal augmentat ion u s i n g  a h e a t  pump w i t h  geothermal  
steam as t h e  .working f l u i d  i n  t h e  Rankine power c y c l e :  Case 3 ,  d e p i c t e d  i n  
F i g u r e  6 . 5 ,  r e p r e s e n t s  t h e  f i r s t  o f  two d e s i g n  c a s e s  (evaluated (Cases 3 
and 4 )  i n  which i t  w a s  a t tempted  t o  reduce  heat-pump sys tem c o s t s  by replac- 
i n g  one o r  b o t h  of  t h e  b r i n e  h e a t  exchangers  ( i n  Case 2) by a s i m p l e  f l a s h  

- a i -  



T a b l e  6 .7  

EFFICIENCY PREDICTIONS FOR RANKINE CYCLE SYSTEM 
USING AN INTERMEDIATE ORGANIC WORKING FLUID 

(300OF BRINE) 2 4  

SECONDARY 
FLUID 

TURBINE INLET 
PRESSURE-P SIA 

NET CYCLE 
EFFICIENCY -%* 

1. n-butane 

2.  CHCIF2 

3. i-butane 

4 .  C2H3CIF2 

5 .  CC12F2 

6 .  C2CI2F4 

7 .  CCI2F2-C2H4F2 

8. p r o p y l e n e  

9 .  ammonia 

10.  p r o p a n e  

11. C2CIF5 

*NET CYCLE EFFICIENCY = 

500  

1,100 

600 

600  

700 

5 00 

900 

900  

850 

900  

900  

1 2 . 6 1  

12 .40  

12 .24  

1 2 . 1 8  

11.89 

1 1 . 6 3  

1 1 . 2 5  

10 .96  

1 0 . 6 2  

10 .47  

9 . 1 0  

GROSS POWER OUTPUT - CYCLE P W  POWER REQUIREMENTS i VAPORIZER DUTY 
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Table  6.8 

ISOBUTANE HEAT PUMP SYSTEM (CASE 2 )  
PRELIMINARY DESIGN SUMMARY 

Design c a p a c i t y 3  
A l f a l f a  "g reen  chop" 21.6 t .ons/hour 

(75% m o i s t u r e )  
A l f a l f a  "dehy" 6 .0 t:ons /hour  

(10% m o i s t u r e )  
Evaporo t ive  c a p a c i t y  ( a c t u a l )  31,200 p o m d s / h o u r  

:Energy i n p u t s  ( n e t )  
N a t u r a l  gas 
Brine 
F u e l  savings 27.0% 

41.8 m i l l i o n  B t u ' s  /hour  
15 .4  million B t u ' s  /hourb 

B r i n e  r e q u i r e m e n t s  
'Flow 
Energy (gross) 
'Temp e r a  t u  r e 

I n k  t 
Re tu rn  

Pres sure 
Inlet 
Return 

Dryer  a i r  flow r e q u i r e m e n t s  
Flow 
Tempera e u r e  

Exchanger i n l e t  
Exchanger o u t l e t  

( d r y e r  inlet) 

Exchanger i n l e t  
Exchanger o u t l e t  

Pre s su re 

28,500 pounds/minute 
237.6 m i l l i o n  B t u ' s / h o u r d  

300 O F  

205 "F 

100 p a i n  e 

20 psFo f 

2,042 pounds /minute  

70°F 
583°F 

1 5 . 1  ps ia  
14.7 p s i a g  

Equipment c o s t s  ( i n s t a l l e d )  $ 3 , 0 4 0 ,  OOOh 

D S e l e c t e d  d e s i g n  b a s i o  ( r e p r e s e n t a t i v e  o f  new c a p a c i t y }  I 
b Net h e a t  i n p u t  t o  d r y e r .  
c 
d R e f e r e n c e  t e m p e r a t u r e  i s  160°F (assumed minimum r e  t u r n  

O v e r a l l  c y c l e  e f f i c i e n c y  assumed t o  be  9.6%. 

tempera  h i r e ) .  

p r in l a ry  h e a t  e x c h d n g e r  a r e  15 t o  20 p s i a .  
e- 

f Koninn l  (ossumed) r e t u r n  p r e s s u r e .  

g 
c h a n g e r  o f  4 t o  10 i n .  w c .  

h Ccst e s t h a t e  f o r  i:a;;mrrzx po?c r r  c y c l e  components  f rom 
A n d e r s e n  A s s o c i a t e s  5 / 6 1 ?  I :  20 cDct c s ~ i n w t c s  f a r  
compresso r  and a i r  h e a t  elcc)-v ig-ro p r e p a r e d  f rom 
p r o c e s s  d a t a .  

E s t i m e  t e d  v a l u e  a s s u m i n g  p r e s s u r e  l o s s e s  t h r o u g h  

Based on assumed a i r  f l o w  r e s i s t a n c e  t h r o u g h  h e a t  ex -  
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system. P r e l i m i n a r y  e v a l u a t i o n  i n d i c a t e d  t h a t  br ine- f low requi rements  f o r  
Case 3 i n c r e a s e d  s u b s t a n t i a l 1 . y  compared t o  Case 2 ,  w h i l e  equipment c o s t s  
w e r e  probably n o t  s u b s t a n t i a l l y  improved. I n  s h o r t ,  t h i s  sys tem was n o t  
viewed a s  s u f f i c i e n t l y  promis ing  f o r  t h e  Heber b r i n e  c o n d i t i o n s  t o  j u s t i f y  
f u r  t h  e r  e v a l  u a t  i o n .  

Case 4. Geothermal augmentat ion u s i n g  a h e a t  pump w i t h  geothermal  
steam a s  t h e  working f l u i d  i n  an i n t e g r a t e d  Rankine power c y c l e l h e a t  pump 
system: I n  t h e  i n t e g r a t e d  heat-pump d e s i g n  shown i n  F i g u r e  6 . 6 ,  t h e  b r i n e  
h e a t  exchangers  a r e  r e p l a c e d  by two f l a s h  system:;. Pumping r e q u i r e m e n t s ,  
which are expec ted  t o  c o n t r i b u t e  a s i g n i f i c a n t  p o r t i o n  of  equipment c o s t s  
i n  Case 2 , 2 4  a r e  a l s o  s u b s t a n t i a l l y  reduced i n  t h i s  d e s i g n .  T h i s  i s  b a s i -  
c a l l y  t h e  geothermal  heat-pump p r o c e s s  proposed by Jenaen  and Nei1,25 i n  
which steam from t h e  f i r s t  f l a s h  i s  used i n  t h e  heat-pump c y c l e  t o  h e a t  t h  
p r o c e s s  a i r .  !;team from a second f l a s h  system i s  expanded through a t u r b i n e  
(Rankine,  o r  power c y c l e )  and t u r b i n e  power i s  used t o  d r i v e  t h e  compressor.  
Although t h e  b a s i c  thermodynamic l i m i t a t i o n s  of t h e  s i m p l i f i e d  heat-pump sys-  
t e m  are  e s s e n t i a l l y  t h e  same a s  f o r  Case 2 ,  and o v e r a l l  expec ted  c y c l e  e f f i -  
c i e n c i e s  are comparable,  t h e  use of t h e  f l a s h  v e s s e l s  r e s u l t s  i n  c o n s i d e r a b l y  
s i m p l i f i e d  equipment requi rements .  I n  a d d i t i o n ,  s i n c e  t h e  t o t a l  steam e n t h a l p y  
i s  u t i l i z e d ,  s - l i g h t l y  reduced br ine- f low requi rements  are  p o s s i b l e  compared t o  
Case 2 ,  even though o n l y  t h e  vapor p o r t i o n  of t h e  b r i n e  i s  used d i r e c t l y .  

Table  6 .9  p r e s e n t s  a summary of p r e l i m i n a r y  d e s i g n  r e s u l t s  f o r  t h e  
s i m p l i f i e d  hearc-pump d e s i g n  based on t h e  Heber geothermal  r e s o u r c e  (Case 4 ) .  
Brine-flow requirement  f o r  a d r y e r  c a p a c i t y  of 6 . 0  d r y  t o n s l h r  and 75 p e r c e n t  
i n i t i a l  m o i s t u r e  i s  26,892 lb /min ,  which i s  5 .6  p e r c e n t  less  than  f o r  Case 2 .  
Brine-f low rates are c o n s i d e r a b l y  h i g h e r  t h a n  esl:imated by Jensen  and N e i l  
f o r  e i t h e r  of t h e  two c a s e s  ana lyzed  i n  t h e i r  r e c e n t  s tudy .25  
c o s t s  f o r  t h i s  d e s i g n  case a r e  e s t i m a t e d  t o  be approximate ly  $2,340,000 ( i n -  
s t a l l e d ) .  The i n s t a l l e d - c o s t  estimate w a s  b a s e d  on t h e  Magmamax system c o s t s  
w i t h  ad jus tment  f o r  h e a t  exchangers  and i s o b u t a n e  pump:; n o t  r e q u i r e d  i n  t h i s  
des ign .  The c o s t  of t h e  r e q u i r e d  f l a s h  v e s s e l s  (en t ra inment  s e p a r a t o r s )  w a s  
e s t i m a t e d  u s i n g  s tandard  d e s i g n  procedures .26  
a d d i t i o n a l  c o s t s  f o r  t h e  e n t r a i n m e n t  s e p a r a t o r s  were determined t o  be r a t h e r  
minimal by comparison w i t h  p r e d i c t e d  c o s t s  f o r  h e a t - t r a n s f e r  equipment;  t h e  
e s t i m a t e d  tota .1  i n s t a l l e d  c o s t s  f o r  b o t h  s e p a r a t o r s  a t  t h e  vapor  f lows  involved  
would b e  on t h e  o r d e r  of $50,000. The i n s t a l l e d  c o s t  estimate shown i n  Table  6 .9  
i s  s i g n i f i c a n t l y  h i g h e r ,  by a t  least  a f a c t o r  of  3 ,  t h a n  J e n s e n  and N e i l ' s  es- 
timate of  $224/kw,25 a l though i t  i s  n o t  clear whether  t h e s e  a u t h o r s '  estimate 
i n c l u d e d  i n s t a . L l a t i o n  and r e l a t e d  c o s t s .  

T o t a l  equipment 

A:; p r e d i c t e d  by  J e n s e n  and N e i l ,  

Case 5.  Geothermal augmentat ion u s i n g  a r o t a r y  steam-tube p r e d r y e r :  
Design Case 5 w a s  chosen t o  i n v e s t i g a t e  t h e  f e a s i b i 1 i t . y  of  u s i n g  t h e  t o t a l  
geothermal b r i n e  f low i n  a steam-tube d r y e r  of  c o n v e n t i o n a l  d e s i g n  t o  
p a r t i a l l y  dehydra te  t h e  a l f a l f a  ahead o f  t h e  c o n v e n t i o n a l  d r y e r ,  as d e p i c t e d  
i n  F i g u r e  6.7.  
o f  a t  l e a s t  50 p e r c e n t  of t h e  m o i s t u r e  (75 p e r c e n t  m o i s t u r e  b a s i s ) ,  s i n c e  
t h i s  i s  e s s e n t i a l l y  what i s  done i n  windrow d r y i n g  a l f a l f a  i n  t h e  f i e l d  as 
an energy c o n s e r v a t i o n  measure.  

T h i s  t e c h n i q u e  would b e  t e c h n i c a l l y  f e a s i b l e  f o r  removal 

27 
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Compressor 

Superheater 
Steam 
Turbine 

Flash 9 t E:"' 
Non-Condenrible 
Gases 

77 
Brine Supply Reinject ion 

Area 

1 Direct Contact 
Condenser 

to 
Reinjection - - 

Condensate 

C .W.  Pump 

F i g u r e  6 . 6 .  Case 4 :  Geothermal Augmentation wi th  Heat Pump: 
Steam-Driven Turb ine  and  Steam Heat Pump 



Tab le  6 .9  

SIMPLIFIED HEAT PUMP (CASE 4 )  PRELIMINARY DESIGN SUMMARY 

Design c a p a c i t y a  
Al fa  Zfa "green  chop" 21.6 t o n s / h o u r  

(75% m o i s t u r e )  
A 1 fa  1 f a  I '  deh y" 6 . 0  t o n s  /hour  

(10% m o i s t u r e )  
Energy i n p u t s  ( n e t )  

N a t u r a l  g a s  43 .35  m i l l i o n  B t u ' s / h o u r  
B r i n e  13.85 m i l l i o n  B tu ' s /hour  
Fuel  sav ings  24.27) 

B r i n e  re qu i r e  men t s 
Flow 
Energy (g ross )  
Temperature  

I n l e t  
Re tu rn  

P r e s  sure 
I n l e t  
Return 

A i r  f l ow requ i r emen t s  
Flow 
Temperature  

Exchanger i n l e t  
Exchanger o u t l e t  

Exchanger inlet 
Exchanger  o u t l e t  

P r e s  sure  

2 6 , 8 9 2  pounds/minutec 
228.6 m i l l i o n  B t u ' s / h o u r  

300'F 
160"Fd 

80-85 p s i a e  
20 p s i a f  

2003  pounds/minute  

70"Fg 
53LbFf 

15.1 p s i a  

14.7 p s i a  

Equipment c o s t s  ( i n s t a l l e d )  $2 ,340 ,  OOOh 

S e l e c t e d  d e s i g n  b a s i s  c o n s i d e r e d  r e p r e s e n t a t i v e  of  t y p i c a l  
copac i  t y a d d i t i o n .  

M a x i m u m  energy  s a v i n g 3  deterni ined from t h e  assumpt ion  t h a t  
d r y e r  a i r  i s  used f o r  i n t e r s t a g e  compressor  c o o l i n g .  25 

Determined from a n  o v e r a l l  c y c l e  e f f i c i e n c y  o f  8.007. 
Reference  tcmpera tu , re  i s  160°F (assumed minimum r e t u r n  tem- 

Assuming p r e s s u r e  losses  through h e a t  exchanger  ( b r i n e  s i d e )  

Nominal r e t u r n  pre..:. c sure .  
Assuming no i n t e r c o o l i n g  i s  r e q u i r e d  between compressor  

E s t i m a t e  based  on i n s t a l l e d  c o a t s  f o r  Ef~~grnnn~ix s y s t e m ,  

p e r a t u r e ) .  18 

of 10.0 psis .  

s t a g e s .  

-8  l -  
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I 

I 

I f  t h e  a l f a l f a  were dehydra ted  i n  t h e  predry-er t.o perhaps  60 t o  65 per-  
c e n t  t o t a l  m o i s t u r e  c o n t e n t ,  and d r y i n g  completed i n  a g a s - f i r e d ,  conven- 
t i o n a l  r o t a r y  d r y e r ,  t h e n  e x p e r i e n c e  w i t h  d r y i n g  " f i e l d  w i l t "  a l f a l f a  (60 
t o  65 p e r c e n t  m o i s t u r e )  i n d i c a t e s  t h a t  an energy s a v i n g s  o f  from 39.6 t o  45.9 
p e r c e n t  could  b e  r e a l i z e d .  The d r y i n g  of  f i e l d - w i l t e d ,  o r  low-moisture,  
a l f a l f a  r e q u i r e s  an  ad jus tment  of  d r y e r  condi t i .ons and n e t  energy  s a v i n g s  may 
be less t h a n  t h e o r e t i c a l .  
f i e l d - w i l t e d  a l f a l f a  c o n s t i t u t e s  as much a s  60 p e r c e n t  of  t o t a l  p r o d u c t i o n  
y i e l d .  

I:n some p a r t s  of t h e  c o u n t r y ,  d r y i n g  of  low-moisture ,  

The steam-tube r o t a r y  d r y e r  i s  used i n  a p p l i c a t i o n s  i n  which t h e  product  
is  h e a t  sens i t ive .  A g r i c u l t u r a l  a p p l i c a t i o n s  i n c l u d e  t h e  d r y i n g  of b r e w e r ' s  
g r a i n s . 2 , 1 0  
the e f f i c i e n c y  range  i s  e s t i m a t e d  t o  b e  75 t o  90 p e r c e n t , l S  compared w i t h  a n  
a v e r a g e  e f f i c i e n c y  f o r  d i r e c t - f i r e d  r o t a r y  d r y e r s  use13 i n  a l f a l f a  d e h y d r a t i o n  
of about  60 p e r c e n t .  Steam-tube r o t a r y  d r y e r s  r e p o r t e d l y  are  r e a d i l y  a v a i l a b l e  
i n  c o r r o s i o n - r e s i s t a n t  m a t e r i a l s . 1 2  S i n c e  t h e  t o t a l  s r i n e  f low can b e  used 
i n  t h i s  d r y i n g  sys tem,  b r i n e  u s e  w i l l  b e  minimal.  T h i s  concept  seems w e l l -  
s u i t e d  t o  low-temperature geothermal  r e s o u r c e s .  

Steam-tube d r y e r s  have a v e r y  h i g h  thermal  eff ic iency;12,1G 

A summary of p r e l i m i n a r y  d e s i g n  d a t a  f o r  Case 5 is p r e s e n t e d  i n  T a b l e  6 .10.  
Use of t h e  p r e d r y e r  w i l l  a l l o w  t h e  i n c r e a s e  of main d r y e r  c a p a c i t y  by about  
15 t o  20 p e r c e n t ;  however, f o r  purposes  o f  p r e l i m i n a r y  d e s i g n ,  t h e  same pro- 
d u c t i o n  ra te  w a s  used as f o r  t h e  o t h e r  d e s i g n  cases--6.0 t o n s / h r  of  dry  
p r o d u c t ,  75 p e r c e n t  i n i t i a l  m o i s t u r e  c o n t e n t ,  .4 minimum n a t u r a l  gas  s a v i n g s  
of  33.4 p e r c e n t  is e s t i m a t e d  f o r  Case 5 .  B r i n e  f low is s i g n i f i c a n t l y  less 
t h a n  f o r  Cases 2 and 4. Equipment c o s t s ,  determined from Reference  1 6 ,  are 
$320,000 f o r  t h e  r o t a r y  d r y e r ,  based  on 304 SS b e l i e v e d  n e c e s s a r y  f o r  t h e  
Heber b r i n e  ( i n s t a l l e d  c o s t ) .  A d d i t i o n a l  mater : ia ls-handl ing equipment i s  
n e c e s s a r y  w i t h  t h i s  d e s i g n  o p t i o n ;  c o s t s  f o r  t h i s  eqw-pment i n c l u d i n g  in- feed  
conveyor,  f e e d e r ,  and l i f t  apron are e s t i m a t e d  t o  b e  about  $51,400 (equipment 
o n l y )  .IO 

Case 6. Low Temperature " T o t a l  Geothermal" Drying S y s t e m :  Case 6 in-  
vo lSes  t h e  u s e  of a low-temperature conveyor d r y e r  u s i n g  onl:, geothermal  energy 
f o r  h e a t .  The d r y e r  d e p i c t e d  i n  F i g u r e  6 . 8  i s  lone of t h e  many conveyor d r y e r  
d e s i g n s  commercially a v a i l a b l e ;  o p e r a t i o n  may b e  e i t h e r  co- o r  c o u n t e r c u r r e n t ,  
and t h e  b e l t  o r  conveyor may make one o r  multip1.e p a s s e s  through t h e  h e a t e d  
chamber. 
low-temperature geothermal  r e s o u r c e s ;  one manufac turer  e s t i m a t e d  t h a t  approxi-  
mately 80 p e r c e n t  of  a l l  d r y i n g  a p p l i c a t i o n s  u s e  a i r  tempera tures  r a n g i n g  
from 250 t o  300"F.g 
b e  comparable t o  t h a t  of a d i r e c t - f i r e d  r o t a r y  d r y e r  ( a b o u t  60 p e r c e n t )  when 
gas  r e c i r c u l a t i o n  is  p r a c t i c e d ,  i . e . ,  t h e r e  does n o t  appear  t o  b e  any funda- 
menta l  r e a s o n  why a lower d r y i n g  tempera ture  shcluld r e s u l t  i n  a lower e f f i -  
c iency .8  
c o n v e n t i o n a l  a l f a l f a  dryers--about 30 t o  45 min compared t o  3 t o  5 rnin i n  
a c o n v e n t i o n a l  d r y e r .  

The conveyor d r y e r  d e s i g n  i s  i n h e r e n t l y  wel l . -sui ted f o r  u s e  w i t h  

The e f f i c i e n c y  of a low-temperature conveyor d r y e r  can 

Longer r e s i d e n c e  ti-mes are  r e q u i r e d  f o r  t h i s  d e s i g n  t h a n  f o r  
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T a b l e  6.10 

ROTARY PREDRYER (CASE 5) PRELIMINARY DESIGN SUMMARY 

Design c a p a c i  tya 
A l f a l f a  "green  chop" 

(75% m o i s t u r e )  
A1 f a  1 f a  I 'wi  1 t" 

(60% m o i s t u r e )  
A 1 f a  1 f a  de  h y" 

(10% m o i s t u r e )  
Energy i n p u t  ( n e t )  

N a t u r a l  g a s  
Brine (300'F) 
Fuel savings 

B r i n e  r c q u i r e m e n t s  
Flow 
Energy ( g r o s s )  
Temperature  

' I n l e t  
Return  

P r e s s u r e  
I n l e t  
Return  

21.6 tonslhour 

13.5  tonslhour 

6.0 tonslhour b 

C 38.1 million Btu's/hour d 
23.5 million Btu' s/hour 
33.4% 

2,792 pounds/minute 
23.5 million B tu's /houre 

300'F 
16O0Fe 

f 100-110 p s i a  
20 p s i a  € 

a 

b 

C 

d 

e 
f 

g 

Equipment c o s t s  ( i n s t a l l e d )  $320, OOOg 

S e l e c t e d  d e s i g n  b a s i s  c o n s i d e r e d  r e p r e s e n t a t i v e  of t y p i c a l  
c a p a c i t y  a d d i t i o n .  

t o  r e s u l t  from p r e w i l t i n g ;  l i m i t e d  d a t a  i n d i c a t e s  a p p r o x i -  
mate ly  15% i n c r e a s e  may be f e a s i b l e .  

No i n c r e a s e  i n  c a p a c i t y  of d i r e c t - f i r e d  d r y e r  was assumed 

F u e l  used by d i r e c t - f i r e d  d r y e r .  
Heat  r e q u i r e d  by s team-tube d r y e r  based on a n  assumed thermal  

e f f i c i e n c y  of 75%. 
Based on a n  assumed minimum t e m p e r a t u r e  r e t u r n  of 160'F. 
E s t i m a t e d  from a n  assumed t o t a l  system p r e s s u r e  drop of 
24 Dsia .  . _  

E s t i m a t e d  assuming 304 SS tubes;" additional equipment 
for m a t e r i a l s  h a n d l i n g  e s t i m a t e d  t o  c o s t  $51,400 (FOB). 
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Conveyor d r y e r s  were used p r e v i o u s l y  i n  t h i s  c o u n t r y  f o r  a l f a l f a  dehy- 
d r a t i o n . 8  
e a r l i e r  d e s i g n s  were of r e l a t i v e l y  s m a l l  c a p a c i t y .  Opera t ing  and maintenance 
c o s t s  may a l s o  have been a f a c t o r .  

The reason  f o r  t h e  demise o f  t h i s  sys tem i s  n o t  c lear ,  a l though 

The t e c h n i c a l  f e a s i b i l i t y  of t h e  concept  of u s i n g  geothermal  f l u i d s  
f o r  a l f a l f a  d e h y d r a t i o n  h a s  been demonstrated i n  a commercial f a c i l i t y  
n e a r  t h e  Broadlands f i e l d  i n  New Zealand. T h i s  i s  a r e l a t i v e l y  s m a l l -  
c a p a c i t y  p l a n t  w i t h  a t o t a l  c a p a c i t y  o f  1 . 0  dry  t o n s / h r .  The geothermal  
f l u i d  (steam a t  350°F and 150 p s i )  i s  used t o  h e a t  t h e  d r y e r  a i r  (42,000 
t o  50,000 acfm) t o  200 t o  290°F i n  a c o i l  h e a t  exchanger .  (See d e t a i l e d  
d e s c r i p t i o n  a t  t h e  end of  t h i s  c h a p t e r . )  

There are some t e c h n i c a l  problems i n  a d a p t i n g  t h e  Broadlands concept  
t o  l a r g e - s c a l e  d e h y d r a t i o n  u s i n g  l iqu id-dominated ,  low-temperature geothermal  
r e s o u r c e s .  Although t h e  f l u i d  phase  is n o t  a d i r e c t  f a c t o r ,  geothermal  
b r i n e s  a t  Heber KGRA and e l s e w h e r e  t e n d  t o  b e  more c o r r o s i v e  t h a n  dry steam, 
s o  that  a t t e n t i o n  must b e  g iven  t o  materials of c o n s t r u c t i o n .  Heber b r i n e  
c o n d i t i o n s  are less severe t h a n  most l o c a t i o n s  w i t h i n  t h e  I m p e r i a l  Val ley :  
f o r  low p r e s s u r e  a p p l i c a t i o n s ,  t y p e  304 s t a i n l e s s  s t ee l  w i l l  p robably  b e  
a c c e p t a b l e  i f  d e s i g n  p r o v i s i o n s  a r e  made f o r  p e r i o d i c  equipment c l e a n i n g  
t o  remove scale,  and f l u i d  v e l o c i t i e s  are c a r e f u l l y  c o n t r o l l e d .  Depending 
on d e s i g n ,  t i t a n i u m  o r  t i t a n i u m  a l l o y  may b e  r e q u i r e d  f o r  some a p p l i c a t i o n s .  
Heat-exchanger s i z e  requi rements  w i l l  a l s o  i n c r e a s e  f o r  t h e  lower- temperature  
r e s o u r c e .  For a d e c r e a s e  i n  f l u i d  tempera ture  from 350 t o  300"F, an  i n c r e a s e  
i n  h e a t - t r a n s f e r  s u r f a c e  of  about  70 p e r c e n t  i s  r e q u i r e d ,  assuming c o n s t a n t  
i n l e t - a i r ,  d r y e r - a i r ,  and b r i n e - r e t u r n  t e m p e r a t u r e s .  Large-sca le  conveyor 
d r y e r s  are r e a d i l y  a v a i l a b l e  from a t  l eas t  one major  equipment s u p p l i e r  i n  
t h i s  c o u n t r y .  The manufac turer  ( P r o c t e r  & Schwartz) e s t i m a t e d  t h a t  develop- 
ment c o s t s  t o  de te rmine  t h e  optimum s i z e  r e d u c t i o n  and conveyor depth  would 
add perhaps  $15,000 t o  t h e  t o t a l  c o s t  of t h e  low-temperature  d r y e r .  

A p r e l i m i n a r y  d e s i g n  summary is  p r e s e n t e d  i n  Table  6 . 1 1 .  For t h e  base-  
l i n e  d e s i g n  c a p a c i t y  o f  6.0 t o n s  of dry  p r o d u c t  p e r  h o u r ,  approximate ly  
64.8 m i l l i o n  B t u ' s l h r  would b e  r e q u i r e d ,  b a s e d  on t h e  m a n u f a c t u r e r ' s  estimate 
of 2000 B t u ' s / l b  of water e v a p o r a t e d .  (This  e f f i c i e n c y  [57.2 p e r c e n t ]  i s  only 
s l i g h t l y  lower t h a n  f o r  t h e  r o t a r y  d r y e r  f i r e d  w i t h  n a t u r a l  g a s . )  
would comprise  two s e p a r a t e  u n i t s  o p e r a t e d  i n  p a r a l l e l .  
ra te  of 8 . 1  t o n s / h r  (H20), and based  on a geothermal - f lu id  t e m p e r a t u r e  o f  
250 t o  300"F, t h e  e s t i m a t e d  s i z e  of each d r y e r  would b e  1100 f t 2  of  d r y i n g  
area, r e q u i r i n g  a l e n g t h  o f  98  f t  and a w i d t h  of 1 2  f t . 1 7  A d r y e r  t h i s  s i z e  
i s  commercially a v a i l a b l e  as P r o c t e r  Conveyor D r y e r  Model SCF ( P r o c t o r  & 
Schwartz ,  I n c .  , P h i l a d e l p h i a ,  ? A ) .  B r i n e  and a i r - f l o w  requi rements  were 
based on a d r y e r - r e c i r c u l a t i o n  ra te  of  60 p e r c e n t ,  which would y i e l d  a d i s -  
charge t e m p e r a t u r e  of  160 t o  170"F.g 
f o r  h i g h  d r y i n g  e f f i c i e n c y .  
f i n - t u b e  d e s i g n  w i t h  s i x  s e p a r a t e  u n i t s  connected i n  p a r a l l e l  f low p a t h s  of 
t h r e e  exchangers  each .  
30 f t  i n  l e n g t h .  
t u r e ,  and c o n d i t i o n s  shown i n  Table  6 . 1 1  would b e  approximate ly  418,GOO f t 2 .  

The d r y e r  
For  a n  e v a p o r a t i o n  

Dryer-air r e c i r c u l a t i o n  i s  r e q u i r e d  
P r e l i m i n a r y  h e a t  exchanger  d e s i g n  i s  based on a 

Each u n i t  would c o n s i s t  of a bank of l - i n c h  t u b e s  
T o t a l  e x t e r n a l  s u r f a c e  f o r  a 300°F b r i n e ,  280°F a i r  tempera- 
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Table  6 . 1 1  

LOW-TEMPERATURE DRYER SYSTM (CASE 6 )  PRELLYINARY DESIGN SUMMARY 

Design c a p a c i t y  
A 1  f a 1 f a  "g reen  choptt  

A 1 fa  1 f a  ' I  dehy" 

A c t u a l  Evaporn  t i v e  
Capac i ty  (H20) 

H ea t r e  q u  i re  men t s 

(75% m o i s t u r e )  

(LO% moi s Lure) 

Br ine  r equ i r emen t s  
Flow 
Gross energy  i n p u t  
Tempera t u  re 

I n l e t  
Return  

P r e s s u r e  
I n l e t  
Re tu rn  

Air f l o w  r equ i r emen t s  
Flow 
Temperature  

Exchanger i n l e t  
Dryer  i n l e t  
Dryer o u t l e t  

Exchanger i n l e t  

Dryer o u t l e t  

P r e s  s u r e  

Drye r  i n l e t  

Cos t  ( i n s t a l l e d )  

2 I. 6 t ons  /houra 

5.0 tons /houra  

31,200 pounds/hou 

b 6 4 . 8  m i l l i o n  B t u ' s / h o u r  

7 ,714 pounds/minute 
6 4 . 8  m i l l i o n  B tu ' s /hour  C 

300°F 
160°F 

d 100-110 p s i a  
20 p s i a  d 

20,040 pcunds/minute  b 

70°F 
280°F 
160 O F  

1 5 . 1  p s i a e  
14.8 p s i a  

14.7 p s i 2  

f $1,650,000 

a 

b 

C 

d 

e 

f 

S e l e c t e d  d e s i g n  b a s i s  cons ide red  r e l j r e sen ta  t i v e  
of new c a p a c i t y  a d d i t i o n  i n  t h e  a l f a l f a  de- 
hydra t i o n  i n d u s t r y .  

Determined from m n u f a c t u r e r ' s  estimate f o r  280°F 
drye? a i r ,  GOX r e c i r c u l a t i o n ,  1bO"I: d i s c h a r g e  
t emp e r a t 11 re 

Bnscd on r e f e r e n c e  tcrnpcrature  of 160°F (minimum 
r e t u r n  t e m p e r a t u r e ) .  

Based on vendor  e s t i m a t e  of 24 p s i g  p r e s s u r e  drop 
t h r nu gh p r i CLI r y h e a t e :r c 1x1 11 g c r . 
nominal r c t u r n  prrcsqtLrc. 

exchanger p l u s  estiniateci  7 i n  \JC hP througll  t i r - y t r .  

1 7  

'm n t y p s I 3 

Based on vendor  e s t i m a t e  of 2 i n  k.C A ?  tI~rotig:\~ h e a t  

Cost c s t i m n t e  f o r  t y l b e  3 d 4  s s  1ic . i~  c x c i i a n g e r .  
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The mult iple-exchanger  c o n f i g u r a t i o n  was b e l i e v e d  n e c e s s a r y  i n  o r d e r  t o  a l l o w  
f o r  i n d i v i d u a l  u n i t s  t o  b e  t a k e n  o f f  l i n e ,  as n e c e s s a r y ,  f o r  c l e a n i n g .  The 
maximum ra te  of h a r d  ( s i l i c a )  scale accumula t ion  i n  t h e  I m p e r i a l  V a l l e y  i s  
approximate ly  one-eighth i n c h l y e a r .  19 
IIeber i s  less t h a n  a v e r a g e  f o r  t h e  I m p e r i a l  V a l l e y  b r i n e s ,  f r e q u e n t  c l e a n i n g  
should  n o t  b e  r e q u i r e d .  

S i n c e  t h e  s o l i d s  c o n c e n t r a t i o n  a t  

A p r e l i m i n a r y  estimate of  t h e  c o s t  of r e t r o f i t t i n g  a d e h y d r a t i n g  p l a n t  
w i t h  a 6- tonsIhr  geothermal  conveyor d r y e r  i s  about  $1.65 m i l l i o n .  
f i g u r e  i n c l u d e s  $ 4 7 4 , 8 3 0 ,  t h e  m a n u f a c t u r e r s  FOB q u o t e ,  f o r  two P r o c t o r  Model 
SCF d r y e r s  w i t h  a i r  r e c i r c u l a t i o n ;  a l i k e  amount f o r  d r y e r  i n s t a l l a t i o n ;  an  
e s t i m a t e d  $ 3 4 8 , 0 0 0  f o r  t h e  h e a t  exchangers ;  and t h e  same amount f o r  h e a t -  
exchanger  i n s t a l l a t i o n .  I n s t a l l a t i o n  c o s t s  should  b e  regarded  as rough 
estimates. A lower  c a p i t a l  c o s t ,  about  $1.3 m i l l i o n ,  would r e s u l t  i f  d r y e r s  
w i t h o u t  a i r  r e c i r c u l a t i o n  were s u b s t i t u t e d .  However, a l a r g e r  b r i n e  flow 
would b e  r e q u i r e d  i n  t h i s  case; t h e  l a r g e r  b r i n e  f low appears  t o  b e  less 
c o s t  e f f e c t i v e  t h a n  t h e  h i g h e r  i n i t i a l  e x p e n d i t u r e  f o r  d r y e r s  w i t h  a i r  
r e c i r c u l a t i o n .  

T h i s  

Impact o f  Proposed Designs on P l a n t  Economics 

The approach t a k e n  i n  t h e  p r e l i m i n a r y  economic s c r e e n i n g  of proposed 
d e s i g n  cases w a s  t o  de te rmine  t h e  a d d i t i o n a l  c o s t s  r e q u i r e d  f o r  r e t r o f i t t i n g  
an  e x i s t i n g  p l a n t  t o  use t h e  geothermal  r e s o u r c e .  Cost f a c t o r s  c o n s i d e r e d  
i n c l u d e d  equipment c o s t s ,  b r i n e  c o s t s ,  and o t h e r  energy requi rements  as w e l l  
as t h e  a d d i t i o n a l  manpower r e q u i r e d  f o r  a f a c i l i t y  o p e r a t o r  t o  use 300°F 
geothermal  b r i n e  t o  f u r n i s h  p a r t  o r  a l l  of h i s  energy requi rements .  R e s u l t s  
o f  t h i s  a n a l y s i s  are summarized i n  Table  6.12 and are  d i s c u s s e d  b r i e f l y  i n  
t h i s  s e c t i o n .  A n a l y t i c a l  methods used h e r e  are i n t e n d e d  p r i m a r i l y  as a 
f i r s t  s c r e e n i n g  t o o l  t o  d i f f e r e n t i a t e  between a l t e r n a t i v e  d e s i g n s .  More 
d e t a i l e d  economic a n a l y s i s ,  i n c l u d i n g  a r e s o u r c e  d e s c r i p t i o n  and p r o d u c t i o n  
c o s t  breakdown s p e c i f i c  t o  t h e  Heber s i t e  w i l l  b e  p r e s e n t e d  i n  Chapter  9 .  

The p r e l i m i n a r y  a n a l y s i s  w a s  based on t h e  f o l l o w i n g  assumpt ions :  

- P r o d u c t i o n  c a p a c i t y  w a s  assumed t o  b e  6 . 0  d r y  t o n s l h r ,  based 
on 75 p e r c e n t  i n i t i a l  m o i s t u r e ,  and o t h e r  c o n d i t i o n s  as 
s p e c i f i e d  earlier.  Corresponding t o  t h i s  d r y e r  c a p a c i t y ,  
a n n u a l  c a p a c i t y  is  approximate ly  16,000 t o n s  based on pro- 
d u c t i o n  s t a t i s t i c s  compiled by t h e  American Dehydrat ions Asso- 
~ i a t i o n . ~  
a l f a l f a  i s  c o n s i d e r a b l y  l o n g e r  t h a n  t h e  n a t i o n a l  a v e r a g e ,  so 
f o r  t h e  purposes  of  p r e l i m i n a r y  economic e v a l u a t i o n ,  t h e  
s e l e c t e d  a n n u a l  p r o d u c t i o n  b a s i s  w a s  32,000 t o n s  (60 p e r c e n t  
c a p a c i t y ) .  

I n  t h e  I m p e r i a l  V a l l e y ,  t h e  growing season  f o r  

- The p r e - r e t r o f , i t  f u e l  w a s  assumed t o  b e  n a t u r a l  gas .  Energy 
c o s t  w a s  assumed t o  b e  $1 .50/mi l l ion  B t u ' s  ($1.50 p e r  thousand 
s c f ) .  
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T a b l e  6.12 

PRELIMINARY ECONOMIC ANALYSIS OF DESIGN CASES 1 THROUGH 6 

I 
W 
UI 
I 

Case 1 
Simple 

Design d e s c r i p t i o n  A i r  P r e h e a t e r  

Case 2 
Magainax/ 
Hea t-Pump 

A i r  P r e h e a t r r  

Case 4 
Flashed-Steam 

Case 3 Heat -Pump Case 5 
Flashed-Steam A i r  P r e h e a t e r  Steam-Tube 

Heat-Pump ( i n t e g r a t e d  Rankine, Rotary 
A i r  P r e h e a t e r  heat-pump c y c l e s )  P r e d r y e r  

Case 6 
Conveyor Dryer 

1:ossil energy r ed i i c t ion  11.5% 

Addit ioiw 1 invet ;  tiiient 
( Jd n i l  d r y  1 9 7 7 ) 

$212,000 

Opera t ing  c o s t s  (annual  b a s i s )  

B r i n e  (300'F) a t  $2.5O/ni i l l ion B t u ' s  $88,000 

N a t u r a l  Cas a r  $ l . S U / m i l l i o n  B tu ' s  
E l e c t r i c i t y  a t  $0.02/L.wh 1,900 

E l c c c r i c i t y  a t  $ 0 . 0 2 / h r h  0 
(52,ti00)b 

Maintenance 6 ,  OOOh 
S u p e r v i s i o n  (7% maintenance)  400 
Taxes,  i n s u r a n c e ,  G&A (4% i n v . )  8 ,500 

l ' o t d l  a d d i t i o n a l  o p e r a t i n g  c o s t s  $52,000 

Cap i t31  r2cove ry  f a c t o r  (0.1315) '  27,900 

i ' oca i  a d d i r i o n a i  annuai cv5Cs $79, 9oc 

A d d i t i o n a l  c o s t  per  t o n  p roduc t f  $2.50 

27.0% 

$3,040,000 

$3,168,000 
12,000 

(123,300)b 
0 

35,900 
2,500 

121,600 

$3,216,700 

399,760 

N.D."  

EliminaLed on  r h e  b a s i s  of  p r e l i m i n a r y  t e c h n i c a l  f e a s i b i l i t y  a n a l y s i s .  
Cost  s a v i n g s  r e s u l t i n g  from d e c r e a s e  i n  f o s s i l  energy COilSllmptlOn. 
Based on  an assumed 15-year l oan  a t  10% i n u r e s t .  
Est imated Croin i n f o r m a t i o n  given i n  C h i l t o n .  

e Heat-cxchanger maintenance-cost  e s t i m a t e  i n c l u d e s  $17,700 f o r  c l e a n i n g  tubes  p l u s  
lX of H . E .  c a p i t a l  c o s t  ($348,000) f o r  a t o t a l  of  $ ? l , l S O ;  d r y e r  maintenance 
e s t i i n s t ad  a t  5% u f  d r y e r  c a p i t a l  c o s t  ($475,000) ,  o r  $23,750.  

32,000 t o n s l y r  assunied. 
Cost s a v i n g s  r e s u l t i n g  from d e c r e a s e  i n  e l e c t r i c i t y  consumption. assuming 20 ! a h i t o n  

1k ice -a -yea r  c l e a n i n g  of heat-exchanger  tubes .  
i s  r e q u i r e d  t o  r u n  rotary-drum mators .  

24.2% 33.4% 

$2,340,000 $320,000 

$3,048,000 $313,300 
15,300 51.500 

(110,800) (le8,ooo) 
0 0 

23,400 32.000 
1 ,600  2,200 

93,600 12,800 

$3,07i,OOO $223,800 

307,710 42,080 

$3.378.810 $265.880 

$105.59 $8.31 

100% 

$1,650,000 

$864.000 110 400d 

(457: 600) 
(1?,800&g 

50,000 
3.500 

66,000 

C ' 1 9  c n n  
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217,000 

$840,500 

$26.27 



- B r i n e  c o s t  a t  t h e  p l a n t  b a t t e r y  l i m i t  w a s  assumed t o  be 
$ 2 . 5 0 / m i l l i o n  B t u ' s .  Br ine  c o s t  w a s  c o n s i d e r e d  t o  b e  inde-  
pendent of t h e  ra te  of u s e .  B r i n e  p r o p e r t i e s  were assumed 
t o  be t h o s e  g iven  i n  Table  9 .2 ,  except  w i t h  a c o n s t a n t  t e m -  
p e r a t u r e  of 300°F; no economic c r e d i t  w a s  t aken  f o r  t h e  
unused energy between 205' and 160" i n  Case 2. 

- E l e c t r i c a l  energy  requi rement  f o r  blowers  and a u x i l i a r i e s  
was e s t i m a t e d  from t h e  maximum expec ted  v o l u m e t r i c  f l o w  ra tes  
and p r e s s u r e  d r o p s  u s i n g  s t a n d a r d  d e s i g n  methods. Power re- 
quirement  f o r  d r y i n g  equipment w a s  e s t i m a t e d  from a method 
g iven  i n  Reference  16 f o r  equipment of t h i s  t y p e .  

- Maintenance c o s t s  f o r  h e a t  exchangers  and a u x i l i a r i e s  were 
e s t i m a t e d  t o  b e  1 p e r c e n t  of inves tment  c o s t 2 8  p l u s  l a b o r  
f o r  p h y s i c a l l y  c l e a n i n g  t h e  t u b e s  two t i m e s  a y e a r .  Clean- 
i n g  c o s t s  were based on a rate of 6 t u b e s / h r  and a l a b o r  
c o s t  of $ 2 0 / h r .  Maintenance c o s t  f o r  d r y i n g  equipment may 
b e  as h i g h  as 10 p e r c e n t / y e a r . 1 6  The expec ted  maintenance 
c o s t  f a c t o r  ( o r  range)  depended on t h e  t y p e  of d r y i n g  
equipment under  c o n s i d e r a t i o n .  

- Maintenance s u p e r v i s i o n  c o s t s  were assumed t o  b e  7 p e r c e n t  
o f  t o t a l  maintenance c o s t s .  

- Taxes, i n s u r a n c e ,  and G&A ( g e n e r a l  and a d m i n i s t r a t i v e  ex- 
p e n s e s )  were assumed t o  b e  4 p e r c e n t  of t h e  t o t a l  new equip-  
ment inves tment  . 

- A c a p i t a l  recovery  f a c t o r  of  0.1315 was used ,  based  on an 
assumed 15  y e a r  l o a n  a t  10 p e r c e n t  i n t e r e s t .  No inves tment  
t a x  c r e d i t  w a s  assumed. I f  government-secured o r  munic ipa l  
funding  c o u l d  b e  o b t a i n e d ,  t h e  c a p i t a l  inves tment  p e n a l t y  
would b e  s u b s t a n t i a l l y  less  t h a n  t h a t  shown in Table  6.12. 

A s  shown i n  Table  6.12, t h e  a d d i t i o n a l  c o s t  p e r  t o n  of dehydra ted  a l f a l f a  
a s s o c i a t e d  w i t h  t h e  u s e  of  geothermal  energy ranged from $2.50 f o r  t h e  a i r  p r e -  
h e a t e r  (Case 1) t o  $113 f o r  t h e  Magmarnax h e a t  pump (Case 2 ) .  The a d d i t i o n a l  
c o s t  f o r  u s i n g  a n  a u x i l i a r y  d r y e r  h e a t e d  w i t h  geothermal  b r i n e  (Case 5)  would 
be about  $8 .31/ ton .  The u n i t  c o s t  increment  f o r  t h e  low-temperature d r y e r  
(Case 6 )  would b e  about  $26.27 p e r  t o n  (product  b a s i s ) .  

Fue l  c o s t s  f o r  a l f a l f a  d e h y d r a t i o n  have i n c r e a s e d  s i g n i f i c a n t l y  from 
about  $4 .05/ ton  i n  1 9 7 0 2 9 t o  $15 t o  2 0 / t o n  a t  t o d a y ' s  f u e l  p r i c e s .  
of t h e  d e s i g n  cases would a c h i e v e  a n e t  r e d u c t i o n  i n  p r o d u c t i o n  c o s t s ,  t h e  
maximum a l l o w a b l e  i n c r e m e n t a l  c o s t  f o r  a 15-year assumed p l a n t  l i f e  would b e  
$11 t o  l 6 / t o n ,  assuming a l i n e a r  growth ra te  i n  f u e l  p r i c e s .  On t h e  b a s i s  of  
t h i s  p r e l i m i n a r y  a n a l y s i s ,  use  of e i t h e r  an  a i r  p r e h e a t e r  (Case 1) o r  a pre-  
d r y e r  (Case 5) would appear  t o  b e  f e a s i b l e ,  w h i l e  use  of h e a t  pumps (Cases 2 ,  
3 ,  and 4) would appear  t o  b e  c l e a r l y  i n f e a s i b l e .  U s e  o f  a conveyor d r y e r  may 
b e  v i a b l e ,  a l t h o u g h  s i t e - s p e c i f i c  a n a l y s i s  i s  r e q u i r e d  t o  de te rmine  economic 
f e a s i b i l i t y  ( s e e  Chapter  9 ) .  

While none 
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The New Zealand Case. 

Design Case 6 a p p e a r s  t o  b e  a u n i t  s imilar  t o  t h a t  used by Broadlands 
Lucerne Co. i n  New Zealand. A b r i e f  d e s c r i p t i o n  of t h i s  d r y e r  f o l l o w s ,  based 
on i n f o r m a t i o n . g i v e n  t o  t h e  s t u d y  t e a m  by N r .  Ken P i r i e  of F i s h e r  and Paykel  
Engineer ing  Company, d e s i g n e r  of t h e  p l a n t .  30 

The p l a n t ,  l o c a t e d  about  35 m i l e s  s o u t h  of Roto:cua i n  t h e  Broadlands 
geothermal  f i e l d ,  i s  owned by a c o o p e r a t i v e  of a dozen f a r m e r s  who grow 
l u c e r n e  on t h e  e a s t e r n  s i d e  of t h e  Waikato River .  Geothermal w e l l s  of t h e  
Broadlands f i e l d  are d o t t e d  w i t h i n  t h i s  farmland.  

The d r y e r  i s  a f ixed-bed,  double-pass ,  drag-conveyor t y p e .  The bed i s  
l o u v e r e d  t o  permi t  t h e  a i r  stream t o  p a s s  up through t h e  a l f a l f a  from below. 
The conveyor system i s  100 Eeet l o n g ,  composed of two 50-foot s e c t i o n s  8 f e e t  
wide. The w e t  a l f a l f a  i s  f : i r s t  c a r r i e d  up an i n p u t  conveyor and i n t o  t h e  
f i r s t  s e c t i o n .  It i s  dropped o n t o  t h e  second s e c t i o n ,  f u r t h e r  d r i e d ,  and 
t h e n  moved w i t h  an auger  m a t e r i a l - h a n d l e r  t o  t h e  h a m i e r m i l l  and p e l l e t i z e r .  
The airstream from below n e a r l y  " f l o a t s "  t h e  a l f a l f a  above t h e  bed i n  a p i l e  
15 i n c h e s  deep. 

The h e a t  exchanger  i s  a s tee l  f i n - t u b e  t y p e ,  a c o i l  e i g h t  rows deep ,  
A t o t a l  of :L5,000 s q u a r e  f e e t  of g a l v a n i z e d  on t h e  o u t s i d e ,  5 f i n s / i n c h .  

s u r f a c e  area is  used.  T h i s  w a s  thought  t o  be c o n s e r v a t i v e ,  b u t  t h e  geo- 
thermal  steam i s  20 p e r c e n t  by vcllume incondensable  C02 so  t h a t  t h e  c o i l  
should  b e  20 p e r c e n t  l a r g e r .  
have been encountered .  

Only s l i g h t  prob:Lems w i t h  s i l i c a  s c a l i n g  

Dry geothermal  steam i , s  f e d  i n t o  t h e  c o i l  exchanger a t  350°C. The 
p r e s s u r e  i s  c o n s t a n t  a t  150 pounds p e r  s q u a r e  inch .  Ambient a i r  (60 t o  
80'F) i s  passed  o v e r  t h e  c o i l  and h e a t e d  t o  200 t o  290°F. Air-f low r a t e  
is  v a r i a b l e  from 42,000 t o  .50,0001 c u b i c  f e e t  p e r  minute  t o  permi t  d i f f e r e n t  
i n i t i a l  m o i s t u r e  c o n t e n t s  i n  t h e  a l f a l f a  i n p u t .  The i n l e t  m o i s t u r e  of t h e  
a l f a l f a  v a r i e s  from 65 t o  80 p e r c e n t  a t  t h e  end of summer and i n  e a r l y  
spring, r e s p e c t i v e l y .  T h e  a l f a l f a  is s l i g h t l y  w i l t e d  d u r i n g  h a r v e s t i n g  and 
t r a n s p o r t .  The o u t l e t  m o i s t u r e  c o n t e n t  of t h e  a l f a l f a  ranged from 8 t o  1 2  
p e r c e n t  and u s u a l l y  i s  about  10 p e r c e n t .  O u t l e t  a i r  tempera ture  I s  120°F  
d r y  b u l b ,  90°F w e t  bu lb .  A l f a l f a  throughput  is  about 1 ton/hour  on a d r y  
weight  b a s i s  ( 5  t o n s / h o u r  w e t  b a s i s ) .  Annual p r o d u c t i o n  i s  1800 t o n s  d r y  
p e l l e t s ,  b u t  much more i s  p o s s i b l e .  

A n  a n a l y s i s  of t h e  dehy product  from t h e  Eiroadlands p l a n t  shows product  
q u a l i t y  comparable w i t h  that: c u r r e n t l y  s tandard.  i n  t h e  Western United S ta t e s ,  
d e s p i t e  a d r y i n g  t i m e  of approximate ly  30 t o  458 minutes .  ( R e t e n t i o n  t i m e  i n  
a c o n v e n t i o n a l  drum d r y e r  i s  two o r  t h r e e  m i n u t e s . )  
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CHAPTER 7 :  A MODEL OF THE D R Y I N G  PR0CE:SS 

I n t r o d u c t i o n  

A l l  o f  t h e  cases d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r  i n v o l v e  new equipment 
e i t h e r  i n  t h e  form of p r e h e a t e r s  o r  comple te ly  new d r y e r s .  Recognizing t h e  
f r a i l  c o n d i t i o n s  of  t h e  a l f a l f a  d e h y d r a t i o n  i n d u s t r y ,  w e  sought  t o  i d e n t i f y  
means f o r  u s i n g  conventional-drum d r y e r s  w i t h  minimum m o d i f i c a t i o n  i n  con- 
j u n c t i o n  w i t h  geothermal  f l u i d s  as an energy s o u r c e .  The New Zealand example 
serves t o  i l l u s t r a t e  t h a t  d r y i n g  tempera ture  could b e  t r a d e d  o f f  a g a i n s t  
dwel l  t i m e  i n  t h e  d r y e r ;  w e  sought  t o  i d e n t i f y  how c o n v e n t i o n a l  drum d r y e r s  
c o u l d  b e  used a t  lower o p e r a t i n g  tempera tures  than c u r r e n t l y  employed by t h e  
i n d u s t r y .  I n  o r d e r  t o  per form t h i s  a s p e c t  o f  t h e  a n a l y s i s ,  a computer model 
w a s  c o n s t r u c t e d  t o  i n v e s t i g a t e  t h e  thermodynamics and d r y i n g  c h a r a c t e r i s  t i c s  
of  g r a i n s  and g r a s s e s  s u b j e c t e d  t o  v a r y i n g  dry ing  t e m p e r a t u r e s  f o r  v a r i o u s  
l e n g t h s  of  t i m e  i n  a drum-dryer c o n f i g u r a t i o n .  

The s t u d y  team c o n t a c t e d  t h e  American Dehydrators  A s s o c i a t i o n  e a r l y  ir. 
t h e  s t u d y  t o  de te rmine  whether  o r  n o t  a n a l y t i c  methods de te rmining  t h e  re- 
l a t i o n s h i p  between d r y e r  a i r  t e m p e r a t u r e  and m a t e r i a l  dwell- t ime had been 
developed.  I n  f a c t ,  such a model had been c o n s t r u c t e d  by A i r  Resources ,  I n c . ;  
and through t h e  o f f i c e s  of  t h e  American Dehydrators  A s s o c i a t i o n ,  The Futures  
Group w a s  a b l e  t o  o b t a i n  a copy of  t h i s  model. 

The computer model obta.ined by The F u t u r e s  Group had undergone s e v e r a l  
s i g n i f i c a n t  m o d i f i c a t i o n s  subsequent  t o  i t s  p r e p a r a t i o n  by Air Resources ,  I n c .  
The b a s i c  p h y s i c s  and chemis t ry  of t h e  p r o c e s s  as d e s c r i b e d  by A i r  Resources 
had been r e t a i n e d ,  b u t  a number of  changes had been made i n  t h e  way t h e  nu- 
merical  ca l cu la t ions  w e r e  performed. The b a s i c  model as r e c e i v e d  proved l e s s  
u s e f u l  than  had been  hoped (because  o f  l a c k  of  f l e x i b i l i t y  and i n t e r n a l  e r r o r s ) .  
This model w a s  e x t e n s i v e l y  r e v i s e d  and s t r e a m l i n e d  w i t h  r e s p e c t  t o  b o t h  p h y s i c s  
o f  t h e  p r o c e s s  and t h e  numer ica l  t e c h n i q u e s  employed t o  e f f e c t  a s o l u t i o n .  
Addi t ions  t o  t h e  model w e r e  made t o  s i m u l a t e  r e c i r c u l a t i o n  of a f r a c t i o n  o f  
t h e  d r y e r  o u t l e t  gas  and a l l o w  an  estimate t o  b e  made of t h e  loss i n  n u t r i e n t s  
t h a t  can b e  expec ted  d u r i n g  t h e  d e h y d r a t i o n  p r o c e s s .  Q u a n t i t a t i v e  exper imenta l  
d a t a  r e q u i r e d  t o  e f f e c t i v e l y  u t i l i z e  t h i s  l a t t e r  f e a t u r e  of  t h e  program are 
ex t remely  s p a r s e ,  and meaningful  conclus ions  may n o t  b e  p o s s i b l e  w i t h o u t  
a d d i t i o n a l  tes t  d a t a .  

The modif ied computer model w a s  employed t o  examine a l a r g e  number of  
v a r i a t i o n s  i n  o p e r a t i n g  c o n d i t i o n s  and geometry o f  rotary-drum d r y e r s .  We 
found t h a t  r o t a r y  d r y e r s  o p e r a t i n g  a t  r e l a t i v e l y  l o w  tempera tures  cannot  
p r o v i d e  enough throughput  f o r  reasonably  economic a l f a l f a  d e h y d r a t i n g  opera-  
t i o n s .  N e v e r t h e l e s s ,  t h i s  model s h o u l d  b e  q u i t e  v a l u a b l e  i n  t h e  a n a l y s i s  of 
energy use  f o r  d r y i n g  proce:;ses i n  a p p l i c a t i o n s  o t h e r  t h a n  a l f a l f a .  
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Model Design Concepts 

The model as i t  c u r r e n t l y  e x i s t s  i s  l i m i t e d  t o  an  a n a l y s i s  of r o t a r y -  
drum d r y e r s .  These d r y e r s  can b e  e i t h e r  s i n g l e  o r  t r i p l e  p a s s ,  as d e s c r i b e d  
i n  Chapter  6 ,  and can b e  of  a r b i t r a r y  d i a m e t e r  and l e n g t h .  I n  t h e  program, 
t h e  p h y s i c a l  d e s c r i p t i o n  o f  t h e  d r y e r  c o n s i s t s  of  s p e c i f y i n g  t h e  drum l e n g t h ,  
one o r  more d iameters  a s s o c i a t e d  w i t h  t h e  drum depending on whether  t h e  d r y e r  
is a s i n g l e -  o r  t r i p l e - p a s s  c o n f i g u r a t i o n ,  t h e  h e i g h t  of  t h e  f l i g h t s  w i t h i n  
t h e  drum, t h e  r o t a t i o n a l  ra te  o f  t h e  drum, and t h e  a n g l e  of  r e p o s e  a s s o c i a t e d  
w i t h  t h e  material  f a l l i n g  from t h e  f l i g h t s  a s  t h e  drum r o t a t e s .  

The o r i g i n a l  model s p e c i f i e d  o p e r a t i n g  c o n d i t i o n s  f o r  t h e  d e h y d r a t o r  by 
s p e c i f y i n g  t h e  ra te  a t  which n a t u r a l  gas  w a s  burned i n  h e a t i n g  t h e  a i r ,  to- 
g e t h e r  w i t h  an  i n i t i a l  t e m p e r a t u r e  d e s i r e d .  
modi f ied  t o  p r o v i d e  a more n a t u r a l  d e s c r i p t i o n  of t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  
i n v o l v i n g  t h e  throughput  o f  d r i e d  m a t e r i a l  d e s i r e d ,  t h e  d e s i r e d  o u t l e t  t e m -  
p e r a t u r e ,  and t h e . v o l u m e t r i c  gas  f low a t  t h e  o u t l e t  o f  t h e  dehydra tor .  I t  
w a s  c o n s i d e r e d  t h a t  t h i s  se t  of v a r i a b l e s  a l lowed more f l e x i b i l i t y  i n  para-  
m e t r i c a l l y  examining t h e  performance o f  t h i s  t y p e  of d r y e r .  
g e n e r a l l y  s p e a k i n g ,  are t h e  ones t h a t  are under  t h e  c o n t r o l  of an o p e r a t o r  
i n  a d e h y d r a t i o n  f a c i l i t y .  

The c u r r e n t  model h a s  been 

.These parameters, 

The p h y s i c a l  d e s c r i p t i o n  of  t h e  a l f a l f a  as o r i g i n a l l y  developed by A i r  
Resources w a s  r e t a i n e d .  This  d e s c r i p t i o n  c o n s i d e r s  t h e  p a r t i c l e s  t o  b e  
d r i e d  t o  f a l l  i n t o  one  of  t h r e e  classes: stems, leaves, and s h a t t e r e d  p a r t i c l e s .  
These classes are d e s c r i b e d  by combinat ions o f  geometr ies  i n v o l v i n g  c y l i n d e r s ,  
f l a t  p l a t e s ,  and s p h e r e s .  The f i n a l  d e s c r i p t i o n  of t h e  mater ia l  e n t e r i n g  t h e  
d e h y d r a t o r  s e p a r a t e s  t h e  e n t e r i n g  material  i n t o  a s  many as f o u r  components, 
each o f  which i s  t h e n  d e s c r i b e d  by one o f  t h e  geometr ies  just mentioned.  Each 
c lass  of  p a r t i c l e s  i s  d e s c r i b e d  by s p e c i f y i n g  i t s  s u r f a c e  a r e a ,  d e n s i t y ,  and 
t h e  weight  p e r c e n t  a s s o c i a t e d  w i t h  each of  t h e  f o u r  components. A d e s c r i p t i o n  
of  t h e  material i s  completed by s p e c i f y i n g  t h e  weight  p e r c e n t  o f  water i n  each 
of  t h e  c l a s s e s  t o g e t h e r  w i t h  s p e c i f i c  h e a t s  and t h e  i n i t i a l  t empera ture .  

Opera t ing  c o n d i t i o n s  f o r  t h e  d e h y d r a t o r  a r e  i n p u t  t o  t h e  model by s p e c i f y i n g  
t h e  d e s i r e d  o u t l e t  t empera ture  f o r  t h e  material and g a s ,  t h e  o u t l e t  f a n  speed  
i n  terms o f  t h e  a c t u a l  volume of gas moved p e r  minute ,  and t h e  dehydra ted  
product  throughput  r a t e  i n  terms of t h e  weight  of  f i n d  product  p e r  h o u r  of  
o p e r a t i o n .  

The program s tar ts  t h e  c a l c u l a t i o n  w i t h  t h e  s o l u t i o n  of  a n  o v e r a l l  mass 
and energy b a l a n c e .  This  s o l u t i o n  p r o v i d e s  t h e  r e q u i r e d  i n l e t  t e m p e r a t u r e  
and a i r f l o w  requi rements  c o n s i s t e n t  w i t h  t h e  d e s i r e d  throughput  and o u t l e t  
t empera tures .  Using t h e s e  c a l c u l a t e d  i n l e t  c o n d i t i o n s ,  t h e  program c o n t i n u e s  
by doing a s t e p w i s e  c a l c u l a t i o n  down t h e  l e n g t h  of t h e  d e h y d r a t o r  drum. A t  
each s t e p  i n  t h e  c a l c u l a t i o n ,  v a l u e s  a r e  o b t a i n e d  f o r  t h e  tempera ture ,  com- 
p o s i t i o n ,  and flow r a t e  of  t h e  g a s ,  t h e  t e m p e r a t u r e  f o r  each component of 
t h e  material  b e i n g  d r i e d ,  t h e  m o i s t u r e  c o n t e n t  f o r  each component of t h e  
material, t h e  mean m o i s t u r e  c o n t e n t ,  and t h e  r e s i d e n c e  t i m e  of each component 
of t h e  material w i t h i n  t h e  s e c t i o n  of  t h e  drum b e i n g  cons idered .  I n  a d d i t i o n  
t o  t h e s e  c a l c u l a t i o n s ,  t h e  program a l s o  s o l v e s  a chemical  decomposi t ion ra te  
e q u a t i o n  t h a t  w a s  i n t r o d u c e d  i n  an  a t t e m p t  t o  e v a l u a t e  n u t r i e n t  l o s s e s  d u r i n g  
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t h e  dehydra t ion  p r o c e s s .  A s  mentioned i n  a n o t h e r  p o r t i o n  of  t h i s  r e p o r t ,  
d a t a  on n u t r i e n t  l o s s  i n  t h e  a l f a l f a  dehydra t ion  proc:ess were n o t  c o n s i d e r e d  
t o  b e  adequate  f o r  an  a c c u r a t e  s i m u l a t i o n  of t h i s  parameter .  However, i f  
such d a t a  become a v a i l a b l e  i n  t h e  f u t u r e ,  t h e  mechanism i s  b u i l t  i n t o  t h e  
program t o  a l l o w  a r a t h e r  f l e x i b l e  e v a l u a t i o n  of n u t r i e n t  loss based on t e m -  
p e r a t u r e ,  m o i s t u r e  c o n t e n t  and dwell-t ime w i t h i n  t h e  d e h y d r a t o r .  

A s  a n  example o f  t h e  o u t p u t  of t h e  computer model, T a b l e  7 . 1  shows t h e  
results of  a c a l c u l a t i o n  t h a t  s i m u l a t e s  t h e  b e h a v i o r  of t h e  H e i l  SD-105-32 
d e h y d r a t o r  o p e r a t i n g  under a set  o f  c o n d i t i o n s  c o n s i s t e n t  w i t h  t h o s e  i d e n t i f i e d  
i n  Chapter  6 .  A s  can b e  s e e n  from T a b l e  7 . 1 ,  t h e  c o n d i t i o n s  chosen f o r  t h i s  
p a r t i c u l a r  c a l c u l a t i o n  a re  somewhat lower t h a n  t h e  maximum c a p a c i t y  quoted 
f o r  t h i s  d e h y d r a t o r .  The dehydra ted  material th roughput  was t a k e n  as 6000 
pounds p e r  h o u r  and t h e  exi t  gas  f low r a t e  a t  24,000 c u b i c  f e e t  p e r  minute 
w h i l e  t h e  maximum c a p a c i t y  quoted  i s  6800 pounds p e r  hour  and a gas  f low 
rate  of  28,000 c u b i c  f e e t  p e r  minute .  

The numbers i n  t h e  l a s t  column o f  Table  7 . 1  e x p r e s s i n g  t h e  l o s s  i n  
"xanthophyl l"  should  n o t  be given a g r e a t  d e a l  of  c r e d e n c e ,  a l t h o u g h  t h e y  a re  
c o n s i s t e n t  w i t h  t h e  numbers a v a i l a b l e  from t h e  l i m i t e d  experiments  t h a t  have 
been  performed and d i s c u s s e d  i n  Chapter  8.  

Several f e a t u r e s  of t h e  c a l c u l a t i o n  a re  b e s t  d e s c r i b e d  by r e f e r e n c e  t o  
t h e  d a t a  i n  Table  7 . 1 .  The i n f o r m a t i o n  a t  t h e  top of t h e  t a b l e  i s  a combina- 
t i o n  of t h e  i n p u t  d a t a  s p e c i f y i n g  t h e  performance requi rements  of t h e  dehy- 
d r a t o r  and a s o l u t i o n  t o  t h e  o v e r a l l  energy and mass b a l a n c e s  a s s o c i a t e d  w i t h  
t h e  d e h y d r a t i o n  p r o c e s s .  As can be  s e e n  from t h e  t a b l e  t h e  requi rements  set  
f o r  t h i s  p a r t i c u l a r  c a l c u l a t i o n  r e q u i r e d  t h a t  t h e  i n l e t  t e m p e r a t u r e  b e  n e a r l y  
1600°F. The m o i s t u r e  c o n t e n t  of t h e  a l f a l f a  a t  t h e  i n l e t  and t h e  d e s i r e d  
m o i s t u r e  c o n t e n t  of t h e  dehydra ted  product  were t a k e n  as 7 5  p e r c e n t  and 10 p e r -  
c e n t  r e s p e c t i v e l y .  The wet-bulb tempera ture  a s s o c i a t e d  w i t h  t h e  i n l e t  gas  
w a s  c a l c u l a t e d  t o  b e  162°F .  The t o t a l  w a t e r  evapora ted  i n  t h e  p r o c e s s  w a s  
15,600 pounds p e r  hour .  T h i s  r e q u i r e d  an  i n l e t  a i r  flow of 53,400 pounds p e r  
h o u r  and t h i s  c a l c u l a t i o n  was done w i t h o u t  any r e c y c l i n g .  The t h e o r e t i c a l  
amount of  energy r e q u i r e d  t o  per form t h e  d e h y d r a t i o n  p r o c e s s  f o r  t h e  c o n d i t i o n s  
s p e c i f i e d  i n  t h i s  case was c a l c u l a t e d  as 1310 B t u ' s  p e r  pound of  w a t e r  evapo- 
r a t e d .  T h i s  p l a c e s  an o v e r a l l  energy  requi rement  of  ;!O m i l l i o n  B t u ' s  p e r  
h o u r  on t h e  energy s o u r c e .  

During t h e  c a l c u l a t i o n  o f  c o n d i t i o n s  i n  t h e  drum i t  i s  i n i t i a l l y  assumed 
t h a t  a l l  t h e  h e a t  t r a n s f e r r e d  from t h e  h o t  gas  t o  t h e  a l f a l f a  p a r t i c l e s  goes 
i n t o  r a i s i n g  t h e  tempera ture  of t h e  p a r t i c l e s  from t h e i r  i n i t i a l  t empera ture  
t o  t h e  wet-bulb tempera ture  a s s o c i a t e d  w i t h  t h e  f lowing  g a s .  Water i s  t h e n  
evapora ted  from t h e s e  p a r t i c l e s  w h i l e  t h e i r  t e m p e r a t u r e  i s  main ta ined  a t  
this wet-bulb tempera ture  u n t i l  t h e  m o i s t u r e  c o n t e n t  w i t h i n  each class of 
p a r t i c l e s  h a s  reached  a c r i t i c a l  m o i s t u r e  c o n t e n t  o f  1.5 p e r c e n t .  A t  t h a t  
p o i n t  i n  t h e  c a l c u l a t i o n  i t  i s  assumed t h a t  t h e  mechanism f o r  water evapora- 
t i o n  changes from one of s i m p l e  e v a p o r a t i o n  o f  l i q u i d  a t  t h e  s u r f a c e  t o  a 
p r o c e s s  c o n t r o l l e d  by t h e  d i f f u s i o n  of water from t h e  i n t e r i o r  o f  t h e  p a r t i c l e  
t o  t h e  o u t e r  s u r f a c e .  When t h e  m o i s t u r e  content: i n  ea.ch c l a s s  of pa r t i c l e s  
h a s  reached t h i s  c r i t i c a l  l eve l ,  t h e  tempera ture  of  t h . e  p a r t i c l e  rises due 
t o  t h e  f a c t  t h a t  a l l  o f  t h e  energy t r a n s f e r r e d  t.o t h e  p a r t i c l e  is n o t  used 
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T a b l e  7.1 

EXAMPLE OF OUTPUT FROM MODEL 

ENERGY REGlJ i REhEtJT 138'.? BTlJ/l .R-I 

3 13Y7 It' 1 6 2  3.62 1 
LI 1.339 ib3 16.' 162 1 
5 1283 1.52 1.42 152 i,.. . 

47 379 1&2 11 
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X 

KEY TO TABLE 7 , , 1  

Loca t ion  i n  f e e t  measured from i n l e t  
(X = 1 t o  30, f i r s t  p a s s ;  X = 30 t o  60 ,  
second p a s s ;  X = 30 t o  90!, t h i r d  p a s s )  

TG Local  gas t e m p e r a t u r e  (degrees  F) 

T1, T 2 ,  T3, T4 A l f a l f a  t e m p e r a t u r e s  (degrees  F) 

VEL Local  g a s  v e l o c i t y  ( f t / m i n )  

M l ,  M2, M 3 ,  M4 Al f a1 f a mo is  t u r  e c o 11 t e n t  (: % ) 

Me an 

Loss  

Mean m o i s t u r e  c o n t e n t  ( X )  

Est imated  xanthophyl-1 l o s s  (%) 
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i n  v a p o r i z i n g  water b u t  a p o r t i o n  goes i n t o  changing t h e  t e m p e r a t u r e  of  t h e  
p a r t i c l e  as w e l l .  From t h a t  p o i n t  on ,  t h e  t e m p e r a t u r e  of  t h e  p a r t i c l e  re- 
mains very n e a r  t h a t  o f  t h e  f lowing  g a s  and t h e  m o i s t u r e  c o n t e n t  c o n t i n u e s  
t o  d e c r e a s e  u n t i l  t h e  end of t h e  drum i s  reached.  The l a s t  s t e p  i n  t h e  
c a l c u l a t i o n  i s  an  e v a l u a t i o n  and p r i n t i n g  o f  t h e  r e s i d e n c e  t i m e  w i t h i n  t h e  
drum f o r  each o f  t h e  f o u r  components c o n s i d e r e d .  The numbers i n  p a r e n t h e s e s  
fo l lowing  t h e  r e s i d e n c e  t i m e  are  t h e  weight  p e r c e n t  of  each of t h e s e  components 
i n  t h e  o r i g i n a l  f e e d  m a t e r i a l .  A s  c a n  b e  s e e n  from Table  7 . 1  r e s i d e n c e  t i m e s  
f o r  t h i s  c a l c u l a t i o n  ranged from 1 . 3  minutes  f o r  t h e  smaller, l i g h t e r ,  s h a t -  
t e r e d  leaves in t h e  f e e d  material  t o  3.4 minutes  f o r  t h e  h e a v i e r  and l a r g e r  
s tems.  T h i s  v a r i a t i o n  i n  r e s i d e n c e  t i m e  i s  due t o  t h e  f a c t  t h a t  t h e  program 
assumes t h e  mechanism f o r  moving mater ia l  through t h e  d e h y d r a t i n g  drum i s  
t h e  aerodynamic d r a g  produced on t h e  p a r t i c l e s  f a l l i n g  w i t h i n  t h e  drum by 
t h e  gas  f lowing  through t h e  drum. T h i s  h a s  t h e  e f f e c t  o f  moving t h e  smaller, 
l i g h t e r  p a r t i c l e s  through t h e  sys tem a t  a h i g h e r  v e l o c i t y  t h a n  t h e  l a r g e r ,  
more dense  p a r t i c l e s .  

The model i n  i t s  p r e s e n t  c o n f i g u r a t i o n  i s  w r i t t e n  i n  t h e  BASIC language 
and i s  o p e r a t i o n a l  on The F u t u r e s  Group I B M  5100 computer. The program 
u t i l i z e s  approximate ly  24K o f  computer memory and r e q u i r e s  10-15 minutes t o  
perform t h e  ca l cu la t ions  for a t y p i c a l  dehydra tor  s i m u l a t i o n .  

Modeling R e s u l t s  

During t h e  c o u r s e  of  t h e - s t u d y  t h e  model d e s c r i b e d  i n  t h e  preceding  
paragraphs  w a s  u t i l i z e d  t o  s i m u l a t e  a l a r g e  number o f  cases i n v o l v i n g  varia- 
t i o n s  on e x i s t i n g  d e h y d r a t i o n  equipment c u r r e n t l y  used by t h e  i n d u s t r y .  S p e c i -  
f i c  cases were examined t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of v a r i o u s  combinat ions of  
energy  s o u r c e s  u t i l i z i n g  geothermal  r e s o u r c e s  as t h e  b a s i c  energy s u p p l y  f o r  
t h e  d e h y d r a t i o n  p r o c e s s .  I n  t h e s e  cases i t  w a s  g e n e r a l l y  assumed t h a t  t h e  
i n d i v i d u a l  d e h y d r a t i o n  f a c i l i t i e s  would o p e r a t e  i n  a manner analogous t o  t h a t  
i n  which t h e y  c u r r e n t l y  operate--namely, t h a t  a minimum product  throughput  
of approximate ly  4000 pounds p e r  hour  w a s  n e c e s s a r y  and t h e  f a c i l i t y  would 
o p e r a t e  on a l f a l f a  w i t h  i n i t i a l  m o i s t u r e  c o n t e n t  averaging  approximately 75 
p e r c e n t  and t h e  dehydra ted  product  would have a f i n a l  m o i s t u r e  c o n t e n t  of  
approximately 10 p e r c e n t .  Some v a r i a t i o n s  i n v o l v i n g  t h e s e  bas i c  assumptions 
were examined p a r a m e t r i c a l l y  and w i l l  b e  d i s c u s s e d  i n  a l a t e r  paragraph.  I n  
g e n e r a l ,  t h e  c o n c l u s i o n  reached  from s i m u l a t i o n s  o f  e x i s t i n g  d e h y d r a t i o n  
equipment o p e r a t i n g  w i t h i n  t h e  assumptions j u s t  s t a t e d  i s  t h a t  no combinat ion 
could  b e  found t h a t  would a l l o w  an  economica l ly  v i a b l e  d e h y d r a t i o n  of  a l f a l f a  
w i t h  t h e  u s e  o f  low-grade geothermal  r e s o u r c e s .  These c o n c l u s i o n s  have been 
d i s c u s s e d  i n  some d e t a i l  i n  Chapter  6 of  t h i s  r e p o r t .  

Using t h i s  model, i t  i s  p o s s i b l e  t o  do l a r g e - s c a l e  p a r a m e t r i c  s t u d i e s  
of t h e  d e h y d r a t i o n  p r o c e s s  n o t  on ly  f o r  a l f a l f a  b u t  f o r  o t h e r  c r o p s  u s i n g  
rotary-drum d r y e r s .  
of t h e  d e h y d r a t i o n  p r o c e s s  w a s  n o t  a pr imary g o a l  o f  t h e  p r e s e n t  s t u d y ,  on ly  
l i m i t e d  p a r a m e t r i c  v a r i a t i o n s  were made. 

S i n c e  a d e t a i l e d  examinat ion  of t h e  p h y s i c s  and chemis t ry  
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Due t o  t h e  very  l a r g e  number of  parameters  involved  and t h e i r  complex 
i n t e r a c t i o n ,  o n l y  a l i m i t e d  p a r a m e t r i c  examinat ion o f  t h e  d e h y d r a t i o n  pro- 
cess was deemed a p p r o p r i a t e  f o r  t h e  p r e s e n t  s t u d y .  I n  o r d e r  t o  work w i t h i n  
a rea l i s t ic  range of parameters  a s s o c i a t e d  w i t h  a d e h y d r a t i o n  f a c i l i t y ,  
several  ground r u l e s  were e s t a b l i s h e d  p r i o r  t o  t h e  p a r a m e t r i c  v a r i a t i o n s .  
T a b l e  7 .2  i n d i c a t e s  t h e  b a s i c  assumptions t h a t  were made. R a t h e r  t h a n  per- 
form p a r a m e t r i c  v a r i a t i o n s  on t h e  r a t h e r  complex t r i p l e - p a s s  drum c o n f i g u r a -  
t i o n ,  a s i m p l e  s i n g l e  p a s s ,  t e n - f o o t  d i a m e t e r  (drum w a s  chosen t o  d i s p l a y  t h e  
main f e a t u r e s  o f  t h e  d e h y d r a t i o n  p r o c e s s .  The rotat:ion r a t e  o f  t h e  drum 
w a s  h e l d  c o n s t a n t  a t  7 R P M  and t h e  throughput  o f  dehydra ted  m a t e r i a l  w a s  
chosen as 4000 pounds p e r  hour .  The b a s i c  e x i t  gas  :flow w a s  t aken  as 
25,000 ACFM. 
c a s e s .  

P a r a m e t r i c  v a r i a t i o n s  on t h i s  e x i t  gas  f low were made f o r  some 

It i s  of  i n t e r e s t  t o  examine t h e  minimum i n l e t  t e m p e r a t u r e  r e q u i r e d  t o  
perform t h e  d e h y d r a t i o n  p r o c e s s  a s  a f u n c t i o n  of t h e  t o t a l  a i r f l o w  through 
t h e  d e h y d r a t o r .  T h i s  c a l c u l a t i o n  i s  made by assuming t h a t  t h e  gas  emerging 
from t h e  ex i t  o f  t h e  d e h y d r a t i o n  drum i s  comple te ly  s a t u r a t e d  w i t h  water.  
The e x i t  t e m p e r a t u r e  i s  t h u s  t h e  wet-bulb tempera ture  cor responding  t o  t h e  
i n l e t  gas .  The results of t h i s  c a l c u l a t i o n  t h e n  g i v e  t h e  i n l e t  t empera ture  
r e q u i r e d  f o r  dehydra t ing  t h e  a l f a l f a  i n  an  i n f i n i t e l y  long r o t a t i n g  drum. 
F i g u r e  7 . 1  shows t h e  r e s u l t s  o b t a i n e d  from t h i s  t y p e  of c a l c u l a t i o n  under 
t h e  assumption t h a t  th roughput  i s  4000 pounds of  dehydra ted  material p e r  
hour .  A s  can  b e  s e e n  from t h e  f i g u r e ,  f o r  t h e  condi t . ions chosen t h e  minimum 
tempera ture  r e q u i r e d  does n o t  approach t h o s e  tempera tures  of i n t e r e s t  i n  t h e  
p r e s e n t  s t u d y  f o r  t h e  geothermal  r e s o u r c e  unt i l -  v e r y  l a r g e  v a l u e s  o f  a i r f l o w  
are  reached .  While t h i s  s i t u a t i o n  i s  n o t  incompat ib le  w i t h  conveyor type  
d r y e r s  as d i s c u s s e d  i n  Chapter  6 ,  i t  does p r e s e n t  c o n s i d e r a b l e  problems w i t h  
drum d r y e r s  of  a p r a c t i c a l  s i z e .  For example,  i n  t h e  c a s e  of a f i x e d  drum 
d i a m e t e r ,  as t h e  a i r f l o w  through t h e  drum i s  i n c r e a s e d  t o  t h e s e  very  l a r g e  
v a l u e s  t h e  v e l o c i t y  of t h e  gas  through t h e  drum a l s o  i n c r e a s e s ,  t h u s  reducing  
t h e  r e t e n t i o n  t i m e  f o r  t h e  material  i n  t h e  druni. The i n t e r a c t i o n  between t h e  
a i r f l o w  r e q u i r e m e n t s ,  t h e  i n l e t  t e m p e r a t u r e ,  and t h e  o v e r a l l  drum l e n g t h  t h e n  
becomes qu i te  complex due t o  t h e  f a c t  t h a t  a s  t h e  gas f low i n c r e a s e s ,  t h e  
r e t e n t i o n  t i m e  i s  decreased  t h u s  r e q u i r i n g  a l o n g e r  l e n g t h  f o r  a g iven  f i n a l  
m o i s t u r e  c o n t e n t  i n  t h e  dehydrated p r o d u c t .  

Table  7 . 2  

BASIC ASSUMPTIONS 

Drum Diameter 10 f t  
1 . 5  ? t  F l i g h t  Height  

R o t a t i o n  Rate 7 R P M  
E x i t  Gas Flow 25,000 ACFq 
I n i t i a l  Mois ture  Content 75% 
F i n a l  Mois ture  Content  10% 
Throughput 4000 l b / h r  

c 
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One of t h e  c a l c u l a t i o n s  t h a t  can r e a d i l y  b e  performed u s i n g  t h e  p r e s e n t  
model is a d e t e r m i n a t i o n  o f  t h e ' l e n g t h  of  t h e  drum r e q u i r e d  t o  perform a 
p a r t i c u l a r  d e h y d r a t i o n  p r o c e s s  a s  a f u n c t i o n  of t h e  i n l e t  t empera ture .  
F igure  7 . 2  d i s p l a y s  t h e  results of  such a c a l c u l a t i o n  i n  which t h e  b a s i c  
dehydra ted  material throughput  w a s  t a k e n  t o  b e  4000 pounds p e r  h o u r  a t  an 
e x i t  gas  f low r a t e  of 25,000 ACFM. F i g u r e  7 . 2  c l e a r l y  shows t h e  d r a m a t i c  
increase  i n  t h e  r e q u i r e d  drum l e n g t h  as t h e  i n l e t  t empera ture  decreases and 
approaches t h e  l i m i t i n g  v a l u e ,  which i n  t h i s  c a s e  i s  approximate ly  680°F.  
S i m i l a r  b e h a v i o r  i s  shown i n  F i g u r e  7 .3 ,  which shows t h e  c a l c u l a t e d  mean 
r e s i d e n c e  t i m e  o f  t h e  a l f a l f a  i n  t h e  dehydra t ion  drum f o r  t h e  same se t  of  
c a s e s .  A s  can  b e  seen from t h e  f i g u r e ,  t h e  time r e q u i r e d  t o  perform t h e  
dehydra t ion  p r o c e s s  becomes q u i t e  l o n g  as t h e  i . n l e t  t empera ture  d e c r e a s e s .  
However, t h i s  i n c r e a s e d  d e h y d r a t i o n  t i m e  does n o t  n e c e s s a r i l y  i n d i c a t e  an 
increased l o s s  i n  n u t r i e n t  q u a l i t y  f o r  t h e  dehydrated p r o d u c t .  
t o  t h e  f a c t  t h a t  t h e  i n c r e a s e d  t i m e  i s  accompanied by a d e c r e a s e  i n  t h e  m a x i -  
mum tempera ture  t o  which t h e  material  i s  exposed d u r i n g  t h e  p r o c e s s .  To t h e  
e x t e n t  t h a t  t h e  n u t r i e n t  loss model r e p r e s e n t s  r e a l i t y ,  t h i s  i s  shown i n  
F i g u r e  7 . 4  where t h e  c a l c u l a t e d  n u t r i e n t  l o s s  f o r  t h i s  same se t  of  dehydra- 
t i o n  cases i s  d i s p l a y e d  as a f u n c t i o n  of  t h e  i n l e t  t empera ture .  

T h i s  i s  due 

Among t h e  l a r g e  number o f  parameters  a s s o c i a t e d  w i t h  t h i s  problem, i t  
i s  of  p a r t i c u l a r  i n t e r e s t  t o  examine t h e  b e h a v i o r  of  d e h y d r a t i o n  systems as 
a f u n c t i o n  of  t h e  m o i s t u r e  c o n t e n t  of  t h e  i n l e t  material. C a l c u l a t i o n s  were 
performed i n  which t h e  i n l e t  material  m o i s t u r e  c o n t e n t  w a s  v a r i e d  between 
75 p e r c e n t  and 55 p e r c e n t .  The d e s i r e d  throughput  of dehydra ted  material 
w a s  m a i n t a i n e d  a t  4000 pounds p e r  hour  and t h e  t o t a l  e x i t  gas flow rate  w a s  
main ta ined  a t  25,000 ACFM. The results of t h e s e  c a l c u l a t i o n s  a r e  shown i n  
F i g u r e  7.5.  Two sets of  c a l c u l a t i o n s  were performed. I n  one set  of  c a l c u l a -  
t i o n s  t h e  o u t l e t  t empera ture  of  t h e  d e h y d r a t o r  drum w,as main ta ined  a t  200°F., 
and i n  t h e  o t h e r  s e t  o f  c a l c u l a t i o n s  t h e  i n l e t  t e m p e r s t u r e  t o  t h e  d e h y d r a t o r  
drum w a s  f i x e d  a t  880°F. The e f f e c t  o f  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  on t h e  
drum l e n g t h  r e q u i r e d  f o r  b o t h  sets of  c a l c u l a t i o n s  is shown i n  F i g u r e  7 .5 .  
A s  can b e  s e e n  from t h e  f i g u r e ,  i n  e i t h e r  case t h e  r e q u i r e d  drum l e n g t h  i s  
very s e n s i t i v e  t o  t h e  i n i t i a l  m o i s t u r e  c o n t e n t .  T h i s  r e s u l t  i s  n o t  s u r p r i s -  
i n g  s i n c e  t h e  d e c r e a s e  i n  m o i s t u r e  c o n t e n t  from 75 p e r c e n t  t o  55 p e r c e n t  
r e p r e s e n t s  a d e c r e a s e  of a lmost  one h a l f  i n  t h e  amount of w a t e r  r e q u i r e d  t o  
b e  evapora ted  from t h e  material  d u r i n g  t h e  d e h y d r a t i o n  p r o c e s s .  I t  i s  a p p a r e n t  
from t h e s e  c o n s i d e r a t i o n s  t h a t  any p r o c e s s  t h a t  r e s u l t s  i n  removal of w a t e r  
from t h e  green  material p r i o r  t o  d e h y d r a t i o n  r e p r e s e n t s  a v e r y  s i g n i f i c a n t  
s a v i n g  i n  t o t a l  energy u t i l i z a t i o n  by t h e  f a c i l i t y .  As i s  d i s c u s s e d  i n  
Chapter  8 ,  t h i s  p r o c e s s  can b e  accomplished mechanica:Lly, by f i e l d - w i l t i n g ,  o r  
by sun c u r i n g  t h e  material. 

A second method of e v a l u a t i n g  t h e  e f f e c t  oE dewater ing  p r i o r  t o  d e h y d r a t i o n  
i s  t o  examine t h e  o p e r a t i n g  requi rements  of an  e x i s t i n g  d e h y d r a t o r  a s  the 
i n i t i a l  m o i s t u r e  c o n t e n t  i s  d e c r e a s e d .  A numbe-r of o p e r a t i n g  modes a r e  a v a i l a -  
b l e ,  and which of t h e s e  is  most a t t r ac t ive  t o  a g iven  o p e r a t o r  i s  n o t  known. 
Two of t h e  p o s s i b l e  modes a r e  t h e  f o l l o w i n g :  

1. A s  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  is  decreased  t h e  e x i t  gas  
f low and product  th roughput  are h e l d  c o n s t a n t  and t h e  i n l e t  
and o u t l e t  t empera tures  are  decreased  t o  accommodate t h e  
lower m o i s t u r e  c o n t e n t .  
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2 .  A s  t h e  i n i t i a l  m o i s t u r e  c o n t e n t  d e c r e a s e s ,  t h e  product  
throughput  i s  i n c r e a s e d  and t h e  drum o p e r a t e d  a t  a c o n s t a n t  
v a l u e  of t o t a l  water removal r a t e .  

Other  o p e r a t i n g  modes are c l e a r l y  p o s s i b l e  b u t  a c o n s i d e r a t i o n  of t h e s e  
two w i l l  i l l u s t r a t e  t h e  g e n e r a l  f e a t u r e s .  S e v e r a l  c a s e s  were run  s i m u l a t i n g  
t h e  o p e r a t i o n  of a 30-foot-long t r i p l e - p a s s  d r y e r  s i m i l a r  t o  t h e  H e i l  SD 105-32. 
The i n i t i a 1 , m o i s t u r e  c o n t e n t  of t h e  f e e d  material was v a r i e d  from 55 t o  7 5  per-  
c e n t  and t h e  product  th roughput  w a s  f i x e d  a t  6800 l b / h r .  
t h e  i n l e t  t empera ture  dropped from 1565°F a t  75 p e r c e n t  t o  504°F a t  55 p e r c e n t  
m o i s t u r e  c o n t e n t .  
23 m i l l i o n  B t u ' s / h r  t o  9.8 m i l l i o n  B t u ' s / h r ,  a s a v i n g  of n e a r l y  60 p e r c e n t .  
F i g u r e  7 . 6  shows t h e  energy  s a v i n g s  r e l a t ive  t o  t h e  75 p e r c e n t  m o i s t u r e  level  
t h a t  can b e  achieved  by a r e d u c t i o n  i n  i n i t i a l  m o i s t u r e  c o n t e n t  of t h e  f e e d  
material .  

Under t h e s e  c o n d i t i o n s ,  

S i m i l a r l y  t h e  energy  r e q u i r e d  by t h e  dehydra tor  dropped from 

S i m i l a r  r e s u l t s  i n  energy  s a v i n g s  p e r  pound of dehydra ted  product  are 
o b t a i n e d  f o r  t h e  second of t h e  o p e r a t i n g  modes mentioned above. In t h i s  case 
t h e  c a p a c i t y  of t h e  d e h y d r a t o r  i n  terms of product  th roughput  i s  g r e a t l y  i n -  
c r e a s e d  by lower ing  t h e  m o i s t u r e  c o n t e n t  a t  t h e  i n l e t .  T h i s  i n c r e a s e d  c a p a c i t y  
i s  approximate ly  a f a c t o r  of 2 . 5  i n  going from 7 5  p e r c e n t  t o  55 p e r c e n t  i n  
i n i t i a l  m o i s t u r e  c o n t e n t .  The maximum t e m p e r a t u r e s  exper ienced  by t h e  a l f a l f a  
are somewhat h i g h e r  i n  t h i s  second mode t h a n  i n  t h e  f i r s t .  

Conclusions 

C a l c u l a t i o n s  performed u s i n g  t h e  numer ica l  model d e s c r i b e d  i n  t h i s  c h a p t e r  
l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s .  Under t h e  assumption t h a t  major  f a c i l i t y  
and p r o c e s s  m o d i f i c a t i o n s  were u n d e s i r a b l e ,  i t  w a s  n o t  found t o  be p r a c t i c a l  
t o  u t i l i z e  e x i s t i n g  hardware t o  d e h y d r a t e  a l f a l f a  t o  y i e l d  a product  com- 
p a r a b l e  w i t h  t h a t  c u r r e n t l y  produced by t h e  i n d u s t r y  u s i n g  i n l e t  t e m p e r a t u r e s  
i n  t h e  range  of  300°F. 
and hardware geometr ies  were examined w i t h o u t  f i n d i n g  c o n d i t i o n s  under  which 
such  a dehydra t ion  p r o c e s s  could  b e  performed e f f i c i e n t l y .  
d e h y d r a t i o n  i n  a ro ta ry-drum d r y e r  becomes more f e a s i b l e  i f  major  p r o c e s s  
i n n o v a t i o n s  such as mechanical  dewater ing  were i n t r o d u c e d  i n t o  t h e  o v e r a l l  
p r o c e s s i n g  stream. 
t u b e  d r y e r  ahead of  t h e  low-temperature d e h y d r a t o r  i s  d i s c u s s e d  i n  some 
d e t a i l  i n  Chapter  6 .  

A l a r g e  number of  v a r i a t i o n s  i n  p r o c e s s  parameters  

Low-temperature 

One v a r i a t i o n  on t h i s  theme i n v o l v i n g  a r o t a r y  steam 

The model as i t  c u r r e n t l y  e x i s t s  i s  a n  ex t remely  f l e x i b l e  t o o l  f o r  
examining t h e  d e h y d r a t i o n  p r o c e s s  i n  rotary-drum d r y e r s .  
prove t o  b e  of  v a l u e  i n  examining t h e  d e h y d r a t i o n  o f  a number of  p r o d u c t s  
such  as  t h o s e  d i s c u s s e d  i n  Chapter  10  of  t h i s  r e p o r t .  

This  model s h o u l d  
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CHAPTER 8: D E T E M N A T I O N  OF THE MARKET ACCEPTABILITY 
OF ALFALFA DRIED AT LOW TEI.PEFL4TURE 

The previous  c h a p t e r  demonst ra tes  t h a t  convers ion  of  e x i s t i n g  drum 
d r y e r s  t o  low-temperature  o p e r a t i o n s  i s  i m p r a c t i c a l .  However, t h e  u s e  of 
conveyor-type d r y e r s  t o  a c h i e v e  h i g h  throughput  w i t h  low t e m p e r a t u r e s  and l o n g  
dwell-t ime s i m u l t a n e o u s l y  i s  p o t e n t i a l l y  p o s s i b l e .  T h i s  r e p r e s e n t s  o u r  Case 6 
and i s  similar t o  t h e  sys tem employed at Broadlands Lucerne Co. i n  New Zealand.  
T h e r e f o r e ,  i f  l o n g  dwell- t ime,  low-temperature o p e r a t i o n  i s  a t  a l l  f e a s i b l e ,  
t h e  q u e s t i o n  remains:  how w i l l  t h e  n u t r i e n t  v a l u e  of t h e  a l f a l f a  be a f f e c t e d  
by t h i s  t y p e  of d r y i n g  c y c l e ?  T h i s  i s s u e  i s  a d d r e s s e d  i n  t h i s  c h a p t e r .  

A l f a l f a  i s  a d e s i r e d  i n g r e d i e n t  i n  animal-feed r a t i o n s  f o r  i t s  green 
c o l o r  ( i t  masks o t h e r  i n g r e d i e n t s ) ,  i t s  ye l low p igmenta t ion  ( f o r  p o u l t r y ) ,  
i t s  h i g h  p r o t e i n  c o n t e n t ,  and i t s  v i t a m i n s  and m i n e r a l s .  C e r t a i n  u n i d e n t i f i e d  
growth f a c t o r s  a l s o  have been a s s o c i a t e d  w i t h  a l f a l f a .  Dehydrated a l f a l f a  i s  
produced i n  v a r i o u s  g r a d e s ,  u s u a l l y  d e f i n e d  as p e r c e n t  o f  p r o t e i n .  Higher  
g r a d e s  ( 1 7  t o  22 p e r c e n t )  are r e q u i r e d  f o r  t h o s e  animals t h a t  do n o t  ruminate  
(form a c u d ) ,  because  t h e s e  nonruminat ing a n i m a l s ,  such as p o u l t r y  and swine, 
cannot  d i g e s t  t h e  l a r g e  p o r t i o n s  of c e l l u l o s e  f i b e r  found i n  lower grades  of 
dehy . 

The market f o r  dehy i n  t h e  western geothermal  areas .of t h e  United States 
i s  f o r  t h e  h i g h e r  g r a d e s  of dehy, s i n c e  most dehy goes i n t o  p o u l t r y  f e e d .  
This  i s  t r u e  f o r  b o t h  l o c a l  and e x p o r t  marke ts .  Those dehy components most 
d e s i r e d  i n  p o u l t r y  are x a n t h o p h y l l  ( f o r  y e l l o w  p i g m e n t a t i o n ) ,  p r o t e i n  (essen-  
t i a l  amino a c i d s  such as t r y p t o p h a n  and l y s i n e ) ,  v i t a m i n  A (from c a r o t e n e ) ,  
and o t h e r  v i t a m i n s  and m i n e r a l s .  Xanthophyl l  i s  t h e  most v a l u a b l e  i n g r e d i e n t  
t h a t  dehy c o n t r i b u t e s  t o  p o u l t r y  f e e d  from a market s t a n d p o i n t .  I f  xanthophyl l  
were n o t  r e q u i r e d  i n  t h e  r a t i o n ,  dehy would have l i t t l e  c o m p e t i t i v e  advantage  
o v e r  competing f e e d  i n g r e d i e n t s  and would e n t e r  t h e  r a t i o n  a t  a much lower 
p r i c e . 1  Also,  and most i m p o r t a n t  f o r  our  purposes ,  x a n t h o p h y l l  v a l u e  i n  dehy 
can serve as a good o v e r a l l  q u a l i t y  i n d e x  because  c o n d i t i o n s  t h a t  a l l o w  high-  
x a n t h o p h y l l  meal w i l l  produce a meal h i g h  i n  c a r o t e n e  ( p r o v i t a m i n  A),  a lpha-  
t o c o p h e r o l  ( v i t a m i n  E ) ,  and o t h e r  n u t r i e n t s . 2  
p r o t e i n ,  x a n t h o p h y l l  r e t e n t i o n  will b e  t h e  f o c u s  of t h i s  e v a l u a t i o n .  

Although w e  a l s o  examine 

P r o t e i n  

A l f a l f a  i s  w e l l  known as a f i r s t - r a t e  p r o t e i n  s o u r c e  ( i . e . ,  s o u r c e  of 
e s s e n t i a l  amino a c i d s ) ,  and r e l a t i v e  amounts of  t h e  e s s e n t i a l  amino a c i d s  a r e  
p a r t i c u l a r l y  impor tan t  i n  p o u l t r y  and swine n u t r i t i o n .  S i n c e  p r o t e i n  o r  
amino-acid d e g r a d a t i o n  i s  a s s o c i a t e d  w i t h  h i g h  f ront -end  o r  i n l e t  tempera- 
t u r e s , 4  amino-acid l o s s e s  may n o t  b e  a s  g r e a t  w i t h  a l o w - t e n p e r a t u r e  d r y e r .  
It i s  w e l l  known t h a t  h e a t i n g  causes l o s s  of amino a c i d s ,  e s p e c i a l l y  l y s i n e ,  
i n  p r o d u c t s  o t h e r  t h a n  a l f a l f a . 5  I n  a n o t h e r  paper  by A. L .  L i v i n g s t o n  and 
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o t h e r s ,  amino a c i d  l o s s ,  e s p e c i a l l y  l y s i n e ,  w a s  shown t o  be a s s o c i a t e d  w i t h  
i n c r e a s i n g  o u t l e t  t empera tures  and lower meal ino is ture  levels .  6 
s i g n i f i c a n t  advantages may result w i t h  low-temperature  d r y i n g :  c o n c l u s i o n s  
i n  a t e s t  of 111 samples of commercial dehy from v a r i o u s  r e g i o n s  of t h e  
United S ta tes  by H .  H .  Goering have shown t h a t  t h e  f requency  o f  a c c i d e n t a l  
o v e r h e a t i n g  i s  c a u s i n g  t h e  n i t r o g e n  p r e s e n t  t o  b e  u n d i g e s t i b l e  o r  n u t r i -  
t i o n a l l y  u n a v a i l a b l e  i n  many commercial dehydrated-a:Lfalfa samples .  7 

I n  f a c t ,  

Xanthophyl l  

Under c o n v e n t i o n a l  d e h y d r a t i o n  c o n d i t i o n s ,  x a n t h o p h y l l  l o s s e s  occur  a s  
8 a f u n c t i o n  of  reduced m o i s t u r e  a p p a r e n t l y  i n d e p e n d e n t l y  of h i g h  t e m p e r a t u r e s .  

The x a n t h o p h y l l  isomer most e f f e c t i v e  i n  p igmenta t ion  ( l u t e i n )  i s  a l s o  t h e  
most s t a b l e  and may even i n c r e a s e  d u r i n g  d e h y d ~ a t i o n . ~  Much o f  t h e  r e s e a r c h  
d i r e c t e d  a t  moni tor ing  n u t r i e n t  l o s s e s  i s  designed t o  show consequences of 
n u t r i e n t  l o s s  from overdry ing  o r  o v e r h e a t i n g  a . l f a l f a  under  c o n v e n t i o n a l  con- 
d i t i o n s .  B e c a u s e ' s 0  l i t t l e  i s  known about  t h e  u n d e r l y i n g  c a u s e s  of  loss, w e  
m u s t  b e  c a u t i o u s  i n  c a r r y i n g  o v e r  t h e s e  r e s u l t s  t o  t h e  very  d i f f e r e n t  situa- 
t i o n  w i t h  a low-temperature d r y e r .  

F o r t u n a t e l y  , t h e  Broadlands Lucerne Company, a geothermal  a l f a l f a  d r y i n g  
b u s i n e s s  i n  New Zealand,  i s  o p e r a t i n g  under d r y i n g  c o n d i t i o n s  s imi l a r  t o  t h o s e  
t h a t  a low-temperature  geothermal d r y e r  would r e q u i r e  and is s u p p l y i n g  almost  
e x c l u s i v e l y  t o  p o u l t r y .  The d e s i g n e r s  o f  t h e  13roadlands dryer - -F isher  and 
Paykel  Engineer ing  Ltd.--have s u p p l i e d  us w i t h  an  a n a l y s i s  of  t h e  dehy prod- 
u c t  from t h i s  p l a n t  a long  : r i th  a d e t a i l e d  d e s c r i p t i o n  of t h e  d r y i n g  opera-  
t i o n s .  This a n a l y s i s  shows a x a n t h o p h y l l  q u a l i t y  comparable w i t h  t h a t  cur- 
r e n t l y  on t h e  market i n  t h e  West. Table  8 . 1  shows t h a t  t h e  Broadlands meal 
h a s  a p r o t e i n  c o n t e n t  c l o s e  t o  20 p e r c e n t ,  w h i l e  t h e  x a n t h o p h y l l  concent ra -  
t i o n  i s  i n  t h e  range of  t h a t  normally found i n  c o n v e n t i o n a l l y  d r i e d  17-per- 
c e n t  dehy. The p r e s e n t l y  masketed grade  i n  t h e  w e s t e r n  Uni ted  S t a t e s  i s  17- 
p e r c e n t  dehy. We f e e l  t h e s e  n u t r i e n t - q u a l i t y  consequences r e s u l t i n g  from a 
l o w  tempera ture  and l o n g  r e t e n t i o n  t i m e  i n  a commercfial d rye r  are s t r o n g  SUP- 
p o r t  f o r  t h e  market a c c e p t a b i l i t y  of meal d r i e d  w i t h  t h i s  unconvent iona l  
regime. 

Even though most c o n v e n t i o n a l  n u t r i e n t  s t u d i e s  are n o t  v e r y  u s e f u l ,  
exper iments  performed t o  demonst ra te  l o s s e s  exper ienced  a s  a r e s u l t  of pre-  
w i l t i n g  and l o s s e s  o b t a i n e d  by s u n  c u r i n g  a l f a l f a  w i : L l  g i v e  some i n d i c a -  
t i o n  o f  t h e  o u t s i d e  limits o f  l o s s e s  and t h e  k-inds of l o s s e s  t o  e x p e c t  under  
longer-than-normal r e t e n t i o n  t i m e s  i n  a low-temperature d r y e r .  When a l f a l f a  
i s  p r e w i l t e d ,  a p r a c t i c e  under taken  t o  reduce energy c o s t s  , t h e  d e h y d r a t i o n  
tempera ture  m u s t  b e  lowered t o  p r e v e n t  o v e r h e a t i n g  o r  s c o r c h i n g .  Sun c u r i n g  
i s  accomplished by l e a v i n g  t h e  c u t  a l f a l f a  i n  t h e  f i d d  f o r  two o r  t h r e e  days.  
I n  b o t h  s i t u a t i o n s ,  t h e  a l f a l f a  is d r i e d  f o r  l o n g e r  t i m e s  and a t  lower 
tempera tures .  

Sun c u r i n g  can  r e s u l t  i n  s u b s t a n t i a l  l o s s e s  of x a n t h o p h y l l .  L i v i n g s t o n  
shows l o s s e s  o f  around 60 p e r c e n t  compared t o  t h e  averaged x a n t h o p h y l l  v a l u e s  
of f r e e z e - d r i e d  samples .lo 
however, s i n c e  weather  c o n d i t i o n s  can change t h e  ra te  of  d r y i n g  and t h e  poten-  
t i a l  f o r  l o s i n g  o v e r d r i e d  l e a v e s  d u r i n g  h a r v e s t i n g  is always p r e s e n t .  l1 

Sun-cured samples  :an vary  g r e a t l y  i n  q u a l i t y ,  
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Table  8 . 1  

Q u a l i t y  
P ar a m e  t er 

P r o t e i n  

Fat 

Food F i b e r  

Vitamin A 

Xan t ho p hy 11 

A COMPARISON OF CONVENTIONAL DEW MEAL 
TO LOW-TEMPERATURE-DRIED MEAL 

Convent iona l ly  
Processed 
(1600-1800 "F I n l e t )  
(2-4 min. r e t e n t i o n  t ime) 
1 7 %  Dehy 

1 7 . 0 %  

3.0% 

24 .l% 

220 MIU/kg 

240 ppm 

Broa d l  ands 
Low-Temp e r a t  ut e 
(200-290°F I n l e t )  
(30-45 min. r e t e n t i o n  t ime) 
A l f a l f a  Meal 

20.99% 

3.62% 

19.94% 

288 MIU/kg 

254 ppm 

Convent i o n a l l y  
Processed  
(1600-1800°F I n l e t )  
( 2 - 4  min. r e t e n t i o n  t ime)  
20% Dehy 

20.0% 

3.6% 

2 1 . 1 %  

310 ppm 

SOURCE: P r i v a t e  Communication wi th  F i s h e r  and Payl te l  Engineer ing  L t d . ,  Aiickland,  New Zealarid, and R .  D .  
Taylor  e t  a l .  , A l f a l f a  Meal i n  Pou l t ry  Feeds--An Economic Evalua t ion  Using Pa rame t r i c  L i n e a r  
Programming, Economic Research S e r v i c e ,  A g r i c u l t u r a l  Report No. 130, USDA, 1968, p. 1 7 .  



The s i t u a t i o n  i s  n o t  t h e  same when p r e w i l t i n g  i s  done. Although s i g -  
n i f i c a n t  l o s s e s  can occur  when p r e w i l t i n g  t h e  c u t  a l f a l f a  p r i o r  t o  dehydra- 
t i o n ,  h i g h - q u a l i t y  dehy h a s  been produced.12 

P r e w i l t i n g  i s  accomplished by l e a v i n g  t h e  f r e s h l y  c u t  a l f a l f a  i n  t h e  
f i e l d  t o  a i r  dry f o r  two t o  t e n  h o u r s  b e f o r e  p u t t i n g  i t  i n t o  a d e h y d r a t o r .  
Although L i v i n g s t o n  shows t h a t  s i g n i f i c a n t  l o s s e s  of c a r o t e n o i d s  ( x a n t h o p h y l l  
and c a r o t e n e )  can o c c u r ,  h i s  d a t a  show t h a t  good r e t e n t i o n  of b o t h  caro-  
t e n o i d s  can b e  o b t a i n e d  f o r  a l f a l f a  l e f t  i n  t h e  f i e l d  f o r  f o u r  hours  p r i o r  
t o  dehydra t ion  ( s e e  Table  8 .2 )  . l3 
c u t  dehy and four-hour  w i l t e d  dehy a re  c l o s e  t o  what one would expec t  from 
1 9 - p e r c e n t - p r o t e i n  meal.  l4 It is  p o s s i b l e ,  t h e r e f o r e ,  t o  demonst ra te  o n l y  
a minor q u a l i t y  d i s t i n c t i o n  between four-hour-wilted-and-dehydrated and 
s t r a i g h t  dehy meal. 

The xanthophyl l  c o n c e n t r a t i o n s  f o r  d i r e c t -  

Caro tene  shows somewhat g r e a t e r  damage from w i l t i n g  t h a n  xantho- 
p h y l l ,  p o s s i b l y  because  c a r o t e n e  i s  more s u s c e p t i b l e  t o  enzyme breakdown. 
This  problem i s  minimized when f r e s h l y  c u t  a l f a l f a  i s  d r i e d  r a p i d l y  i n  a 
dehydrator--a  procedure  which q u i c k l y  d e s t r o y s  t h e  enzyme a c t i v i t y .  

P r e w i l t i n g  may b e  a n e c e s s a r y  s t e p  w i t h  low-temperature d r y i n g  i f  r e t e n -  
t i o n  times are  t o  b e  k e p t  s h o r t .  Robert  L .  Ogden a t  t h e  U n i v e r s i t y  of  
Nebraska h a s  s u g g e s t e d  t h a t  a combinat ion of p r e w i l t i n g  and low-temperature 
d r y i n g  f o r  l o n g e r  r e t e n t i o n  t i m e s  might s t i l l  produce a h i g h - q u a l i t y  dehy, 
s i n c e  t h e  p r e w i l t i n g  would lower t h e  tempera ture  n e c e s s a r y  t o  d e n a t u r e  o r  
b lanch  t h e  o x i d i z i n g  enzymes .I5 The p o s s i b i l i t y  of p r e w i l t i n g  fo l lowed by 
low-temperature  d r y i n g  i s  b e i n g  addressed  i n  t h i s  assessment .  

Good r e s u l t s  w i t h  p r e w i l t i n g  may p o i n t  t o  s i m i l a r  consequences w i t h  
geothermal  d r y i n g .  
amino-acid composi t ion ,  and p r e w i l t i n g  f o r  s h o r t  p e r i o d s  "can r e s u l t  i n  an  
i n c r e a s e  i n  t h e  l eve l  of n o n p r o t e i n  n i t r o g e n  which may b e  advantageous f o r  
c e r t a i n  f e e d s  purposes .  T h i s  o b s e r v a t i o n  i s  very  i n t e r e s t i n g  f o r  u s ,  
s i n c e  "nonprote in  n i t r o g e n  may b e  more a v a i l a b l e  t h a n  p r o t e i n  n i t r o g e n  f o r  

'"' Another b e n e f i t  of c e r t a i n  p o u l t r y  such as b r o i l e r s  o r  t u r k e y  p o u l t s .  
p r e w i l t i n g  may b e  i n c r e a s e d  d i g e s t i b i l i t y  of  t h e  c e l l u l o s e  f r a c t i o n .  

P r e w i l t i n g  c a u s e s  no a p p a r e n t  r e d u c t i o n  i n  t h e  e s s e n t i a l  

18 

To summarize, exper iments  w i t h  sun-cured and w i l t e d  a l f a l f a  show i t  is  
v e r y  l i k e l y  t h a t  a h i g h - q u a l i t y  dehy can b e  produced w i t h  low-temperature 
d r y i n g ,  a l t h o u g h  some minor c a r o t e n o i d  l o s s e s  might occur  t h a t  would n o t  b e  
r e a l i z e d  w i t h  convent iona l  dry ing .  Q u a l i t y  s h o u l d  b e  a t  least  a s  good as  
p r e w i l t e d  material, s i n c e  d r y i n g  a t  geothermal  tempera tures  of 200 t o  300°F 
would d e n a t u r e  t h e  n u t r i e n t - d e g r a d i n g  enzymes i n  a much s h o r t e r  t i m e  t h a n  
w i l t i n g  a t  a i r  tempera tures  b e f o r e  chopping. I n  a d d i t i o n ,  c e r t a i n  n u t r i t i o n a l  
advantages may r e s u l t  from d r y i n g  a t  lower tempera tures  : 

- I n c r e a s e s  i n  n o n p r o t e i n  n i t r o g e n  may b e  p o s s i b l e .  

- C e l l u l o s e  d i g e s t i b i l i t y  may b e  improved. 

- P r o t e i n  s t a b i l i t y  and d i g e s t i b i l i t y  ma.y b e  enhanced. Even 
an i n c r e a s e  i n  l y s i n e ,  an e s s e n t i a l  amino a c i d  f o r  
p o u l t r y ,  h a s  been r e p o r t e d . 1 9  

These o b s e r v a t i o n s ,  t o g e t h e r  w i t h  t h e  exper ience  i n  New Zea land ,  leave 
us s a t i s f i e d  t h a t  t h e  a l f a l f a  meal produced by a low-temperature geothermal  
d r y e r  would b e  marke tab le  and of good commercia.1 grade .  
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F i e l d  
Treatment  

Direct c u t  

Windrow 
4 hour s  

6 h o u r s  

1 0  hour s  

23 h o u r s  

~~ 

% Mois tu re  
Green Dehy 
Chop Meal 

76.9 6 .0  

64 .2  4.6 

57.7 5.8 

50.3 6 . 1  

41.3 5.4 

Tab le  8.2 

EFFECTS OF WILTING ON XANTHOPHYLL AND CAROTENE RETENTION* 

Drying Temp. 
I n l e t  
(OF) 

Ou t l e t  
(OF) 

1100 

850 

q< :; 

550 

** 

250 

212 

223 

1 9  5 

199 

-~ ~~~ 

Carotene  

Re ten t ion  
( w i l t  & dehy)  

% 

87 

74 

74 

64 

47 

P r o t e i n  
% 

19.4  

19.2 

*Weather c o n d i t i o n s :  t empera tu re ,  79-91°F; humidi ty ,  50-77%; and wind, 17-27 kno t s .  

**Not r e p o r t e d .  

Xanthophyll  
% PPm 

Green R e t  en  t i o n  
( w i l t  & dehy) Chop 

PPm 
W i l t  & 
Dehy 

~~ ~ 

88 

90 

76 

65 

52 

293 

265 

2 34 

231 

193  

258 

259 

217 

187 

149 

SOURCE: A. L .  L i v i n g s t o n  e t  a l . ,  "Nu t r i en t  Changes During A l f a l f a  W i l t i n g  and Dehydrat ion,"  J -ourna l  of 
A g r i c u l t u r e  and Food Chemistry,  p r e p r i n t  (February  1, 1977) ;  "Advantages and Cau t ions  i n  W i l t i n g  
A l f a l f a  P r i o r  t o  Dehydra t ion ,"  F e e d s t u f f s  (February  7 ,  1 9 7 7 ) ,  p .  30. 
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CHAPTER 9 : THE HEBER K G U ,  A CASE STLQY 

I n t  ro  d u c t i o n  

To t e s t  t h e  g e n e r a l i z e d  estimates o f  t h e  e a r l i e r  a n a l y s e s ,  t h e  s t u d y  
t e a m  a p p l i e d  t h e  economic and i n s t i t u t i o n a l  f i n d i n g s  t o  a p a r t i c u l a r  and rea l  
case: t h e  Heber KGRA. In t h i s  a p p l i c a t i o n  s i t e - s p e c i . f i c  p a r a m e t e r s  were sub- 
s t i t u t e d  f o r  g e n e r a l i z a t i o n s ,  and t h e  economics of  p r o d u c t i o n  as s e e n  chrough 
t h e  e y e s  o f  a d e h y d r a t o r  w a s  s u b s t i t u t e d  f o r  more t h e o r e t i c a l  c o m p u t a t i o n s .  
Because t h e  ea r l i e r  f i n d i n g s  were g e n e r a l l y  p e a s i m i s t : i c ,  w e  chose  t h e  b e s t  
s i t e  w e  c o u l d  f i n d ,  from t h e  s t a n d p o i n t  of  t h e  r e s o u r c e  as w e l l  as t h e  a l f a l f a  
o p e r a t i o n ,  f o r  t h i s  more d e t a i l e d  probe.  
worked w i t h  t h e  U n i t e d  Alfalfa  Yills d e h y d r a t i n g  company; t h e i r  c o o p e r a t i o n  
and a s s i s t a n c e  were e x c e l l e n t  and much a p p r e c i a t e d .  

In t h i s  p o r t i o n  o f  t h e  s t u d y  w e  

The E l  C a t r o / H e b e r  KGRA S i t e  

Uiii ted A l f a l f a  Yills i s  l o c a t e d  on a r a i l  s i d i n g  of  t h e  S o u t h e r n  P a c i f i c  
R a i l r o a d ,  a q u a r t e r - m i l e  s o u t h  o f  I n t e r s t a c e  8 and about  2.5 mi les  s o u t h e a s t  
o f  t h e  center o f  E l  Centro ( s e e  F i g u r e  9 . 1 ) .  Across  t h e  road  t o  t h e  n o r t h  of 
t h e  dehy p l a n t  i s  t h e  V a l l e y  N i t r o g e n  P l a n t ,  s u o j e c t  o f  a n o t h e r  geothermal  
d i r e c t - u t i l i z a t i o n  f e a s i b i l i t y  s t u d y .  Three  mi l e s  t o  t h e  s o u t h  i s  t h e  c e n t e r  
of  t h e  Heber  anomaly w i t h  i t s  c o n c e n t r a t i o n  of  g e o t h a m a l  wells. 

The d r y e r s  a t  t h i s  s i t e  c o n s i s t  of two 18,,000 pounds/hour  ( e v a p o r a t i v e  
c a p a c i t y )  drums and two 22,000 pounds/huur  drums. The f o u r  drums t o g e t n e r  can 
produce  a b o u t  1 2  dry t o n s l h o u r  o f  1 2 - p e r c e n t  m o i s t u r e ,  17-percent  p r o t e i n  
dehy--this is  q u i t e  a l a r g e  p l a n t .  
company i s  part owner o f  t h e  plant) f o r  u s e  in ?oulti:y f e e d s .  Dehy p r o d u c t i o n  
a c c o u n t s  f o r  50 p e r c e n t  of  U n i t e d ' s  b u s i n e s s ;  t h e  r e n a i n d e r  i s  c h e a p e r  sun- 
c u r e d  a l f a l f a  f o r  l o c a l  m a r k e t s .  The e q o r t  market i s  s u p p l i e d  v i a  r a i l  and 
t h e  p o r t  of San Diego; t h e  l o c a l  m a r k e t ,  a l l  w i t h i n  a 250-mile r a d i u s ,  I s  
s u p p l i e d  by t r u c k .  

XI1 dehy i s  e x p o r t e d  t o  Japan  ( a  J a p a n e s e  

Green-chop a l f a l f a  i s  d e l i v e r e d  i n  plant-owned t r u c k s  from independent  
growers m o s t l y  w i t h i n  1 0  miles o f  t h e  p l a n t .  
comes from farms 10 t o  20 m i l e s  away. The climate and i r r i g a t i o n  p e r m i t  11 
c u t t i n g s  o f  a l f a l f a  a n n u a l l y  f o r  a year - round p l a n t  o p e r a t i n g  s e a s o n .  

E'erhaps 20 p e r c e n t  o f  t h e  a l f a l f a  

The Heber KGRA o c c u p i e s  an  area o f  about  1.3.5 s c l .  miles. The KGR.4 l ies  
F o r  t h e  most p a r t  t h e  l a n d  i n  
Approximately 1 7  p e r c e n t  of t h e  

The most i m p o r t a n t  c r o p s  a r e  

a t  t h e  s o u t h e n i  end o f  t h e  I m p e r i a l  V a l l e y .  
t h e  KGRA i s  used  f o r  a g r i c u l t u r a l  p u r p o s e s .  
l a n d  i n  t h i s  county  i s  used f o r  growing c r o p s .  
a l f a l f a ,  c o t t o n ,  and s u g a r  bee ts ,  and t h e  t o t a l .  v a l u e  o f  a g r i c u l t u r e  was $520 
m i l l i o n  i n  1 9 7 6 .  
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BECHTEL POWER PLANT 

STUDY S I TE * 
I I I 
0 1 2 

Miles 

s 

* l o c a t i o n  approximated from J. W .  Hank-,i e t  a l . ,  "Conceptus Design ant u c o s t  
Estimate fb; .a 10-MIJe (Net) Genera t ing  Unit  and Experimental  F a c i l i t y  Using 
Geothermal B r i n e  Resources  , I ’  Proceedings :  Second U . N .  Symposium on t h e  Develop- 
ment and Use o f  Geothermal Resources ,  San F r a n c i s c o ,  C a l i f . ,  May 20-39. 1975 
(Washington, D . C . :  U.S. Government P r i n t i n g  O f f i c e ,  19761, pp. 1985-1996. 

F i g u r e  9 . 1  E l  Centro Dehy P l a n t  and Heber KGRA 
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The Elec t r ic  Power Research I n s t i t u t e  (EPRI) has; funded a s t u d y  of t h e  
f e a s i b i l i t y  of  a 50 MWe b i n a r y - c y c l e  e l e c t r i c  generat: ion demonst ra t ion  p l a n t  
a t  Heber. I n  a d d i t i o n ,  under ERDA funding  t h e  p o t e n t i a l  use of  t h e  geothermal  
r e s o u r c e  by t h e  Val ley  Ni t rogen  P l a n t  i s  b e i n g  s t u d i e d .  The g e n e r a l  dimensions 
of t h e  Heber KGRA are i l l u s t r a t e d  i n  F i g u r e  9 . 2 .  

The d e t a i l s  of t h e  Heber KGRA a r e  c o n s i d e r e d  p r o p r i e t a r y  by t h e  l e a s e -  
h o l d e r s  (Chevron, San Diego Gas and E l e c t r i c  Company, and Magma Energy, I n c . )  . 
P u b l i s h e d  i n f o r m a t i o n  i n d i c a t e s  t h a t  s u b s u r f a c e  tempera tures  are about  375’F 
and t h a t  t h e  t o t a l  u s e f u l  p o t e n t i a l  o f  t h e  KGRA i s  973  megawatts ( e l e c t r i c a l )  
o r  4 1 . 5  b i l l i o n  B t u ’ s l h r .  1 

Water -qua l i ty  d a t a  f o r  t h e  Heber s i t e  appears  i n  Tables  9 . 1  and 9 . 2 .  On 
t h e  b a s i s  of t h e  w a t e r - q u a l i t y  d a t a ,  t h e  f o l l o w i n g  w e r e  i d e n t i f i e d  as poten- 
t i a l  problems t o  b e  r e s o l v e d  i n  any d e s i g n  f o r  t h i s  s ’ i t e :  

- Scal ing--because of  t h e  h i g h  s o l i d s  c o n t e n t ,  d e p o s i t i o n  o f  
s o l i d s  on t h e  heat-exchanger  s u r f a c e  is expec ted .  

- Corrosion-- the t y p e  of  c o r r o s i o n  depends on t h e  m a t e r i a l s  
used. For s t a i n l e s s  s tee l s  t h e  p r e v a l e n t  ccirrosion mechanism 
i s  expec ted  t o  b e  p i t t i n g  c o r r o s i o n  r e s u l t i n g  from c h l o r i d e  
a t t a c k .  Carbon s teels  a r e  expec ted  t o  undergo oxygen-type 
c o r r o s i o n  a t t a c k .  Most t i t a n i u m  a l l o y s  wou1.d n o t  b e  e x p e c t e d  
t o  undergo s i g n i f i c a n t  c o r r o s i o n  i n  t h e  pres ,ence of  Heber 
b r i n e s ,  which are less c o n c e n t r a t e d  t h a n  seawater. 

- Chemical a t t a c k - - t h e  b i g g e s t  a r e a  of concern  r e l a t e d  t o  
materials s e l e c t i o n  i s  t h e  p o s s i b i l i t y  of ch.emica1 r e a c t i o n s  
w i t h i n  t h e  b r i n e  i t s e l f  r e s u l t i n g  i n  a lower b r i n e  pH. T h i s  
could  o c c u r  by o x i d a t i o n  of  d i s s o l v e d  H2S arid o t h e r  s u l f i d e s  
i n  t h e  p r e s e n c e  of  e i t h e r  d i s s o l v e d  oxygen cir a i r .  

S c a l i n g .  Tests  performed by Chevron a t  t h e i r  Heber t es t  s i t e  i n d i c a t e  
t h a t  s c a l i n g  i s  n o t  as p r e v a l e n t  as a t  Ni land  and o t h e r  l o c a t i o n s  i n  t h e  
I m p e r i a l  Val ley .  Two t y p e s  of  h e a t  exchangers  are  b e i n g  t e s t e d - - c a r b o n - s t e e l  
and t i t a n i u m .  There w a s  c o n s i d e r a b l e  f o u l i n g  i.n t h e  c a r b o n - s t e e l  t u b e s ,  
w h i l e  t h e  t i t a n i u m  t u b e s ,  as would b e  expec ted ,  showed only  s l i g h t  s c o r i n g  
and c o r r o s i o n .  

S o f t  scale  may r e s u l t ,  under  c e r t a i n  c o n d i t i o n s ,  from a d e c r e a s e  i n  t h e  
s o l u b i l i t y  of  d i s s o l v e d  s o l i d s  as t h e  energy is  t r a n s f e r r e d  from t h e  b r i n e  
t o  d r y e r  a i r  o r  o t h e r  working f l u i d  and t h e  brFne tempera ture  d e c r e a s e s .  I n  
t e s t s  a t  Niland and S a l t o n  Sea KGRAs, s o f t - s c a l e  format ion  w a s  observed t o  
occur  a t  ra tes  up t o  1 i d w e e k  i n  some c a s e s . 2  
bui ld-up,  and t o  minimize t h e  accumulat ion of hard salts ,  i t  w a s  dec ided  t o  
m a i n t a i n  a b r i n e  v e l o c i t y  through a l l  h e a t - t r a n s f e r  equipment of a t  l eas t  
4 f t / s e c  i n  our  p r e l i m i n a r y  d e s i g n s .  T h i s  d e c i s i o n  was reached a f t e r  consul -  
t a t i o n  w i t h  Chevron’s c o n s u l t i n g  e n g i n e e r i n g  and wi th  o t h e r  d e s i g n  
s p e ~ i a l i s t s . ~ , j  
( 2 4  p s i g  o r  more f o r  t h e  s p e c i f i e d  c a p a c i t y )  arid some l o s s  of  f l e x i b i l i t y  i n  
c o n f i g u r a t i o n  of h e a t - t r a n s f e r  equipment.  

I n  o r d e r  t o  p r e v e n t  s o f t - s c a l e  

The p e c a l t y  f o r  t h e  h i g h  v e l o c i t y  is ;  a h i g h  pressure-drop  
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Par a,ne t e r * 

TDS 

S i02 
Ll 
N D 

K 
Ca 
Ms 
c1 
334 
G O 3  
HC03 
P 
B 
Fa 
l.h 
Pb. 
Zn 
cu 
Ea 
Sr 
A 1  
Ag 
L1 
PH 

Table  9 . 1  

CHEMICAL QUALITY OF WATER, HEBER GEOTHERMAL RESERVOIR 
IMPERIAL VALLEY , CALIFORNIA 

Nowlin 
No. 1 

14,100 

12 0 
6.6 

3 , 600 
36 0 
8 8 0  
2.4 

9,000 
100 

4 
20 
1.6 
4.8 
o e 9  
NA 
0.1 

3.68 
0.2 
NA 
NA 

0.04 
;?A 

4 
7.1 

Holtz 
No. 1 

13 , 148 
268 

4 
5,500 

22 0 
1,052 

5.6 
7 , 4 2 0  
100 
NA 
NA 
1.7 
4.1 

_1_ 

15 
0.9 

0.3 
0.5 
6 

37 
15 
NA 
NA 
NA 

l e 6  

Hol tz 
No. 2 

16,330 

187 

4,720 
2 3  1 

1,062 
2 3  

8,242 
148 
NA 
NA 
1.5 
8 
5 

0.9 
0.6 
0.1 
0.4 

3 
4 2 
1.2 
NA 
NA 
7.4 

- 

4.1 

C ,Be 
Jacks on 
NO. 1 

15,430 

267 
2.8 

4,638 
18 1 
891 
4.7 

8,320 
152 

NA 
NA 

0.9 

20 
1.3 
0.6 
0. 4 
0.4 

3 
32 
0.5 

NA 
NA 
5.8 

4 .  a 

J .De 
J a c k s  m 

E?o. 1 

15,275 

268 
3.4 

4,563 
197 
78 P 
3.8 

8,076 
150 

NA 
HA 

0. G 
5.2 
LO 

1.9 
0.9 
0.5 
0.4 

3 
36 
18 
NA 
NA 
6.5 

':Escclpt pH* a l l  parameters a r e  i n  p a r t s  per: mill ion.  

SOURCE: "Engineer ing and Economic F e a s i b i l i t y  o f  U t i l i z i n g  Geothermal Heat 
from t h e  Heber R e s e r v o i r  f o r  I n d u s t r i a l .  P r o c e s s i n g  Purposes  a t  V a l l e y  
N i t r o g e n  Producers ,  I n c . ,  E l  Centro A g r i c u l t u r a l  Chemical P l a n t , ' '  
F i r s t  Q u a r t e r l y  Report  p repared  by WESTEC S e r v i c e s ,  I n c . ,  f o r  Energy 
Research and Development A d m i n i s t r a t i o n  and V a l l e y  Ni t rogen  P r o d u c e r s ,  
I n c . ,  under ERDA C o n t r a c t  E(04-3)-1323, San Diego, C a l i f o r n i a ,  
J a n u a r y  28, 1 9 7 7 .  
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T a b l e  9 . 2  

CHARACTERISTICS OF THE HEBER GEOTHERMAL RESERVOIR 

T o t a l  Disso lved  S o l i d s  (TDS) 

B r i n e  c h e m i s t r y  f o r  thermodynamic 
c a l c u l a t i o n s  

PH 

C 0 2  by w e i g h t  of  f l a s h e d  steam 

Methane and hydrogen s u l f i d e  by 
weight  of  f l a s h e d  steam 

Pressure /Tempera ture  ( 2  phase  
b r i n e  a t  w e l l  head)  

B r i n e  r e t u r n  t e m p e r a t u r e  a t  
r e i n j e c t i o n  w e l l  

14000 ppm 

14000 ppm s o l u t i o n  o f  
N a C  1 

6.2 

L O .  3% 

trace 

85-100 p s i  
300- 340 O F  

2 1 6 0 ° F  

SOURCE: "Engineer ing and Economic F e a s i b i l i t y  of U t i l i z i n g  Geothermal Heat 
from t h e  Heber R e s e r v o i r  f o r  I n d u s t r i a l  P r o c e s s i n g  Purposes  a t  V a l l e y  
Ni t rogen  Producers ,  I n c . ,  E l  Cent ro  A g r i c u l t u r a l  Chemical P l a n t , "  
F i r s t  Q u a r t e r l y  Report  p r e p a r e d  by WESTEC Services, I n c . ,  f o r  Energy 
Research and Development A d m i n i s t r a t i o n  and V a l l e y  Ni t rogen  Producers ,  
Inc., under ERDA C o n t r a c t  E(04-3)-1323, San Diego, C a l i f o r n i a ,  
J a n u a r y  28 ,  1977. 
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Hard s c a l i n g  c o n s i s t s  of  t h e  p r e c i p i t a t i o n  o f  a h a r d  l a y e r  o f  predominate ly  
amorphous s i l i c a  on t h e  s u r f a c e s  i n  c o n t a c t  w i t h  geothermal  b r i n e .  S i l i c a  s c a l e  
a l s o  c o n t a i n s  l a r g e  q u a n t i t i e s  of heavy-metal  s u l f i d e s ,  and metals such a s  i r o n ,  
copper ,  s i l v e r  and l e a d ,  a l l  of which c o n t r i b u t e  t o  t h e  s c a l i n g  problem. 1 

As t h e  geothermal  water c o o l s ,  i t  becomes s u p e r s a t u r a t e d  w i t h  amorphous 
s i l i c a  which d e p o s i t s  a t  a ra te  determined by t h e  presence  of m i n e r a l s ,  such a s  
calcium o x i d e ,  which c a t a l y z e  t h e  p r e c i p i t a t i o n .  I t  i s  r a t h e r  d i f f i c u l t  t o  
p r e d i c t  t h e  r a t e  of b u i l d u p  of  h a r d  scale from geothermal  b r i n e s ,  a l though 
d e p o s i t i o n  rates i n  t h e  S a l t o n  Sea KGRA a r e  observed  t o  b e  on t h e  o r d e r  of 
118 i n l y e a r .  S i n c e  t h e  Heber r e s e r v o i r s  a l l  c o n t a i n  s i g n i f i c a n t l y  less s o l i d s  
t h a n  found a t  S a l t o n  Sea, t h e  l a t t e r  r a t e  o f  scale  format ion  may b e  t a k e n  as 
a n  upper l i m i t  f o r  d e s i g n  purposes .  I n  o r d e r  t o  a l l o w  f o r  t h e  p o s s i b i l i t y  of  
h a r d - s c a l e  format ion  on h e a t - t r a n s f e r  s u r f a c e s ,  t h e  fo l lowing  p r o v i s i o n s  were 
made : 

- B r i n e  f low w i l l  b e  on t h e  t u b e  s i d e  of h e a t  exchanger;  and 

- The des ign  w i l l  i n c l u d e  p r o v i s i o n  f o r  t a k i n g  p a r t s  of t h e  
heat-exchanger  sys tem o u t  of  s e r v i c e  f o r  p e r i o d i c  c l e a n i n g  
w i t h o u t  i n t e r r u p t i n g  b r i n e  f low.  The arrangement t e n t a t i v e l y  
s e l e c t e d  h a s  two independent  p a r a l l e l  c i r c u i t s ,  each w i t h  
t h r e e  se ts  o f  c o i l s  i n  s e r i e s .  

Corros ion .  Chevron O i l  F i e l d  Research p e r s o n n e l  have been involved  i n  
t h e  m a t e r i a l  and c o r r o s i o n  problems a t  t h e  Heber KGRA. C o r r o s i o n - r a t e  s t u d i e s  
have  i n v o l v e d  b o t h  probes  and heat-exchanger  t u b e s .  The t e s t  program was of 
approximate ly  one y e a r ’ s  d u r a t i o n . 2  
probes  range  from 10 t o  80 m i l s l y e a r  ( 0 . 0 1  t o  0 .08 i n . ) ,  i n d i c a t i n g  v e r y  s e v e r e  
c o r r o s i o n ;  however, t u b e  tests u s i n g  t i t a n i u m  t u b e s  i n d i c a t e d  s a t i s f a c t o r y  
performance.  

Corros ion  rates on b l a d e ,  coupon and rod 

Bureau of Mines tests a t  t h e  San Diego Gas and E l e c t r i c  Company/ERDA 
geothermal loop experimental facility at Niland were performed using a natural 
b r i n e  from t h e  U.S. Bureau of Reclamation w e l l  s i t e  n e a r  H o l t v i l l e .  This  b r i n e ,  
c o n t a i n i n g  3 p e r c e n t  d i s s o l v e d  s o l i d s ,  i s  b e l i e v e d  t o  be s i m i l a r  t o  t h a t  found 
a t  Heber KGRA. Ti tanium and t i t a n i u m  a l l o y s  (Ti-1.7 W ,  Ti-2 N i ,  and Ti-10 V) 
a l l  e x h i b i t e d  e i t h e r  v e r y  s l i g h t  o r  n o n d e t e c t a b l e  c o r r o s i o n  ra tes  a t  220°F 
and 1 atmosphere,  u s i n g  e i t h e r  a e r a t e d  o r  d e a e r a t e d  b r i n e s .  Under t h e s e  con- 
d i t i o n s ,  carbon s teel  e x h i b i t e d  severe c o r r o s i o n ,  w h i l e  Types 302, 316L, Car- 
p e n t e r  20, and E - B r i t e  26-1 a l l  e x h i b i t e d  s l i g h t  t o  n o n d e t e c t a b l e  rates of  
g e n e r a l  c o r r o s i o n  and p i t t i n g ,  o r  crevice c o r r o s i o n .  
c a l l y  i n  agreement w i t h  t h e  q u a l i t a t i v e  results on Heber b r i n e s  p u b l i s h e d  by 
Chevron. 

These f i n d i n g s  are b a s i -  

2 

I n  a d d i t i o n  t o  p u b l i s h e d  d a t a ,  w e  have  been a b l e  t o  a c q u i r e  v e r b a l  des- 
c r i p t i o n s  of a d d i t i o n a l  tests performed by Chevron, which i n d i c a t e  t h a t  carbon 
s t ee l  t u b e s  show a c c e p t a b l e  l i f e t i m e s  under Heber b r i n e  c o n d i t i o n s  provided  
t h a t  ( a )  t u b e s  are c l e a n e d  p r i o r  t o  b e i n g  p l a c e d  i n  s e r v i c e ,  and ( b )  a i r  i s  
prevented  from e n t e r i n g  t h e  system. 3 
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I n  summary, e i t h e r  t i t a n i u m ,  t i t a n i u m  a l l o y s ,  o r  s t a i n l e s s  s t e e l  may b e  
expec ted  t o  show a c c e p t a b l e  service l i f e t i m e s  under Heber b r i n e  c o n d i t i o n s ,  
i f  p r o p e r  care i s  t a k e n  i n  d e s i g n  n o t  t o  exceed material l i m i t a t i o n s .  T i tan ium 
and t i t a n i u m  a l l o y s  are f r e q u e n t l y  used i n  a p p l i c a t i o n s ,  such a s  i n  d e s a l i n a t i o n  
and c o o l i n g ,  where b r i n e s  are  used  i n  c o n t a c t  w i t h  h e a t - t r a n s f e r  s u r f a c e s .  I n  
such a p p l i c a t i o n s ,  s e r v i c e  l i f e t i m e s  have been e x c e l l e n t  ( f o r  example,  90-percent  
p r o b a b i l i t y  of  30-year l i f e t i m e  i n  power-plant c o o l i n g  a p p l i c a t i o n 6 )  b u t  
t h e  c o s t  o f  t i t a n t i u m  h e a t  exchangers  ( $ 4 0 / f t 2  FOB) i s  almost  p r o h i b i t i v e  f o r  
geothermal  a p p l i c a t i o n s  where l a r g e  h e a t - t r a n s f e r  s u r f a c e s  are r e q u i r e d .  For  
t h i s  r e a s o n ,  and because  t h e r e  i s  some r e a s o n a b l e  doubt about  t h e  service l i f e  
o f  carbon s t e e l  t u b e s  i n  c o n t a c t  w i t h  Heber b r i n e s ,  w e  have e l e c t e d  t o  b a s e  
d e s i g n  c o s t s  on t h e  use of  t y p e  304 s t a i n l e s s  s t e e l  t u b e s .  

Chemical a t t a c k .  Chemical a t t a c k  o f  heat-exchanger  t u b e s  by a c i d s  (&) 
can r e s u l t  from o x i d a t i o n  of s u l f i d e s  (most ly  H2S) p r e s e n t  i n  some geothermal  
b r i n e s .  There are t o  d a t e  no known measurements of t h e  incondensable  gas  
f r a c t i o n  from t h e  KGRAs i n  t h e  I m p e r i a l  V a l l e y .  The f r a c t i o n  of geothermal  
f l u i d  a t  Heber KGRA comprised of incondensable  g a s  i s  about  0 .3% (by w e i g h t ) ,  
which i s  comparable t o  t h e  Geysers  f i e l d . ’  The o n l y  i n d i c a t i o n  o f  t h e  H2S 
c o n c e n t r a t i o n  i n  t h e  Heber b r i n e  i s  based on measurement of  emiss ions  from t h e  
San Diego G a s  and E l e c t r i c l E R D A  geothermal  e x p e r i m e n t a l  s t a t i o n  a t  N i l a n d .  
C o n c e n t r a t i o n s  of H2S have been found t o  v a r y  from 1500 t o  4900 ppm by volume 
a t  t h e  Niland f a c i l i t y .  T h i s  l eve l  i s  s i g n i f i c a n t l y  l e s s  t h a n  t h e  5 . 7  p e r c e n t  
found a t  t h e  Geysers ,  and would n o t  reduce  t h e  pf! of t h e  b r i n e  s o l u t i o n  t o  
levels  below t h o s e  found i n  Table  9 . 1 ,  even i f  t h e  b r i n e  w e r e  thoroughly  
a e r a t e d .  T h e r e f o r e ,  i t  does  n o t  a p p e a r  t h a t  a d d i t i o n a l  p r e c a u t i o n s  need t o  
be t a k e n  t o  p r e v e n t  chemical  a t t a c k  o t h e r  t h a n  t h o s e  p r e v i o u s l y  d i s c u s s e d  i n  
c o n n e c t i o n  w i t h  mater ia ls  s e l e c t i o n .  

Estimate of  Heat C o s t s  

Two s o u r c e s  were used t o  o b t a i n  estimates of t h e  c o s t  of d e l i v e r e d  h e a t  
t o  t h e  United A l f a l f a  M i l l s .  W e  r e q u e s t e d  estimates from Chevron Resources  
Company and t h e  Bat te l le  P a c i f i c  Northwest L a b o r a t o r i e s  GEOCITY model tias 
used t o  perform a l a r g e r  range  of  economic a n a l y s e s .  

The Chevron Resources  Company provided  an  estimate of t h e  inves tment  
( w e l l s ,  f a c i l i t i e s ,  and p i p e l i n e s )  and o p e r a t i n g  c o s t  s c h e d u l e  t h a t  would 
be  r e q u i r e d  t o  d e l i v e r  geothermal  h e a t  i n  accordance  w i t h  c o n d i t i o n s  s p e c i f i e d  
by t h e  s t u d y  t e a m .  These c o n d i t i o n s  were 

- 925,740 pounds p e r  hour  of  l i q u i d - p h a s e  b r i n e  ( f o r  p r e s e n t  
dehy o u t p u t )  

- 300°F d e l i v e r e d  t e m p e r a t u r e  

- 160°F r e t u r n  t e m p e r a t u r e  

The Chevron estimate w a s  based on a n e t  c a s h  f low a n a l y s i s  f o r  v a r i o u s  
s c e n a r i o s .  Table  9 . 3  p r e s e n t s  t h i s  d a t a .  
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Table 9 . 3  

CHEVRON ESTINATES OF TiIE COST OF DT.LTV?F,EI) HEAT 

57% Ar,nusI Dryer Capacity* 38% Annual Dryer C a p a c i t ~  ~- 
P r i c e  P r i c e  
$m BTU L i f e  pipeline;':" $ / b f  XTI' L i f e  Pipeline** - - 

4.90 10 yea r s  w i th  3.25 10 yea r s  w i t h  
2 . 5 0  10 yea r s  without  1.80 10 yea r s  w i thou t  
4 . 3 5  20 yea r s  w i th  3.00 20 yea r s  w i th  
2 . 1 5  20 yea r s  without  1 .50 20 yea r s  w i thou t  

*432  and 648 b i l l i o n  Btu 's /year  required f o r  p re sen t  (40,000 tons/year)  
and 150% of p re sen t  ou tpu t ,  r e spec t ive ly .  

**With and wi thou t  p i p e l i n e  investment .  

For t h e  c o n d i t i o n s  t h a t  were assumed, i t  a p p e a r s  t h a t  t h e  p r i c e  of 
geothermal  h e a t  i n  t h i s  l o c a t i o n  f o r  a 12-ton p e r  hour  dehy o u t p u t  ranges  
from about  $1.50 p e r  m i l l i o n  B t u ' s  t o  $5.00 p e r  m i l l i o n  B t u ' s .  
i n d i c a t e s  t h a t  t h e  p r i c e  i s  q u i t e  s e n s i t i v e  t o  c a p a c i t y  f a c t o r  and assumed 
p r o j e c t  l i f e .  The p i p e l i n e  r e p r e s e n t s  a major inves tment  i f  t h e  dehy p l a n t  
remains a t  i t s  p r e s e n t  s i t e .  The p i p e l i n e  l e n g t h  would b e  about  three-an?- 
one-half  m i l e s  from t h e  supply  w e l l  and about  two-and-one-half m i l e s  t o  t h e  
r e i n j e c t i o n  w e l l .  

The a n a l y s i s  

The Battelle a n a l y s i s  u s i n g  t h e  GEOCITY model involved  c o n s i d e r a t i o n  
of 1 2  s e p a r a t e  cases. 
1, 4 ,  7 and 10 d e p i c t  a geothermal - f lu id  t r a n s m i s s i o n  system s h a r e d  by V a l l e y  
Ni t rogen  P l a n t  (VNP) and United A l f a l f a  M i l l s  (UAM) a t  t h e i r  p r e s e n t  s i t e s  
(3.5 m i l e s  from t h e  Heber r e s e r v o i r ) .  Cases 2 ,  5 ,  8 and 11 r e p r e s e n t  a 
p i p e l i n e  t h a t  serves o n l y  UAM a t  i t s  p r e s e n t  s i t e .  Cases 3 ,  6 ,  9 and 12 
r e p r e s e n t  a p i p e l i n e  t h a t  serves o n l y  t h e  a l f a l f a  m i l l ,  b u t  t h e  m i l l  i s  
moved t o  w i t h i n  one m i l e  o f  t h e  Heber r e s e r v o i r .  One m i l e  i s  e s t i m a t e d  
t o  b e  t h e  l eas t  d i s t a n c e  t h a t  would s t i l l  permi t  t h e  m i l l  t o  l o c a t e  on a 
r a i l  s i d i n g  f o r  e x p o r t  s h i p p i n g .  

These cases are  i l l u s t r a t e d  i n  F i g u r e  9.3. Cases 

The VNP demand w a s  assumed t o  r e q u i r e  a f low ra te  of about  8 2 , 7 9 2  Ib/min 
and the  annual  l o a d  f a c t o r  i s  0.75.  The a v e r a g e  annual  l o a d  f a c t o r  f o r  
Cases 1, 4 ,  7 and 10 w a s  c a l c u l a t e d  w i t h  t h e  f o l l o w i n g  e q u a t i o n :  

82,792 + FUAM 

Where 

LF = Average a n n u a l  l o a d  f a c t o r  

= Annual l o a d  f a c t o r  f o r  UAM 

avg 

LFUAM 

= Flow r a t e  of t h e  360°F Heber f l u i d  r e q u i r e d  
by UAM, lb /min .  FUAM 

The assumptions and an  example o f  t h e  computer p r i n t o u t  are  i n c l u d e d  i n  
Appendix B. 
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Case 1 r D e s c r i p t i o n  Dryer  Requirements  

~~ 

Annual Load F a c t o r  

P i p e l i n e  s h a r e d  by VNP 
and a l f a l f a  m i l l  a t  
p r e s e n t  s i t e .  D i s t a n c e  
from VNP t o  a l f a l f a  m i l l  
assumed z e r o .  

B r i n e  f l o w :  1 5 ,  429 l b / m i n  
I n l e t  Tempera ture :  300°F 
Return  Temperature:  160°F 
I n l e t  P r e s s u r e :  100 p s i a  
R e t u r n  P r e s s u r e :  20 p s i a  

. 3 8  

A l f a l f a  M i l l  a t  p r e s e n t  
s i t e :  p i p e l i n e  s e r v e s  
only a l f a l f a  m i l l .  

A s  f o r  Case 1 . 3 8  Case 2 

Case 3 

Case 4 

A s  f o r  Case 1 . 3 8  A l f a l f a  m i l l  moves t o  
s i t e  f o r  which p i p e l i n e  
l e n g t h  is  1 m i l e ;  s e r v e s  
only a l f a l f a  m i l l .  

A s  f o r  Case 1 A s  f o r  Case 1 .57 
I + 

Case 5 t------ Case 6 

A s  f o r  Case 1 .57 w 
0 
I 

A s  f o r  Case 2 

A s  f o r  Case 3 A s  f o r  Case 1 . 5 7  

A s  f o r  Case 1 B r i n e  f low:  7 , 7 1 4  l b / m i n  
O t h e r  p a r a m e t e r s  a s  above 

. 3 8  

~ 

A s  f o r  Case 7 . 3 8  A s  f o r  Case 2 

I Case 9 As f o r  Case 3 A s  f o r  Case 7 .38 
t- 

A s  f o r  Case 1 A s  f o r  Case 7 Case 1 0  I Case 11 

.57 

.57 A s  f o r  Case 2 A s  f o r  Case 7 

L Case 1 2  A s  f o r  Case 7 . 5 7  A s  f o r  Case 3 

F i g u r e  9 . 3  GEOCITY Case D e s c r i p t i o n s  



r 

Table  9 . 4  shows t h e  wel lhead c o s t  of e n e r g y ,  t h e  d e l i v e r e d  c o s t  of 
energy ,  and t h e  t r a n s m i s s i o n  system c a p i t a l  c o s t  f o r  e a c h  case. The energy  
c o s t s  i n c l u d e  10c/MBtu f o r  downhole pumps t o  s u p p r e s s  f l a s h i n g  i n  t h e  w e l l s .  
The t r a n s m i s s i o n  system c a p i t a l  c o s t  i n c l u d e s  t h e  c o s t s  of t h e  t r a n s m i s s i o n  
p i p e ,  i n s u l a t i o n ,  b o o s t e r  pumps, and r e t u r n  p i p e  t o  t h e  i n j e c t i o n  w e l l s .  
A l l  GEOCITY c o s t s  are  i n  J u l y  1976 d o l l a r s .  

Based on t h e  r e s u l t s  of t h e  a n a l y s e s  shown i n  Table  9 .4 ,  t h e  p i p e l i n e  
s h a r e d  by VNP and UAM y i e l d s  lower energy  c o s t s  i n  a l l  cases e x c e p t  Case 6 ,  
i n  which two u n l i k e l y  assumptions a re  made--that UAM moves from i t s  p r e s e n t  
s i t e  and t h a t  i t  produces 150 p e r c e n t  of  p r e s e n t  dehy o u t p u t .  

Comparison o f  t h e  Chevron and GEOCITY Estimates 

The GEOCITY model and t h e  Chevron estimate were, of c o u r s e ,  a t t e m p t s  
t o  de te rmine  t h e  economics of s u p p l y i n g  geothermal  h e a t  t o  United A l f a l f a  
Mills. A s  i s  clear from t h e  preceding  d i s c u s s i o n ,  t h e s e  estimates d i f f e r .  
Table  9 .5 p r e s e n t s  a comparison of t h e  estimates. The d i f f e r e n c e  i s  
p r i m a r i l y  i n  t h e  f i g u r e s  a s s i g n e d  t o  t h e  wel lhead c o s t s  f o r  t h e  geothermal  
energy,  t h e  Chevron e s t i m a t e s  b e i n g  h i g h e r  ($2 .50  v e r s u s  $1.14 w i t h  t h e  38 
p e r c e n t  a n n u a l  d r y e r  load  f a c t o r ,  G E O C I T Y  Case 2 ) .  With r e s p e c t  t o  t r a n s -  
m i s s i o n ,  c o s t  estimates are comparable ($2.40 v e r s u s  $1 .99) .  A t  t h i s  p o i n t  
t h e  s t u d y  team i s  n o t  c e r t a i n  about  t h e  reason  f o r  t h e  d i s c r e p a n c y .  It may 
w e l l  b e  t h a t  inves tment  i s  h i g h e r  t h a n  assumed by t h e  GEOCITY model o r  t h a t  
r e q u i r e d  r e t u r n  on investment  i s  h i g h e r  than  a n t i c i p a t e d  by B a t t e l l e .  

The United A l f a l f a  M i l l s  S c e n a r i o  

The G E O C I T Y  c o s t s  i n d i c a t e  t h a t  a p i p e l i n e  s h a r e d  between t h e  V a l l e y  
Ni t rogen  P l a n t  and United A l f a l f a  M i l l s  i s  probably  most c o s t - e f f e c t i v e .  
The Chevron p r i c e  estimates have been used f o r  economic a n a l y s i s  s i n c e ,  
a f t e r  a l l ,  Chevron i s  s e l l i n g  t h e  h e a t .  S i n c e  t h e  Chevron estimates do 
n o t  i n c l u d e  a s h a r e d  p i p e l i n e ,  w e  have used t h e  r a t i o  of wel lhead  p r i c e  
( p e r  m i l l i o n  B t u ' s )  when t h e  p i p e l i n e  is  s h a r e d  t o  wel lhead  p r i c e  when 
t h e  p i p e l i n e  serves o n l y  UAM from t h e  GEOCITY model and a p p l i e d  t h i s  r a t i o  
t o  t h e  Chevron wel lhead  p r i c e .  A similar p r o c e s s  w a s  used t o  estimate t h e  
Chevron c o s t  f o r  p i p e l i n e  t r a n s m i s s i o n .  The two components, wel lhead  
p r i c e  and t r a n s m i s s i o n  c o s t ,  were t h e n  added t o  produce f i n a l  estimates 
of t h e  d e l i v e r e d  p r i c e .  (The same t e c h n i q u e  w a s  used t o  estimate t h e  
Chevron p r i c e  f o r  one-mile p i p e l i n e  d e l i v e r y  of h e a t .  It should  b e  n o t e d  
t h a t  t h i s  t e c h n i q u e ,  and t h e  estimates i t  produced,  have n o t  been v a l i d a t e d  
by Chevron.) 
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Case 
?!o . 

1 
2 

3 
I 4 

5 
5 

7 

8 
9 

1@ 
11 
12 

P u 
10 

I 

D i  stance 
From 

Reservoir 
To Plant ,  

t.1 i 1 e s 

3.5 
3.5 
1 .o 
3.5 
3.5 
1 .o 
3.5 
3.5 
1 .o 
3.5 
3.5 
1 .o 

T a b l e  9 . 4  

C A P I T A L  AND ENERGY COSTS FOR SINGLE-PHASE GEOTHEFWAL F L U I D  FLOW 
FROM THE HEBER RESERVOIR TO THE ALFALFA PLANT 

Distance 
From 

P lan t  To 
I n j e c t i o n  
Wells, 
H i  1 es 

2.5 
2.5 
1 .o 
2.5 
2.5 
1 .o 
2.5 

2.5 
1 .o 
2.5 
2.5 
1 .o 

Geothermal 

Flow Rate, 
Fluid 

1 b/mi n 

91,744 
10,703 
10,703 
91,744 
40,703 
10,703 
87,2613 

5,351 
5,351 

87,268 
5,351 
5,251 

Average 
Annua l  

Loa( 
Factor 

0.71 
0.38 

0.38 
0.73 
0.57 
0.57 
0.73 
0.38 
0.38 
0.74 
0.57 
0.57 

We1 1 head 
C o s t  

o f  Energy, 
$/F;BTU 

0.84 
1 . j 4  
1.14 
0.82 
0.78 
0.78 
0.82 
1.28 

1.28 
0.80 

0.89 
0.89 

Delivered 
cos L 

of Energy, 
$/EOTU ;t 

1.45 
3.13 
1.97 
1.41 
2.16 
1.39 
1.43 

4.23 
2.52 
1.41 
2.90 
1.75 

Trsnsni ssior! 
sys te:n 
C a r j i  t a l  

COS t , $:ti:*c* 

3.43 
1.25 
0.28 

3.43 
1.25 
0.38 

3.35 
0.92 
C.29 

3.35 
0.92 
0.28 

:k Includes lOC/MBTU f o r  downhole pumps; cost  of f i e l d  ident i f icat ion and exploration has been omitted because the 

**Includes transmission pipe, insulat ion,  bcoster pun~ps,  and return pipe t o  inject ion wells. 

Heber reservoir  has been developed already. 



T a b l e  9 . 5  

I 
P 
W 
w 
I 

D e s c r i p t i o n  

P i p e l i n e  s h a r e d  by 
VNP a n d  UMI 

'Wellhead c o s t  

'Added c o s t  f o r  
d e l i v e r y  t Q  lJ.b-p! 

P i p e l i n e  s e r v e s  UAM 
o n l y ,  p r e s e n t  s i t e  

'Wellhead c o s t  

COMPARISON OF CHEVRON AND GEOCITY ENERGY PRICE ESTIMATES 
Cost per  m i l l i o n  B t u ' s  

"Added c o s t  f o r  
d e l i v e r y  t o  UAM 

One-mile p i p e l i n e  t o  
E X 1  o n l y ,  new s i t e  

'Wellhead c o s t  

"Added c o s t  f o r  
d e l i v e r y  t o  UAN 

38% Annual Load F a c t o r  

Chevron GEOCITY 

$2.58* $ 1 . 4 5  ( C a s e  1) 

1.84" .84 

.74* . 61  

$ 4 . 9 0  $ 3 . 1 3  (Case  2 )  

2 .50  1 .14  

2 . 4 0  1 . 9 9  

$3.507: $ 1 . 9 7  (Case  3 )  

2.50* 1 . 1 4  

1. oo* . 8 3  

Assumpt ions  Peak b r i n e  demand 15 ,429  pour .ds /minute  
I n l e t  T e m p e r a t u r e  300'F 
R e t u r n  T e m p e r a t u r e  1 6 0 ° F  

P i p e l i n e  Amor t ized  i n  10 y e a r s  

57% Annual  Load F a c t o r  

Chevron GEOCITY 

$2.51* $ 1 . 4 1  (Case  4 )  

1.89* .82 

.62* .59 

$3 .25  $ 2 . 1 6  (Case  5 )  

1.80 .78 

1 . 4 5  1 . 3 8  

$2.44" $1 .39  (Case  6 )  

1.80* .78 

.64* . 6 1  

* I n d i c a t e s  e s t i m a t e d  b y  The F u t u r e s  Group, n o t  Chevron ( s e e  t e x t ) .  



For t h e  s h a r e d  p i p e l i n e  s c e n a r i o ,  t h e n ,  t h e  p r i c e  of d e l i v e r e d  h e a t  
can b e  e s t i m a t e d  a s  f o l l o w s :  

- Annual l o a d  f a c t o r ,  t r a n s m i s s i o n  system 0 . 7 1  

- Wellhead p r i c e  p e r  m i l l i o n  B t u ' s  $1.84 

- Transmission c o s t  p e r  m i l l i o n  B t u ' s  $0.74 

- T o t a l  p r i c e  p e r  m i l l i o n  B t u ' s  $2.58 

Thus, a s c e n a r i o  f o r  t h e  u s e  of geothermal  energy by United A l f a l f a  
M i l l s  i n v o l v e s  t h e  f o l l o w i n g :  

- A j o i n t  v e n t u r e  w i t h  t h e  V a l l e y  Ni t rogen  P l a n t  i n  o r d e r  t o  
minimize t r a n s m i s s i o n  c o s t s  u s i n g  a p i p e l i n e  f rom t h e  Heber 
r e s o u r c e  t o  b o t h  p l a n t s ,  w i t h  a tee c l o s e  t o  t h e  l o c a t i o n  
of t h e  p l a n t s .  

- A common r e i n j e c t i o n  l i n e  from b o t h  p l a n t s  would a l s o  b e  
u t i l i z e d .  Simultaneous and pa ra l l e l  o p e r a t i o n  by  b o t h  p l a n t s  
i s  p o s s i b l e .  

- United A l f a l f a  M i l l s  would r e p l a c e  t h e i r  c u r r e n t  d r u n  d r y e r s  
w i t h  conveyor d r y e r s ;  i n  a d d i t i o n  t h e  r e q u i r e d  h e a t  exchangers  
and a n c i l l a r y  equipment would b e  added. 

Table  9.6 p r e s e n t s  an  economic a n a l y s i s  of geothermal  conveyor-dryer  
o p e r a t i o n  a c c o r d i n g  t o  t h i s  s c e n a r i o .  
r e c o v e r y  c o s t s  f o r  t h e  conveyor d r y e r s  and h e a t  exchangers ,  as w e l l  as 
c r e d i t s  f o r  c o s t s  t h a t  are a s s o c i a t e d  w i t h  rotary-drum d e h y d r a t o r  o p e r a t i o n .  
are shown i n  t h e  same format  as t h e  comparison c h a r t  i n  Chapter  6 (Table  6 . 1 2 ) .  
However, many of t h e  assumptions have been changed i n  o r d e r  t o  approximate 
as c l o s e l y  as p o s s i b l e  t h e  c o n d i t i o n s  a t  t h e  E l  Centro s i t e .  

A d d i t i o n a l  o p e r a t i n g  and c a p i t a l  

T a b l e  9.7 summarizes t h e  s a l i e n t  f e a t u r e s  of t h e  s h a r e d - p i p e l i n e ,  
conveyor-dryer s c e n a r i o .  
t h e  a d d i t i o n a l  $39 p e r  t o n  t h a t  would b e  r e q u i r e d  under t h e  assumed condi-  
t i o n s  would b e  p r o h i b i t i v e  a t  t h e  p r e s e n t .  
c r e a s e d  c o s t  t o  t h e  consumers because  o t h e r  p r o d u c t s  would be s u b s t i t u t e d  
f o r  dehy; h e  f e l t  t h a t  h e  could  absorb  perhaps  an  a d d i t i o n a l  $5-6 p e r  t o n  
i n  exchange f o r  a s e c u r e  energy  supply .  

The o p e r a t o r  of  United A l f a l f a  M i l l s  f e l t  t h a t  

H e  could  n o t  p a s s  on t h e  i n -  

The p r i c e  f o r  n a t u r a l  g a s  would have t o  r ise  t o  about  $5.30 p e r  thousand 
s t a n d a r d  c u b i c  f e e t  i n  o r d e r  t o  o f f s e t  t h e  a d d i t i o n a l  c o s t s  a s s o c i a t e d  w i t h  
geothermal  r e t r o f i t t i n g .  
Chapter  3) would b e  t h e  most l i k e l y  consequence of a permanent n a t u r a l  gas  
c u r t a i l m e n t  o r  g r e a t l y  i n c r e a s e d  p r i c e ,  u n l e s s  s u b s t a n t i a l  s u b s i d i e s  were 
made a v a i l a b l e  f o r  geothermal  r e t r o f i t t i n g  ( s e e  Chapter  1 2 ) .  

I n c r e a s e d  p r o d u c t i o n  of sun-cured a l f a l f a  ( s e e  
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Table  9 . 6  

COSTS OF ALL-GEOTHEWAL CONVEYOR DRYER OPERATION 
WITH SHARED PIPELINE FOR UNITED ALFALFA MILLS, EL CENTRO 

F o s s i l  Energy Reduct ion 

A d d i t i o n a l  Inves tment  
(two 6-ton-per-hour modules r e q u i r e d )  

O p e r a t i n g  C o s t s  (annual  b a s i s )  

b B r i n e  (300'F) a t  $ 2 . 5 8 / m i l l i o n  B t u ' s  

E l e c t r i c i t y  a t  $0. 029/KlJhC 

N a t u r a l  Gas a t  $ l . l 5 / m i l l i o n  B t u ' s  

E l e c t r i c i t y  a t  $0. 029/KWhe 

Maintenance 

d 

f 

S u p e r v i s i o n  (7% of maintenance)  f 

f Taxes, i n s u r a n c e ,  G&A ( 4 %  inves tment )  

T o t a l  A d d i t i o n a l  Opera t ing  Cos ts  

C a p i t a l  Recovery F a c t o r  ( 0 . 1 . 4 9 ) g  

Annual S e t  Aside f o r  Rota.ry Drum 
Replacement 

T o t a l  A d d i t i o n a l  Annual Cost: 

T o t a l  A d d i t i o n a l  Cost P e r  Tan Product  
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100% 

$3.30 m i l l i o n  

T o t a l  

$1,113,000 

203 , 000 

(438,000) 

(23,205)) 

100 , 000 

7,000 

132,000 

$ i , o 9 3 , a o o  

$ 4 9 2 , 0 0 0  

(12,000) 

$1,573,800 

A d d i t i o n a l  
Cost P e r  Tona 

$27.83 

5.08 

(10.95)  

(0 .58)  

2.50 

0.18 

3.30 

$27.36 

$12.30 

$39.36 



Table 9.6 (Cant.) 

FOOTNOTES 

a. 38% annual load factor assumed for 40,000 tons/year dehy production. 

b. Cost per million Btu's based on shared pipeline ( G E O C I T Y  Case 1); 
15,429 lb/min brine flow, 140°F temperature drop through heat exchanger; 
no charge for unused heat (below 160°F brine return temperature). 

c. Electric consumption estimated from Chilton, C. H. (ed) Perry's Chemical 
Engineer's Handbook (4th ed.) (New York: ?!cGraw-Hill, 1964), 

Credit for unused natural gas that would be required for rotary dryer at 
9.533 million Btu's/ton (baseline condition, Table 6.5, Chapter 6); price 
per million Btu's is typical mid-1977 for UAM. 

d. 

e. Credit for unused electricity at 20 KlJhlton, assuming 20% of average 
100 KWh/ton (Reference 4, Chapter 3 ,  p. 29) is used for drum dryer 
rotation, remainder for pelleting, etc. 

f. See Chapter 6, Table 6.12. 

g. l0-year loan at 8% interest to finance the additional investment. 

h. About $2,50O/year toward replacement of each of two drum units bought 
used for $30,000 each, lifetime 12 years; about $3,50O/year toward 
replacement of each of two drum units bought new for S70,OOO each, life- 
time 20 years. 
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T a b l e  9.7 

SUT?TURY OF SHARED-PIPELILJE , CONVEYOR DRYER SCENARIO 

P r e s e n t  Condi t ions  P r o j e c t e d  Condi t ions  

Output ,  t o n s / h r .  
o f  dehy 

Dryer t y p e  

Energy s o u r c e  

Del ivered  energy  
p r i c e  p e r  t o n  
dehy o u t p u t  

12 12 

4 r o t a r y  drums 4 conveyor u n i t s  

N a t u r a l  gas  

$11- 1.2 

100% geothermal  

$27.83 

C a p i t a l  i n v e s t m e n t ,  $200,000 (No h e a t  
d r y e r s  and h e a t  exchanger  r e q u i r e d )  
exchangers  

Cost o f  p r o c e s s i n g ,  * 
p e r  t o n  dehy 

$ 6 1  

Breakeven n a t u r a l  gas  
price, per ton dehy 

$3.3  m i l l i o n  

$100 

$50** 

*Inc ludes  h a r v e s t i n g  ($16) and d e h y d r a t i n g  ( $ 4 5 ) ,  b u t  n o t  p r i c e  of r a w  
a l f a l f a  i n p u t  (about  $50/dry  t o n  i n  mid-1977). 

**Equivalent t o  $ 5 . 3 0 / m i l l i o n  B t u ' s  ($5.30/1000 SCF). 
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A l t e r n a t i v e  C o n f i g u r a t i o n s  

The s c e n a r i o  p r e s e n t e d  above e n v i s i o n s  t h a t  United A l f a l f a  M i l l s  would 
remain i n  i t s  c u r r e n t  l o c a t i o n  and s h a r e  a p i p e l i n e  w i t h  t h e  V a l l e y  Ni t rogen  
P l a n t .  There are o t h e r  p o s s i b i l i t i e s  t h a t  appear  less p l a u s i b l e  b u t  t h a t  
should  b e  mentioned. A s e p a r a t e  p i p e l i n e  might  b e  i n s t a l l e d  between t h e  
Heber f a c i l i t y  and t h e  United A l f a l f a  Mills. T h i s  p i p e l i n e  might b e  s h o r t e r  
t h a n  t h e  one r e q u i r e d  by t h e  V a l l e y  Ni t rogen  P l a n t  s i n c e  t h e  i n l e t  tempera- 
t u r e  used f o r  d r y i n g  a l f a l f a  could  b e  300°F (VNP r e q u i r e s  360°F) and t h e r e -  
f o r e  t h e  geothermal  f l u i d s  could  b e  drawn from a w e l l  n e a r e r  t h e  p e r i p h e r y  
of t h e  geothermal  area. 
a new s i t e  could  b e  found f o r  t h e  p l a n t .  
r a i l r o a d  s i d i n g  and as c l o s e  as p o s s i b l e  t o  t h e  center of t h e  geothermal  
r e s o u r c e .  
wel lhead  seems l i k e  t h e  b e s t  compromise between p r o x i m i t y  t o  t h e  area of 
most i n t e n s e  d r i l l i n g  a c t i v i t y  and a v a i l a b i l i t y  of r a i l  t r a n s p o r t .  In  
b o t h  t h e s e  s c e n a r i o s  t h e  d e l i v e r e d  p r i c e  of geothermal  energy would probably  
s t i l l  b e  h i g h e r  than  f o r  t h e  s h a r e d  p i p e l i n e  s c e n a r i o .  

A l t e r n a t e l y ,  i f  a s h a r e d  p i p e l i n e  were n o t  p o s s i b l e ,  
T h i s  s i t e  would b e  l o c a t e d  on a 

T e n t a t i v e l y ,  a s i t e  n o r t h  of H e b e r  about  one m i l e  from t h e  

A last possibility might  be t o  move t h e  drying f a c i l i t i e s  t o  t h e  we l lhead  
i t s e l f ;  t h e  dehy o u t p u t  would have t o  b e  s h u t t l e d  t o  a r a i l  s i d i n g  f o r  
e x p o r t  i n  t h i s  case. The energy  p r i c e  i n  t h i s  case would be a minimum of 
about  $ 2 . 5 0 / m i l l i o n  B t u ' s .  
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CHAPTER 10. THE CONCEPT OF MlTLTICROP DRYING CENTERS 

I n t r o d u c t i o n  

The dehydra t ion  o f  a l f a l f a  w i t h  geothermal  h e a t  h a s  proved t o  b e  an  
u n a t t r a c t i v e  p r o s p e c t  i n  t h e  Uni ted  S ta tes .  
c o n s t r u c t i o n  of  low-temperature ,  conveyor-type dehydra tors  a t  geothermal 
r e s o u r c e s  t h a t  are l o c a t e d  i n  t h e  m i d s t  o f  a l f a l f a - g r o w i n g  areas (Chapter  4 ) - -  
is  n o t  l i k e l y  due t o  t h e  l i m i t e d  p o t e n t i a l  f o r  i n d u s t r y  expansion.  
n a t i v e  s t ra t egy-- re t  r o  f i t t i n g  of ex is t  i n g  d e h y d r a t i o n  s i t  es w i t h  geothermal 
p r e h e a t  o r  new dryers - -y ie lds  o n l y  one p l a n t  t h a t  i s  b o t h  s u f f i c i e n t l y  n e a r  
a geothermal r e s o u r c e  and c o n f i d e n t  about  i t s  a b i l i t y  t o  s t a y  i n  b u s i n e s s .  
Even United A l f a l f a  Mills, l a r g e  as i t  i s ,  probably  could  n o t  a f f o r d  t h e  
inves tment  i n  new d r y i n g  and heat-exchange equipment t h a t  would b e  r e q u i r e d  
i n  o r d e r  t o  u t i l i z e  geothermal  energy .  

The most obvious s t r a t e g y - - t h e  

An a l t e r -  

I t  i s  l i k e l y  t h a t  many o f  t h e  same f a c t o r s  t h a t  make geothermal  u s e  i n  
t h e  a l f a l f a  d e h y d r a t i o n  i n d u s t r y  d i f f i c u l t  would a f f l i c t  t h e  o t h e r  d r y i n g  
i n d u s t r i e s ,  which a r e  ana lyzed  i n  t h i s  c h a p t e r .  The s u p p l y  and p r i c e  of  
t h e  raw-crop i n p u t  t o  a d e h y d r a t i n g  i n d u s t r y  i s  s u b j e c t  t o  year- to-year  
v a r i a t i o n s ;  economical use  of  geothermal  r e q u i r e s  a s t e a d y  and f o r e s e e a b l e  
energy  demand. A d e h y d r a t i n g  i n d u s t r y  a l s o  must be c o n f i d e n t  of  t h e  f u t u r e  
of  i t s  p r o d u c t  b e f o r e  i t  i s  l i k e l y  t o  be w i l l i n g  t o  make a l a r g e  i n i t i a l  
inves tment  i n  t h e  n e c e s s a r y  geothermal  heat-exchange equipment.  Many crops  
cannot  b e  d r i e d  a l l  y e a r  l o n g  as a l f a l f a  can be d r i e d  i n  t h e  I m p e r i a l  Val ley:  
s i n g l e - c r o p  d r y e r s  might w e l l  n o t  b e  a b l e  t o  a m o r t i z e  e f f i c i e n t l y  t h e  l a r g e  
f i x e d  c o s t  o f  geothermal  heat-exchange equipment f o r  t h i s  reason .  

Most i m p o r t a n t ,  however, , i s  t h e  f a c t  t h a t  any geothermal r e t r o f i t t i n g  
s t r a t e g y  f o r  an  i n d u s t r y  i s  s u b j e c t  t o  chance. P u t t i n g  a s i d e  c o n s i d e r a t i o n s  
of how e f f i c i e n t l y  an e x i s t i n g  d r y i n g  p l a n t  might use  i t s  geothermal  i n v e s t -  
ment, i t  w i l l  o n l y  make t h a t  inves tment  i f  i t  i s  v e r y  n e a r  t o  a r e s o u r c e ,  a 
few miles a t  most. However, f o s s i l  f u e l  u s e  by 1 2  d r y i n g  i n d u s t r i e s  i n  each 
geothermal  s t a t e  and w i t h i n  50 miles of  i d e n t i f i e d  r e s o u r c e s  i s  p r e s e n t e d  
i n  Appendix C and summarized i n  t h i s  c h a p t e r  t o  p r o v i d e  an o p t i m i s t i c  n a t i o n a l  
estimate of geothermal r e t r o f i t  p o t e n t i a l .  

Rather  t h a n  r e f i n e  t h a t  estimate, t h i s  c h a p t e r  w i l l  a l s o  p r e s e n t  an  
a l t e r n a t i v e :  m u l t i c r o p  d r y i n g  c e n t e r s  ( M D C s ) .  A s  long a s  many d r y i n g  p l a n t s  
would have t o  move n e a r e r  t o  geothermal  s o u r c e s  i n  o r d e r  t o  conserve  a s i g n i f i -  
c a n t  p r o p o r t i o n  of t h e  f o s s i l  f u e l  p r e s e n t l y  used by U.S. crop-drying indus-  
t r i e s ,  why n o t  combine t h e  p l a n t s  and d r y  several  c rops  i n  one? The MDC 
concept  c a n  b e  extended t o  areas where no d r y i n g  p l a n t s  now e x i s t .  The long-  
r u n  e f f e c t  may b e  t h e  same--to conserve  f o s s i l  f u e l  a s  p l a n t s  u s i n g  t h e s e  
energy s o u r c e s  a re  phased o u t .  
e x p e r i e n c e  i n c r e a s e d  t a x  revenues ,  employment, and o t h e r  economic b e n e f i t s .  
A main purpose o f  t h i s  c h a p t e r ,  t h e n ,  i s  t o  draw up a p r e l i m i n a r y  l i s t  of  m u l t i -  
c rop  d r y i n g  centers  and t o  rank  them i n  rough o r d e r  of  economic f e a s i b i l i t y .  

I n  a d d i t i o n ,  t h e  areas n e a r  t h e s e  MDCs might 
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P o t e n t i a l  MDC s i tes  had t o  f u l f i l l  several  g e o g r a p h i c a l  and energy-use 
e f f i c i e n c y  c r i t e r i a .  All si tes  are l o c a t e d  a t  i d e n t i f i e d  hydro thermal  re- 
s o u r c e s  t h a t  appear  t o  b e  l o c a t e d  on  o r  v e r y  n e a r  ( l e s s  t h a n  a m i l e  o r  two 
from) roads  o r  r a i l r o a d s .  A l l  MDC sites are  l o c a t e d  i n  o r  n e a r  a g r i c u l t u r a l  
areas t h a t  grow two o r  more crops t h a t  are commercially d r i e d  a t  p r e s e n t  
somewhere i n  t h e  United States .  The a l l o w a b l e  d i s t a n c e  between MDC s i t e  
and growing area v a r i e d  w i t h  t h e  c r o p ,  b u t  i n  no case w a s  more t h a n  50 m i l e s .  
A f i n a l  c r i t e r i o n  o f  an a g r i c u l t u r a l  geography n a t u r e  w a s  t h a t  t h e  growing 
areas s u r r o u n d i n g  each MDC s i t e  produce amounts of  t h e  d r y a b l e  c rops  s u f f i -  
c i e n t  t o  w a r r a n t  commercial d r y i n g .  

The MDC s i t e s  were grouped i n t o  high-,  medium-, and l o w - p o t e n t i a l  groups 
w i t h  t h e s e  cr i ter ia .  There are 10  si tes i n  t h e  f i r s t  group,  15 i n  t h e  s e c o n d ,  
and 13  i n  t h e  t h i r d ;  t h e  s i tes  are l o c a t e d  i n  9 states.  With in  each group,  
t h e  s i tes  are ranked on  t h e  b a s i s  of  a f i g u r e  of m e r i t ,  a weighted composi te  
o f  s c o r e s  f o r  several parameters .  The parameters  i n c l u d e  a measure of  how 
a d e q u a t e  t h e  U.S .G .S .  "bes t -es t imate"  of  r e s o u r c e  tempera ture  i s  i n  r e l a t i o n  
t o  t h e  a i r  t e m p e r a t u r e  t h a t  i s  needed t o  dry  t h e  s e l e c t e d  c r o p s .  Other  param- 
eters f a c t o r  i n  t h e  l e n g t h  of t h e  d r y i n g  season  f o r  t h e  c rop  combinat ion 
( t h e  l o n g e r ,  t h e  b e t t e r  c a p i t a l  i s  a m o r t i z e d ,  i s  t h e  assumpt ion) ;  how e f f i -  
c i e n t l y  geothermal  b r i n e  might b e  cascaded from one crop d r y e r  t o  t h e  n e x t  
where d r y i n g  t e m p e r a t u r e  d i f f e r s  and t h e  d r y i n g  s e a s o n s  o v e r l a p ;  how many 
c r o p s  might b e  d r i e d  a t  t h e  center (assumed: t h e  more t h e  b e t t e r ,  a l l  o t h e r  
t h i n g s  b e i n g  e q u a l ) .  F i n a l l y ,  p o i n t s  are g iven  when an  M E  would demonst ra te  
impor tan t  means of reducing  t h e  f o s s i l - f u e l  use  f o r  c rop  d r y i n g  i n  t h e  
Uni ted  States .  

The MDC concept  i s  n o t  an  a l l - i n c l u s i v e  one--only crop-drying a p p l i c a -  
t i o n s  o f  geothermal  h e a t  were i n c l u d e d  t o  l i m i t  t h e  focus  t o  i n d u s t r i e s  t h a t  
were s t u d i e d  i n t e n s i v e l y  and f o r  which good p r o c e s s  d a t a  w a s  a v a i l a b l e .  The 
a l t e r n a t i v e  uses  f o r  h e a t  i n  a g r i c u l t u r e  t h a t  are  d i s c u s s e d  i n  Chapter  11 
might b e  i n c o r p o r a t e d  i n t o  MDCs i n  some cases. However, t h e  a n a l y s i s  i n  t h e  
p r e s e n t  c h a p t e r  p r e s e n t s  t h e  framework f o r  a p o s s i b l e  s t r a t e g y  f o r  geo the rma l  
energy use  i n  a g r i b u s i n e s s ,  and f o r  c o n s e r v a t i o n  o f  f o s s i l  energy i n  t h e  a g r i -  
c u l t u r a l  s e c t o r .  The m u l t i c r o p  d r y i n g  c e n t e r  s t r a t e g y  i s  one of  t h o s e  t h a t  
is d i s c u s s e d  i n  Chapter  1 2  and t h a t  seeks t o  meet t h e s e  g o a l s .  

I d e n t i f i c a t i o n  of  P o t e n t i a l  Commodities f o r  Geothermal Drying 

E a r l y  i n  t h e  s t u d y  a l i t e r a t u r e  s e a r c h  w a s  done t o  assemble d a t a  on 
a g r i c u l t u r a l  commodities t h a t  are c u r r e n t l y  d r i e d  o r  h e a t  p r o c e s s e d  and t o  com- 
p i l e  a l i s t  o f  t h e  commodities t h a t  o f f e r  p o t e n t i a l  f o r  t h e  use  o f  geothermal  
h e a t .  For  each commodity t h e  f o l l o w i n g  i n f o r m a t i o n  w a s  o b t a i n e d  whenever 
p o s s i b l e :  

- How d r i e d :  What p r o c e s s  o r  p r o c e s s e s  are c u r r e n t l y  b e i n g  
used t o  d r y  t h e  c r o p ?  

- Temperature:  What tempera ture  i s  r e q u i r e d  t o  dry  each crop?  

-141- 



- Q u a n t i t y  d r i e d :  How many pounds are c u r r e n t l y  d r i e d  
a n n u a l l y  and what p e r c e n t a g e  i s  t h i s  o f  t h e  t o t a l  U. S. 
c r o p ?  

- Mois ture  removed: What i s  t h e  c r o p ' s  i n i t i a l  m o i s t u r e  
c o n t e n t  and t o  what f i n a l  m o i s t u r e  c o n t e n t  is  i t  d r i e d ?  

- Energy requi rements  : 
u n i t  o f  p r o d u c t ?  

- Timing: During what 
d r i e d ?  

How much energy is r e q u i r e d  p e r  

s e a s o n  does t h e  c rop  need t o  b e  

I n  t h e  l i t e r a t u r e  s e a r c h ,  an  a t t e m p t  w a s  made n o t  on ly  t o  cover  a l l  
e x i s t i n g  d r y i n g  and h e a t  p r o c e s s i n g  of  c r o p s ,  b u t  a l s o  t o  c o n t a c t  i n d i v i d u a l s  
and a s s o c i a t i o n s  i n v o l v e d  w i t h  t h e  d r y i n g  o r  h e a t  p r o c e s s i n g  of  v a r i o u s  com- 
m o d i t i e s .  A t  several p o i n t s  d u r i n g  t h e  s u r v e y ,  i n f o r m a t i o n  on how much of  a 
p a r t i c u l a r  c rop  is d r i e d  and where i t  i s  d r i e d  w a s  u n o b t a i n a b l e ,  as t h i s  i n -  
format ion  is o f t e n  p r o p r i e t a r y .  

The c o m o d i t i e s  w e r e  grouped i n t o  two c a t e g o r i e s  upon c o m p l e t i o n  of 
t h e  i n i t i a l  l i t e r a t u r e  s e a r c h .  T a b l e  1 0 . 1  l ists  t h e  commodities t h a t  seemed 
t o  o f f e r  moderate  t o  h i g h  p o t e n t i a l  f o r  t h e  commercial a p p l i c a t i o n  of  geo- 
thermal  h e a t  f o r  d r y i n g  and d e h y d r a t i n g .  These commodities are c u r r e n t l y  
p r o c e s s e d  i n  s i g n i f i c a n t  amounts i n  t h e  Uni ted  S t a t e s  w i t h  methods f o r  which 
t h e  use of geothermal  h e a t  between 90°C and 150°C a p p e a r s  t o  b e  t e c h n i c a l l y  
f e a s i b l e .  

S e v e r a l  o t h e r  c r o p s  were examined and r e j e c t e d  f o r  one o r  more reasons :  
l i t t l e  o r  no h e a t  i s  needed i n  d r y i n g ;  t h e  d r i e d  product  i s  of  poor  q u a l i t y  
a n d / o r  h a s  l o s t  i t s  marke t ;  t h e  c rop  is  a lmost  e x c l u s i v e l y  sun-dr ied ;  d r y i n g  
is very seldom r e q u i r e d .  Wheat, o a t s ,  soybeans ,  p a r s l e y ,  dry e d i b l e  b e a n s ,  
g reen  b e a n s ,  b e e t s ,  cabbage,  g r e e n  p e a s ,  pumpkins, s q u a s h ,  f i g s ,  and d a t e s  
w e r e  all r e j e c t e d .  (Some of  t h e s e  are i n c l u d e d  i n  t h e  1 0  t o p  c r o p s  f o r  each  
s t a t e ,  and so are ana lyzed  i n  a l a t e r  s e c t i o n . )  Freeze-dr ied  products--meat 
and p o u l t r y ,  f i s h ,  mushrooms, some tea ,  and about  30 p e r c e n t  o f  i n s t a n t  coffee-- 
were n o t  i n c l u d e d  i n  o r d e r  t o  c o n c e n t r a t e  on c o n v e n t i o n a l ,  a tmospher ic  p r e s -  
s u r e  p r o c e s s e s .  

The commodity i n f o r m a t i o n  t h a t  w a s  compiled f o r  t h e  h igh-  and moderate- 
p o t e n t i a l  c rops  i s  summarized i n  T a b l e  10.2.  
vest s e a s o n  f o r  t h e s e  c r o p s .  

Table  10 .3  shows t h e  u s u a l  har-  

The f o l l o w i n g  are d e t a i l e d  d e s c r i p t i o n s  of  t h e  d r y i n g  p r o c e s s e s  f o r  each 
o f  t h e  moderate- t o  h i g h - p o t e n t i a l  d r i e d  c r o p s .  

Gra in ,  g r a s s e s ,  and f i b e r .  

1. - Corn: Corn i s  u s u a l l y  removed from t h e  f i e l d  w i t h  a m o i s t u r e  

S h e l l e d  corn  is  purchased on t h e  b a s i s  of  56 l b  of  t o t a l  
c o n t e n t  of  30 p e r c e n t  and must b e  d r i e d  t o  a 15.5 p e r c e n t  m o i s t u r e  c o n t e n t  
f o r  s a f e  s t o r a g e .  
weight  p e r  b u s h e l  a t  15.5 p e r c e n t  d i s c o u n t e d  m i s t u r e .  Corn above t h i s  
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Table 10.1 

COMMODITIES WITH A POTENTIAL FOR GEOTHERMAZ, DRYING 

co m 
a l f a l f a  (hay) 
rice 

seed cotton 
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: r a i n s  and 
' i b e r  cro;>s 

Corn 

k l f a l f a  

Rice 

P e a n u t s  

Seed co t to i  

S o r  ghum 

B a r l e y  

V e g e t a b l e s  

P o t a t o e s  

Onions 

Garlic 

C h i l i s  

C a r r o t s  

C e l e r y  

Table  10 .2  

SUMMARY OF DRYING CHARACTERISTICS 

l I o i s  t u r e  Con t e n t  
I n i t i a l  F i n d  - 

-30 

0-75 

2-26 

i6-60 

'aries 

10-22 

10- 2 7 

1 5 . 5  

10 

1 2  

7 

11 

12-13 

- 13 

80 6-8 

88 < 4  

62  6 . 5  

92 3 

88 4 

9 5  4 

-75 b i l l i o n  67  
(1974)  

2 . 7  b i l l i o n  1 . 7  
(1976-7 dehy)  

1 2 . 1  b i l l - i o n  95 
(1975)  

3 . 9  b i l l i o n  100  
(1975)  

5 . 4  b i l l i o n :  t o t a l  
1974 p r o d u c t i o n ;  
d r i e d  amount v a r i e s  
y e a r  t o  y e a r  ( s e e  
t e x t )  

3.1 b i l l i o n  7 
(1975)  
Varies 

(1970)  6-8 
365 m i l l i o n  

(1970)  20-25 
86 .5  m i l l i o n  

(19 70) 90 
21.9 m i l l i o n  

(19  74) 80-93 
C a l i f .  : 20 
m i l l i o n  

No p u b l i s h e d  
s t a t i s t i c s  a v a i l a b l e  

No p u b l i s h e d  
s t a t i s t i c s  a v a i l a b l e  

'orced air 

l o n t i n u o u s  flow 

J e r t i c a l  baf  i l c d  
l rye r  

F o r c e d  a i r  

Bin 

C o n t i n u o u s  b e l t  

C o n t i n u o u s  b e l t  

C o n t i n u o u s  b e l t  

2 - s t a g e  t u n n e l  

2- s t a g e  t unne 1 

2-s t a g e  t i innel  

L30"F 

;ack.s c o n t .  
120'1: 1 85"-9OoF 

220°F 

140°F ( g r a i n )  

l l O ° F  

275°F 

1 6 0 ° F  

1 8 0 ° F  

1 5 0 ° F  

160 " F 

1 8 0 ° F  



Table 10.2 (Cont.) 

F r u i t s  

P r u n e s  

A p p l e s  

A p r i c o t s  

P e a c h e s  

P e a r s  

R a i s i n s  

Dai ry  

Mi lk  
P r o d u c t s  

Eggs 

N o i s t u r c  C o n t e n t  
I n i t i a l  V i n a l  

85 16-19 

85 18-20 

18 

25-28 

25-28 

10-14 

87-90 5 

Whole: 74 a l l  
Solk:  5 1  < 2  
Whi te :  88 

( 1 9 7 4 )  88 
209 m i l l i o n  
( d r y  b a s i s )  

(19 74) U.S.-3 
25 m i l l i o n  Nash 6 

( d r y  b a s i s )  C a l i f .  11, 

(1975)  u . s . 1 7  
3 .5  m i l l i o n  Ca1 .17  
( d r y  b a s i s )  
( m o s t l y  sun- 
d r i e d )  

( 1 9 7 4 )  U.S. :1 
3.5 m i l l i o n  Cal. 2 
( d r y  b a s i s )  
( m o s t l y  sun- 
d r i e d )  

1 . 4  m i l l i o n  U.S.:l 
( m o s t l y  sun- Cal. 2 

d r i e d )  

30 m i l l i o n  
(not'  sun-  
d r i e d )  

7 

3 b i l l i o n  20 
( d r y  b a s i s ,  1974)  

(1970)  35-38 
73 m i l l i o n  

Tunnc: 

T unne 1 

T u n n e l  

Tunne 1 

T u n n e l  

Tunnel  

k i l n  

S p r a y  d r y i n g  

S p r a y  d r y i n g  

165°F 

Tunnel : 
165' F 

150°F 

155'F 

155°F 

ki 1:i : 
135'F 

about 165'F 

160 F 

138°F 
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Table  10.3 

DRYABLE CROP HARVEST SEASONS 

I I '2 _ _ _  
4/10-' 5/1- , 
llil 1 10/20 1 

3115- 4/15- 
A l f a l f a  11211 110/31 

715- 9115- 
Sorghum 11215 1 11/20 1 1 

5120- 611- 1 7 1 5  1 8/20  1 1 B a r l e y  
I-- ! !- 

511- 411- 1 711- 1 7/15  1 10131 I 1 0 1 3 1  
Onions 

I I 

- 
Garlic 1 4 1 1 -  9 / 1 5  I - i - 

I 

10/10- All ND - 
7 / 3 0  

C a r r o t s  
I I I 1 

C e l e r y  1 - I A l l  1 N D  1 - 

7115- 1 1 10130 1 1 Apples  
4 

S 
8110- 
9/25  P r u n e s  

! --- 

1 ND 1 :$ti 1 ND 1 ND A p r i c o t s  
I ! --I- 

611- I ND 1 9 / 3 0  I ND 1 P e a c h e s  

F I  
7110- 

I 

- I  -+ 
- I  - 

6/10-/ 811 

5115-1 
11/15 1 

loll0 5125-! 

---I--- w l  - 
7-11- 

- i 12/31 

+ N 1) 

ND 1 ND 1 
S = Sumncr IJ = W i n t e r  
I: = F a l l  N U  = No d a t a  d v a i l a b l e  
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m o i s t u r e  l e v e l  i n c u r s  a d r y i n g  charge  and corn  below t h i s  l e v e l  merits no 
premium, s o  e i t h e r  under-drying o r  over-drying w i l l  c o s t  t h e  fa rmer .  S i n c e  
1 9 6 5 ,  between 4 and 5.6 b i l l i o n  b u s h e l s  of  corn  have been mown a n n u a l l y  i n  
t h e  United S ta t e s ,  of  which 67 p e r c e n t  i s  now s h e l l e d  a t  h a r v e s t  t i m e  and 
a i r  d r i e d .  

Corn i s  g e n e r a l l y  d r i e d  by a t y p e  of f o r c e d - a i r  d r y i n g  a t  tempera tures  
no g r e a t e r  t h a n  140°F  ( g r a i n  t e m p e r a t u r e ) .  After b e i n g  d r i e d  t o  a 1 9  p e r c e n t  
m o i s t u r e  c o n t e n t ,  t h e  corn  can b e  s t o r e d  i n  a c r i b  t h a t  h a s  e f f e c t i v e  n a t u r a l  
v e n t i l a t i o n  such t h a t  t h e  d r y i n g  can b e  completed t o  t h e  r e q u i r e d  15.5 per-  
c e n t  m o i s t u r e  c o n t e n t .  A good r u l e  of thumb f o r  t h e  c o s t  o f  d r y i n g  c o r n  by 
c u r r e n t  methods of  f o r c e d - a i r  d r y i n g  would be $0.005 t o  $0.01 p e r  b u s h e l  f o r  
each 1 p e r c e n t  m o i s t u r e  removed. 

Low-temperature d r y i n g  of s h e l l e d  corn  i n  t h e  c r i b  can a l s o  b e  employed 
on c o r n  t h a t  h a s  an  i n i t i a l  m o i s t u r e  c o n t e n t  of 22 t o  24 p e r c e n t ,  o r  h a s  been 
d r i e d  a t  a h i g h e r  tempera ture  t o  t h i s  p o i n t .  Although t h e  low-temperature  
method o f  d r y i n g  corn  h a s  been used ,  i t  i s  n o t  i n  as e x t e n s i v e  use  as t h e  
f o r c e d - a i r  d r y i n g  method. P o s s i b l y  t h i s  i s  because  o f  t h e  many f a c t o r s  in -  
volved i n  t h e  low-temperature d r y i n g  p r o c e s s ,  making i t s  use  more complex. 
F a c t o r s  t h a t  must b e  t a k e n  i n t o  account  are p r e s e n t e d  below. 

a. Average d a i l y  re la t ive  humidi ty:  A s u f f i c i e n t  tempera ture  
r ise,  o f t e n  less t h a t  10"F,  must b e  used t o  lower t h e  r e l a t i v e  humidi ty  o f  
t h e  a i r  u t i l i z e d  t o  dry  t h e  corn  t o  a 1 3  t o  16 p e r c e n t  m o i s t u r e  c o n t e n t .  For 
example, a i r  w i t h  80 p e r c e n t  r e l a t ive  humidi ty  h e a t e d  i n  o r d e r  t o  raise t h e  
t e m p e r a t u r e  from 40"  t o  4 4 ° F  can b e  used t o  dry  s h e l l e d  corn  down t o  15  
p e r c e n t .  

b.  Timing: Low-temperature d r y i n g  i s  a s low p r o c e s s  because 
of  t h e  l i m i t e d  c a p a c i t y  of  t h e  s l i g h t l y  h e a t e d  a i r  t o  absorb  m o i s t u r e .  How- 
ever, t h e  t i m e  a l l o t t e d  f o r  d r y i n g  i s  l i m i t e d  because  d r y i n g  m u s t  b e  completed 
i n  a t i m e  frame t h a t  i s  less t h a n  t h e  a l l o w a b l e  s t o r a g e  t ime,  l e a v i n g  a s a f e  
margin t i m e .  The t i m e  w i t h i n  w h i c h  the  corn m u s t  b e  d r i e d  i s  also l i m i t e d  
by t h e  s e a s o n  of  t h e  y e a r .  Extending t h e  d r y i n g  time i n t o  e a r l y  w i n t e r  i s  
i m p r a c t i c a l  because  of t h e  ex t remely  l i m i t e d  c a p a c i t y  of  c o l d  a i r  t o  absorb  
m o i s t u r e .  T h e r e f o r e ,  low-temperature d r y i n g  needs t o  b e  completed b e f o r e  
t h e  average  d a i l y  tempera ture  drops below 30°F. 

2 .  A l f a l f a :  This  c r o p  i s  d i s c u s s e d  e l sewhere  a t  l e n g t h .  

3. - Rice: Rice h a s  an  i n i t i a l  m o i s t u r e  c o n t e n t  of  2 2  t o  26 p e r c e n t  
I n  t h e  United S t a t e s ,  84 and must b e  d r i e d  t o  a 1 2  p e r c e n t  m o i s t u r e  c o n t e n t .  

t o  1 0 4  m i l l i o n  hundredweight of r ice  i s  produced a n n u a l l y ,  o f  which 9 5  p e r c e n t  
i s  d r i e d .  A f u r t h e r  a n a l y s i s  o f  t h e  d r y i n g  p r o c e s s  reveals t h a t  10 t o  15 per-  
c e n t  of  a l l  r ice  produced i s  d r i e d  on t h e  farm,  20 t o  25 p e r c e n t  a t  t h e  r ice  
mills, and 6 0  t o  7 0  p e r c e n t  a t  a commercial d r y e r .  

Rice i s  g e n e r a l l y  d r i e d  i n  cont inuous-f low d r y e r s  t o  about  1 4 . 5  p e r c e n t  
m o i s t u r e  c o n t e n t .  Drying i s  t h e n  completed i n  s t o r a g e  b i n s  w i t h  e f f e c t i v e  
n a t u r a l  v e n t i l a t i o n  only  i f  t h e  r e l a t i v e  humidi ty  of t h e  ambient a i r  i s  
below 75 p e r c e n t .  The dryers a r e  o p e r a t e d  a t  a maximum tempera ture  o f  130"F, 
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as t h e  g r a i n  tempera ture  s h o u l d  n o t  exceed 110 t o  120°F.  
s t a g e s  are g e n e r a l l y  used i n  r i c e - d r y i n g  p r o c e d u r e s .  The r i c e  i s  f i r s t  com- 
b i n e d  such t h a t  t h e  m o i s t u r e  c o n t e n t  i s  22 t o  26 p e r c e n t .  Within 6 h o u r s  
a f t e r  combining i t  is d r i e d  f o r  30 t o  45 minutes a t  130°F.  The second s t a g e  
i n  t h e  d r y i n g  p r o c e s s  s h o u l d  b e g i n  6 t o  12  h o u r s  a f t e r  complet ion of  t h e  f i r s t  
d r y i n g  o p e r a t i o n .  The t h i r d  d r y i n g  s t e p  (and any a d d i t i o n a l  dry ings  r e q u i r e d  
t o  b r i n g  t h e  m o i s t u r e  c o n t e n t  t o  14.5 p e r c e n t )  b e g i n s  6 t o  1 2  hours  a f t e r  
complet ion of  t h e  p r e v i o u s  d r y i n g .  I n  t h i s  d r y i n g  o p e r a t i o n  t h e  r i ce  must b e  
d r i e d  f o r  20 minutes  a t  130°F. The t o t a l  h e a t  r e q u i r e d  t o  dry  1 b a r r e l  o f  
combined r i ce  o f  average  m o i s t u r e  c o n t e n t  i s  14,000 B t u ' s .  

Three o r  more d r y i n g  

4 .  Peanuts :  A t  t h e  t i m e  of d i g g i n g ,  peanuts  have a m o i s t u r e  
c o n t e n t  anywhere from 36 t o  60 p e r c e n t  and m u s t  b e  d r i e d  t o  a 7 p e r c e n t  mois- 
t u r e  c o n t e n t .  Peanuts  are normal ly  d r i e d  i n  t h e  s h e l l ,  s o  t h e y  need t o  b e  
d r i e d  o n l y  t o  a m o i s t u r e  c o n t e n t  of 9 p e r c e n t ,  as t h e  s h e l l s  w i l l  absorb enough 
m o i s t u r e  t o  b r i n g  t h e  p e a n u t s '  m o i s t u r e  c o n t e n t  t o  t h e  d e s i r e d  7 p e r c e n t .  
peanuts  can b e  d r i e d  e i t h e r  i n  s a c k s  o r  b u l k  b i n s  a t  a i r  tempera tures  of  120°F. 
A l t e r n a t e l y ,  t h e  peanuts  can b e  d r i e d  i n  a cont inuous  d r y e r  w i t h  a i r  tempera- 
t u r e s  o f  85 t o  90°F. 

The 

5. Seed Cotton:  The c o t t o n  seeds are f i r s t  d r i e d  a long  w i t h  the  
c o t t o n ,  as c o t t o n  needs t o  b e  d r i e d  t o  a 5 p e r c e n t  m o i s t u r e  c o n t e n t  b e f o r e  i t  
i s  ginned. This  d r y i n g  of t h e  c o t t o n  i s  g e n e r a l l y  s u f f i c i e n t  t o  b r i n g  t h e  
m o i s t u r e  , c o n t e n t  of  t h e  c o t t o n  s e e d s  t o  t h e  d e s i r e d  11 p e r c e n t  m o i s t u r e  con- 
t en t .  A t  p r e s e n t ,  s e e d  c o t t o n  i s  d r i e d  i n  a v e r t i c a l  b a f f l e d  d r y e r  which 
o p e r a t e s  a t  an a i r  tempera ture  of 150 t o  160°F.  This d r y i n g  t a k e s  anywhere 
from 15 seconds t o  3 minutes .  A f t e r  t h e  c o t t o n  h a s  been d r i e d  t o  5 p e r c e n t  
m o i s t u r e  c o n t e n t ,  t h e  seed c o t t o n  is s e p a r a t e d  i n t o  c o t t o n  and seeds  by g i n n i n g .  

Depending on t h e  weather  c o n d i t i o n s ,  d r y i n g  t h e  s e e d s  w i t h  t h e  c o t t o n  
may n o t  b e  s u f f i c i e n t  t o  b r i n g  t h e  m o i s t u r e  c o n t e n t  of t h e  s e e d s  t o  t h e  de- 
s i r e d  ll p e r c e n t .  In  such  cases a v e r t i c a l ,  cont inuous-f low d r y e r  i s  used. 
The d r y e r  o p e r a t e s  a t  220°F i n  t h e  d r y i n g  s e c t i o n  and c o o l s  t h e  s e e d  t o  w i t h i n  
1 5 ° F  o f  a tmospher ic  t e m p e r a t u r e  i n  t h e  c o o l i n g  s e c t i o n .  The c o s t  of d r y i n g  
c o t t o n  s e e d s  u s i n g  t h i s  method i s  h i g h  because  d u r i n g  many s e a s o n s  t h e  d r y e r  
i s  n o t  needed. 

6 .  Sorghum: I n  most areas where sorghum i s  grown--notably Kansas ,  
Texas, and Nebraska--i t  does n o t  need t o  b e  d r i e d .  About 82 p e r c e n t  of t h e  
sorghum grown i n  1974 and 1975 w a s  grown i n  t h e s e  t h r e e  s t a t e s .  I n  a d d i t i o n  
11 p e r c e n t  is grown i n  t h e  dry  s o u t h w e s t e r n  and p l a i n s  s t a t e s .  However, 
when grown i n  a more humid climate, as i n  t h e  corn  b e l t ,  sorghum does need 
t o  b e  d r i e d .  It i s  d r i e d  much l i k e  c o r n  w i t h  a f o r c e d - a i r  sys tem a t  tempera- 
t u r e s  no g r e a t e r  t h a n  140°F ( g r a i n  t e m p e r a t u r e ) .  

7. Bar ley :  T h i s  c r o p  i s  normal ly  f i e l d  d r i e d ,  e x c e p t  when weather  
i s  unusual ly  w e t  d u r i n g  t h e  h a n r e s t  season .  
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Vegetables .  

1. P o t a t o e s :  The i n i t i a l  m o i s t u r e  c o n t e n t  o f  p o t a t o e s  i s  about  
80 p e r c e n t .  A f t e r  dehydra t ion  t h e  p o t a t o e s  have a m o i s t u r e  c o n t e n t  of 6 t o  
8 p e r c e n t .  Annual ly ,  6 t o  8 p e r c e n t  o f  t h e  t o t a l  U .  S .  p o t a t o  crop i s  dehy- 
d r a t e d .  I n  1970 t h e  United States  produced 365 m i l l i o n  pounds of dehydrated 
p o t a t o e s .  P o t a t o  d i c e  are  g e n e r a l l y  dehydra ted  in cont inuous-be l t  d r y e r s .  

Before  d e h y d r a t i o n  i s  s t a r t e d ,  t h e  p o t a t o e s  must f i r s t  b e  b lanched  
( h e a t e d  i n  212°F water o r  steam f o r  2-12 minutes)  i n  o r d e r  t o  k i l l  harmful  
enzymes t h a t  could  cause  t h e  p o t a t o e s  t o  s p o i l .  A f t e r  b l a n c h i n g ,  t h e  d r y i n g  
p r o c e s s  is s t a r t e d  a t  275°F and g r a d u a l l y  decreased  o v e r  1 hour  t o  175°F. 
The d r y i n g  p r o c e s s  is  then  completed i n  two s t a g e s .  In t h e  f i r s t  s t a g e  t h e  
p o t a t o e s  are d r i e d  a t  a tempera ture  of 140 t o  160°F. The f i n a l  d r y i n g  s t e p  
i s  completed i n  b i n s  a t  tempera tures  from 100 t o  140°F. S u b s t a n t i a l l y  d i f -  
f e r e n t  p r o c e s s e s  are used t o  produce p o t a t o  g r a n u l e s ,  f l a k e s ,  and s t a r c h .  

Before  b e i n g  dehydra ted ,  p o t a t o e s  can b e  s t o r e d  f o r  up t o  10 months 
a t  a s t o r a g e  t e m p e r a t u r e  of 38 t o  40°F. With a h a r v e s t  season  of 2 t o  3 
months, p o t a t o e s  c a n  be dehydra ted  v i r t u a l l y  1 2  months o f  t h e  y e a r .  However, 
p o t a t o e s  t h a t  have been h e l d  a t  c o l d - s t o r a g e  tempera tures  are more s u i t a b l e  
f o r  d e h y d r a t i o n  i f  t h e y  a r e  f i r s t  c o n d i t i o n e d .  C o n d i t i o n i n g  t h e  p o t a t o e s  
c o n s i s t s  o f  h o l d i n g  them a t  65 t o  70°F f o r  1 t o  3 weeks. T h i s  t r e a t m e n t  
a l l o w s  t h e  s u g a r  (which h a s  accumulated i n  t h e  l i v i n g  t u b e r  a t  t h e  lower 
t e m p e r a t u r e s )  t o  b e  reduced by n a t u r a l  r e s p i r a t i o n .  (High-sugar p o t a t o e s  
are s u s c e p t i b l e  t o  d i s c o l o r a t i o n  d u r i n g  d e h y d r a t i o n  and subsequent  s t o r a g e . )  

2. Onions: Onions have a n  i n i t i a l  m o i s t u r e  c o n t e n t  o f  88 p e r c e n t  
and a f t e r  d e h y d r a t i o n  c o n t a i n  less t h a n  4 p e r c e n t  mois ture .  I n  1970, 86.5 
m i l l i o n  pounds o f  d r i e d  onions  were produced. Annually about  20 t o  25 p e r c e n t  
of  t h e  y e a r ' s  c rop  i s  dehydra ted .  

Onions are  g e n e r a l l y  d r i e d  on a c o n t i n u o u s - b e l t  d e h y d r a t o r  w i t h  the d r y i n g  
proceeding  i n  t h r e e  s t a g e s .  I n  t h e  f i r s t  s t a g e  t h e  onions are d r i e d  a t  160"F,  
and i n  t h e  second s t a g e  a t  130 t o  140°F. I n  10  t o  15 h o u r s ,  t h e  onions  are 
t h u s  d r i e d  t o  a 5 t o  7 p e r c e n t  m o i s t u r e  c o n t e n t .  T h e i r  f i n a l  m o i s t u r e  c o n t e n t  
o f  less  t h a n  4 p e r c e n t  i s  achieved  i n  v e n t i l a t e d  b i n s  w i t h  120°F dry a i r  blown 
o v e r  t h e  onions .  

Before  dehydra t ion ,  on ions  can b e  s t o r e d  f o r  about  1 month i n  common 
s t o r a g e  (room t e m p e r a t u r e ) ,  o r  6 t o  8 months a t  32°F. I n  many r e g i o n s  onions  
are h a r v e s t e d  from May t o  October  which,  coupled w i t h  a 6 t o  8 month s t o r a g e  
l i m i t ,  i n d i c a t e s  t h a t  o n i o n s ,  t o o ,  can b e  dehydra ted  throughout  t h e  y e a r .  

3.  Garlic:  The i n i t i a l  m o i s t u r e  c o n t e n t  of  g a r l i c  i s  about  6 2  
p e r c e n t  and a f t e r  dehydra t ion  i t  i s  about  6 . 5  p e r c e n t .  I n  1970,  21.9 m i l l i o n  
pounds ( d r y  weight )  of g a r l i c  w a s  produced. Annually about  90 p e r c e n t  of  t h e  
U. S .  c rop  i s  dehydrated.  The d e h y d r a t i o n  o f  g a r l i c  g e n e r a l l y  o c c u r s  on 
cont inuous b e l t  d e h y d r a t o r s  i n  two s t a g e s .  I n  t h e  f i r s t  s t a g e ,  d r y i n g  i s  
s t a r t e d  a t  180°F; t h i s  i s  g r a d u a l l y  decreased  t o  130'F. The f i n a l  s t a g e  o f  
d r y i n g  is done a t  120°F u n t i l  t h e  m o i s t u r e  c o n t e n t  of t h e  g a r l i c  i s  6.5 
p e r c e n t .  
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Nearly all o f  t h e  U.S. g a r l i c  c rop  i s  grown i n  C a l i f o r n i a ,  where i t  is  
h a r v e s t e d  from May t o  August. S i n c e  i t  s t o r e s  w e l l  under a v a r i e t y  o f  t e m -  
p e r a t u r e s ,  i t  can b e  dehydra ted  6 months of  t h e  y e a r .  

4. C h i l i  peppers :  C h i l i  peppers  i n i t i a l l y  c o n t a i n  92 p e r c e n t  
m o i s t u r e  and are dehydra ted  t o  a f i n a l  3 p e r c e n t  m o i s t u r e  c o n t e n t .  The 
peppers  are grown mainly i n  C a l i f o r n i a  and New Mexico. Almost a l l  c h i l i  
peppers  grown are d e h y d r a t e d .  In f a c t ,  a C a l i f o r n i a  crop r e p o r t  i n c l u d e s  
o n l y  t h o s e  c h i l i  peppers  t h a t  are dehydra ted ,  s i n c e  t h e  q u a n t i t y  of  t h o s e  
t h a t  are n o t  d r i e d  i s  i n s i g n i f i c a n t .  In 1974 C a l i f o r n i a  a l o n e  produced 
10,200 t o n s  o f  d r i e d  c h i l i  peppers .  

C h i l i  peppers  used t o  b e  p r i m a r i l y  s u n - d r i e d ,  b u t  s i n c e  sun  d r y i n g  takes 
several weeks,  most c h i l i  peppers  are c u r r e n t l y  d r i e d  i n  commercial dehydra- 
t o r s .  A two-stage t u n n e l  d r y i n g  sys tem i s  o f t e n  used t o  dry  t h e  peppers .  
In t h e  f i r s t  s t a g e  t h e  peppers  are d r i e d  t o  a 20 p e r c e n t  m o i s t u r e  c o n t e n t ,  
and i n  t h e  second s t a g e  they  are d r i e d  t o  t h e i r  f i n a l  3 p e r c e n t  c o n t e n t .  
The d r y i n g  tempera ture  f o r  c h i l i  peppers  should  n o t  exceed 150°F. 

5. Car ro ts  and celery: Perhaps three o r  f o u r  C a l i f o r n i a  d e h y d r a t o r s  
p r o c e s s  t h e s e  v e g e t a b l e s .  Diced o r  s l i c e d  c a r r o t s  are d r i e d  from a n  i n i t i a l  
m o i s t u r e  c o n t e n t  o f  88 p e r c e n t  t o  a f i n a l  4 p e r c e n t  i n  t u n n e l  o r  cont inuous-  
conveyor d r y e r s .  Tunnel d r y i n g  a t  about  160°F r e q u i r e s  about  7 h o u r s ;  t h e  
p a r t i a l l y  d r i e d  c a r r o t s  are t h e n  t r a n s f e r r e d  t o  d r y i n g  b i n s  w i t h  an  i n l e t  
a i r  t e m p e r a t u r e  of  about  140°F f o r  about  7 h o u r s  o f  f i n a l  d ry ing .  Drying 
t i m e  may b e  reduced t o  as l i t t l e  as 50 minutes  i n  t h e  newer cont inous-  
conveyor d r y e r s .  

C e l e r y  may b e  d r i e d  from 95 p e r c e n t  t o  4 p e r c e n t  m o i s t u r e  c o n t e n t  i n  
two-stage t u n n e l  d r y e r s .  I n i t i a l  a i r  t e m p e r a t u r e  i s  about  180°F i n  t h e  
f i r s t  s t a g e  and 130°F i n  t h e  second.  

F r u i t s  . 
1. Prunes:  Prunes  have an  i n i t i a l  m o i s t u r e  c o n t e n t  of  85 p e r c e n t  

and are d r i e d  t o  a f i n a l  1 6  t o  1 9  p e r c e n t  m o i s t u r e  c o n t e n t .  Almost a l l  
prunes t h a t  are  grown i n  t h e  United States  are dehydra ted .2  
154,000 t o n s  o f  prunes  were d r i e d  (wet b a s i s ) .  
88 p e r c e n t  o f  t h e  t o t a l  U.S. crop.16 
i n  a f o r c e d - d r a f t  t u n n e l  dehydra tor .  
more t h a n  165°F. 
15°F lower t h a n  t h a t  i n  t h e  f i r s t  s t a g e .  

In 1974, about  
T h i s  r e p r e s e n t s  approximate ly  

The prunes  a re  g e n e r a l l y  dehydra ted  
Drying b e g i n s  a t  a t e m p e r a t u r e  of no 

Drying i s  completed a t  a f i n a l  s t a g e  t e m p e r a t u r e  which i s  

2 .  Apples:  With a n  i n i t i a l  m o i s t u r e  c o n t e n t  o f  85 p e r c e n t ,  a p p l e s  

T h i s  
are dehydra ted  t o  a f i n a l  18  t o  20 p e r c e n t  m o i s t u r e  c o n t e n t . 2  
a c o n s t a n t  3 p e r c e n t  of t h e  United States  a p p l e  crop h a s  been d r i e d . l  
3 p e r c e n t  i s  d r i e d  i n  o n l y  two s ta tes ,  Washington and C a l i f o r n i a :  Washington 
d r i e s  6 p e r c e n t  of  i t s  c r o p  and C a l i f o r n i a  d r i e s  1 4  p e r c e n t . 1 4  

S i n c e  1967 

Although a p p l e s  were sun-dr ied  in t h e  p a s t ,  a t  p r e s e n t  a lmost  a l l  
a p p l e s  are d r i e d  i n  commercial dehydra tors .17  
i s  t o  use  a n  a i r - b l a s t  t u n n e l  d e h v d r a t o r .  When d r i e d  i n  t h i s  way, a p p l e s  

One method f o r  d r y i n g  a p p l e s  

-150- 



b e g i n  d r y i n g  a t  165°F a t  t h e  h o t  end of t h e  t u n n e l .  This  i n i t i a l  tempera- 
t u r e  i s  reduced by 60 p e r c e n t  a t  t h e  c o o l  end of t h e  t u n n e l . 2  
f i n i s h i n g  t e m p e r a t u r e ,  t h e  less danger  of t h e  a p p l e s  t u r n i n g  a brown c o l o r  
o r  of t h e  s u g a r  i n  them c a r a m e l i z i n g .  
approximate ly  6 h o u r s . 6  A second method f o r  d e h y d r a t i n g  a p p l e s  i s  through 
t h e  use  of a k i l n .  By u s i n g  t h i s  method, a p p l e s  are  d r i e d  i n  a k i l n  t h a t  
o p e r a t e s  a t  1 3 5 ° F .  

The lower t h e  

The d r y i n g  t i m e  u s i n g  t h i s  method i s  

3. A p r i c o t s ,  peaches ,  p e a r s :  These t h r e e  f r u i t  c r o p s  are almost  
e x c l u s i v e l y  sun-dr ied .  However, a t  least  one C a l i f o r n i a  d e h y d r a t o r  p r o c e s s e s  
s m a l l  amounts of t h e s e  c u t  f r u i t s  a r t i f i c i a l l y .  The d e h y d r a t i o n  p r o c e s s  i s  
s imilar :  a f t e r  t h e  f r u i t s  a re  h a l v e d  and p i t t e d ,  t h e y  are s u l f u r e d  and t h e n  
dehydrated.  A p r i c o t s  are d r i e d  f o r  about  8 h o u r s  a t  a maximum tempera ture  of 
150°F t o  18 p e r c e n t  m o i s t u r e  c o n t e n t .  Peaches are d r i e d  i n  a c o u n t e r c u r r e n t  
t u n n e l  and a maximum a i r  t e m p e r a t u r e  of 155°F f o r  24 t o  30 h o u r s ;  t h e  f i n a l  
m o i s t u r e  c o n t e n t  i s  about  25-28 p e r c e n t .  Pears are d r i e d  i n  a s imilar  manner 
except  t h a t  d r y i n g  t i m e  may v a r y  from 6 t o  48 hours .2  

4. Grapes ( r a i s i n s ) :  About 7 p e r c e n t  of t o t a l  U.S. r a i s i n  produc- 
t i o n ,  o r  15,000 t o n s ,  are d r i e d  a r t i f i c i a l l y .  About 95 p e r c e n t  of  t h e s e  are  
prepared  as golden-bleach r a i s i n s .  A l l  r a i s i n  d e h y d r a t i o n  i s  i n  C a l i f o r n i a  
a t  p r e s e n t .  The g r a p e s  t o  b e  processed  are s p r e a d  on t r a y s  and exposed to 
s u l f u r  fumes f o r  about  4 hours .  Then t h e  t r a y s  are moved t o  t u n n e l  dehydra- 
t o r s  f o r  24 t o  45 h o u r s  u n t i l  t h e  f i n a l  m o i s t u r e  c o n t e n t ,  10-14 p e r c e n t ,  i s  
achieved .  2 

Livestock.Commodities.  

1. Milk: Milk h a s  an i n i t i a l  m o i s t u r e  c o n t e n t  of 87 t o  90 p e r c e n t  
and i s  dehydra ted  t o  a f i n a l  5 p e r c e n t  m o i s t u r e  c o n t e n t .  About 3 b i l l i o n  pounds 
of d r i e d  m i l k  are  made each y e a r ,  which i s  about  20 p e r c e n t  of t h e  t o t a l  
mi lk  p r o d u c t i o n  of t h e  United S t a t e s .  A s  milk i s  produced throughout  t h e  
y e a r ,  i t  can,  of c o u r s e ,  b e  dehydra ted  a l l  y e a r .  Dehydrated mi lk  i s  pro- 
duced a lmos t  e x c l u s i v e l y  b y  s p r a y  d r y i n g  w i t h  t h e  drying-air t e m p e r a t u r e  a t  
a maximum of  150 t o  160"F.z 

2 .  Eggs: The i n i t i a l  m o i s t u r e  c o n t e n t  of t h e  whole egg i s  7 4  per-  
c e n t ,  o f  egg w h i t e  88 p e r c e n t ,  and of  egg y o l k  51  p e r c e n t .  All p a r t s  of  
t h e  egg are d r i e d  t o  a f i n a l  m o i s t u r e  c o n t e n t  of less t h a n  2 p e r c e n t .  In 
1970 ,  75.3 m i l l i o n  pounds of  d r i e d  eggs were produced. Annual ly  about  35 
t o  38 p e r c e n t  of t h e  t o t a l  egg p r o d u c t i o n  i n  t h e  United S t a t e s  h a s  been con- 
v e r t e d  i n t o  d r i e d  eggs.  A s  i n  t h e  case of m i l k ,  eggs  are produced year--round,  
a l l o w i n g  egg d e h y d r a t i o n  t o  occur  1 2  months of t h e  y e a r .  

Eggs are  a l s o  s p r a y  d r i e d  i n  t h e  same manner as i s  mi lk .  T h i s  s p r a y  
d r y i n g  o c c u r s  i n  two s t a g e s .  
p e r a t u r e s  above 138°F t o  p r e v e n t  b a c t e r i a  growth; t h e n  i n  t h e  second s t a g e ,  
t h e  a i r  t e m p e r a t u r e  i s  dropped t o  85°F t o  complete  t h e  d r y i n g  p r o c e s s . 2  

The eggs  are f i r s t  s p r a y  d r i e d  a t  a i r  t e m -  
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Common Types of Crop Dryers 

Many t y p e s  of d r y e r s  o r  d e h y d r a t o r s  are  used i n  p r o c e s s i n g  t h e  v a r i o u s  
commodities d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s .  The f o l l o w i n g  i s  a brFef  
d e s c r i p t i o n  of each  t y p e  of h e a t - p r o c e s s i n g  equipment which i s  used i n  
d r y i n g l d e h y d r a t i n g  c r o p s .  

Forced-a i r  d r y e r .  T h i s  is  a broad c l a s s i f i c a t i o n  f o r  any t y p e  of c rop  
d r y e r  t h a t  u s e s  t h e  movement’of a i r  t o  t r a n s f e r  h e a t  t o  t h e  crop and t o  
c a r r y  away t h e  m o i s t u r e  t h a t  h a s  evapora ted .  

Continuous-flow d r y e r .  The cont inuous-f low d r y e r  is  a t y p e  of forced-  
a i r  d r y e r  t h a t  i s  g e n e r a l l y  used f o r  g r a i n  d r y i n g .  In t h i s  d r y e r  t h e  g r a i n  
i s  i n t r o d u c e d  a t  the t o p  ( o r  one  e n d ) - o f  t h e  d r y e r  (depending on whether  i t  
i s  a ver t ical  o r  h o r i z o n t a l  sys tem) .  A s  t h e  g r a i n  f lows  through t h e  f i r s t  
two t h i r d s  o f  t h e  d r y e r  l e n g t h ,  i t  i s  h e a t - d r i e d  by f o r c e d  a i r .  The l a s t  
one t h i r d  of t h e  d r y e r  i s  devoted t o  t h e  c o o l i n g  of t h e  g r a i n .  The amount 
of m o i s t u r e  removed can b e  c o n t r o l l e d  by t h e  r e s i d e n c e  t i m e  i n  t h e  d r y e r ,  
which i n  t u r n  is  c o n t r o l l e d  by t h e  g r a i n  f low rate .2  

Bin d r y e r s .  Much b i n  d r y i n g  re l ies  on n a t u r a l  v e n t i l a t i o n  t o  d r y  t h e  
g r a i n ;  however, f o r c e d - a i r  d r y i n g  i s  also used i n  b i n s .  When f o r c e d  a i r  is  
used ,  t h e  b i n s  have e i t h e r  a p e r f o r a t e d  f a l s e  f l o o r  o r  p e r f o r a t e d  d u c t s  on 
t h e  f l o o r .  A f a n  f o r c e s  d r y i n g  a i r  under  t h e  f a l s e  f l o o r  ( o r  i n t o  t h e  d u c t  
system) and through t h e  g r a i n  ( o r  o t h e r  commodity). T h i s  method of d r y i n g  
i s  mainly used  f o r  commodities t h a t  c o n t a i n  o n l y  a few p e r c e n t a g e  p o i n t s  of 
excess m o i s t u r e .  N a t u r a l  o r  s l i g h t l y  h e a t e d  a i r  i s  used.4 

Cont inuous-be l t  d r y e r s .  This  method of d r y i n g  i s  used mainly f o r  
f r u i t s  and v e g e t a b l e s .  The produce t o  be d r i e d  i s  loaded  on t h e  b e l t  i n  
t h e  d e s i r e d  depth  and moves through a h e a t e d  chamber o r  chambers. The t e m -  
p e r a t u r e  a t  t h e  e n t r y  end i s  w a r m e r  t h a n  t h e  t e m p e r a t u r e  n e a r  t h e  e x i t  end 
( p a r a l l e l  f low) .  The t e m p e r a t u r e  t o  which t h e  produce i s  exposed i s  d e t e r -  
mined by where t h e  produce i s  i n  t h e  d r y e r ,  and by which chamber t h e  produce 
is  i n  a t  t h e  t i m e .  The m o i s t u r e  removed i s  c o n t r o l l e d  by t h e  t e m p e r a t u r e  
throughout  t h e  d r y e r  and  by how l o n g  t h e  produce remains i n  each  o f  t h e  chambers. 

Tunnel d r y e r s .  A t u n n e l  d r y e r  i s  a l s o  used mainly f o r  f r u i t s  and vege- 
t a b l e s .  A f o r c e d - a i r  f low i s  used t o  d r y  t h e  produce.  The tempera ture  used 
t o  d r y  t h e  produce i s  de termined  by t h e  tempera ture  o f  t h e  a i r  blowing through 
t h e  t u n n e l .  Tunnel d r y e r s  g e n e r a l l y  have one t o  t h r e e  s t a g e s  ( o c c a s i o n a l l y  
more),  or t i m e s  t h e  tempera ture  o f  t h e  a i r  blowing through t h e  t u n n e l  i s  
a l t e r e d .  The m o i s t u r e  removed w i l l  b e  determined by t h e  amount of t i m e  t h e  
produce i s  exposed t o  e a c h  o f  t h e  d i f f e r e n t  t e m p e r a t u r e s . 1  

Spray d r y i n q .  Spray d r y i n g  i s  a t e c h n i q u e  used on l i q u i d s  i n  which 
t h e  p a r t i c l e s  of the s u b s t a n c e  b e i n g  d r i e d  move a l o n g  i n  t h e  a i r  stream w i t h  
t h e  h e a t e d  gas .  One method of  r e g u l a t i n g  t h e  m o i s t u r e  c o n t e n t  i s  by t h e  
use  of r e d r y e r s .  The r e d r y e r s  a re  a r r a n g e d  i n  a series w i t h  t h e  pr imary 
d r y i n g  chamber d r y i n g  t h e  commodity t o  a prede termined  m o i s t u r e  c o n t e n t .  
Removal from t h i s  s t a g e  c a u s e s  t h e  d r y i n g  p a r t i c l e s  t o  b e  p icked  up by a 
secondary h o t  stream. 
have t h e  vapor  p r e s s u r e  of t h e  water a s s o c i a t e d  w i t h  t h e  p a r t i c l e  s u r f a c e  
approach t h e  p r e s s u r e  of water vapor  i n  t h e  a i r  a t  t h e  p o i n t  where t h e  pow- 
d e r  p a r t i c l e s  are removed from t h e  e x i t  a i r .  

Another way of r e g u l a t i n g  m o i s t u r e  c o n t e n t  is  t o  

2 
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P r o f i l e  of Crops Grown Near Geothermal Resources.  

I n  o r d e r  t o  choose s i tes  f o r  m u l t i c r o p  d r y i n g  c e n t e r s ,  da ta  w a s  needed 
on t h e  a c r e a g e s  n e a r  i d e n t i f i e d  geothermal  r e s o u r c e s  of t h e  d r y a b l e  c rops .  
The b e s t  a v a i l a b l e  s o u r c e  of such d a t a  t h a t  i s  c o n s i s t e n t  from s ta te  t o  s t a t e  
and t h a t  p r o v i d e s  r e s o l u t i o n  a t  t h e  county level  i s  t h e  1969 Census of  Agri-  
c u l t u r e . 1 8  
and p r o d u c t i o n  (number of h a r v e s t e d  b u s h e l s ,  t o n s ,  e t c . )  f i g u r e s  f o r  each of 
t h e  20 d r y a b l e  c r o p s ,  f o r  each  o f  t h e  2 7 5  Geothermal Count ies  ( t h o s e  c o u n t i e s  
a l l  o r  p a r t  of which are w i t h i n  50 m i l e s  of i d e n t i f i e d  geothermal  r e s o u r c e s :  
see Chapter  4 ) .  

Midwest Research I n s t i t u t e  c u l l e d  from t h i s  d a t a  b a s e  b o t h  a c r e a g e  

A t  t h e  same t i m e ,  similar s t a t i s t i c s  from t h e  census  were c o m p i l e d ' f o r  
1 7  c r o p s  t h a t  s a t i s f i e d  a n o t h e r  c r i t e r i o n - - t h a t  t h e y  b e  among t h e  t e n  most 
v a l u a b l e  c r o p s ,  on t h e  b a s i s  of g r o s s  r e c e i p t s  by f a r m e r s  i n  1975,  i n  a t  l ea s t  
one of t h e  11 cont iguous  U.S. geothermal  s ta tes .  T h i s  d a t a  h e l p s  p r o v i d e  a 
f i r s t  b a s i s  f o r  d e f i n i n g  p o t e n t i a l  s i tes f o r  t h e  a l t e r n a t i v e  a p p l i c a t i o n s  of 
geothermal  h e a t  o u t l i n e d  in Chapter  11. 

The a c r e a g e  f i g u r e s  f o r  t h e  d r y a b l e  c r o p s  were used in r a w  form t o  select  
t h e  c rop  combinat ions f o r  MDCs and t o  e v a l u a t e  whether  t h e  c rop  areas n e a r  
t h e  MDC s i tes  were s u f f i c i e n t  t o  permi t  commercial d r y i n g .  The 1969 Census 
of A g r i c u l t u r e  d a t a  were checked when p o s s i b l e  a g a i n s t  1974 o r  1975 county 
d a t a  from s ta te  a g r i c u l t u r a l  s t a t i s t i c s  b u l l e t i n s  p u b l i s h e d  by t h e  s ta te  crop  
and l i v e s t o c k  r e p o r t i n g  services. 

The c e n s u s  d a t a  were made t o  serve a n o t h e r  purpose as w e l l :  they  were 
aggrega ted  i n  o r d e r  t o  estimate, f o r  each s t a t e ,  t h e  t o t a l  a c r e a g e  and v a l u e  
of e a c h  of  t h e  37 c rops  t h a t  was grown w i t h i n  50 miles of t h e  geothermal  
r e s o u r c e s .  These estimates p r o v i d e  s t a t e  p r o f i l e s  of t h e  f requency  of occur- 
r e n c e  and economic importance of  each  crop  i n  geothermal  areas. These pro- 
f i l e s  p r e s e n t  comparisons o f  o c c u r r e n c e  and v a l u e  among c r o p s  i n  t h e  geother -  
m a l  areas of  a g i v e n  state and among s ta tes  f o r  a g iven  crop.  The s t a t e  pro- 
f i l e s  also serve as backdrops a g a i n s t  which t h e  m u l t i c r o p  d r y i n g  c e n t e r s  may 
b e  e v a l u a t e d .  F i n a l l y ,  t h e y  might  a l s o  be used f o r  a v a r i e t y  of o t h e r  pur- 
poses:  f o r  example, t o  evaluate t h e  p o t e n t i a l  f o r  i r r i g a t i o n  w i t h  geothermal  
water. 

The method used t o  c o n s t r u c t  t h e  c rop  a c r e a g e  and v a l u e  p r o f i l e s  f o r  each 
s ta te  w a s  s t r a i g h t f o r w a r d .  The 1969 census  d a t a  f o r  c r o p  a c r e a g e  and produc- 
t i o n  were l o a d e d  i n t o  t a p e  f i l e s  and processed  u s i n g  BASIC-language computer 
codes w i t h  a p o r t a b l e  mini-computer. The programs weighted i n d i v i d u a l  county 
f i g u r e s  w i t h  a f a c t o r  e q u a l  t o  t h e  area of  t h e  county t h a t  i s  w i t h i n  50 miles 
of a U.S.G.S.  i d e n t i f i e d  geothermal  resource19 d i v i d e d  by t h e  t o t a l  county 
s u r f a c e  area. ( I t  should  b e  n o t e d  t h a t  t h i s  w e i g h t i n g  procedure  makes t h e  
assumption t h a t  a c rop  i s  d i s t r i b u t e d  homogeneously throughout  a county ;  when 
a county i s  l a r g e  o r  varies wide ly  i n  t e r r a i n ,  a l t i t u d e  o r  s o i l s - - a l l  unknowns 
h e r e - - s i g n i f i c a n t  e r r o r  a t  t h e  county level  i s  t o  be e x p e c t e d . )  These i n d i -  
v i d u a l  estimates of crop a c r e a g e  o r  p r o d u c t i o n  f o r  a l l  Geothermal Count ies  i n  
each  s ta te  were t h e n  summed. The s t a t e  estimates f o r  c rop  a c r e a g e s  w i t h i n  50 
m i l e s  o f  t h e  r e s o u r c e s  were completed w i t h  t h i s  s t e p . .  The p r o d u c t i o n  es t i -  
mates f o r  each  s t a t e ,  however, were m u l t i p l i e d  by t h e  u n i t  prices2' r e c e i v e d  
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by fa rmers  i n  t h a t  s t a t e  t o  a r r ive  a t  t h e  estimates f o r  t o t a l  c rop  v a l u e s  
w i t h i n  50 m i l e s  o f  i d e n t i f i e d  geothermal  r e s o u r c e s .  

Table  10.4 shows t h e  number of geothermal  c o u n t i e s  t h a t  grow each  of t h e  
37 c r o p s  i n  r e l a t i o n  t o  t h e  t o t a l  number of Geothermal Count ies  i n  each s t a t e .  
It  p r o v i d e s  a n  i n d i c a t i o n  of whether  t h e  c rop  a c r e a g e s  and v a l u e s  shown i n  
T a b l e s  10 .5  and 10 .6 ,  r e s p e c t i v e l y ,  a r e  c o n c e n t r a t e d  i n  j u s t  a few c o u n t i e s  o r  
d i s t r i b u t e d  among many. F i n a l l y ,  F i g u r e s  10 .1  and 1 0 . 2  p r e s e n t  t h e  c rop  area 
and v a l u e  estimates f o r  t h e  area w i t h i n  50 mi l e s  of geothermal  r e s o u r c e s  of 
t h e  e n t i r e  c o n t i n e n t a l  United S t a t e s .  

F i g u r e  1 0 . 1  shows t h a t  a l f a l f a  hay ( n o t  t o  b e  confused w i t h  dehy) ,  b a r l e y ,  
and wheat are  c l e a r l y  t h e  most f r e q u e n t l y  o c c u r r i n g  c r o p s  grown i n  t h e  geo- 
thermal  areas. Together  t h e y  account  f o r  61  p e r c e n t  of t h e  t o t a l  a c r e a g e  of 
t h e  37 c r o p s  w i t h i n  50 m i l e s  of i d e n t i f i e d  r e s o u r c e s ;  a l f a l f a  a l o n e  a c c o u n t s  
f o r  29 p e r c e n t  of  a c r e a g e .  The 10 most common c r o p s  account  f o r  87 p e r c e n t  
of t h e  9 . 1  m i l l i o n  c r o p  acres.  

I n  d o l l a r  v a l u e  terms, a d i f f e r e n t  and l e s s - c o n c e n t r a t e d  p i c t u r e  o f  t h e  
top-ranked c r o p s  emerges. The t h r e e  most v a l u a b l e  c r o p s - - a l f a l f a  hay,  I r i s h  
p o t a t o e s  and tomatoes--represent  o n l y  33 p e r c e n t  o f  t h e  t o t a l  37-crop value 
w i t h i n  50 miles of geothermal ,  and a l f a l f a  hay, 14 p e r c e n t .  
v a l u a b l e  c r o p s  a r e  worth 75 p e r c e n t  of  t h e  t o t a l  $ 1 . 7  b i l l i o n .  1 The t e n  most 

P r o f i l e  of P r e s e n t  Drying I n d u s t r i e s  

T h i s  s e c t i o n  p r e s e n t s  a s m a r y  of da ta  on p r e s e n t  energy u s e  by 1 2  
crop-drying and d e h y d r a t i o n  i n d u s t r i e s .  N a t i o n a l  energy u s e  f o r  d r y i n g  and 
t h e  p o r t i o n  of t h a t  u s e  t h a t  t a k e s  p l a c e  w i t h i n  50 m i l e s  of i d e n t i f i e d  geo- 
thermal  r e s o u r c e s  have been e s t i m a t e d .  The estimates are 'summarized i n  
Table  1 0 . 7 ;  s t a t e - b y - s t a t e  d e s c r i p t i o n s  of  t h e  i n d u s t r i e s  and estimates of 
energy  u s e  are  found i n  Appendix C .  

The estimates serve two main purposes .  F i r s t ,  t h o s e  f o r  drying-energy 
u s e  n e a r  geothermal  r e s o u r c e s  p r o v i d e  f i r s t  approximat ions  of t h e  maximum 
g e o t h e r m a l - r e t r o f i t  p o t e n t i a l s  f o r  t h e s e  d r y i n g  i n d u s t r i e s .  
q u e s t i o n ,  How much f o s s i l  energy could  be saved by c o n v e r t i n g  t h e  d r y i n g  
i n d u s t r i e s  t o  geothermal?"  
a g a i n s t  which t o  e v a l u a t e  DOE p o l i c y  f o r  t h e  d r y i n g  i n d u s t r i e s  o r  p a r t i c i p a -  
t i o n  i n  s p e c i f i c  demonst ra t ion  p r o j e c t s .  The estimates have been used f o r  
b r i e f  p o l i c y  a n a l y s e s  i n  Chapter  1 2  of t h i s  r e p o r t .  

They answer t h e  
11 

I n  so  doing,  t h e  e s t i m a t e s  can serve a s  t a r g e t s  

Second, a knowledge of  t h e  l o c a t i o n s  of crop-drying f a c i l i t i e s  i s  
i m p o r t a n t  t o  a d e t a i l e d  a p p r a i s a l  of m u l t i c r o p  d r y i n g  c e n t e r s .  S i t e s  f o r  
MDCs were chosen on t h e  b a s i s  o f  l i m i t e d  i n f o r m a t i o n  about  crops--harvested 
a c r e a g e s  and p r o d u c t i o n .  The p r e s e n c e  of nearby d e h y d r a t i n g  f a c i l i t i e s  f o r  
one o r  more of t h e  c r o p s  t o  b e  d r i e d  a t  a n  MDC would i n d i c a t e  t h a t  var ie t ies  
of t h e s e  c r o p s  t h a t  are  s u i t a b l e  f o r  d e h y d r a t i o n  a r e  grown n e a r  t h e  ?zDC s i t e ;  
t h i s  is  i m p o r t a n t  i n f o r m a t i o n .  I n  a d d i t i o n ,  t h e  e x i s t e n c e  of such d e h y d r a t i o n  
p l a n t s  would conf i rm t h a t  marke ts  f o r  t h e  d r i e d  p r o d u c t  and s k i l l e d  l a b o r  t o  
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T a b l e  10.4 

DISTRIBUTION OF CROPS NEAR GEOTHERhlAL 
SOURCES AMONG THE GEOTHERYAL STATES 

'In ardcr t o  appear in t h i s  t a b l e ,  the c r o p  must s a t j s f y  two c r i t e r i a :  (1) I t  P I U S C  be i n  a c o u n t y  within  50 
miles o i  a eeotherinal rcsourcc. ( 2 )  I t  DIUSL e i c h e r  be among the t o p  t e n  c r o p s  by  vnluc o l  production in 
1975  for  otic o r  more geothcrcial s t a t e s  or  i t  nust t y p i c a l l y  bc d r i e d  as  a s t e p  in processing f o r  market. 

'The county data ( t o  determine proximity) combines c e n t o l o u p e c ,  p c r s i a n s  and muskmclons. 

31ncludcs gnrdcn seedhenns ,  which is also a top ten  c r o p  i n  Idaho. 

'corn ior s i l a g e .  

'Vashlngton reports  only  onc gcothermal c o u n t y  for h o p s ,  but  t h i s  reprrsents 9 4 %  of LhC crop 

Legend: :he f r a c t i o n s  In each box indicntc the  niimbcr of ~ c o r h c r m i l  cnunlics ~ r o w l n e  thc  c r o p  over  thc  numbcr 
.0( gcotherml c o u n t i e s  i n  t h e  s t a t e .  
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Table 10.5 

1969 HARVESTED CROP ACREAGES WITHIN 50 MILES OF GEOTHERMAL RESOURCES 
IN ELATION TO STATE ACREAGES 
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Table 10 .5  (Cont,) 

$ < i n d i c a t e s  d r y ; i b l ?  c r o p .  N D  = no d‘ira  
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Table 10 .6  

1969  HARVESTED CROP VALUES WITI-IIN 50 MILES OF GEOTHEPU RESOURCES 
I N  RELATION TO STATE VALUES 

ID E r r  1?V NFl OR llT -- \?A -- AZ Ch co - 

I 
Cora" 
(grain)  

Oats 

Rice* 

-I +-----I- -. % - -  
XI 

Ryegrass 

Sorghum?: 

i h e a t  

FCU 1 TS 
Appies  9; - 
Apricots * I% lex 
Cantalaupe: I --+---- 
Grapes" 

Oranges 

-I 

I 1 %  
l l  

% I  
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Table 10.6 (Cont.) 

Dry be an  s 

-I----- I -- 

!L Green  Peas 

I r i s h  
P o t  a t  ocs  5 

L e t t u c e  I xo I x41 
P e a n u t s *  i 

I I Snap Beans 
1 I 

Sweet 
P o t a t o e s  I 

I I 

l50/ 
Toirtatoes 1 % 1 , 1 7 9  

4- 

co ID 1.r N V  N1.i 0 R 

I 1 I 

I 

Key: E s t i w a t e d  1 9 6 3  c r o p  va lues  wit1ii.n 50 m i l e s  o f  i d e n t i f i e d  g r o t h e r m l  rcsourcc‘s  arc  
i n  n u m e r a t o r s ;  
mi l . l i o i i s  o f  d o l l a r s ;  ailserice o f  f i g u r e  i n d i c a t e s  no r e c o r d e d  c r o p  i n  s t a t e .  

t o t a l  v a l m s  (311 c w i n t  ies) are. i n  denominators .  19 F i g u r e s  s h o w  

” i n d i t n t c s  dryable c r o p .  NE = no d n t n  
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Table 10.7 

SUMMARY OF ENERGY USE BY DEHYDRATING INDUSTRIES 
WITHIN 50 M I L E S  OF GEOTHEIII'.IAL RESOURCES 

ANXI I N  WHOLE UNITED STATES 

I 
I Drying Industry 
Sugar beet pulp 
dehydration 

.Alfalfa dehydration 

Potato dehydration 

Cotton ginning 

Onion dehydration 

Prune dehydration 

Rice drying 

Apple dehydration 

Chili and other 
vegetable dehydration 

Description and Location 

Dr'ied byproduct of beet sugar pro- 
duction used as feed ingredient; 
AZ., CA, CO, ID, MT, OR, UT, WA, WY; 
KS, MI, MN, NB, ND, OH, TX. 

Artificially dried alfalfa hay sold as 
feed ingredient. Main concentration 
is in KS, NB; geothermal states: AZ, 
CA, CO, ID, MN; 15 o t h e r  s t a t e s .  

Dehydrated granules, flakes, slice, 
dice and starch plants included; 
potato chip and frozen 7roducts ex- 
cluded. CO, ID (concentration), NV, 
OR, WA, WY; also MN, NY, MI, ND, MN. 

Heat usually required to reduce 
moisture of raw cotton; AZ, CA (large), 
NV, NM; also TX (large), 12 other 
states. 

Sliced, chopped, minced, granulated 
and powdered, dried onion is mostly an 
input to other processed foods like 
catsup and chili sauce; CA only. 

Nearly all prunes are artificially 
dried, mostly in CA, small amounts in 
OR, WA. 

Drying is required before milling; CA 
produces a large amounr of rice; TX, LA 
AR, are large producers, some in MS and 
MO . 
Sliced or diced artificially dehydrated 
apples; CA and WA are the large pro- 
ducers; NY produces smaller amount. 

Chili is largest component, b u t  carrots, 
tomato powder, bell peppers and at least 
15 others dried in small amounts; CA, N1.l 
(large), WA; also LA, NC (sweet 
potatoes). 

itimated Annual Drying  
iergy Cc 
)tal U . 5  
19 .Btu's 

32,000 

.5,000 

7,300 

3,500 

1,500 

1,300 

1,300 

630 

400 

umed, 1976 
1 5 0  miles 
109 Gtu's 

9,700 

1,400 

4,700 

490 

1,000 

1,200 

250 

340 

310 

__ 
-om C - 
%,U. - 
30% 

9 %  

6 4 %  

14% 

67% 

92% 

1 9 %  

547: 

78% 
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Table 1 0 . 7  (Con t . )  

Drying Indus t ry  

Gar l ic  dehydration 

Rais in  dehydration 

Peach, p e a r ,  a p r i c o t  
dehydration 

Tota l  

Description and Location 

Mostly so ld  a s  powder o r  granules ,  
d r i ed  g a r l i c  i s  r e t a i l e d  and used i n  
canned dog food and o the r  prepared 
f o o d s ;  CA only 

Some grapes a r e  d r i ed  a r t i f i c i a l l y  a s  
t h e  "golden bleached'' va r i e ty ;  CA 
only. 

Some prune, r a i s i n  and apple  dehy- 
d r a t o r s  produce s m a l l  amounts, bu t  
mostly sun-dried; C A ,  WA. 

12  drying i n d u s t r i e s  

k t i m a t e d  Annual Dryj 
Znergy Con 
ro ta1  U . S .  
109 R t u ' s  

300 

300 

17 

64,000 

Imed, 1976 
1 5 0  n i i1e . r  
109 B t i i ' :  

250 

100 

9 

20,000 

' rom GT 
u 

83% 

33% 

53x 

31% 
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r u n  new d r y i n g  f a c i l i t i e s  w e r e  a v a i l a b l e  l o c a l l y .  F i n a l l y ,  t h e  p r e s e n t  
d r y i n g  i n d u s t r i e s  n e a r  a n  MDC s i t e  a re  t h e  most l i k e l y  p a r t i c i p a n t s  i n  a 
j o i n t - v e n t u r e  geothermal  d r y i n g  f a c i l i t y ;  t hey  a r e  a group t o  which t h i s  
r e p o r t  i s  s p e c i f i c a l l y  addres sed .  Thus,  t h i s  s e c t i o n  and Appendix C a r e  
in t ended  t o  awaken r e c o g n i t i o n  among c r o p  and food dehydra to r s  of  t h e  MDC 
and g e o t h e r m a l - r e t r o f i t  a l t e r n a t i v e s .  

Much of  t h e  d a t a  g a t h e r e d  w e r e  r e s p o n s e s  t o  t e l ephone  r e q u e s t s  t o  d r y i n g  
companies f o r  i n f o r m a t i o n  about  t h e i r  p r e s e n t  energy u s e  f o r  d r y i n g .  Every 
e f f o r t  w a s  made t o  exc lude  t h e  energy  u s e  f o r  space  h e a t i n g  of b u i l d i n g s  and 
a u x i l i a r i e s  a s s o c i a t e d  w i t h  t h e  d r y i n g  p l a n t s .  

Energy consumption f i g u r e s  f o r  i n d i v i d u a l  p l a n t s  were ga the red  by 
t e l ephone  f o r  t h e  a l f a l f a ,  p o t a t o ,  r i c e ,  and a p p l e  d r y i n g  i n d u s t r i e s ;  f o r  t h e  
sugar -bee t  pu lp ,  c o t t o n ,  prune ,  and r a i s i n  d r y i n g  i n d u s t r i e s ,  good p roduc t ion  
estimates were p o s s i b l e ,  and energy  u s e  per u n i t  p roduc t ion  was t aken  as a 
c o n s t a n t ;  f o r  t h e  remain ing  i n d u s t r i e s  more e l a b o r a t e  s t r a t a g e m s  w e r e  r e q u i r e d  
t o  estimate energy  u s e .  F u l l  d e t a i l s  on t h e  methods of e s t i m a t i n g  energy u s e  
a re  provided  i n  t h e  r e f e r e n c e s  f o r  Appendix C .  

I t  w i l l  be  no ted  t h a t  several of t h e  d r i e d  c rops  d i s c u s s e d  i n  a p r e v i o u s  
s e c t i o n  of t h i s  c h a p t e r  do n o t  appea r  among t h e  d r y i n g  i n d u s t r i e s  i n  Tab le  1 0 . 7 .  
S e v e r a l  o f  t h e s e  c r o p s  w e r e  found t o  be  a lmos t  a l w a y s  f i e l d - d r i e d  i n  t h e  West: 
sorghum, b a r l e y ,  and most c o r n .  Some a r t i f i c i a l  co rn  d r y i n g  a ears t o  be  
done i n  c e n t r a l  Washington2I  and i n  Cochise  County i n  Arizona." S m a l l  q u a n t i -  
t i e s  of p e a n u t s  (none i n  areas w i t h i n  50 m i l e s  o f  geothermal  r e s o u r c e s )  a re  
grown i n  Ar izona ,  C a l i f o r n i a ,  and New Nexico;  a p p a r e n t l y  a r t i f i c i a l  d e h y d r a t i o n  
i s  n o t  r e q u i r e d  i n  t h e s e  d r y  s t a t e s  as  i t  i s  i n  t h e  South .  

I n s u f f i c i e n t  p r o d u c t i o n  d a t a  were g a t h e r e d  t o  make energy  u s e  estimates 
f o r  da i ry -p roduc t  (mi lk  and e ) d e h y d r a t i o n .  However, t h e  p l a n t  l o c a t i o n  
i n f o r m a t i o n  t h a t  i s  a v a i l a b l e 2 5  shows one  p l a n t  i n  Tempe, Ar izona ,  abou t  15 
miles from t h e  Power Ranch Wells r e s o u r c e ;  15 p l a n t s  i n  C a l i f o r n i a  ( 7  less 
than  50 miles from r e s o u r c e s ) ;  a p l a n t  i n  each of Caldwell  and Idaho F a l l s ,  
Idaho ,  bo th  n e a r  r e s o u r c e s ;  2 p l a n t s  i n  Oregon, t h e  one  i n  P o r t l a n d  w i t h i n  
50 miles; a p l a n t  i n  Ogden, Utah about  1 2  miles n o r t h e a s t  o f  Hooper Hot 
Spr ings ;  2 p l a n t s  i n  Washington, t h e  Lynden p l a n t  b e i n g  abou t  40 miles from 
Baker  Hot S p r i n g s ;  and a d r i e d  cheese-food p l a n t  i n  Af ton ,  Wyoming. The 
p r i n c i p a l  d r i e d  p roduc t s  o f  t h e  p l a n t s  n e a r  geothermal  r e s o u r c e s  are  n o n f a t  
d ry  mi lk  ( s p r a y  p r o c e s s ) ,  d ry  whole m i l k ,  and d ry  b u t t e r m i l k .  

Tab le  1 0 . 7  i n d i c a t e s  t h a t  g e o t h e m a l  r e t r o f i t t i n ?  of f i v e  i p d u s t r i e s  
could  save 90 p e r c e n t  of t h e  2.0 x 1013 B t u ' s  of  f o s s i l  f u e l  t h a t  a r e  consumed 
a n n u a l l y  f o r  c rop  d r y i n g  by p l a n t s  w i t h i n  50 m i l e s  of  i d e n t i f i e d  geothermal  
r e s o u r c e s ,  and be long ing  t o  t h e  1 2  i n d u s t r i e s  s t u d i e d .  Sugar-beet  pu lp  dehy- 
d r a t i o n  a l o n e  consumes 9 . 7  x 1 O I 2  B t u ' s ;  t h i s  e s t i m a t e  assumes t h a t  a l l  sugar -  
b e e t  pu lp  i s  dehydra t ed .  The f e a s i b i l i t y  of  u s i n g  geothermal  h e a t  f o r  suga r  
r e f i n i n g  w a s  t h e  s u b j e c t  o f  a n o t h e r  s t u d y ,  which concluded t h a t  b e e t  pu lp  
d r y i n g  w i t h  geothermal  h e a t  a p p e a r s  t o  o f f e r  an  o p p o r t u n i t y  f o r  s av ing  30 t o  
50 p e r c e n t  of  t o t a l  s u g a r - f a c t o r y  f u e l  u s e .  Rotary  drum d r y e r s  of  t h e  s o r t  
used  t o  dehydra t e  a l f a l f a  were s e l e c t e d  f o r  econonic  a n a l y s i s  o f  bee t -pulp  
d r y i n g .  T h i s  a n a l y s i s  concluded t h a t  t h e s e  d r y e r s  would be  on ly  marg ina l ly  
economical were they  t o  be  used independen t ly .  However, i f  t h e  geothermal  
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b r i n e  were f i r s t  cascaded through a low-pressure steam b o i l e r  and t h e n  through 
t h e  d r y e r s  t o  d e h y d r a t e  b e e t  p u l p  f o r  f o u r  months and a l f a l f a  f o r  a f u r t h e r  
s i x  months, t h e  c o s t  p e r  m i l l i o n  B t u ' s  might drop a s  low as $ 1 . 2 7  when b r i n e  
tempera ture  i s  350°F. The s t u d y  i n d i c a t e s  t h a t  s u g a r  f a c t o r y  o p e r a t o r s  have 
e x p r e s s e d  i n t e r e s t  i n  r e t r o f i t t i n g  p r e s e n t  f a c t o r i e s  where geothermal  energy 
i s  r e a d i l y  a v a i l a b l e .  24 

P o t a t o  d e h y d r a t i o n  t o  produce g r a n u l e s ,  f l a k e s ,  s l i ce s ,  d i c e s  and s t a r c h  
a p p e a r s  t o  o f f e r  e x c e l l e n t  p o t e n t i a l  f o r  geothermal  r e t r o f i t t i n g :  n e a r l y  
5 x 
thermal  r e s o u r c e s .  F i f t e e n  p l a n t s  a r e  l o c a t e d  i n  t h e  Snake River V a l l e y  of 
Idaho a l o n e ;  o n l y  2 of  t h e s e  are  more than  50 miles from i d e n t i f i e d  r e s o u r c e s .  
A s i m p l e  p o l i c y  a n a l y s i s  of geothermal  p o t a t o  d e h y d r a t i o n  i s  c o n t a i n e d  i n  
Chapter  1 2 .  

B t u ' s  i s  used a n n u a l l y  by p l a n t s  w i t h i n  50 m i l e s  of i d e n t i f i e d  geo- 

S i n c e  p o t a t o e s  can  b e  s t o r e d  f o r  up t o  10 months,  they  can  h e  processed  
v i r t u a l l y  year-round. Geothermal-energy system u t i l i z a t i o n  o v e r  t i m e  could 
t h u s  b e  v e r y  h i g h .  While d e t a i l e d  c o n s i d e r a t i o n  of  t h e  t e c h n i c a l  f e a s i b i l i t y  
and economics of r e t r o f i t t i n g  s p e c i f i c  p o t a t o  d e h y d r a t i o n  p r o c e s s e s  i s  beyond 
t h e  scope  of t h i s  c h a p t e r ,  i t  a p p e a r s  t h a t  most o f  t h e  commonly used p r o c e s s e s  
could  b e  r e t r o f i t t e d  w i t h  geothermal  w a t e r - t o - a i r  h e a t  exchangers .  I n  t h e  
c a s e  of  t h e  p o t a t o - f l a k e  and s t a r c h  p r o c e s s e s ,  f l a s h e d  s team a t  about  75-80 
pounds p e r  s q u a r e  i n c h  would b e  r e q u i r e d .  2 

A f t e r  a l f a l f a  d e h y d r a t i o n ,  prune d r y i n g  ranks  f o u r t h  i n  t h e  p o t e n t i a l  
f o s s i l - e n e r g y  s a v i n g  t h a t  geothermal  r e t r o f i t t i n g  might p r o v i d e .  Most of 
t h e  U.S. prune  d e h y d r a t i o n  i s  c o n d u c t e d ' i n  t h e  Sacramento V a l l e y  of  C a l i f o r n i a .  
While a l l  b u t  one of t h e  1 5  l a r g e s t  d r y e r s  a r e  w i t h i n  50 m i l e s  o f  a n  i d e n t i f i e d  
r e s o u r c e ,  t h e  t y p i c a l  p l a n t  might  be l o c a t e d  30-60 m i l e s  t o  t h e  e a s t  o r  s o u t h .  
More s t u d y  i s  r e q u i r e d  t o  d e t e r m i n e  whether  s i g n i f i c a n t  numbers of prune  dehy- 
d r a t o r s  could  move c l o s e  enough t o  u t i l i z e  geothermal  energy w h i l e  r e t a i n i n g  
t h e i r  supply  b a s e  of r a w  prunes .  R e t r o f i t t i n g  of t h e  f o r c e d - d r a f t  t u n n e l  
d r y e r s  w i t h  geothermal  h e a t  exchangers  i s  u n l i k e l y  t o  p r e s e n t  t e c h n i c a l  prob- 
lems. H o w e v e r ,  p runes  appear  t o  be dehydra t ed  for a m a x i m u m  of about  t w o  
months,  dur ing  and immediately a f t e r  h a r v e s t i n g ;  i t  i s  n o t  l i k e l y  t h a t  a geo- 
thermal  energy system d e d i c a t e d  s o l e l y  t o  a prune d e h y d r a t o r  would be  u t i l i z e d  
enough t o  b e  economic. 

Geothermal r e t r o f i t t i n g  of  o n i o n  d e h y d r a t i o n  p l a n t s  could save a n  e s t i m a t e d  
1 .0  x 1 O I 2  B t u ' s  of f o s s i l  f u e l  a n n u a l l y ,  a l l  of i t  i n  C a l i f o r n i a .  
were i d e n t i f i e d  w i t h i n  50 m i l e s  of geothermal  r e s o u r c e s :  one i n  Vacaville 
(Solano County),  two i n  G i l r o y  (Santa  Clara County) and one i n  Dos P a l o s  
(Merced County).  
( J a c k s o n ' s )  Napa Soda S p r i n g ,  which h a s  a n  e s t i m a t e d  s u b s u r f a c e  tempera ture  
of 150°C. 
( s u r f a c e )  h o t  s p r i n g ;  t h e  Dos P a l o s  p l a n t  i s  about  20 m i l e s  R o r t h e a s t  of Efercey 
Hot S p r i n g s  (125'C s u b s u r f a c e ) .  

Four p l a n t s  

The V a c a v i l l e  p l a n t  i s  only  a b o u t  10-15 m i l e s  east  of  

The G i l r o y  p l a n t s  a r e  approximate ly  1 0  m i l e s  s o u t h  of  a 4 5 O C  

Like  p o t a t o e s ,  on ions  can b e  s t o r e d  f o r  l e n g t h y  p e r i o d s  and thus  dehydra ted  
a l l  y e a r :  c a p a c i t y  u t i l i z a t i o n  of a geothermal  energy system should  h e  h i g h .  
The m u l t i s t a g e  cont inuous-be l t  conveyor u n i t s  used t o  d r y  o n i o n s  r e q u i r e  a n  
a i r  tempera ture  of  no more than  1 8 0 ° F , 2  s o  t h a t  bo th  t h e  V a c a v i l l e  and 
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Dos P a l o s  p l a n t s  might w e l l  b e  a b l e  t o  u t i l i z e  nearby  geothermal  r e s o u r c e s  
( p l a n t  r e l o c a t i o n  might b e  r e q u i r e d ) .  
of r e t r o f i t t i n g  t h e s e  p l a n t s .  

Nore d e t a i l e d  s t u d y  should  b e  made 

S e l e c t i o n  and E v a l u a t i o n  of Mul t ic rop  Drying C e n t e r s  

An overview of  t h e  concept  and method of choosing and e v a l u a t i n g  
m u l t i c r o p  d r y i n g  c e n t e r s  w a s  provided i n  t h e  i n t r o d u c t i o n  of t h i s  c h a p t e r .  
Table  10 .8  o u t l i n e s  i n  d e t a i l  t h e  s t r a t e g y  t h a t  w a s  employed t o  d e f i n e  t h e  
MDC s i tes .  The crop-acreage s t a t i s t i c s  were drawn from t h e  1969 Census of 
A g r i c u l t u r e  and supplemented whenever p o s s i b l e  w i t h  1 9 7 4  o r  1 9 7 5  county  
p r o d u c t i o n  d a t a  from s t a t e  a g r i c u l t u r a l  s t a t i s t i c s  b u l l e t i n s .  S p e c i f i c  d a t a  
on t h e  l o c a t i o n s  of c rop  growing a r e a s  w i t h i n  c o u n t i e s  was l a c k i n g  f o r  most 
s t a t e s .  However, f a i r l y  good estimates could  be made w i t h  t h e  a i d  of 
1:500,00O-scale s t a t e  "Geothermal Land C l a s s i f i c a t i o n  Maps" ( p u b l i s h e d  by 
t h e  U.S.G.S. Western Region Conserva t ion  D i v i s i o n ,  O f f i c e  of t h e  Area 
G e o l o g i s t )  and a map showing t h e  s t a t u s  of s o i l  s u r v e y s  i n  t h e  United S ta tes .  
It was assumed t h a t  t h e  p r o b a b l e  growing a r e a s  would be l e v e l  l a n d s  a t  t h e  
lower a l t i t u d e s ,  e s p e c i a l l y  r iver  v a l l e y s ,  and t h a t  t h e  soils i n  t h e  important 
a g r i c u l t u r a l  a r e a s  most probably  would have been mapped. The l o c a t i o n s  of 
geothermal  r e s o u r c e s  w i t h  r e s p e c t  t o  r o a d s  and r a i l r o a d s  w e r e  a l s o  found on 
t h e  s t a t e  geothermal  maps. Only r e s o u r c e s  i d e n t i f i e d  i n  U . S . G . S .  C i r c u l a r  
726 o r  marked as KGRA's were e v a l u a t e d  as p o t e n t i a l  KDC s i t e s .  I t  should  
be noted  t h a t  no d e f i n i t e  minimum w a s  s e t  f o r  t h e  amount of each crop  t h a t  
would be r e q u i r e d  t o  make d r y i n g  i t  i n  an MDC economic; t h i s  would r e q u i r e  
s i t e - s p e c i f i c  a n a l y s i s .  However, a q u a l i t a t i v e  judgment r e g a r d i n g  t h e  
q u a n t i t i e s  of t h e  c r o p s  i n  each MDC combinat ion w a s  made; t h i s  judgment 
e n t e r e d  i n t o  c l a s s i f y i n g  t h e  MDC s i tes  i n t o  h i g h ,  medium, and low p o t e n t i a l  
groups.  

25 

Once t h e  s i t e s  had been chosen and grouped by t h e  a g r i c u l t u r a l  and 
g e o g r a p h i c a l  c r i t e r i a  of  Table  1 0 . 8 ,  t h e y  were ranked u s i n g  a f i g u r e  of 
merit as shown i n  Table  10 .9 .  How adequate  t h e  r e s o u r c e  t e m p e r a t u r e  i s  i n  
r e l a t i o n  t o  t h e  c rop  d r y i n g  t e m p e r a t u r e s ,  how e f f i c i e n t l y  t h e  geothermal  
energy might  b e  u t i l i z e d ,  and how much f o s s i l  f u e l  i s  p r e s e n t l y  used f o r  
d r y i n g  c r o p s  t h a t  a re  i n c l u d e d  i n  t h e  combination--these a r e  t h e  v a r i a b l e s  
t h a t  are a s s e s s e d  i n  t h e  f i g u r e  of m e r i t .  

The g r e a t e s t  weight  w a s  g i v e n  t o  t h e  adequacy of r e s o u r c e  t e m p e r a t u r e ,  
Parameter  A;  t h e  U.S.G.S. ' ' bes t  estimate" f o r  s u b s u r f a c e  r e s e r v o i r  tempera- 
t u r e  w a s  used .  When no such  estimate was a v a i l a b l e ,  a s c o r e  o f  two w a s  
a s s i g n e d ,  i n  e f f e c t  g i v i n g  t h e  r e s o u r c e  t h e  " b e n e f i t  of t h e  doubt . "  
s c o r e  of z e r o  w a s  n o t  a s s i g n e d  u n l e s s  i t  appeared t h a t  t h e  r e s o u r c e  tempera- 
t u r e  w a s  t o o  low t o  a l l o w  any of  t h e  proposed c r o p s  t o  b e  d r i e d .  P r e l i m i n a r y  
estimates of t h e  geothermal  w a t e r  tempera tures  r e q u i r e d  t o  d r y  each crop  a r e  
shown i n  Table  10.10; e n g i n e e r i n g  s t u d i e s  should  be performed t o  re f i .ne  them. 

A 

Parameter  B f a c t o r s  i n t o  t h e  f i g u r e  of mer i t  (FOM) t h e  importance o f  a 
long  annual  o p e r a t i n g  s e a s o n  f o r  an  MDC. A c r u c i a l  de te rminant  of geothermal  
energy c o s t  i s ,  of c o u r s e ,  t h e  p e r c e n t  of u t i l i z a t i o n  over  t i m e  of t h e  
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Table  10.8 

STRATEGY EMPLOYED TO DEFINE SITES 
FOR MULTICROP DRYING CENTERS 

1. I n  each  s t a t e ,  i d e n t i f i e d  most i m p o r t a n t  Geothermal Count ies  f o r  e a c h  
d r y a b l e  c rop  u s i n g  a c r e a g e  s t a t i s t i c s ;  rank-ordered t h e s e  " t a r g e t  
c o u n t i e s ' '  f o r  each crop  by a c r e a g e .  

2. I d e n t i f i e d  c o u n t i e s  t h a t  were high-ranked members of t a r g e t - c o u n t y  
sets f o r  two o r  more c r o p s ;  t h e  c o u n t i e s  so i d e n t i f i e d  became t h e  

supply-base" c o u n t i e s  f o r  HDCs .  I I  

3 .  S e l e c t e d  t h e  geothermal  r e s o u r c e  t h a t  i s  b o t h  a )  c l o s e s t  t o  t h e  l i k e l y  
crop-growing areas of each supply-base county ,  o r  s e t  of s u c h  c o u n t i e s  
t h a t  are a d j a c e n t ;  and b)  on o r  c l o s e  t o  ( w i t h i n  f i v e  m i l e s )  a road  o r  
r a i l r o a d .  The MDC s i t e  w a s  assumed t o  b e  l o c a t e d  a t  t h i s  r e s o u r c e  
l o c a t i o n .  

4 .  Reviewed dryable-crop a c r e a g e s  of c o u n t i e s  w i t h  p r o b a b l e  growing areas 
w i t h i n  f i f t y  m i l e s  of each MDC s i t e .  Sometimes t h i s  r e s u l t e d  i n  t h e  
a d d i t i o n  of new c r o p s  t o  t h e  combinat ion of c r o p s ' t o  b e  d r i e d ;  some- 
t i m e s  t h e  MDC s i t e  w a s  r e l o c a t e d  t o  a n o t h e r  r e s o u r c e  more c e n t r a l  t o  
t h e  dryable-crop growing areas; i n  t h i s  case, s t e p  4 w a s  r e i t e r a t e d .  

5. Rank-ordered each p r e l i m i n a r y  MDC w i t h i n  each s t a t e  on t h e  b a s i s  of 
a )  p r o x i m i t y  of s i t e  t o  a p p r o p r i a t e  crop-growing areas; b)  amount of 
p r o d u c t i o n  of e a c h  crop  i n  t h e  combinat ion t o  b e  d r i e d  a t  t h e  MDC; 
c)  r e s o u r c e  p r o x i m i t y  t o  a road  o r  r a i l r o a d  f o r  r a w  m a t e r i a l  supply  
and p r o d u c t  shipment .  

6. R e v i e w e d  the  p r e l i m i n a r y  NDCs  i n  t h e  set  of  all n ine  s t a t e s  for w h i c h  
IDCs were s e l e c t e d .  P r o d u c t i o n  f i g u r e s  f o r  c r o p s  i n  t h e  d r y i n g  combina- 
t i o n  f o r ,  each MDC w e r e  double-checked; some c r o p s  w e r e  dropped and some 
IDCs were e l i m i n a t e d  because p r o d u c t i o n  appeared t o  be t o o  s m a l l  t o  
s u p p o r t  a d r y i n g  o p e r a t i o n .  tWCs were a l s o  e l i m i n a t e d  where t h e y  would 
compete w i t h  more f a v o r a b l e  MDC s i tes  f o r  c rop  s u p p l i e s .  

7. Divided t h e  s u c c e s s f u l  MDCs i n t o  h i g h ,  medium and low p o t e n t i a l  groups 
w i t h  t h e  c r i t e r i a  of s t e p  5; t h e s e  are shown i n  T a b l e s  10.11, 10.12,  
and 10.13, r e s p e c t i v e l y .  
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Tab le  10.9 

SCORING FOR PARAMETERS I N  THE FIGURE OF MERIT 
FOR MULTICROP DRYING CENTERS 

Parameter D e s c r i p t i o n  

A What i s  at , where At e q u a l s  t h e  
b e s t  estimate'' r e s o u r c e  t e r q e r a t u r e ,  T ,  

n i n u s  t h e  h i p h e s t  d ry in ,?  temDerature re- 
q u i r e d ,  Dmax ? (Dmin i s  lowes t  r e c u i r e d  
d ry ing  t empera tu re  of any c rop  .) 

I T  

B How many months of t h e  y e a r  could  t h e  
MDC o p e r a t e ,  g iven  t h e  d ry ing  seasons  
f o r  t h e  c r o p s ?  

C I f  cascad ing  t h e  waste h e a t  from one 
d ry ing  p r o c e s s  to t h o s e  t h a t  r e q u i r e  
a lower t empera tu re  i s  c o n c e p t u a l l y  
p o s s i b l e , "  what i s  C,  where C = number 
of "cascade-months" d i v i d e d  by months 
of MDC o p e r a t i o n ?  

D What is  t h e  t o t a l  annua l  Uni ted  States 
u s e  of f o s s i l  f u e l  f o r  d ry ing  t h e  
c rops  t h a t  are  inc luded  i n  t h e  combina- 
t i o n ?  

E Number of c r o p s  i n  t h e  combinat ion d iv ided  
by two 

Scor ing  

A T 1  2 0 ° C  = 3  

0 " C S f l t  < 2 O 0 C  
o r  no d a t a  f o r  T = 2 

T 2 Dmin-10 " C = 1  

T c  Dmin-10eC = o  

1 2  months = 3  

9 t o  1 2  months = 2  

3 t o  9 months = 1  

less t h a n  3 months = 0 

(2271.0 = 3  

3 . 5 5 C - =  1 .0  = 2  

O<C<O.5 = 1  

Cascading = o  
i m p o s s i b l e .  

>25 x 1 O I 2  B tu ' s  = 3 

10-25 x 1 O I 2  B t u ' s  

5-10 x 1 O I 2  B t u ' s  

= 2 

=: 1 

(5 x 1 O I 2  B t u ' s  = o  

(Not a p p l i c a b l e )  

F i g u r e  of N e r i t  = A [ B i- C + D ] E 

*See key, Appendix D 
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Table 10.10 

CONCEPTUAL TEMPERATURE REQUIRED AT INPUT 
TO DRYING PROCESS FOR EACH CROP 

Crop 

Potatoes 

Alfalfa 

Sugarbeet pulp 

Cotton 

Garlic 

Prunes 

Raisins 

Onions 

Carrots 

Peaches, pears 

Chilies 

Apples 

Rice 

Temperature ("C) * 
140 

125 

125 

110 

90 

80 

80 

75 

75 

75 

70 

65 

60 

*These temperatures are about 5°C above the maximum air temperatures required 
for the conventional drying processes; they give first approximations of the 
needed geothermal water temperatures for the processes. 
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geothermal system. 
MDC can be determined from Appendix D; it is simply the period during which 
at least one crop could be dried. The drying seasons for each crop in each 
MDC were approximated from the information about crop harvest seasons in 
Table 10.3, data on maximum storage time for each crop,2 and information 
from existing drying plants. 

The estimated length of the operating season for each 

Parameter C permits a conceptual evaluation to be made of how efficiently 
heat could be extracted from the geothermal water delivered to an MDC to dry 
the proposed crops. 
from one drying process to the next are given in t\e key to Appendix D. 
Figures D.l, D.2 and D.3 show the conceptual drying cascades for each MIX. 
The number of ffcascade-months" for each center gives a rough measure of the 
potential energy extraction over time; but time is already explicitly included 
in the FOM as Parameter A .  
by the length of the operating season to give the average number of cascades 
during MDC operation. 
available geothermal power is utilized. 

Full details of the concept of cascading the return flow 

Therefore, the number of cascade-months was divided 

This provides a crude index of how efficiently the 

Parameter D is scored according to the sum of the present fossil energy 
use in the United States for d r y i n g  each of the crops that would be included 
in an MDC. Table 10.7 was used to provide this drying energy information. 
The intent of this parameter is to give extra weight to those MDCs that might 
be able to demonstrate use of geothermal energy in drying, processes for which 
use of alternative energy sources potentially could save large amounts of 
fossil fuels. 

Parameter E, which is simply the number of crops for which drying at 
an MDC is proposed weighted by a factor of .5, represents another qualitative 
judgment about MDC operation. 
that the more crops a center could dry, the higher its chances of successful 
operation would be. 
commodities are frequently unstable. Thus the more diverse MDCs should have 
the lower risks of failure; the number of crops to be dried serves here as 
a crude index of diversity. 

All other things being equal, it is assumed 

The markets and sources of supply for agricultural 

Parameters A and E were given the greatest weight in calculating the 
figure of merit. 
For Parameters A ,  B, C, and D, the criteria attached to the four possible 
scores divide the range of values on which the score is based into four rough- 
ly equal groups. For example, roughly nine of the thirty-five MDCs could 
operate for twelve months, nine could operate for nine to twelve months, and 
so on. Thus an MDC that received a score of three for this parameter would 
lie in the upper quartile of operating-season lengths. 

Parameters 3, C and D have roughly equal and smaller weights. 

Tables 10.11, 10.12 and 10.13 show each multicrop drying center ranked 
by its figure of merit within the high, medium and low potential groups, 
respectively; also shown are the scores for each of the individual parameters. 
Table 10.14 summarizes the characteristics of the KDCs with the ten highest 
figures of merit, regardless of potential grouping. All of these ten appear to 
have associated geothermal resource temperatures more than adequate to dry 
all proposed crops. Seven could operate year-round; the remaining three would 
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stacr  

Az 

CA 

CA 

co 

I D  

I D  

I D  

NN 

OR 

OR 

MDC 

T a b l e  10.11 

FIGURE OF MERIT FOR TEN H I G H  POTENTIAL MULTICROP D R Y I N G  CENTERS 

Power Ranch Wells 

Brawley KGRA 

S u r p r i s e  V a l l e y  KGRA 

Alamosa County KGRA 

Banbury Area 

NE Bo i se  Thermal Area 

Weiser Area 

Radium Hot S p r i n g s  KGRA 

Klana th  F a l l s  KGRA 

Vale H.S .  KGRA 

Resource 
Ternperaturc* 

180°C 

200°C 

175'C 

No d a t a  

140'C 

125°C 

160°C 

13OoC 

120°C 

160'C 

Crop 
Coinbinstion 

a l f a l f a ,  c o t t o n ,  
p o t a t o e s ,  o n i o n s ,  
s u g a r b e e t  p u l p ,  

c a r r o t s  

a l f a l f a ,  c o t t o n ,  
o n l o n s ,  g a r l i c ,  suga r -  
b e e t  p u l p  

a l f a l f a ,  p o t a t o e s ,  
on ions  

p o t a t o e s ,  a l f a l f a  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s ,  
o n i o n s ,  a p p l e s ,  p runes  

a l f a l f a ,  a p p l e s ,  on ion  

a l f a l f a ,  c o t t o n ,  o n i o n  
c h i l i s  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s ,  
on ions  

County Served  

Mar icopa ,  P i n a l  

I m p e r i a l  

Modoc 

Alamosa, C o s t i l l a .  Rio 
Grande, Conejos 

Twin F a l l s ,  Je rome,  
Gooding 

Ada, Canyon 

Washington ,  P a y e t t e  

Dona Ana, Luna, S i e r r a  

K lana th  

M.lI11 ec r 

S c o r i n g  f o r  P a r x e t e r s  
of F i g u r e  o f  !!?Kit - 

A - 
3 

3 

3 

2 

2 

1 

3 

2 

1 

3 

_. 

- 
B - 
3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

- 

- 
C - 
3 

3 

3 

2 

2 

3 

2 

3 

0 

3 

- 

- 
L 

3 

3 

2 

2 

2 

3 

2 

2 

2 

2 

- 

- 
- 
3 

2.5 

1 . 5  

1 

1 

2.5 

1.5 

2 

1 

1 . 5  

8 1  

67 .5  

36 

14 

1 4  

22 .5  

31 .5  

2 3  

5 

36 

U.S . G .  S .  " b e s t  estimate." 



S t a t e  

A2 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

I D  

I D  

I D  

I D  

MT 

UT 

UT 

T a b l e  10.12 

FIGURE OF MERIT FOR F I F T E E N  MEDIUM POTENTIAL MULTICROP DRYING CENTERS 

MDC 

M t .  Graham Hot M i n e r a l  W e l l  

Arrowhead Hot S p r i n g  

Ford Dry Lake KGRA 

Los G u i l i c o s  Warm S p r i n g s  

Mercey Hot S p r i n g  

P i l g e r  Estates Hot S p r i n g  

Napa Soda 5. Rock ( P r i e s t )  

Wi lbe r  Hot S p r i n g  

Ashton W a r m  S p r i n g  

Mountain Home KGRA 

R a f t  R ive r  KGUA 

Whyland Hot S p r i n g  

B a r k e l ' s  ( S i l v e r  S t a r )  
Hot S p r i n g  

C r y s t a l  Hot S p r i n g s  

Newcastle KGRA 

Resource  
T e q z r a t u r e  * 

110°C 

3 50°C 

No d a t a  

135°C 

125°C 

145°C 

145°C 

145°C 

145°C 

135°C 

140°C 

130°C 

145°C 

135°C 

No d a t a  

Crop 
Combina t ion  

c o t t o n ,  a l f a l f a  

a l f a l f a ,  a p p l e s ,  on ions  
p o t a t o e s ,  c a r r o t s  

o n i o n s ,  a l f a l f a ,  c o t t o n  

a p p l e s ,  p r u n e s ,  r a i s i n s  

a l f a l f a ,  c o t t o n ,  r i c e ,  
p r u n e s ,  r a i s i n s  

c a r r o t s ,  o n i o n s ,  
a l f a l f a  

p r u n e s ,  r a l s l n s ,  
a l f d l t a ,  r i c e ,  suga r -  
b e e t  p u l p  

r x e ,  p runes  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t d t o e s  

a l f a l f a ,  a p p l e s ,  s u g a r  
ee t  p u l p ,  peaches ,  
earP 

p l f a l f a ,  p o t a t o e s  

~~ 

County Se rved  

Graham 

San Berna rd ino ,  R i v e r s i d e  

R i v e r s i d e  

Sonoma 

Merced, F resno ,  Hadcia 

R i v e r s i d e ,  I m p e r i a l  

Napa, Yolo, Solano  

Colusa  

Fremont,  Madison 

Elmore,  Gooding 

C a s s i a ,  Mi nidonka  

F r a n k l i n ,  Bannock 

?lad i s o n ,  J e f f e r s o n  , 
Gal l a  t in  

S a l t  Lake, Utah 

I r o n ,  Washington 

S c o r i n g  f o r  P a r a n e t e r s  
of  F i g u r e  of  N e r i t  - 

A - 

1 

2 

2 

3 

2 

3 

3 

3 

2 

1 

2 

1 

2 

2 

- 
B - 
2 

3 

3 

1 

2 

3 

2 

0 

3 

3 

3 

3 

1 

1 

3 - 

- c 
0 

3 

3 

2 

2 

3 

3 

1 

2 

0 

2 

0 

2 

2 

1 - 

- 
L 

2 

2 

2 

0 

2 

2 

3 

0 

2 

2 

2 

2 

2 

3 

2 - 

- 
E - 
1 

2 . 5  

1 . 5  

1 . 5  

2 . 5  

1 . 5  

2.5 

1 

1 

1 

1 

1 

1 

2 

1 _- 

4 

40  

24 

13 .5  

30  

36 

60 

3 

1 4  

5 

14  

5 

10 

24 

1 2  

* 
U .  S .  G .  S . " b e s t  estimate" 
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s t a c a  

Az 

co 

ID 

ID 

I n  

1rr 

: x 

NM 

NM 

NM 

UT 

UT 

WA 

T a b l e  10.13 

FIGURE OF MERIT FOR THIRTEEN LOW POTENTIAL MULTICROP DRYING CENTERS 

1,DC 

Ilookers Hot S p r i n g  

O r v i s  (Ridgeway) Hot S p r i n g  

Well n e a r  Brock ie  A i r p o r r  

C a s t l e  Creek KCL4 

Roys tone  Hot S p r i n g  

Gregson Hot S p r i n g  

Helena  (Broadwater )  Hot 
S p r i n g  

L i g h t n i n g  Dock KGRA 

San  Y s i d r o  KGRA 

Socor ro  Peak KGFU 

Hooper ' s  Hot S p r i n g  

tleadow Hot S p r i n g  

Ohanepecosh Hot S p r i n g  

9 3 ° C  

110°C 

110°C 

145"C** 

15OOC 

130°C 

140 'C  

170°C 

No d a t a  

No d a t a  

105°C 

105°C 

130OC 

a l f a l f a ,  c o t t o n ,  s u g a r -  
b e e t  p u l p ,  c l i i l i s  

a l f a l f a ,  a p p l e s ,  s u g a r -  
b e e t  p u l p ,  on ions  

a l f a l f a .  p o t a t o e s  

a1 f d l f a ,  p o t a t o e s  

a l f a l f a ,  a p p l e s ,  p r u n e s  

a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  s u g a r b e e t  
P u l p  

c o t t o n ,  a p p l e s  

a l f a l f a ,  a p p l e s  

a l f a l f a ,  c o t t o n  

a l f a l f a ,  o n i o n s ,  suga r -  
b c e t  pu lp  
a l f a l f a ,  p o t a t o e s  

a l f a l f a ,  p o t a t o e s ,  
a p p l e s ,  ~ ~ e a r s / p r a c h c s ,  

County Served  

Cochise  

Ouray, Ptontrose,  Del ta ,  
San J u a n  

B u t t e  

Owyhee 

G e m ,  P a y e t t e  

S i l v e r  Bow, Deer Lodge, 
Powel l  

Lewis & C l a r k ,  Broadwater ,  
J e  f f e r s o n  

Hida lgo ,  Gran t  

S ; ~ n d o v a l ,  S a n t a  Fe 
B e r n a l i l l o  

Socorro 

Weber, Davis  

H i l l a r d  

Yakimd 

lprunes  I 

*U . S . G . S . "bes t estimate" 

Tempera tu re  f o r  Bruneau-Grandview a r e a  used .  ** 

S c o r i n g  f o r  P a r a z ~ c t e r s  
of  F i g u r e  of  ?fsr i t  

A - 
1 

1 

0 

2 

3 

1 

2 

3 

2 

2 

1 

0 

1 

- 
B - 
2 

3 

( 3 )  

3 

1 

3 

1 

1 

1 

1 

3 

( 3 )  

3 

- 

- 
- 

2 

2 

1) 

1 

1 . 5  

1 

1 

1 

1 

1 

1 . 5  

1 

2 .5  

__ 

1 2  

16 

0 

1 4  

22.5 

5 

10 

9 

a 

a 
1 0 . 5  

0 

1 5  



T a b l e  1 0 . 1 4  

THE 10 MDCS W I T H  THE HIGHEST FIGURES OF 2,IERIT (FOM) 

C o u n t i e s  Se rved  S t a t e  

Power Ranch Wel l s  Maricopa Ar izona  
P i n a l  

B r a w l e y  KGRA I m p e r i a l  C a l i f o r n i a  

Napa Soda S p r i n g  
(Rock, P r i e s t )  

Napa, Yolo,  
So lano  

C a l i f  o m i  a 

Arrowhead Hot 
S p r i n g  

San B e r n a r d i n o ,  
R i v e r s i d e  

C a l i f o r n i a  

S u r p r i s e  V a l l e y  
KGRA 

Modo c 

Vale Hot S p r i n g s  
KGRA 

Malheur 

P i l g e r  E s t a t e s  
Hot S p r i n g  

Weiser  a r e a  

Mercey Hot 
S p r i n g  

Radium Hot 
S p r i n g s  
KGEU 

R i v e r s i d e ,  
I m p e r i a l  

Washing t o n ,  
P aye  t t e 

Merced, F r e s n o ,  
Madera 

Dona h a ,  Luna ,  
S i e r r a  

C a l i f o r n i a  

Oregon 

C a l i f o r n i a  

I dah0 

C a l i f o r n i a  

New Mexico 

Crops 

a l f a l f a ,  c o t t o n ,  
p o t a t o e s ,  o n i o n s ,  
s u g a r b e e t  p u l p ,  
c a r r o t s  

a l f a l f a ,  c o t t o n ,  
o n i o n s ,  g a r l i c ,  
s u g a r b e e t  p u l p  

p r u n e s ,  r a i s i n s ,  
a l f a l f a ,  r i c e ,  
s u g a r b e e t  p u l p  

a l f a l f a ,  a p p l e s ,  
o n i o n s ,  p o t a t o e s ,  
c a r r o t s  

a l f a l f a ,  p o t a t o e s ,  
o n i o n s  

a l f a l f a ,  p o t a t o e s ,  
o n i o n s  

a l f a l f a ,  o n i o n s ,  
c a r r o t s  

a l f a l f a ,  o n i o n s ,  
a p p l e s  

a l f a l f a ,  c o t t o n ,  
r i c e ,  p r u n e s ,  
r a i s i n s  

a l f a l f a ,  c o t t o n ,  
o n i o n s ,  c h i l i s  

FOM - 
81 

67.5 

60 

40 

36 

36 

36 

31.5 

30 

28 

P o t e n t i a l *  

H 

H 

M 

1.1 

H 

*H, M, and L i n d i c a t e  High,  Medium and Low P o t e n t i a l  g r o u p i n g .  
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o p e r a t e  f o r  n i n e  t o  twelve months. E i g h t  would have an  ope ra t ing - season  
ave rage  number of  energy cascades  of  a t  l ea s t  1 . 0 ;  t h e  o t h e r  two YDCs would 
have a n  ave rage  of more than  0 . 5 .  The maximum number of c rops  t h a t  would 
be  p rocessed  a t  one of  t h e  t e n  top-ranked MDCs i s  s i x :  t h e  ave rage  number 
i s  4 . 2 ;  t h e  minimum i s  t h r e e .  A l f a l f a  i s  inc luded  i n  t h e  c rop  combina t ions  
f o r  a l l  t e n  MDCs;  on ions  a re  i n  e i g h t ;  c o t t o n  and p o t a t o e s  a re  each inc luded  
a t  f o u r ;  s u g a r b e e t  pu lp  and c a r r o t s  a r e  each a t  t h r e e ;  p runes ,  r a i s i n s ,  
a p p l e s  and r i c e  are  each a t  two; and g a r l i c  and c h i l i e s  are  each proposed 
c r o p s  a t  o n l y  one M ) C .  S i x  of  t h e  s i t e s  are  i n  C a l i f o r n i a ;  Ar i zona ,  Oregon, 
Idaho and New Mexico each have one .  F i n a l l y ,  s i x  of t h e  s i t e s  a re  i n  t h e  
group of MDCs r a t e d  as  "h igh -po ten t i a l "  on t h e  b a s i s  of  p rox imi ty  t o  t r a n s -  
p o r t a t i o n  and adequa te  nearby  raw-crop s u p p l i e s ;  t h e  remainder  a r e  i n  t h e  
medium p o t e n t i a l  group.  

A p r o f i l e  of  a h y p o t h e t i c a l  " s u c c e s s f u l "  m u l t i c r o p  d r y i n g  c e n t e r  can 
t h u s  be  drawn. The MDC i s  i n  C a l i f o r n i a  and o p e r a t e s  year - round,  d u r i n g  
which t i m e  i t  i s  u s u a l l y  a b l e  t o  p r o c e s s  a t  l e a s t  two c r o p s .  A l f a l f a ,  o n i o n s ,  
p o t a t o e s  o r  c o t t o n ,  and one o t h e r  c rop  a re  d r i e d .  Raw-material supp ly  i s  
s u f f i c i e n t  and w i t h i n  economic d i s t a n c e  o f  t h e  c e n t e r ;  marke ts  f o r  t h e  d r i e d  
p r o d u c t s  a r e  r e a d i l y  a c c e s s i b l e  by road and /o r  r a i l .  

Obvious ly ,  t h e  p rocess  used t o  e v a l u a t e  t h e - t h i r t y - f i v e  m u l t i c r o p  d r y i n g  
centers t h a t  were d e f i n e d  p rov ides  on ly  a b a s i s  f o r  comparison among t h e  
s i tes ;  a b s o l u t e  judgments of  t e c h n i c a l  and economic f e a s i b i l i t y  w i l l  r e q u i r e  
s i t e - s p e c i f i c  a n a l y s e s .  I n  a d d i t i o n  t o  c rop  d r y i n g ,  o t h e r  a g r i c u l t u r a l  and 
space  h e a t i n g  a p p l i c a t i o n s  of geothermal  h e a t  might  be  inc luded  i n  b roade r  
"geothermal  a g r i c u l t u r e  c e n t e r s ; "  some of  t h e  a l t e r n a t i v e s  a re  d i s c u s s e d  i n  
t h e  n e x t  c h a p t e r .  The i n t e n t  of t h e  fo rego ing  a n a l y s i s  i s  t o  p r o v i d e  a 
"shopping l i s t "  of  s i tes ,  w i t h i n  t h e  nar rower  concept  o f  geothermal  c rop  
d r y i n g ,  t h a t  may be  u s e f u l  t o  DOE pol icymakers  and t o  t h e  crop-drying i n d u s t r y .  
I f  t h i s  concept  can  be  i n t e g r a t e d  i n t o  l a r g e r  ones ,  so  much t h e  b e t t e r .  
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CHAPTER 11: ALTERNATIVE AGRICULTURAL USES 
FOR GEOTHERMAL HEAT 

The drying of combinations of agricultural crops with geothermal heat 
at multicrop drying centers was the focus of the previous chapter. Drying 
and dehydration processes are not the sole uses in agriculture for low- 
temperature heat, of course. The purpose of this chapter is to outline 
some of the other present and potential agricultural processes to which 
low- and moderate-temperature geothermal resources might be applied; these 
might also be incorporated into synergistic processing centers, of course. 

What constitutes an "agricultural process" is a difficult matter in 
this time of highly processed commodities, and so we will limit these sug- 
gestions to those activities that take place near farms or that could take 
place in a rural environment without penalty. Figure 11.1 is a tree or 
outline of heat-requiring processes for agricultural commodities. This  
schematic establishes an outside boundary for this chapter and provides a 
convenient framework for discussion. Each major section of the chapter 
expands on one of the boxes in the schematic. 

Lignified Cellulosic Waste ( I A  1) 

Ruminant feed. Low-grade agricultural-roughage wastes, such as cereal 
straw, represent a vast supply of unused or poorly utilized energy; efforts 
to'render it useful as a ruminant (cattle, sheep, etc.) feed have been under- 
way for some time.' 
important factor in digestibility, and so methods to make these wastes diges- 
tible have focused on delignification. Numerous chemicals have been tested 
for delignification but sodium hydroxide (NaOH) has proved to be the most 
useful alkali for mild treatment of cellulosic wastes.2 
show promise: 

The degree of lignification of the cell walls is an 

Three basic methods 

(1) Soaking with NaOH for over an hour at air temperatures. 

(2) Soaking with heated NaOH at around 100°C for a few 
minutes. 

(3) Pressurized-steam treatment with or without chemicals 
(sodium hydroxide or sodium metabisulfite). This treat- 
ment involves subjecting the material to steam pressures 
up to 28 kg/cm2 (413 lb/in2) ?or  50 seconds or so. 
minimum temperature required t o  support steam at this 
pressure is around 212OC (440'F). 

The 
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P r o c e s s  ( 3 )  may n o t  b e  f e a s i b l e  w i t h  low-temperature  geothermal  heat ;  3 
b u t  t h e  m i l d e r  a l k a l i  t r e a t m e n t s ,  p o s s i b l y  fo l lowed by d r y i n g  f o r  s t o r a g e  
purposes ,  t h e o r e t i c a l l y  could  b e  used. George 0. Kohler h a s  performed 
r e s e a r c h  i n  t h i s  area and concludes:  

A v a r i e t y  o f  l i g n i f i e d  c e l l u l o s i c  wastes l i k e  s u g a r  
cane b a g a s s e  and o i l s e e d  h u l l s  accumulate  a t  p r o c e s s i n g  
p l a n t s .  S i n c e  no a d d i t i o n a l  t r a n s p o r t a t i o n  c o s t s  are 
r e q u i r e d  t o  make t h e s e  materials a v a i l a b l e  f o r  t r e a t m e n t ,  
t h e y  r e p r e s e n t  a prime s o u r c e  of p o t e n t i a l  f e e d s t u f f s .  
Labora tory  d a t a  show t h a t  e x c e l l e n t  a p p a r e n t - d i g e s t i b i l i t y  
i n c r e a s e s  can b e  achieved  by ( h e a t )  p r o c e s s i n g  them w i t h  
a lka l i .  Even manure d i g e s t i b i l i t y  i s  g r e a t l y  improved by 
a l k a l i  t r e a t m e n t . 4  
c o n s i d e r a b l y  b r i g h t e r  t h a n  t h a t  of sawdust ,  p robably  be- 
c a u s e  t h e  v e g e t a b l e  p r o d u c t s  have a r e l a t i v e l y  lower l i g -  
n i n  c o n t e n t  i n i t i a l l y .  5 

Feed p o t e n t i a l  of t h e s e  m a t e r i a l s  looks  

Kohler  p o i n t s  o u t  t h a t  t r a d i t i o n a l l y  i t  h a s  been cheaper  t o  burn  
accumulated q u a n t i t i e s  o f  cereal straws, but  t h a t  a n t i - a i r - p o l l u t i o n  l e g i s -  
l a t i o n  makes i t  i m p e r a t i v e  t o  deve lop  a l t e r n a t i v e  d i s p o s a l  methods. H e  
a l s o  states t h a t  s imple  plowing back i n t o  t h e  s o i l  i s  i m p o s s i b l e  w i t h  t h e  
p e r e n n i a l  g r a s s  c r o p s  and i s  c o n s i d e r e d  unsound and uneconomical by most 
r ice farmers .  6 
d i s p e r s e d  form t h a n  h u l l s  accumula t ing  a t  p r o c e s s i n g  p l a n t s ,  t h e  c o s t s  of 
c o l l e c t i o n  and t r a n s p o r t a t i o n  t o  geothermal  s o u r c e s  would have t o  e n t e r  i n t o  
t h e  f e a s i b i l i t y .  

However, s i n c e  t h e s e  materials a re  found i n  r e l a t i v e l y  more 

Examples of low-qual i ty  roughages t h a t  might b e  t r e a t e d  w i t h  a l k a l i  
i n c l u d e  

- cereal straws ( r i c e ,  wheat ,  b a r l e y ,  corn  cobs and s tems)  
- g r a s s  s t r a w ,  a l f a l f a  s t e m s  
- s u g a r  cane  b a g a s s e ,  sorghum stems, m i l o  s t u b b l e  
- o i l s e e d  h u l l s  

Of t h e s e  k i n d s  of c r o p s ,  t h o s e  t h a t  appear  n e a r  geothermal  s o u r c e s  i n  many 
states are 

- cereal straws (wheat,  c o r n ,  rice', b a r l e y )  
- sorghum 
- o i l s e e d  ( f l a x s e e d ,  s a f f l o w e r )  
- a l f a l f a  stems 

Paper  and paperboard.  Although no wheat straw i s  used by p u l p i n g  p l a n t s  
today ,  a t  least  30 p u l p i n g  p l a n t s  i n  t h e  United States  were buying t h i s  by- 
product  a t  one t i m e . 7  
p u l p i n g  p l a n t s ,  b u t  t h i s  s i t u a t i o n  may change as t h e  demands f o r  b o t h  r e c r e a -  
t i o n a l  f o r e s t  l a n d  and t i m b e r  p r o d u c t s  i n c r e a s i n g l y  c o n f l i c t .  And as  p o i n t e d  
o u t  p r e v i o u s l y ,  s t r i c t e r  EPA g u i d e l i n e s  p r o h i b i t  b u r n i n g  of t h e  straw, s o  
t h a t  straws i n c r e a s i n g l y  are  becoming a burden t o  t h e  fa rmer .  Dwight Miller 
p r o v i d e s  a f o r e c a s t :  

It i s  p r e s e n t l y  uneconomical t o  s e l l  wheat s t r a w  t o  
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Worldwide demand f o r  paper  and paperboard i n  1985 
i s  expec ted  t o  b e  more t h a n  250 m i l l i o n  t o n s ,  as compared 
t o  c u r r e n t  y e a r l y  demand of  about  145 m i l l i o n  t o n s .  
Although wood w i l l  predominate  where a v a i l a b l e ,  t h e  pen- 
dulum is  expec ted  t o  swing back toward a g r i c u l t u r a l  f i b e r s ,  
which w i l l  become t h e  w o r l d ' s  r a w  material  r e s o u r c e  f o r  
paper  i n  t h e  f u t u r e . 8  

About 3 p e r c e n t  of t h e  t o t a l  pulp and paper  p r o d u c t i o n  i n  t h e  United 
States u s e s  nonwood r a w  materials, w h i l e  a g r e a t e r  p e r c e n t a g e  of world pro- 
d u c t i o n  comes from c e l l u l o s i c  by-products .  

Many c r o p s  could  be used as r a w  m a t e r i a l s .  Examples i n c l u d e  c rop  by- 
p r o d u c t s  from cereal g r a i n  straws (such as wheat o r  b a r l e y ) ,  s u g a r  cane 
b a g a s s e ,  sorghum, k e n a f ,  and f i b e r  c r o p s  such a s  bamboos, e s p a r t o  g r a s s ,  
mani la  hemp, and f l a x .  

O f  t h e  c r o p s  p r e s e n t l y  grown i n  t h e  w e s t e r n  geothermal  a r e a s ,  t h o s e  
c r o p s  l i s t e d  a t  t h e  end of t h e  ruminant f e e d  s e c t i o n  would be prime t a r g e t s .  
A s t a t e - b y - s t a t e  e s t i m a t i o n  of cereal straws (wheat,  r y e ,  r i ce ,  o a t s ,  b a r l e y )  
i s  mapped i n  F i g u r e  1 1 . 2 .  

The major  economic l i m i t a t i o n  t o  u t i l i z a t i o n  of  t h e s e  s o u r c e s  i s  t h e  
c o s t  of c o l l e c t i n g  and t r a n s p o r t i n g  t h e  f i b e r s .  S i n c e  h e a t  and water are re- 
qui rements  f o r  p u l p i n g ,  perhaps  i t  is  f e a s i b l e  t o  b u i l d  a s m a l l  p u l p i n g  p l a n t  
o v e r  a geothermal  s i t e  where a g r i c u l t u r a l  c e l l u l o s i c  wastes are g e n e r a t e d  
most of  t h e  y e a r s .  Southern  C a l i f o r n i a  may b e  worth c o n s i d e r i n g ,  a l t h o u g h  
Montana produces l a r g e  q u a n t i t i e s  of straw ( s e e  map). 

Herbaceous Waste ( I A  2 )  

Herbaceous w a s t e  i s  t h e  l e a f y ,  r e l a t i v e l y  n o n f i b r o u s  m a t e r i a l  t h a t  i s  
s e p a r a t e d  from t h e  seed  o r  t u b e r  p o r t i o n  d u r i n g  h a r v e s t i n g  o r  i n  p r e p a r a t i o n  
f o r  p r o c e s s i n g .  Because i t  h a s  low f i b e r  c o n t e n t ,  i t  can serve as an  animal  
feed  f o r  ruminants  o r  a high-grade f e e d  f o r  t h e  h i g h e r  requi rements  of poul- 
t r y  o r  swine.  P r o t e i n  e x t r a c t i o n  can y i e l d  a h i g h - q u a l i t y  food ( l e a f - p r o t e i n  
c o n c e n t r a t e )  f o r  human consumption. 

We can o n l y  d i s c u s s  l e a f y  f i e l d  w a s t e  g e n e r i c a l l y  s i n c e  no s y s t e m a t i c  
s t u d y  of q u a n t i t i e s ,  c rop  s p e c i e s ,  and l o c a t i o n s  h a s  been done. Table  11.1 
c l a s s i f i e s  t h e  "geothermal crops" i n t o  t h e  major  classes of w a s t e .  Leafy 
wastes are c a n d i d a t e s  f o r  d e h y d r a t i o n ,  and t u r f g r a s s ,  c a u l i f l o w e r  l e a f  waste, 
a r t i c h o k e  trimmings,  kenaf t o p s  and pimento waste have been f i e l d - t e s t e d  w i t h  
d e h y d r a t i o n  equipment by t h e  U S D A I S  Western Regional  Research Laboratory.  
Genera l ly ,  t h e s e  wastes are  d i g e s t i b l e  enough t o  f e e d  t o  ruminant o r  non- 
ruminant  l i v e s t o c k  w i t h o u t  p r e t r e a t m e n t .  Dehydrat ion can produce a high- 
q u a l i t y  cured feed  and w e  have shown evidence  i n  t h i s  r e p o r t  t h a t  low t e m p e r a t u r e s  
can accomplish t h i s  t a s k  wi thout  s i g n i f i c a n t  n u t r i e n t  l o s s .  



The geothermal states are shaded. 

SOURCE; Dwight L. Miller, 1972, "Energy from Agriculture" in 
U.S. Energy Outlook: 
Forms Task Group, National Petroleum Council, p. 71. 

An Interim Report by the Xew Energy 

Figure 1 1 . 2 .  Quantities and Locations of Cereal Straws 
in the United States (1000 tons per year). 
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Table 11.1 

DISTRIBUTION OF HERBACEOUS OR LIGNIFIED 
WASTES AYONG CROPS GROWN NEAR 

LOW-TEMPERATURE GEOTHERMAL SOURCES 

Crop Crowing Near 
Geothcrmol Resource 

GRAINS 

Barley 
Corn 
Oats 
Rice 
Ryegrass 
Sorghum 
Wheat 

FRUITS 

Apples 
Apricots 
Cantaloupes 
Grapes 
Oranges 
Peaches 
Pears 
Plums and Prunes 
S w e e t  Cher r ies  

VEGETABLES 

Carro ts  
Celery 
Dry Beans 
Dry Onions 
Green Peas 
Hot Peppers 
I r i s h  Pota toes  
Let tuce  
Peanuts 
Snap Beans 
Sugar Beets 
Sweet Pota toes  
Tomatoes 

OTHER CROPS 

Al fa l f a  Hay 
Cotton 
Flaxseed 
Garlic 
Hops 
Pecans 
Peppermint 
Safflower 

Ligai.fied 
Waste ~- 

X 

X 

X 

X 
X 

X 
X -- 

X 

-- 

X 

X 

X 

X 
-~ 

Herbaceous 
Naste 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

.x 
X 

X 

X 

Comen t s 

Straws a r e  l e f t  i n  
t h e  f i e l d .  

Undesirable f r u i t s  a r e  
c u l l e d ,  gene ra t ing  l a r g e  
amounts of wasted f r u i t .  

Leafy wastes  a r e  l e f t  
i n  t he  f i e l d  a f t e r  har- 
v e s t i n g  can ta loupes .  

Unused p a r t s  such a s  
tops and v ines  a r e  o f t e n  
l e f t  i n  t h e  f i e l d .  Let- 
t uce  l eaves  are removed 
and l e f t  i n  t h e  f i e l d ;  
t h e  inne r  p a r t  may be  
packed i n  p l a s t i c  wrap- 
pers  be fo re  t r a n s p o r t i n g .  
Peanut s h e l l s  a r e  
l i g n i f i e d  was te .  

Very l i t t l e  waste wi th  
a l f a l f a  

4 S t a l k s  a r e  l i k e  straw-- 
l eaves  a r e  herbaceous 

---t Pecan s h e l l s  a r e  l i g n i -  
f i e d  waste 

*Information h e l p f u l  i n  cons t ruc t ing  t h i s  t a b l e  was provided by Mr. Pe ter  
Chapogas a t  t h e  U.S. Departp>ent of Agr icu l ture .  
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Leafy wastes can a l s o  p r o v i d e  a s o u r c e  of p l a n t  p r o t e i n .  Leaf -pro te in  
c o n c e n t r a t e  is  t h e  s u b j e c t  of i n t e n s i v e  worldwide r e s e a r c h  because of p r e s -  
e n t  and p o t e n t i a l  l a r g e - s c a l e  p r o t e i n  s h o r t f a l l s  i n  deve loping  and developed 
c o u n t r i e s .  
produced worldwide would b e  h e l p f u l  i n  e v a l u a t i n g  t h e i r  p o t e n t i a l  f o r  p r o t e i n .  
No c r o p  i s  grown s p e c i f i c a l l y  f o r  i t s  l e a f  p r o t e i n  except  p o s s i b l y  a l f a l f a ,  
which i s  grown main ly  as  a f o r a g e  f o r  ruminants .  
f o r  producing a l f a l f a  l e a f - p r o t e i n  i s  d i s c u s s e d  i n  t h e  a l f a l f a  s e c t i o n  of 
t h i s  c h a p t e r .  

A comprehensive s t u d y  of t h e  k i n d s  and q u a n t i t i e s  of h a r v e s t  wastes 

A h e a t - r e q u i r i n g  p r o c e s s  

A n i m a l  By-product (Manure) ( I B )  

Animal wastes and e s p e c i a l l y  f e e d l o t  wastes (FLW) are a growing concern  
i n  t h e  United S t a t e s  and r e s e a r c h  h a s  been  underway t o  deve lop  ways t o  d i s -  
pose or r e c y c l e  t h e  a n n u a l  2 b i l l i o n  tons9  of wasres i n  a s a n i t a r y  and eco- 
nomical  manner. Those methods t h a t  could  u s e  h e a t  are o u t l i n e d  h e r e .  

Spreading  manure on l a n d  as f e r t i l i z e r  h a s  l o n g  been p r a c t i c e d ,  and 
d r y i n g  FLW w i t h  heat b e f o r e  t r a n s p o r t a t i o n  i s  a n  obvious p o s s i b i l i t y .  
cesses t o . c o n v e r t  manure i n t o  an imal  f e e d  may a l s o  u s e  h e a t  t o  d r y  o r  t o  d e s t r o y  
pa thogenic  organisms,  b u t  car 
n i t r o g e n  o r  energy  f r a c t i o n s .  

Pro-  

must b e  t a k e n  t o  minimize h e a t  damage t o  t h e  
YO 

FLW c o n s i s t s  of two major  f r a c t i o n s :  a d i g e s t i b 1 . e  c r u d e  p r o t e i n  aiid a 
n e a r l y  i n d i g e s t i b l e  cell-wall  f r a c t i o n  c o n t a i n i n g  c e l l u l o s e ,  h e m i c e l l u l o s e  
and l i g n i n .  Both c o n v e r t i n g  t h e  cell-wall  f r a c t i o n  t o  a f e e d  and c o n v e r t i n g  
i t  t o  a c o n s t r u c t i o n  material can  u t i l i z e  h e a t .  Convert ing t h e  c a r b o h y d r a t e  
f r a c t i o n  t o  a f e e d  can i n v o l v e  i n c u b a t i o n  of  a c e l l u l o y t i c  fungus w i t h  t h e  
f r a c t i o n  i n  a w a r m  (84'F) environment and f e e d i n g  t h e  whole f u n g u s - s u b s t r a t e  
m i x t u r e  t h a t  h a s  become more p r o t e i n a c e o u s .  "Fungal f e r m e n t a t i o n  a p p e a r s  t o  
b e  a p r a c t i c a l  way t o  r e d u c e  bulky i n d i g e s t i b l e  o r g a n i c  matter i n  F L W  and t o  
improve and i n c r e a s e  p r o p o r t i o n a t e l y  i t s  p r o t e i n  c o n t e n t . " 1 1  A l t e r n a t i v e l y ,  
t h e  enzyme can b e  i s o l a t e d  from t h e  f e r m e n t a t i o n  medium and used i n  a number 
of  ways, i n c l u d i n g  i n c u b a t i n g  (122OF) w i t h  commercial f e e d .  Data have shown 
t h a t  c h i c k s  e a t i n g  enzyme-treated commercial c h i c k  s t a r t e r  grew more q u i c k l y  
t h a n  c o n t r o l s .  1 2  

Convert ing t h e  i n d i g e s t i b l e  F L W  f r a c t i o n  t o  a c o n s t r u c t i o n  material 
(hardboard)  i n v o l v e s  d r y i n g  (122'F) and,  a f t e r  combining w i t h  a r e s i n ,  h e a t -  
i n g  t o  250-300°C b e f o r e  p r e p r e s s i n g .  I n i t i a l  r e s u l t s  show t h a t  format ion  of  
a hardboard  from FLW f i b e r  . is  f e a s i b l e . 1 3  
be augmented w i t h  f u e l ,  so t h a t  t h e s e  h i g h  tempera tures  could  be reached .  

Perhaps t h e  geothermal  water could  

The problem of animal  wastes must b e  s o l v e d  as l e g a l  and economic con- 
s t r a i n t s  b e a r  d o m  on t h e  l i v e s t o c k  i n d u s t r y .  Research e f f o r t s  t o  remedy 
t h e  problem i n c l u d e  p r o c e s s e s  t h a t  r e q u i r e  h e a t  i n  t h e  low-temperature geo- 
thermal  range .  
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New P r o t e i n  Sources:  A l f a l f a  and Other  Crops ( I I A  l a )  

I n c r e a s i n g  worldwide p o p u l a t i o n  and t h e  d i s p a r i t y  of  n u t r i t i o u s  food 
between t h e  weal thy  and n a t i o n s  have been t h e  s u b j e c t  of i n t e n s e  i n t e r -  
n a t i o n a l  concern  f o r  t h e  p a s t  several y e a r s .  The f o l l o w i n g  i s  a quote  from 
t h e  p r e f a c e  of t h e  proceedings  of a 1968 i n t e r n a t i o n a l  symposium on n o v e l  
p r o t e i n  p r o d u c t s :  

The l a c k  of h i g h - q u a l i t y  food p r o t e i n s  i n  l a r g e  a r e a s  
of t h e  world i s  one of t h e  g r e a t  c h a l l e n g e s  of o u r  
g e n e r a t i o n .  Apart  from be ing  t h e  main c a u s e  of t h e  
h i g h  m o r t a l i t y  r a t e  amongst c h i l d r e n  i n  deve loping  
c o u n t r i e s ,  p r o t e i n  d e f i c i e n c y  i s  known t o  r e t a r d  t h e  
growth of t h e  c h i l d  and may i m p a i r  mental development 
as w e l l .  The p r e c a r i o u s  and complex p r o t e i n  problem 
r e q u i r e s  determined i n t e r n a t i o n a l  a c t i o n  and ca l l s  
f o r  t h e  c o o p e r a t i o n  of a l a r g e  number of s c i e n t i f i c  
d i s c i p l i n e s .  14 

The United S t a t e s  i s  and will c o n t i n u e  t o  b e  r i c h  i n  a g r i c u l t u r a l  r e s o u r c e s ,  
b u t  r e s e a r c h  toward developing  new p r o t e i n  foods  can p r o v i d e  l e s s - f o r t u n a t e  
n a t i o n s  w i t h  t h e  technology t o  b e  w e l l  f e d  as w e l l  as g e n e r a t e  domest ic  o r  
e x p o r t a b l e  p r o d u c t s  f o r  our  own b e n e f i t .  

A number of  c rops  have been c o n s i d e r e d  as new s o u r c e s  of p r o t e i n .  These 
i n c l u d e  : 15 

(A) Non-endospermous “seeds1I--usua1ly achenes 

c o t t on see d c a s t o r  seed  
sunf lower  seed  rapeseed  
s a f f l o w e r  seed  peanuts  
sesame seed  1 i n s  eed 

(B) Endospermous IIsee.ds’I--usually c a r y o p s e s  

wheat b r a n  o a t s  
r ice  b r a n  coconut  
t r i t i c a l e  and i t s  b r a n  

(C) Leafy p l a n t s  

a l f a l f a  
clovers 
g r a s s e s  

v e g e t a b l e  wastes 
a q u a t i c  p l a n t s  
m i s c e l l a n e o u s  

Of t h e s e  c r o p s ,  t h o s e  t h a t  are n e a r  geothermal  s o u r c e s ,  p l u s  o t h e r  
”geothermal  c rops”  t!iat have been i d e n t i f i e d  as good l e a f  sources16  g i v e  us  
a t a r g e t  l i s t :  

c o t t o n s e e d  p e a n u t s  o a t s  (bran)  bean ( l e a f )  
s a f f l o w e r  seed  wheat (bran)  r i ce  (bran)  p o t a t o  ( l e a f )  
f 1 a x s  e ed wheat ( l e a f )  a l f a l f a  s u g a r  b e e t  ( l e a f )  
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New t e c h n o l o g i e s  t o  extract  p r o t e i n  from c a t e g o r i e s  A ,  B ,  and C can 
nake u s e  o f  h e a t .  Category A ,  i n c l u d i n g  c o t t o n s e e d ,  s a f f l o w e r  s e e d ,  p e a n u t s ,  
and p o s s i b l y  f l a x s e e d ,  i s  i n  t h e  same c a t e g o r y  as soybeans;  and so ,  w i t h  
m o d i f i c a t i o n s  f o r  i n d i v i d u a l  d i f f e r e n c e s ,  t h e  e x t r a c t i o n  technology is  a l -  
ready  developed. The whole seed  i s  c o n d i t i o n e d  by s teaming t o  

- p a r t i a l l y  d e n a t u r e  t h e  p r o t e i n  t o  p e r m i t  easy  removal 

- d e a c t i v a t e  enzymes 
- reduce o i l  v i s c o s i t y  
- and a d j u s t  t h e  m o i s t u r e  c o n t e n t  f o r  optimum o i l  removal.17 

of t h e  o i l  

Category B ,  i n c l u d i n g  wheat ,  r ice ,  and o a t s ,  i n v o l v e s  t h e  use  of t h e  
o u t e r  n o n s t a r c h y ,  h i g h - p r o t e i n  l a y e r s  of t h e  s e e d s  c a l l e d  "mi l l feeds . ! '  
approach t o  o b t a i n i n g  cereal p r o t e i n  c o n c e n t r a t e s  from m i l l f e e d s  d i s c u s s e d  
by Saunders  and K o h l e r l a  u s e s  h e a t  as a n  o p t i o n  t o  r e c o v e r  t h e  p r o t e i n -  
l i p i d  c o n c e n t r a t e  from t h e  r ice  o r  wheat extract  and p o s s i b l y  h e a t  t o  d r y  
t h e  c o n c e n t r a t e  on t h e  o a t  w e t  p r o c e s s .  

One 

Category C ,  l e a f y  p l a n t s ,  i s  p o t e n t i a l l y  t h e  l a r g e s t  s o u r c e  of new 
p r o t e i n  and i n c l u d e s  a l f a l f a  and herbaceous  by-products  such as bean,  p o t a t o ,  
and s u g a r  b e e t  leaves. A l f a l f a  l e a f - p r o t e i n  is t h e  s u b j e c t  of i n t e n s e  world- 
wide r e s e a r c h  and is t h e  t o p  c a n d i d a t e  f o r  commerc ia l iza t ion  of l e a f - p r o t e i n  
c o n c e n t r a t e .  We have focused  on c u r r e n t  developments i n  t h e  United S t a t e s  
and f i n d  t h a t  h e a t  i s  a n e c e s s a r y  i n p u t  i n  some of t h e  new e x t r a c t i o n  methods. 

While a l f a l f a  c o n t a i n s  r e l a t i v e l y  low amounts of energy  and h a s  l i m i t e d  
p a l a t a b i l i t y ,  i t  p r o v i d e s  a l a r g e  amount of protein--even more t h a n  soybeans,  
as shown by t h e  d a t a  i n  Table  1 1 . 2 .  
l o c a t e d  i n  t h e  leaves w h i l e  most of t h e  f i b e r  i s  i n  t h e  stern, s e p a r a t i o n  o r  
f r a c t i o n a t i o n  o f  t h e s e  two p l a n t  p a r t s  can improve and b e t t e r  a d a p t  a l f a l f a  
t o  c u r r e n t  and f u t u r e  markets .19 
t h e s e  f r a c t i o n s  by sieves o r  a i r  s e p a r a t i o n ,  and such s e p a r a t e d  p r o d u c t s  have 
been produced commercially.  2O 

S i n c e  most of t h e  p r o t e i n  and v i t a m i n s  are 

The " s e p a r a t i o n  m i l l i n g "  p r o c e s s  can g e n e r a t e  

The w e t - s e p a r a t i o n  method of l e a f - p r o t e i n  e x t r a c t i o n .  The w e t - s e p a r a t i o n  
p r o c e s s  i n v o l v e s  c r u s h i n g ,  which p a r t s  t h e  f i b e r - r i c h  r e s i d u e  from t h e  p r o t e i n -  
r i c h  j u i c e .  T h i s  p r o c e s s  s e p a r a t e s  t h e  two f e e d  f r a c t i o n s  and a l s o  p r o v i d e s  
a method of producing l e a f  p r o t e i n  f o r  human consumption. Compared t o  dehy- 
d r a t i n g  chopped a l f a l f a  i n  d r y e r s ,  c r u s h i n g  o r  p r e s s i n g  dewaters  t h e  a l f a l f a  
s i g n i f i c a n t l y  w i t h o u t  t h e  use of expens ive  n a t u r a l  g a s ,  enhances t h e  d i g e s t i -  
b i l i t y  and p a l a t a b i l i t y  f o r  non-ruminants ,21 and p r o v i d e s  a g r e a t e r  adapta-  
b i l i t y  t o  t h e  market .  Table  11.3 shows t h e  p e r c e n t a g e  r e d u c t i o n  i n  gas  needs 
w i t h  v a r i o u s  degrees  of p r e s s i n g .  It a l s o  has  been demonstrated t h a t  subsequent  
d r y i n g  o f  t h e  r e s i d u e  ( p r e s s c a k e ) ,  as performed i n  c o n v e n t i o n a l  d r y e r s ,  a l l o w s  
a g r e a t e r  d e h y d r a t i o n  r a t e  t h a n  w i t h  c o n v e n t i o n a l  greenchop d e h y d r a t i o n  be- 
c a u s e  t h e  c rushed  c e l l s  y i e l d  w a t e r  much more r e a d i l y  t h a n  i n t a c t  ones . 2 2  
This  a l s o  would reduce t h e  energy  needed. 

Energy s a v i n g s :  i t  i s  u s e f u l  t o  compare t h e  t h e o r e t i c a l  energy used ir 
t h e  wet -press ing  method w i t h  t h a t  of c o n v e n t i o n a l  d e h y d r a t i o n  of greenchcp. 
The answer i s  n o t  obvious:  w h i l e  wet -press ing  p l u s  drum d e h y d r a t i o n  of t h e  
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Table 1 1 . 2  

P R O T E I N  P R O D U C T I O N  BY PLANTS ANIMALS (KG/ACRE) 

A1 f a1 f a* 6 7 5  

Soybeans 

B a r l e y  

Milk (from f o r a g e )  

260 

195 

144 

B r o i l e r  hens (from g r a i n s )  66  

Beef (from fo.rage) 49  

P i g s  (from g r a i n s )  46 

*Value i s  t r u e  p r o t e i n .  

SOURCE: W.  J. Bray, "Green-Crop F r a c t i o n a t i o n , "  
Mew S c i e n t i s t ,  Vol .  70, N o .  995 ,  A p r i l  8 ,  
1 9 7 6 ,  p. 6 6 .  
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Unp re s  sed r lucerne  

To ta l  gas 
required f o r  
evaporation 
(cubic f e e t )  

Pres s c:i k .L' , 
352 press  

Prcsscake, 
50% p r e s s  

Prcsscake, 
62.5% press  

Reduction 
i n  gas needs 

(%)**** 

\Jet product 
t o  dehydrator 

( l b )  

8 1  

71 

100 

6 5  

>0 

37.5 

3 1  

41 

Mo is t u r  e 
i n  cake 

( X )  

80 

75 

70  

6 3  

Table 11.3 
* 

FUEL SAVINGS BY WET PROCESSING 

Water t o  
evaporate i n  

dehydrator 
(lb) 

79 

47 

34 

23 

Water t o  
evaporate from 

p ro te in  
(lb>** 

4.5 

6.5 

8 . 2  

Water t o  
waporate from 
brown j u i c e ,  
serum (lb)*** 

- 

29 

4 1  

52 

*Calculations based on processing 100 l b .  f r e sh  a l f a l f a  conta in ing  20 lb. dry mat te r .  

**Atmospheric-pressure dryer  taking product t o  93% dry  mat te r  (DM) using 1.5 cubic  f ee t  of gas  per pound of water evaporated. 

:':*ATriple-effect evaporator taking product t o  50% DM syrup using 0 . 4 2  lb. steam per pound of water evaporated. 

 this i s  a reeva lua t ion .  (See texc) 

SOURCE: C. 0. Kohler, E. M. Bickoff,  and D. DeFremery, "Mechanical Dewatering of Forage and P ro te in  Byproduct Recovery," F i r s t  In t e rna t iona l  
Green-Crop Drying Congress, Oxford, England, 1973. 



p r e s s c a k e  r e q u i r e s  two s t e p s ,  t h e  p r e s s c a k e  d e h y d r a t i o n  i n v o l v e s  less water, 
and t h i s  water i s  easier t o  remove a f t e r  t h e  c e l l s  have been crushed .23  One 
comparison of t h e s e  two systems shows a 25 p e r c e n t  r e d u c t i o n  i n  n a t u r a l  gas  
r e q u i r e d  w i t h  t h e  wet-pressing, system. 24 However , t h i s  comparison does n o t  
i n c l u d e  t h e  energy  r e q u i r e d  t o  g e n e r a t e  t h e  steam used i n  c o a g u l a t i n g  t h e  
p r o t e i n - r i c h  c u r d s  from t h e  whole j u i c e  o r  t h e  steam used i n  p e l l e t i n g  t h e  
p r e s s c a k e .  I n  r e s e a r c h  performed by Vosloh e t  a l . ,  t h e  energy used i n  steam 
c o a g u l a t i o n  and  curd  d r y i n g  are roughly e q u i v a l e n t ;  p e l l e t i n g  steam u s e s  
about  1 t o  2 p e r c e n t  of t h e  t o t a 1 . 2 5  
t h e  e v a l u a t i o n  by Kohler  and o t h e r s ,  we show a r e d u c t i o n  of 1 7  p e r c e n t  u s i n g  
t h e  wet -process ing  system d e s c r i b e d  i n  t h e  l i t e r a t u r e .  26 
p r o c e s s  are p r e s e n t l y  b e i n g  e n g i n e e r e d  by t h e  U.S. Western Regional  Research 
Labora tory ,  and so even b e t t e r  r e s u l t s  w i l l  b e  for thcoming.  

Using t h e s e  r e l a t i o n s h i p s  t o g e t h e r  w i t h  

Improvements i n  t h i s  

The Pro-Xan r e s e a r c h :  .Because of  t h e  p o t e n t i a l  improvement i n  q u a l i t y ,  
new marke ts ,  and energy s a v i n g s ,  w e t  p r o c e s s i n g  ( o r  mechanical  dewater ing)  of 
a l f a l f a  h a s  been and i s  c u r r e n t l y  a promising r e s e a r c h  area.  Much of  t h e  re- 
s e a r c h  i n  t h e  Uni ted  States  c e n t e r s  around t h e  p r o d u c t i o n  of  t h e  h i g h - p r o t e i n  
and h igh-xanthophyl l  c o a g u l a n t  from t h e  j u i c e  f r a c t i o n ,  which i s  termed "Pro-Xan 
A h i g h - q u a l i t y  p r o t e i n  f o r  human consumption a l s o  can be produced and h a s  
been shown t o  b e  e f f e c t i v e  i n  t h e  t r e a t m e n t  of p r o t e i n - d e f i c i e n c y  d i s e a s e . 2 7  
F i g u r e  1 1 . 3  i l l u s t r a t e s  t h e  many v a r i a t i o n s  o f  t h e  w e t - f r a c t i o n a t i o n  procedure  
and t h e  p l a c e s  where h e a t  i s  needed. 

1 1  

Apparent ly  commerc ia l iza t ion  h a s  been h e l d  back because  of t h e  l a c k  of 
a developed market and u n c e r t a i n t y  sur rounding  t e c h n i c a l  o p t i m i z a t i o n .  A new 
economic assessment ,  i n c l u d i n g  some t e c h n i c a l  improvements, i s  for thcoming 
from t h e  Western Regional  Research Labora tory  i n  Albany, C a l i f o r n i a - .  D r .  George 
Kohler ,  a p r o j e c t  d i r e c t o r  a t  t h e  l a b o r a t o r y ,  r e p o r t s  t h a t  more i n t e r e s t  i n  
commerc ia l iza t ion  i s  emerging i n  t h e  United S t a t e s .  Even more en thus iasm i s  
found i n  Europe and e s p e c i a l l y  i n  France ,  where a commercial p l a n t  has  been 
i n  o p e r a t i o n  f o r  a number of  y e a r s .  L e a f - p r o t e i n  r e s e a r c h  h a s  been more i n -  
t e n s i v e  i n  Europe because soybeans do n o t  grow w e l l  i n  t h e  European climate. 

Because t h e  p r e s s c a k e  h a s  been p a r t i a l l y  dewatered e n a b l i n g  a r e d u c t i o n  
i n  t h e  t e m p e r a t u r e  requi rements  f o r  complete  d e h y d r a t i o n ,  and because  t h e  j u i c e  
f r a c t i o n  undergoes h e a t  p r o c e s s e s  of r e l a t i v e l y  low magnitude,  low-temperature 
geothermal  water might make a s e n s i b l e  energy s o u r c e  f o r  t h e  w e t - f r a c t i o n a t i o n  
procedure.  

Gra ins ,  F r u i t s  and Vegetab les  (IIA l b )  

W e  have c o n s i d e r e d  t h e  p r o c e s s i n g  of a l l  c r o p s  n e a r  geothermal  s o u r c e s  as 
p o t e n t i a l  marke ts  f o r  h e a t  and have c o n s t r u c t e d  a c h a r t  (Table  1 1 . 4 )  which con- 
n e c t s  t h e  commodity w i t h  t h e  p r o c e s s .  
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(332 s o l i d s )  I 1 

+ g r i n d  -a_ P r e s s  
g r e e n  j u i c e  
(10% s o l i d s )  

F r e s h  g r e e n  

(20X s o l i d s )  

Basic w e t  p r o c e s s  s t e p s  

d i r e c t  f e e d i n g  t o  r u m i n a n t s  

s i l a g e  f o r  r u m i n a n t s  

- sun-cured  hay  o r  hay  c u b e s  f o r  n m i n a n t s  

d e h y d r a t e  f o r  g e n e r a l  f e e d  supp lemen t  

\ dehydra t e< lea i  f r a c t i o n  f o r  p o u l t r y  

\ stem f r a c t i o n  f o r  r u m i n a n t s  

Alternative treatments and  u s e s  f o r  t h e  p r e s s c a k e  

p a s t e u r i z e  o r  add  p r e s e r v a t i v e  
f o r  u s e  a s  swine f e e d  

s p r a y -  or drum-dr ied  whole- 
j u i c e  LPC f o r  p o u l t r y  o r  swine  

who le  g r e e n  LPC (Pro-Xan) 
f o r  p o u l t r y  O K  s w i n e  

c o n c e n t r a t e  f o r  l i q u i d  f e e d  
s u p p l e m e n t ;  c o n c e n t r a t e ,  add  
b a c k  t o  . p r e s s c a k e  

f e r m e n t a t i o n  medium, f e r t i l i z e r  

a l f a l f a  < s o l u b l e s  

a d j u s t  t o  pH 8.5* 
h e a t  t o  85"  C 

p r e s s  
j u i c e  

-for p o u l t r y  g r e e n  f r a c t i o n  - - - - 
/LPC (Pro-Xan 11) 

w h i t e  LPC for human food  

a l f a l f a  so luble- -same 
u s e s  as  a b o v e  

clear j u i c e - -  
heat  t o  85°C 

\ h e a t  t o  6 O o C  

N t e r i m t i v e  t rmtxents  and  u s e s  f o r  t h e  p r e s s  j u i c e  

SOURCE: Gcorge  0. Kohler ,  "Wet P r e c e s s i n g  of A l f a l f a , "  'Jhelf t h  T e c h n i c a l  A l f a l f a  
C o n f e r e n c e  P r o c e e d i n z s ,  .\riicriccln D e h y d r a t e r s  A s s o c i a t i o n ,  > f i s s ion ,  Kansas, 
1375, pp. 6 6 ,  6 7 .  

$*The me thods  of c o a g u l a t i n g  t h e  who le  L I T  i n c l u d e  a c i d i f  i c n t i o h  am! p r e c i p i t a t i o n  
w i t h  s o l v e n t s .  

**The methods  of r e c o v e r i n g  x h i t e  LPC a t  t h i s  s t a g e  i nc lude  a c i J i f  i c n t i o n ,  
u l t r a f i l t r a t i o n ,  a id  gel f i l t r a t i o n .  

F i g u r e  11.3.  Wet P r o c e s s i n g  o f  A l f a l f a  
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Crop Growing Scar 
Geot hcmlal nesourcc 

GIO\lNS 
Uar lcy  
Corn 
o a t s  
Rice 
R y e g r a s s  
Sorghum 
When t 

FRUITS 
Apples  

A p r i c o t s  
C a n t a l o u p e s  
Grapes 
or2uges 
P e a c h e s  
P e a r s  
Plums and P r u n e s  
Sweet C h e r r i e s  

VEGETABLES 
Car ro t s  
C r l c r y  
Dry  Beans 
n r y  Onions 
Green  P e a s  
Hot P e p p e r s  
I r i s h  P o t a t o e s  
L e t t u c e  
P r a n u c s  
Snap B c m s  
Sugar Beets 
Sweet P o t a t o e s  
Toma t o e s  

OTHER CROPS 
A l f a l f a  Nay 
S a f f l o w e r  
C o t t o n  
F l a x s e e d  
G a r l i c  
Hops 
Pecans  
Peppermint  

T a b l e  11 .4  

CONVENTIONAL HEAT-REQUIRING PROCESSES 
FOR THE GEOTHERMAL CROPS 

~ ~~ ~~~~~ ~~~~~~ 

d r y i n g  lJrcw!,rs' malt !160a-lYfloF);  d r y i n g  d i s t i l ! c r s '  malt (120 ' - l$f l0F) ;  b i n  dryilk8 (llO'F m x . )  
vetmill i ng .  s t e e p i n g  ( 1 2 5 ° F ) ;  d r v i n g  (14fl'F m.r.:.) ; s t a r c h  d r y i n g  
d r y i n g ;  cook.ing o a t  [lour 
d r y i a g  (120°F nax.); p a r b u i l i n f i ;  qu ick-cooking  p r o c e s s  
m i n l y  a f c e d s t i i f f  
d r y i n g  ( lh0"F  mnx.); nainly a f e e d s t u f f  
b a k i n g  

d r y i n g  (165 ' r  max. t u n n e l ,  135'F max. k i l n ) ;  a p p l e s a u c e  (steam c o o k e d ) ;  canned  s l i c e s  ( s t e a r r e d ) ;  

d r y i n g  (150°F max.) 
consumed f r e s h  
d r y i n g ;  p r o c e s s i n g  t o  w i n e ,  c a n n e d ,  f r o z e n  (143'-15fl"F) p r o d u c t s  
peel  s o f t e n i n g ;  p a c k i n g  sections; p a s t e u r i z i n g  canned  j u i c e  (195'F) ; s t e r i l i z i n g  c h i l l e d  j u i c e  ( 2 4 0 ° F )  
d r y i n g  (155'F mnx. ) ;  p e e l  sca1di : ig  
d r y i n g  (155°F mzz.) 
d r y i n g  (165°F nax . ) ;  l e a c h i n g  i o r  j u i c e  
s y r u p i n g  (12O0-L4O0F); e x h a u s t i n g  a i r  i n  cannini:  (212'F) 

p a s t e u r i z e d  b d t t l e d  j c i c c  

I d r y i n g  (160'F max.) 
d r y i n g  (180°F . n s x . )  

d r y i n g  (160°F max.) 

d r y i n g  (150'F max.) 
d r y i n g  (275'F m x . )  
consumed f r e s h  
b l a n c h i n g  and  r o a s t i n g  

h e a l i n g  (85'F max.) 
d r y i n g  (195'F maa.) 

B l a n c h i n g  i n  ho t  water o r  l i v e  s team i s  r e q u i r e d  f o r  nost 
v e z c t z b l r s .  T h e r e  i s  much v a r i a c i o n  anon% c a n n e r s  i n  c h e  
tenperaturei and cqurpnenc  used i n  b l e n c h i n g ,  C O C  example ,  
b l a n c h i n g  i n  h o t  w a t e r  at 170"-21?'F o r  i n  l i v e  s tcam.**  

p r o t e i n  e x t r a c t i o n  (140.-18S°F) 
o i l  is s t e a m - d i s t i l l e d  
l i n t  and seed d r v i n g  (220'F n a x . )  
s e e d  d r y i n g  (150'-175'F wax.) 
d r y i n g  (180'F mnx.) 

P o t e n t i a l  p r o c e i n - c o n c e n t r a t e  s o > u r c e  i 

+ I n f o r m t i o n  p r e s e n t e d  liere h a s  been compi led  frr.1 dnLa s u p p l i e d  by  !.lidwest Research  I n s t i t u t e  and from 
p r o c o s s  d e s c r i p t i o n s  round in , \ r ~ ~ o l c l  1 1 .  .Tohnsun ,and > b r t i n  S .  P e t e r s o n  ( c d s . ) ,  Encyclopedia o f  Food 1cchnoloy .y  
(Wescpor t ,  Conn.: The AVI Publishing Co.,  l n c . ,  1 9 7 4 ) .  

*+Crorg  A. Burgs t rnm and J c r r y  F. I Y o c t o r ,  "?!uLriCicm: Food Compo; i t ion  and N u t r i e n t  Aspcctr;  01 Food Processing," 
in .Johnson 2nd Peterson (ods.). Cncycloprc l i . i  o i  i : w d  _. Tc,< til>%, p .  640.  
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Beef and Paper  P l a n t  (Grain Product ion/Harves t  Waste/Feedlot  Manure P r o c e s s i n g )  

Gra ins  grown s p e c i f i c a l l y  f o r  f e e d  can b e  h a r v e s t e d  and t h e  straws 
processed  i n  a h e a t - r e q u i r i n g  paper  and paperboard p l a n t .  
supply  a l a r g e  system of f e e d l o t s  where manure could  be c o l l e c t e d  and h e a t -  
p rocessed .  

The g r a i n  could 

The paperboard p l a n t  c o u l d  u s e  t h e  c e l l u l o s i c  f r a c t i o n  o f  t h e  manure 
i n  a h e a t - r e q u i r i n g  hardboard  p r o c e s s .  The p r o t e i n  f r a c t i o n  of t h e  manure 
could  b e  added t o  t h e  f e e d  g r a i n  d i r e c t l y  o r  s p r e a d  on t h e  l a n d  f o r  f e r t i -  
l i z e r .  S i n c e  a l a r g e  lumber i n d u s t r y  a l r e a d y  p r e v a i l s  i n  t h e  Northwest,  
t h i s  synergism might b e s t  b e  i n i t i a l l y  a s s e s s e d  f o r  t h e  southwes tern  s t a t e s .  

-19 2- 

In  o r d e r  t o  o b t a i n  a f i r s t  look a t  t h e  p r o x i m i t y  of food-processing 
f a c i l i t i e s  t o  t h e  geothermal  s o u r c e s ,  we  counted t h e  number o f  food-processing 
p l a n t s  t h a t  appear  i n  c o u n t i e s  c o n t a i n i n g  i d e n t i f i e d  geothermal  r e s o u r c e s .  
The r e s u l t s  a re  shown i n  T a b l e  11 .5 .  C a l i f o r n i a ,  Washington, Oregon, and 
Idaho have t h e  most food-processing a c t i v i t y  as w e l l  a i  t h e  most a c t i v i t y  
w i t h i n  t h e  s o u r c e  c o u n t i e s .  
p r o c e s s i n g  i n  t h e  Western Uni ted  S ta tes .  

Thus, geothermal  h e a t  might  b e  u s e f u l  i n  food- 

Animal P r o d u c t s  ( I I A  2) 

Some p r o c e s s e s  f o r  animal  p r o d u c t s  r e q u i r e  h e a t  and t h e s e  are i d e n t i f i e d  
i n  T a b l e  11.6.  

Process-Waste U t i l i z a t i o n  ( I I B )  

I n  a d d i t i o n  t o  p o t e n t i a l  geothermal  a p p l i c a t i o n s  t o  a g r i c u l t u r a l  p r o c e s s e s  

Because t h e  most economical method f o r  s o l v i n a  t h e  waste problem 
themselves ,  t h e  s o l u t i o n s  t o  d i s p o s i n g  of  p r o c e s s  w a s t e s  may also o f f e r  p o t e n t i a l  
a p p l i c a t i o n s .  
may n o t  b e  s imply  a new end-of-pipe t r e a t m e n t  b u t  may i n v o l v e  modifying t h e  e n t i r e  
food-processing system, w e  must b e  c a u t i o u s  i n  s u g g e s t i n g  h e a t  a p p l i c a t i o n s  as 
a means f o r  meet ing  EPA g u i d e l i n e s .  With t h i s  c a v e a t  i n  mind, w e  surveyed r e c e n t  
l i t e r a t u r e  f o r  p o s s i b l e  methods of t r e a t i n g  food p r o c e s s i n g  wastes; t h o s e  f o r  
which geothermal  h e a t  a p p e a r s  t o  b e  a p p l i c a b l e  are  o u t l i n e d  i n  Table  1 1 . 7 .  

* * * * * A  

The p r e c e d i n g  i n f o r m a t i o n  s u g g e s t s  a t  l eas t  two f u n c t i o n a l  combinat ions 
o r  synergisms.  These are d e s c r i b e d  below. 



Table  11.5 

NUMBER AND GEOTHERMAL SOURCE PROXIMITY 
OF THE CANNING, FREEZING AND PRESERVING PLANTS 

WITHIN THE GEOTHERMAL STATES 

GEOTHERMAL STATES TOTAL NUMBER 

I N  THE STATE 
O F  PLANTS 

NUMBER OF PLANTS 
I N  A SOURCE COUNTY* 

C a l i f o r n i a  242 44 

Wash i n  g t on 113 26 

Oregon 

Idaho 

74 

28 

24 

10 

Arizona 

Utah 

Montana 

Nevada 

New Mexico 

Colorado 

Wyoming 

1 

1 

12 

0 

*A "source county'' is a county c o n t a i n i n g  one o r  more U.S.G.S.-identified 
geothermal  sources .  

SOURCE: The D i r e c t o r y  of the' Canning, Freez ing ,  P r e s e r v i n g  I n d u s t r i e s  
1976-1977 (Westminster,  Naryland: Edward E .  Judge & Sons, I n c . ,  
1976).  
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DAIRY PRODUCTS' 

EGGS** 

?FAT*** 

Table 11.6 

HEAT-REQUIRING ANIMAL PRODUCTS AND PROCESSES 

Process D e s c r i p t i o n  - 
F i l t r a t i o n :  
P a s t e u r i z a t i o n :  

Ul t ra -High  
T e m p e r a t u r e  
P a s t e u r i z a t i o , i :  

Vacuum 
P a s t e u r i z a t i o n :  

X i l k  
S t e r i l i z a t i o n :  

A s e p t i c  Canning: 

D r i e d  Pii lk:  

Usual.ly m i l k  i s  h e a t e d  t o  about 90-1111'F h i , i o r e  f i l t r a t i o n .  
'The mxinium Lempera ture  i s  166°F;  lower  t e m p e r a t u r e  may b e  used Tor l o u g ~ r  

pe r iods .  

T e n p e r a t u r e s  oE 270-3OO"P are a l t e r n o t i v c l y  used f o r  m i l k .  b u t  t h i s  process  
h a s  found a p p h c a c i o n  a l s o  i n  t h e  making of  i c e  c ream mix ,  cre.m, and cream 
t o p p i n g s .  

Us ing  tcmpera turem f rom 191-200'F. V.  P. i s  an e f f i c i e n t  method t o  remove f eed  
and weed f l a v o r s  f rom cream f o r  b u t t e r  imiaking. 

L i v e  s t e a m  c a n  be used t o  h e a t  m i l k  Lo 103°F.  S t e r i l i z e d  m i l k  i s  u s e d  i n  
p l a c e s  where r e f r i g e r a t  ion is  nut g e n e r a l l y  avnilablc (armed f o r c e s ,  e t c . )  . 

S u p e r h e a t e d  btean is  uscd  'it a c n o s p h r r i c  p r e s s ' i r s  ( 5 5 0 ° F  ma:<imuni). 7tw cans 
thea :se lves  r e a c h  c e i s p c r a c u r e s  c f  &!5"P. A s e p t i c  c a n n i n g  i s  u s e d  f o r  whole 
a i i k ,  c o n c c n t r a t c d  m i l k ,  c h o c o l a t e  m i l k ,  c o f f e e  cream, :$hipping  c r e a n .  ice 
cream mix, a n d  f o r m u l a t e d  i n f a n t  r o o d s .  

20 p e r c e n t  of  t h e  U . S .  c r o p  requires a 1 6 0 ° F  t e n p e r a t u r e  t o  s p r a y  d r y  m l k .  

Egg  products ,  such as albumen, p l a i n  y o l k ,  sugar y o l : ~  and (.hole egg blends r e q u i r e  hen;  f o r  
p a s t e u r i z a t i o n  (130-145'F). Ovcr 11 p e r c e n t  of t h e  U.S. e g g  c rop  is p r o c e s s e d ;  

Beef :  75 p e r c e n t  o f  a l l  b e e f  is consumed f r e s h .  The remalndsr  is proccss?d i n t o  
bologna .  f r a n k f u r t e r s ,  s a u s a g e  nnd o the r  m a t  compusi t t>s ,  i i l i ich .ire ;oLd 
prc-cooked .  

Pork: P o r k  is s o l d  pre-cooked  a s  hams. F e d c r a l  regulations K C q I t i K c  t h e  i n t e r n a l  
t e m p e r a t u r e  o f  t h e  hain to be  l j 7 ' F  o r  h i g h e r  t o  q u a l i t y  Cor che pr r -codkcd  
d e s i g n a t i o n .  

Poultry: 90 p c r c e n l  of  t h e  fov l .  b r o i l e r  and scull eurk-ey f r y e r s  drc p r o c e s s e d  t h r o u g h  
b r o i l e r - p r o c e s s i n g  t y p e  plants, that csf h o t  w t c r  t o  s c a l d  t h e  b i r d s  p r ior  
t Q  d e f e a t h e r i n g .  S c a i d  ~ I I C C C  i s  a round i2 / -110°F.  >!iich e i f u r c  is currently 
c e n t e r e d  a round r e p l a c i n g  this ss.3ldint: p r o c e s s  w i t h  s u m  t e c h n i q u e  v h i c h  
u ~ l l  . tccomplish t h e  S.ITP.~ , i a n t h * r - l o o s c n i n g  e f i e c t  wic l io i ig  .ic.aidinp che  b i r d s  
i n  u n s a n i t a r y  water. Processes  i n  u se  o r  under  devc lupment  coiilri make use 
of  g e o t h e r m a l  steam: n s p r a y  and  s t e m  ~ c a l < l c r ,  a c o a b i u c d  hot-w.icer s p r a y  
w i t h  p i c k i n g  a c t i o n ,  and s u b a t m o s p h e r i c  s t e a m - s c a l d i n g .  

II)NEY*"** Honey is h e a t e d  t o  f a c i l i t a t e  b l e n d i n g .  d e s t r o y i n g  y e a s t s  ( 1 4 0 ° F ) .  p a s t e u r i z a t i a n  ( 1 7 0 ° F )  
and c r y s t a l l i r a t i u n  (80'F). 

* L i n c o l n  Pr. Lamer[. Hodern Dni ry  Products ,  (New Yorh: C!iernic~l  Publishing C o . ,  lnc., 1971)). 

**Arnold H. Johnson and > l a r t i n  S .  Peterson ( e d s . ) ,  E n c y c l o p e d i a  of  rsod Tcciinolocy, ( I . ies lport ,  Coni,,: Tlia A V I  
P u b l i s h i n g  C o . ,  I n c . ,  197s). 

.****Arnold 11. Johnson and I l ~ r t i n  S .  P e c c r s o n .  _.e&, 
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Table  1 1 . 7  

HEAT-REQUIRING PROCESS WASTE TREATMENT OPPORTUNITIES 

Kind of I n d u s t r y  

P o u l t r y  S l a u g h t e r i n g *  

Egg Process ing** 

F r u i t  and Vegetab le  
P r o c e s s i n g  

Waste Treatment P rocess  

F e a t h e r s ,  f e e t ,  heads  and v i s c e r a  may be  h e a t  
processed  i n t o  meal f o r  f e e d .  I n  a l l  p r o c e s s e s ,  
t h e  product  i s  a t  least  h e a t e d  s u f f i c i e n t l y  t o  
d e s t r o y  any microorganisms ( a t  l eas t  212'F), b u t  
v a r i o u s  i n d i v i d u a l  methods are c u r r e n t l y  used .  

Broken eggs make an  impor tan t  c o n t r i b u t i o n  t o  t h e  
egg-processing w a s t e  steam. Eleven p e r c e n t  of eggs 
produced i n  t h e  Uni ted  States go t o  egg-breaking 
p l a n t s  f o r  p rocess ing .  P rocess ing  t h i s  waste re- 
duces t h e  BOD of t h e  p l a n t  and would p rov ide  a high-  
p r o t e i n  material f o r  u se  i n  animal f e e d s .  I n  a 
r e c e n t  s tudy  on t h e  egg-breaking i n d u s t r y  performe6 
by t h e  EPA, t h r e e  methods f o r  c o n v e r t i n g  t h i s  waste 
were sugges t ed  and a l l  r e q u i r e d  h e a t .  

P e e l i n g  and b l anch ing  of f r u i t s  and v e g e t a b l e s  
g e n e r a t e s  l a r g e  q u a n t i t i e s  of w a s t e  material t h a t  
can no longer be discarded indiscriminately. Waste 
d i s p o s a l  must now become p a r t  of t h e  c o s t  of do ing  
b u s i n e s s .  I f  a cheap h e a t  sou rce  w e r e  a v a i l a b l e ,  
s o l i d  wastes and s l u d g e s  could  be d r i e d  f o r  animal  
f e e d  o r  f e r t i l i z e r .  Drying would n o t  on ly  c u r e  t h e  
waste problem, b u t  l e s s e n  t h e  weight  t o  f a c i l i t a t e  
t r a n s p o r t a t i o n .  

*D. Hamm, R. E. Ch i lds  and A. J. Mercuri ,  "Management and U t i l i z a t i o n  of  
P o u l t r y  P rocess ing  Wastes,'' i n  George E. I n g l e t t  ( e d . ) ,  Symposium: P r o c e s s i n g  
A g r i c u l t u r a l  and Municipal  Wastes (Westpor t ,  Conn.: The A V I  P u b l i s h i n g  Co., I n c . ,  
1973) .  

**W. J. Jewell, e t  a l . ,  Egg Breaking and P r o c e s s i n g  Waste Con t ro l  and Trea tment ,  
U.S. Environmental  P r o t e c t i o n  Agency (EPA-660/2-75-019) (Washington, D.C.: U.S.  
Government P r i n t i n g  O f f i c e ,  June 1975) .  
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Chicken and Egg Farm ( A l f a l f a  Feed/Chicken Slaughter ing/Egg P rocess ing )  

A l f a l f a  can  be  dehydra ted  w i t h  a b e l t  d r y e r ,  o r  wet-processed t o  produce 
Pro-Xan. Both p roduc t s  are u s e f u l  i n g r e d i e n t s  i n  ch icken  feed .  The Pro-Xan 
p r o c e s s  produces mainly f i b r o u s  p re s scake  of somewhat lower p r o t e i n  v a l u e ,  
bu t  t h i s  can b e  f r a c t i o n a t e d  and p e l l e t e d  f o r  u s e  as a chicken  f e e d  i n g r e d i -  
e n t  w i t h  t h e  s t e m  f r a c t i o n  s o l d  as ca t t l e  f eed .  

Chicken-s laughter ing  p l a n t s  u s e  l a r g e  q u a n t i t i e s  of h o t  water f o r  t h e  
f ea the r - loosen ing  s c a l d i n g  s t e p .  
be hea t -p rocessed  i n t o  a meal f o r  f e e d .  

I n  a d d i t i o n ,  wastes from t h e s e  p l a n t s  can 

The egg-breaking p l a n t s  u s e  h e a t  i n  p a s t e u r i z i n g  t h e  eggs themselves  
and could  p o t e n t i a l l y  h e a t  waste from t h e  washing s t e p  t o  g e n e r a t e  p r o t e i n -  
r i c h  f e e d .  

Obviously,  a ch icken  and egg farm would b e n e f i t  by i n t e g r a t i n g  t h e  f i n a l  
p roduc t  systems w i t h  t h e  feed-producing system. 
developed p o u l t r y  i n d u s t r y  and would appear t o  be t h e  n a t u r a l  p l a c e  t o  tes t  
t h i s  i d e a .  

C a l i f o r n i a  h a s  a w e l l -  
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CHAPTER 12:  POLICY ANALYSIS 

I n t r o d u c t i o n  

To review: w e  have i d e n t i f i e d  t h e  g e n e r a l  a r e a s  of  c o i n c i d e n c e  between 
geothermal  r e s o u r c e s ,  a l f a l f a ,  and o t h e r  a g r i c u l t u r a l  p r o d u c t s .  We have 
s t u d i e d  t h e  thermodynamics of  t h e  removal of m o i s t u r e  d u r i n g  t h e  d r y i n g  
p r o c e s s .  
d r y e r  d e s i g n  and economics. We have examined t h e  i n f r a s t r u c t u r e  of  t h e  
a l f a l f a  d r y i n g  i n d u s t r y .  
a g r i c u l t u r a l  p r o d u c t s  a t  d r y i n g  c e n t e r s  and t h e  p o s s i b i l i t y  of u s i n g  geo- 
thermal  h e a t  as a n  energy s o u r c e  i n  c e r t a i n  o t h e r  a g r i c u l t u r a l  and food 
a p p l i c a t i o n s .  Now t h e  q u e s t i o n  remains:  what government a c t i o n ,  i f  any ,  
should  b e  t a k e n  t o  encourage t h e  u s e  of hydrothermal  r e s o u r c e s  i n  a p p l i c a t i o n s  
such as t h o s e  s t u d i e d  h e r e ?  

We have ana lyzed  t h e  d r y i n g  p r o c e s s ,  b o t h  from t h e  s t a n d p o i n t  of 

We have examined t h e  p o s s i b i l i t y  of d r y i n g  several 

We assume t h a t  t h e r e  a re  two b a s i c  o b j e c t i v e s  t h a t  t h e  government might  
p u r s u e  through t h e  i n t r o d u c t i o n  of hydro thermal  r e s o u r c e s  i n  t h e  d r y i n g  o r  
p r o c e s s i n g  of a g r i c u l t u r a l  p r o d u c t s .  These a re  

- d e c r e a s i n g  t h e  amount of n a t u r a l  g a s  consumed 
- u t i l i z i n g  a n  energy r e s o u r c e  which i s  l a r g e l y  unused 

Both of t h e s e  g o a l s  seem q u i t e  a p p r o p r i a t e .  We estimate t h a t  64 x 1QI2 
B t u ' s  p e r  y e a r  are  consumed i n  t h e  form of  f o s s i l  f u e l  i n  t h e  d r y i n g  and 
p r o c e s s i n g  of a g r i c u l t u r a l  p r o d u c t s  i n  t h e  twelve c rop  c a t e g o r i e s  s t u d i e d .  
T a b l e  1 2 . 1  p r e s e n t s  t h e  u t i l i z a t i o n  of f o s s i l  f u e l  by c r o p  and by v a r i o u s  
o p e r a t i o n s  i n  a s e l e c t e d  y e a r .  

The second g o a l ,  u t i l i z i n g  hydro thermal  r e s o u r c e s ,  a l s o  seems a p p r o p r i a t e  
and i m p o r t a n t .  
unknown, c l e a r l y  a vast amount of  energy  i s  i n v o l v e d .  
around t h e  u s e  of  r e s o u r c e s  r a n g i n g  i n  tempera ture  from a b o u t  90"T t o  150°C; 
v a r i o u s  a u t h o r i t i e s  have e s t i m a t e d  t h e  t o t a l  amount of energy c o n t a i n e d  i n  
r e s o u r c e s  w i t h i n  t h i s  tempera tur  r a n g e ;  USGS, f o r  example,  estimates t h a t  
t h e s e  r e s o u r c e s  c o n t a i n  137 x l o f 6  B t u ' s  (D .  F. White and D.  L .  W i l l i a m s  ( E d . ) ,  
Assessment of  Geothermal Resources  of  t h e  U.S.--1975; G e o l o g i c a l  Survey 
C i r c u l a r  7 2 6 ) .  For  comparison, t h i s  i s  e q u i v a l e n t  t o  134 x s t a n d a r d  
c u b i c  f e e t  of n a t u r a l  g a s  o r  236 x l o 9  b a r r e l s  of o i l .  

While t h e  e x t e n t  of  o u r  geothermal  r e s o u r c e s  i s  c u r r e n t l y  
Our s t u d y  c e n t e r e d  

S t a t e d  most s imply ,  how can t h e  geothermal  r e s o u r c e s  i n  t h e  tempera ture  
range  o f  90°C t o  150°C be used t o  s u b s t i t u t e  € o r  n a t u r a l  g a s  consumed i n  
a g r i c u l t u r a l  d r y i n g  p r o c e s s e s ?  
could  b e  used t o  e f f e c t  t h i s  s u b s t i t u t i o n ;  t h e s e  a r e  

I n  g e n e r a l  t h e r e  are two approaches which 

- modifying e x i s t i n g  d r y i n g  systems s o  t h a t  t h e y  can  u t i l i z e  
geothermal  r e s o u r c e s  r a t h e r  t h a n  n a t u r a l  g a s  as a n  energy 
s o u r c e  
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Table 12.1 

SU?IMARY OF ENERGY USE BY DEHYDIWTING INDUSTRIES 
WITHIN 50 MILES OF GEOTHERMAL RESOURCES 

AND IN WHOLE UNITED STATES 

Drying Indus t ry  

Sugar bee t  pulp 
dehydration 

1 

A l f a l f a  dehydration 

Pota to  dehydration 

Cotton ginning 

Onion dehydration 

Prune dehydration 

Rice dry ing  

Apple dehydration 

. ,h i l i  and o the r  
vege tab le  dehydration 

Descr ip t ion  and Location 

Dried byproduct of bee t  sugar pro- 
duc t ion  used a s  feed ingredien t ;  
AZ, CA, CO, I D ,  ?fT, OR, UT, W,  WY; 
KS, MI, MN, NB, ND, OH, TX. 

A r t i f i c i a l l y  d r i ed  a l f a l f a  hay so ld  as  
feed  ingredien t .  Plain concent ra t ion  
is  i n  KS,  N B ;  geothermal s t a t e s :  AZ, 
CA, CO, I D ,  MN; 15 o ther  s t a t e s .  

Dehydrated granules,  f l akes ,  s l i c e ,  
d ice  and s t a r c h  p l an t s  included; 
po ta to  ch i?  and frozen products e r -  
cluded. CO,  I D  (concent ra t ion) ,  X V ,  
OR, WA, WY; a l s o  WH, NY, M I ,  N D ,  MN. 

Heat usua l ly  required t o  reduce 
moisture of r a w  co t ton ;  A Z ,  CA ( l a r g e ) ,  
NV, NM; a l s o  TX ( l a rge ) ,  12 o the r  
s t a t e s .  

S l iced ,  chopped, minced, granulated 
and powdered, d r i ed  onion i s  mostly an 
input  t o  o the r  processed foods l i k e  
catsup and c h i l i  sauce; CA only. 

Near ly  a l l  prunes are a r t i f i c i a l l y  
d r i ed ,  mostly i n  CA, small  amounts i n  
OR, WA. 

Drying is requi red  before  mi l l i ng ;  CA 
produces a l a r g e  amount of r i c e ;  TX, LA 
AR, are la rge 'producers ,  some i n  MS and 
MO . 
Sl iced  o r  diced a r t i f i c i a l l y  dehydrated 
apples;  CA and WA are the  l a rge  pro- 
ducers;  NY produces smaller amount. 

C h i l i  is l a r g e s t  component, but c a r r o t s  
tomato powder, b e l l  peppers and a t  least 
15 o t h e r s  d r i ed  i n  s m a l l  amounts; CA, Nl 
( l a rge ) ,  WA; a l s o  LA, NC (sweet 
po ta toes) .  

t imated Annual  Drying 
ergy Co 
t a l  U.S 
9 Btu's 

2,000 

5,000 

7,300 

3 ,500  

1,500 

1,300 

1,300 

630 

400 

ir,ed, 1 9 7 6  
5 5 0  miles 
109 Btu's 

9,700 

1,400 

4,700 

490 

1,000 

1,200 

250 

340 

310 

__. 
om C? 
% L?.s 

30% 

__- - 

9% 

64% 

1 4 %  

67% 

9 2 %  

19% 

54% 

78% 
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Drying Industry 

Garlic dehydration 

Raisin dehydration 

Peach, pear, apricot 
dehydration 

'Total 

Table 12.1 ( C o n t . )  

%timated Annual Drying 
Description and Location 

Mostly sold as powder o r  granules, 
dried garlic is retailed and used in 
canned dog food and other prepared 
foods; CA only 

Some grapes are dried artificially as 
the "golden bleached" variety; CA 
only.  

Some prune, raisin and apple dehy- 
drators produce simll amounts, but 
mostly sun-dried; CA, WA. 

12 drying industries 

hergg Con: 
rota1 U.S. 
109 B t u ' s  

300 

300 

17 

6 4 ,  GOO 

med, 1976 
550 miles 

250 

100 

9 

20, GOO 

irom GT 
-.xJ.Ls 

83% 

,33% 

53% 

312 
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- introducing totally new drying systems which utilize 
geothermal resources as an energy source 

In this chapter we analyze both of these approaches from the government's 
standpoint to determine the cost and benefits which might be achieved by 
either. In addition, certain alternatives to the substitution of geothermal 
energy are analyzed for the alfalfa case (e.g., field wilting, followed by 
conventional drying; and sun curing). These alternatives are included because 
they were seen as possible means of achieving the same or better results than 
drying with geothermal fluids, but at potentially lower cost. 

Definition of Cases 

To conduct the policy analysis, a number of alternative cases were 
studied. Each case involved three elements: a strategic approach, a drying 
configuration, and a crop application. These cases are presented in Table 12.2. 
This figure illustrates the study's concentration on alfalfa; both modification 
to existing dryers and new drying systems are included. Simple modifications 
to existing dryers are considered for crops other than alfalfa: means of pre- 
drying are considered; the use of new drying systems is considered for combina- 
tions of crops in, for example, multicrop drying centers; and alternatives to 
energy-intensive drying are also considered. 

Evaluation Criteria 

Each of the various cases was analyzed in turn to determine the conse- 
quences to the nation of implementing such approaches. The analysis involved 
determining several parameters which could serve as the basis for judging the 
relative effectiveness of  each of the approaches. These parameters were as 
follows: 

- Amount of natural gas saved 
- Marginal product cost 
- Total investment required 
- Industry impact 
- ,Impact on nutrition 
- Timing 

The evaluation parameters and other considerations are presented below 
for each of the cases. 

Case 1. Existing system modification; heat exchanger; alfalfa. This is 
the simplest and least ambitious of all approaches considered. Basically, 
geothermal resources are used to provide a "preheat" to the air entering a 
conventional rotary dryer used in dehydrating alfalfa. 
cdlly identical to Case 1 of Chapter 6.) 

(This case is physi- 
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T a b l e  1 2 . 2  

CASES INCLUDED I N  POLICY ANALYSIS 

C.as e S t r a t e g i c  Approach Dryer C o n f i g u r a t i o n  Crop A p p l i c a t i o n  

1 E x i s t i n g  s y s  t e m  Heat exchanger  p r e d r y  A l f a l f a  
m o d i f i c a t i o n s  

2 E x i s t i n g  system Heat exchanger  p r e d r y  Other  s i n g l e  
m o d i f i c a t i o n s  crop 

3 E x i s t i n g  sys tem Steam-tube ro ta ry-  A l f a l f a  
m o  d i  f i c  a t i o n s  drum p r e d r y  

4 E x i s t i n g  sys tem P r e s s  o u t  w a t e r  t o  A l f a l f a  
modi f i cat i o n s  p r e d r y  ; c o n v e n t i o n a l  

d r y i n g  

5 E x i s t i n g  s y s  t e m  F i e l d  w i l t ,  t o  p r e d r y ;  A l f a l f a  
m o d i f i c a t i o n s  c o n v e n t i o n a l  d r y i n g  

New d r y i n g  sys tems Conveyor d r y e r  A l f a l f a  

New d r y i n g  sys tems Various d r y e r s  Crop combinat ions 

Management s t r a t e g y  Market s u b s t i t u t i o n  A l f a l f a  
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We have  made extreme assumptions about  t h e  a p p l i c a t i o n  of  p r e d r y i n g  
h e a t  exchangers  t o  e x i s t i n g  dehy i n s t a l l a t i o n s .  We have  assumed t h a t  t h e  
economics of  t h e  Heber case p r e s e n t e d  i n  d e t a i l  i n  Chapter  9 apply  through- 
o u t  t h e  western United States .  We assume t h a t  a l l  a l f a l f a - d r y i n g  i n s t a l l a -  
t i o n s  t h a t  are c u r r e n t l y  l o c a t e d  i n  t h e  e l e v e n  w e s t e r n  geothermal  s t a t e s  
w i t h i n  50 miles of  a geothermal r e s o u r c e  could  b e  conver ted  t o  t h e  use of 
geothermal  energy f o r  p r e h e a t  u s i n g  h e a t  exchangers  i n  t h e  e x i s t i n g  d r y e r s .  
To a p p l y  t h e  Heber economics t o  a l l  such cases i s  g r o s s l y  u n r e a l i s t i c ,  b u t  
n e v e r t h e l e s s  r e p r e s e n t s  an  upper  bound t o  t h i s  s t r a t e g y .  These assumptions 
are unreal is t ic  because i n  most i n s t a n c e s  t h e  e x i s t i n g  d r y e r s  a r e  t o o  f a r  
from geothermal  r e s o u r c e s ;  t o  move t h e  d r y e r s  t o  geothermal  r e s o u r c e s  would 
impose a t r a n s p o r t a t i o n  c o s t  t o  t h e  a l f a l f a  d r y e r ,  and t h e  market i n f r a -  
s t r u c t u r e ,  p o i n t e d  o u t  i n  Chapter  3 ,  i s  n o t  a b l e  t o  e a s i l y  w i t h s t a n d  r e q u i r e -  
ments f o r  a d d i t i o n a l  i n v e s t e d  c a p i t a l ,  N e v e r t h e l e s s  t h i s  boundary case is  
i n t e r e s t i n g  because  i t  shows how much n a t u r a l  gas  might b e  saved  through t h e  
s i m p l e s t  p o s s i b l e  m o d i f i c a t i o n  t o  e x i s t i n g  d r y e r s .  

A t o t a l  o f  seven  p l a n t s  a re  i n c l u d e d  i n  t h i s  a n a l y s i s .  These p l a n t s  are  
assumed t o  produce about  140,000 t o n s  of  dehy a n n u a l l y .  The peak c a p a c i t y  
is  t a k e n  as 6.8 t o n s / h o u r  a t  each p l a n t .  T h i s  g i v e s  a c a p a c i t y  u t i l i z a t i o n  
of  35 p e r c e n t  compared t o  a n a t i o n a l  average  of  33 p e r c e n t .  Assuming 11.5 
p e r c e n t  of  t h e  d e h y d r a t i o n  energy can b e  s u p p l i e d  from geothermal  r e s o u r c e s  
( s e e  Chapter  6) t h i s  r e p r e s e n t s  an  average  use  o f  2.4 x 1010 B t u ' s / y e a r  a t  
each  p l a n t .  

The parametric economic a n a l y s i s  of Chapter  5 y i e l d s  an  a n n u a l  o p e r a t i n g  
c o s t  of $450,000 f o r  t h i s  se t  of c o n d i t i o n s .  T h i s  i n c l u d e s  a m o r t i z a t i o n  o f  
t h e  c a p i t a l  inves tment  as w e l l  as maintenance c o s t s  and i s  f o r  t h e  c a s e  where 
o n l y  minimal p i p e l i n e  i s  r e q u i r e d .  The c o s t  of  geothermal  energy f o r  t h e  case 
t h e n  is  $ 1 9 / m i l l i o n  B t u ' s  f o r  a n e t  i n c r e a s e  of  $ 1 7 / m i l l i o n  B t u ' s  o v e r  n a t u r a l  
gas  ( t a k e n  as $ 2 ) .  
$2 t o  t h i s  f i g u r e .  

The a d d i t i o n  of a f ive-mi le  p i p e l i n e  adds a proximate ly  
The t o t a l  p o t e n t i a l  gas s a v i n g s  i s  1 . 7  x l og  SCF. 

I f  t h e  a d d i t i o n a l  c o s t s  were p a s s e d  on by t h e  d e h y d r a t o r s  t o  t h e i r  cus- 
tomers ,  t h e  p r i c e  o f  t h e  product  which t h e y  produced would have  t o  i n c r e a s e  
by approximate ly  20 p e r c e n t .  However, from o u r  a n a l y s i s ,  t h i s  p r o d u c t  would 
b e  e s s e n t i a l l y  t h e  same, n u t r i t i o n a l l y ,  as a product  d r i e d  by more c o n v e n t i o n a l  
means. The convers ion ,  i f  pursued,  could  b e  accomplished i n  less t h a n  1 0  y e a r s .  

On b a l a n c e ,  t h i s  approach seems q u i t e  u n r e a l i s t i c .  The i n d u s t r y  is  n o t  
i n  shape  t o  p r o v i d e  t h e  r e q u i r e d  c a p i t a l  and ,  i f  t h e  government w e r e  t o  p r o v i d e  
i t ,  t h e  r e t u r n  i n  terms of  n a t u r a l  gas  saved i s  q u i t e  m a r g i n a l .  

Case 2 .  E x i s t i n g  s y s t e m  m o d i f i c a t i o n s ;  h e a t  exchanger  p r e d r y ;  o t h e r  
s i n g l e  c rop .  T h i s  case is  q u i t e  s i m i l a r  t o - C a s e  1 except  t h a t  t h e  d r y i n g  of 
a - c r o p  o t h e r  t h a n  a l f a l f a  i s  c o n s i d e r e d .  More s p e c i f i c a l l y ,  t h e  d r y i n g  of  
I r i s h  p o t a t o e s  i s  c o n s i d e r e d  as t h e  f o c u s ;  t h ? s  c rop  w a s  chosen because  t h e  
e s t i m a t e d  v a l u e  f o r  t h i s  c rop  i s  second o n l y  t o  a l f a l f a  hay i n  areas e q u a l  
t o  o r  less t h a n  50 miles from i d e n t i f i e d  hydro thermal  r e s o u r c e  sys tems.  The 
v a l u e  of  t h i s  c rop  w i t h i n  t h e  p r o x i m i t y  of geothermal  r e s o u r c e s  i s  about  
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$170 m i l l i o n  p e r  y e a r .  I n  terms of  a c r e a g e ,  368,000 acres of  I r i s h  p o t a t o e s  
are l o c a t e d  w i t h i n  50 miles of  geothermal  r e s o u r c e s  i n  t h e  West. Most p o t a t o  
d r y i n g  o c c u r s  i n  Idaho,  Washington, Nevada, and Oregon--all states r i c h l y  
endowed w i t h  geothermal  r e s o u r c e s .  I n  a l l ,  some 1 6  p o t a t o  d r y i n g  p l a n t s  are 
l o c a t e d  w i t h i n  50 miles o f  geothermal  r e s o u r c e s .  On t h e  average ,  each p l a n t  
uses 2.6 x 10l1 B t u ' s  p e r  y e a r .  
h o u r s  a day f o r  280 days p e r  y e a r ,  each p l a n t  u t i l i z e s  40 x lo6  B t u ' s  p e r  
h o u r  d u r i n g  t h e  d r y i n g  p r o c e s s .  This i s  a c a p a c i t y  u t i l i z a t i o n  of 80 p e r c e n t .  
Each a v e r a g e  p l a n t  y i e l d s  about  25 m i l l i o n  pounds o f  dehydrated p o t a t o e s  p e r  
y e a r .  

Assuming a nominal o p e r a t i o n a l  c y c l e  o f  24 

As i n  Case I, w e  assume t h a t  t h e  d r y i n g  p l a n t s  can b e  l o c a t e d  f a i r l y  
c l o s e  t o  t h e  geothermal  r e s o u r c e s .  The h i g h - c a p a c i t y  u t i l i z a t i o n  by t h e  
pota to-dehydra t ion  i n d u s t r y ,  and t h e  lower tempera tures  i n v o l v e d ,  a l l o w  b o t h  
u t i l i z a t i o n  f a c t o r  and t h e  economics of scale t o  reduce t h e  energy c o s t s .  
The annual  o p e r a t i n g  c o s t s  from Chapter  5 f o r  t h i s  case are $530,00O/plant 
w i t h  minimal p i p e l i n e .  T h i s  y i e l d s  $ 2 . 0 4 / m i l l i o n  B t u ' s  as a c o s t  o f  geo- 
thermal  energy and e s s e n t i a l l y  no impact  on p r o d u c t  c o s t .  The p o t a t o - d r y i n g  
case d i f f e r s  from t h e  a l f a l f a  d r y i n g  i n  t h a t  geothermal  energy  can p r o v i d e  
t h e  t o t a l  amount of h e a t  r e q u i r e d  f o r  t he  d r y i n g  p r o c e s s  s i n c e  the  peak 
d r y i n g  t e m p e r a t u r e  f o r  p o t a t o e s  i n  e x i s t i n g  d r y e r s  is only  275°F. I f  t h i s  
convers ion  w e r e  made f o r  , a l l  1 6  p l a n t s  approximate ly  4.2 x lo1* B t u ' s  p e r  
y e a r  o r  4 .2  x l o 9  s t a n d a r d  c u b i c  f e e t  would b e  saved .  

Thus, t o  e f f e c t  a complete  convers ion  t o  geothermal  energy under a set  
of  o p t i m i s t i c  assumptions would r e q u i r e  an inves tment  of approximately S16 
m i l l i o n .  
would b e  saved .  This  amount i s  q u i t e  a p p r e c i a b l e .  I f  t h e  d e h y d r a t o r s  w e r e  
r e q u i r e d  t o  i n v e s t  t h e  c a p i t a l  t o  make t h i s  convers ion ,  t h e y  would have t o  
add v e r y  l i t t l e  t o  t h e  p r i c e  of t h e i r  p r o d u c t  i n  o r d e r  t o  recoup t h i s  i n v e s t -  
ment. Because t h e  market  f o r  dehydra ted  p o t a t o e s  i s  growing, t h e  i n d u s t r y  
appears  t o  b e  i n  f a i r l y  good economic c o n d i t i o n .  N u t r i t i o n a l  v a l u e  of t h e  
product  would n o t  b e  a f f e c t e d  a t  a l l .  Timing, a s  i n  t h e  ea r l i e r  case, would 
range  between 5 and 10 y e a r s .  

For t h i s  inves tment  some 4.2 x 10 9 s t a n d a r d  c u b i c  f e e t  p e r  y e a r  

Case 3: E x i s t i n g  sys tem m o d i f i c a t i o n s ;  s team-tube rotary-drum p r e d r y ;  

This p o l i c y  case i s  i d e n t i c a l  t o  t h e  d e s i g n  Case 5 
a l f a l f a .  I n  t h i s  i n s t a n c e  w e  assume t h a t  t h e  a l f a l f a  d r y e r s  u t i l i z e  steam- 
t u b e  r o t a r y  p r e d r y e r s .  
p r e s e n t e d  i n  Chapter  6 .  
i n g  set  of  c i r c u m s t a n c e s  t o  i n v e s t i g a t e  t h e  maximum amount of s a v i n g s  o f  
n a t u r a l  gas which could  b e  r e a l i z e d :  a l l  a l f a l f a  d r y e r s  i n  t h e  western geo- 
thermal  s ta tes  are conver ted  t o  steam-tube r o t a r y  p r e d r y e r s .  

As i n  o u r  ea r l i e r  d i s c u s s i o n  w e  have assumed a l i m i t -  

The number of dehy p l a n t s ,  c a p a c i t y  u t i l i z a t i o n ,  and t o t a l  p r o d u c t i o n  
f o r  t h i s  case are t a k e n  as t h o s e  used i n  Case 1. The d i f f e r e n c e s  are t h e  
i n c r e a s e d  c a p i t a l  i n v e s t m e n t ,  main tenance  c o s t s ,  and geothermal  energy u t i l i -  
z a t i o n  a s s o c i a t e d  w i t h  t h e  steam-tube p r e d r y e r .  Using 33 p e r c e n t  o f  t h e  
energy requi rement  as geothermal  (.see Chapter  6 )  a combinat ion of t h e  d a t a  
i n  Chapters  5 and 6 y i e l d s  an  i n c r e a s e d  a n n u a l  o p e r a t i o n  c o s t  o f  $492,000 
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p e r  p l a n t .  T h i s  y i e l d s  a c o s t  o f  $ 7 . 4 0 / m i l l i o n  B t u ' s  f o r  t h e  geothermal  
energy ,  o r  a n  i n c r e a s e  of  $18 f o r  a t o n  of  dehydra ted  a l f a l f a .  
on product  c o s t  i s  similar t o  Case 1 b u t  t h e  s a v i n g s  i n  n a t u r a l  gas  i s  
approximate ly  t h r e e  t i m e s  as l a r g e .  

The impact  

A s  i n  Case 1, i t  seems u n l i k e l y  t h a t  t h e  n a t u r e  o f  t h e  dehy i n d u s t r y  
could  t o l e r a t e  such  a p r i c e  i n c r e a s e .  The d e c r e a s e  i n  n a t u r a l  gas u t i l i z a -  
t i o n ,  4 .7  x 10 SCF, i s  more a t t r a c t i v e  b u t  s t i l l  c o s t l y .  Timing f o r  t h i s  
case could  b e  5 t o  10 y e a r s  and t h e  impact  on n u t r i t i o n  i s  expec ted  t o  b e  
minimal . 

8 

Case 4 :  E x i s t i n g  sys tem m o d i f i c a t i o n s ;  p r e s s  o u t  water t o  p r e d r y ;  a l f a l f a .  
The p r i n c i p a l  r e a s o n  f o r  p r e s s i n g  a l f a l f a  b e f o r e  t h e  d r y i n g  p r o c e s s  i s  t o  
squeeze  water o u t  so  t h a t  less water h a s  t o  b e  removed d u r i n g  t h e  d r y i n g  pro- 
cess. Of c o u r s e  t h e  water which is p r e s s e d  o u t  of  t h e  a l f a l f a  may have some 
v a l u e  i n  i t s e l f  since i t  does c o n t a i n  some of t h e  n u t r i e n t s  of t h e  a l f a l f a .  
P r e s s i n g  f r e s h  w e t  a l f a l f a  w i l l  y i e l d  a dewatered o r  "mechanical ly  w i l t e d "  
r e s i d u e  ( p r e s s c a k e )  and a p r o t e i n -  and v i tamin- r ich  j u i c e .  I f  t h e  aim i n  
p r e s s i n g  i s  s o l e l y  t o  f a c i l i t a t e  t h e  d r y i n g  o f  t h e  ce l lu la r  mass, t h e  j u i c e  
r e p r e s e n t s  l o s t  n u t r i e n t  v a l u e .  

N e v e r t h e l e s s ,  i n  t h e  system w e  e n v i s i o n  t h e  a l f a l f a  would b e  brought  t o  
t h e  d e h y d r a t i o n  s i t e ,  mechanical  r o l l e r s  would p r e s s  o u t  some o f  t h e  l i q u i d  
c o n t e n t ,  and t h e n  t h e  p a r t i a l l y  d r i e d  a l f a l f a  would b e  s e n t  through conven- 
t i o n a l  d e h y d r a t o r s .  Geothermal energy  i s  n o t  i n v o l v e d  i n  t h i s  p r o c e s s .  

W e  assume t h a t  all o f  t h e  si tes i n  t h e  western p a r t  o f  t h e  United States  
are c o n v e r t e d  t o  t h i s  p r o c e s s .  We assume t h a t  i n  t h e s e  s e v e n  p l a n t s ,  t h e  
p r o c e s s  p e r m i t s  t h e  removal of  enough water  t o  d r o p  t h e  m o i s t u r e  c o n t e n t  of 
t h e  a l f a l f a  from a n  i n i t i a l  v a l u e  of  75 p e r c e n t  t o  60 p e r c e n t .  According t o  
t h e  estimates p r e s e n t e d  i n  Chapter  7 ,  t h i s  would reduce t h e  energy r e q u i r e -  
ments t o  dry  by almost  50 p e r c e n t .  In t h e  a g g r e g a t e ,  t h i s  would amount t o  
a s a v i n g s  o f  6 x l o 8  s t a n d a r d  c u b i c  f e e t  of n a t u r a l  g a s .  

O f  c o u r s e ,  i t  i s  p o s s i b l e  t o  c o n s i d e r  t h i s  approach f o r  t h e  n a t i o n  as a 
whole s i n c e  i t  is  n o t  t i e d  t o  t h e  geography o f  geothermal  r e s o u r c e s .  In t h i s  
instance t h e  amount of  n a t u r a l  gas  which could  b e  saved  is 6 x l o9  SCF of 
n a t u r a l  gas .  

Assuming f o r  a moment t h a t  t h e  p r e s s i n g  m i l l s  r e p r e s e n t  a c a p i t a l  i n v e s t -  
ment of  about  one-half  m i l l i o n  d o l l a r s  e a c h ,  t h a t  t h e  a m o r t i z a t i o n  i s  o v e r  a 
10-year p e r i o d ,  and t h a t  i n c r e m e n t a l  o p e r a t i n g  c o s t s  are v e r y  s m a l l :  

- T o t a l  inves tment  c o s t  c o n v e r t i n g  t h e  a l f a l f a  d r y e r s  i n  t h e  
w e s t  amounts t o  1 2  1 / 2  m i l l i o n  d o l l a r s .  

- T o t a l  investment c o s t s  c o n v e r t i n g  a l l  d r y e r s  i n  t h e  count ry  
amounts t o  $125 m i l l i o n .  

- The c o s t  o f  t h e  d e l i v e r e d  product  i s  e s s e n t i a l l y  unchanged 
s i n c e  t h e  amount o f  gas saved  e s s e n t i a l l y  e q u a l s  t h e  amor t ized  
e x p e n d i t u r e s  f o r  t h e  d r y i n g  p r e s s e s .  
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T h i s  approach could  p o s s i b l y  b e  absorbed  by t h e  i n d u s t r y  w i t h o u t  undue 
impact ,  The government would probably  have  t o  e s t a b l i s h  a l o a n  program o r  
some k i n d  o f  subs idy  which would encourage t h e  d e h y d r a t o r s  t o  purchase  t h e  
p r e s s e s .  T h i s  a c t i v i t y  c o u l d  b e  w e l l  j u s t i f i e d  i n  t h e  minds of t h e  dehy- 
d r a t o r s  on t h e  b a s i s  of  lower ing  t h e i r  requi rements  o f  n a t u r a l  gas and t h u s  
improving t h e i r  a b i l i t y  t o  w i t h s t a n d  c u r t a i l m e n t .  The n u t r i t i o n a l  impact 
i s ,  of c o u r s e ,  of concern.  However, t h e  f l u i d s  removed from t h e  a l f a l f a  
d u r i n g  t h e  mechanical  p r e s s i n g  might b e  t h e  b a s i s  f o r  a d d i t i o n a l  p r o t e i n - r i c h  
p r o d u c t s .  Research s h o u l d  b e  performed i n t o  t h e  p o t e n t i a l  uses  of  such f l u i d s .  
I n  a d d i t i o n ,  t h e  subsequent  d r y i n g  p r o c e s s  might b e  accomplished a t  lower 
t e m p e r a t u r e  t h u s  l i m i t i n g  t h e  amount o f  n u t r i t i o n a l  d e s t r u c t i o n  which o c c u r s  
af ter  p r e s s i n g ;  t h u s  t h e  ne t  n u t r i t i o n a l  product  may w e l l  b e  unimpaired. 

This system could  b e  p l a c e d  i n t o  o p e r a t i o n  i n  3 t o  5 y e a r s .  One i n t e r -  
e s t i n g  impact which s h o u l d  b e  c o n s i d e r e d  i s  t h e  f a c t  t h a t  p r e s s e s  of  t h e  
s o r t  which would b e  r e q u i r e d  h e r e  are c u r r e n t l y  produced i n  Sweden, and n o t  
i n  t h e  Uni ted  S t a t e s .  T h e r e f o r e ,  t h e  market f o r  p r e s s e s  t h a t  would b e  c r e a t e d  
by t h i s  p o l i c y  would have i m p a c t  on t h e  i n t e r n a t i o n a l  b a l a n c e  of  pay-?ents and,  
w i t h  a p p r o p r i a t e  i n c e n t i v e s ,  t h e  domest ic  m i l l  i n d u s t r y .  

Case 5: E x i s t i n g  s y s t e m  m o d i f i c a t i o n s ;  f i e l d  w i l t  t o  predry--convent ional  
dry ing;  a l f a l f a .  I n  t h i s  case t h e  a l f a l f a  i s  p e r m i t t e d  t o  f i e l d  w i l t  b e f o r e  
b e i n g  t a k e n  t o  t h e  d e h y d r a t o r  f o r  f i n a l  d r y i n g ,  The f i e l d - w i l t i n g  p r o c e s s  
uses s o l a r  energy t o  remove m o i s t u r e  p r i o r  t o  t h e  a c t u a l  d r y i n g  p r o c e s s .  
t e c h n i q u e  i s  used f r e q u e n t l y  i n  many l o c a t i o n s  i n  t h e  Uni ted  States  and can 
result i n  a p p r e c i a b l e  energy s a v i n g s .  

T h i s  

I n  t h e  c u r r e n t  a l f a l f a - d r y i n g  p r o c e s s  t h e  c rop  i s  h a r v e s t e d ,  loaded  on 
a t r a i l e r ,  and conveyed t o  t h e  a l f a l f a - d r y i n g  s i t e  i n  a cont inuous  o p e r a t i o n .  
I n  f i e l d  w i l t i n g ,  t h e  h a r v e s t e d  a l f a l f a  i s  al lowed t o  dry  i n  t h e  f i e l d  f o r  
several h o u r s  and t h e n  i s  l o a d e d  and c a r r i e d  t o  t h e  d e h y d r a t o r .  T h i s  i n t e r v a l  
d u r i n g  which t h e  crop l i e s  i n  t h e  f i e l d  a f t e r  h a r v e s t i n g  p e r m i t s  e v a p o r a t i o n  
o f  a p p r e c i a b l e  q u a n t i t i e s  of m o i s t u r e  normal ly  c o n t a i n e d  i n  t h e  f o r a g e .  Typi- 
c a l l y  t h e  i n t e r v a l  between h a r v e s t i n g  and p r o c e s s i n g  i s  about  4 t o  6 h o u r s .  

A danger  t h a t  f a r m e r s  f a c e  when t h i s  approach i s  used is  r a i n  d u r i n g  t h e  
i n t e r v a l  between h a r v e s t i n g  and  c o l l e c t i o n  o f  t h e  c rop .  
t h i s  t i m e ,  d r y i n g  o b v i o u s l y  does n o t  o c c u r  and mildew and r o t t i n g  r e s u l t .  
F i e l d  w i l t i n g  r e q u i r e s  t h a t  t h e  f a r m e r  h a r v e s t  t h e  c rop  a t  a t i m e  t h a t  may b e  
less f a v o r a b l e  from t h e  s t a n d p o i n t  of n u t r i t i o n  t h a n  would o t h e r w i s e  b e  t h e  
case. I n  a d d i t i o n ,  i n  t h e  f i e l d - w i l t i n g  approach t h e  fa rmer  must m a k e  two 
t r i p s  through t h e  f i e l d ,  one t o  c u t  t h e  c rop  and t h e  second t o  c o l l e c t  i t .  
F i n a l l y ,  t h e r e  i s  a danger  of "overdrying" by a l l o w i n g  t h e  c rop  t o  remain i n  
t h e  f i e l d  t o o  l o n g .  

I f  i t  r a i n s  d u r i n g  

I f  t h i s  o c c u r s ,  t h e  n u t r i e n t  q u a l i t y  o f  t h e  c rop  d iminishes .  

The p o t e n t i a l  energy s a v i n g s  i n  u s i n g  t h i s  approach are  g r e a t .  Assume 
f o r  a moment t h a t  f i e l d  w i l t i n g  results i n  a drop of  m o i s t u r e  c o n t e n t  from 
75 p e r c e n t  t o  60 p e r c e n t .  
case f o r  mechanica l  d r y i n g . )  

( T h i s  i s  t h e  same drop as assumed i n  t h e  p r e v i o u s  
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A s  i n  t h e  p r e v i o u s  case t h e  t o t a l  p o t e n t i a l  energy  s a v i n g  i s  6 x 10 9 
SCF o f  n a t u r a l  gas nat ionwide.  T h i s ,  of c o u r s e ,  r e p r e s e n t s  an  upper  bound 
s i n c e  f i e l d  w i l t i n g  w i l l  n o t  b e  u n i v e r s a l l y  p r a c t i c a l .  I n  t h i s  c a s e  t h e r e  
is a p o t e n t i a l  f o r  a s l i g h t  d e c r e a s e  i n  t h e  c o s t  o f  dehydra ted  product  which 
i s  probably  o f f s e t  by t h e  i n c r e a s e d  r i s k s  a s s o c i a t e d  w i t h  f i e l d  w i l t i n g  as 
a procedure .  

The c a p i t a l  inves tment  r e q u i r e d  by t h e  fa rmer  t o  accomplish t h i s  pro- 
cedure  i s  minimal.  Two p a s s e s  through t h e  f i e l d  are r e q u i r e d ,  of c o u r s e ,  
and t h i s  i n c r e a s e s  o p e r a t i n g  c o s t s .  
c o s t  i n  u s i n g  t h i s  t e c h n i q u e  i s  a s s o c i a t e d  w i t h  loss o f  c rop  due t o  a d v e r s e  
w e a t h e r  c o n d i t i o n s  i n  t h e  p e r i o d  o f  f i e l d  w i l t i n g .  I f  w e  assume t h a t  10 
p e r c e n t  of t h e  c rop  i s  l o s t  p e r  y e a r  due t o  both  w e a t h e r  and o v e r d r y i n g  t h i s  
would probably  b e  made up by u t i l i z a t i o n  of t h e  l a r g e  unused c a p a c i t y  cur- 
r e n t l y  i n  p l a c e .  The i n c r e a s e d  c o s t  would t h e n  b e  t h a t  a s s o c i a t e d  w i t h  t h e  
p u r c h a s e  o f  a d d i t i o n a l  r a w  a l f a l f a  and would b e  a small increment  i n  t h e  t o t a l  
p r o d u c t  c o s t .  The margina l  c o s t  of a l f a l f a  would d iminish  i f  t h i s  t e c h n i q u e  
w e r e  p r a c t i c e d .  W e  estimate t h a t  t h e  c o s t  w i l l  drop approximate ly  5 p e r c e n t  
because  of s a v i n g s  i n v o l v e d  i n  t h e  use of n a t u r a l  gas .  
i n d u s t r y  would b e  minimal. Timing could  b e  almost  immediate ,  depending on  
t h e  e d u c a t i o n a l  and i n c e n t i v e  programs i n t r o d u c e d  by government t o  f o s t e r  t h i s  
t e c h n i q u e .  The e f f e c t  on t h e  n u t r i t i o n a l  q u a l i t y  o f  t h e  product  would have t o  
b e  monitored b u t  probably  c o u l d  b e  h e l d  w i t h i n  a c c e p t a b l e  bounds.  

Probably t h e  most s i g n i f i c a n t  a d d i t i o n a l  

The impact on t h e  

I n  sum, t h i s  technique  is exceedingly  promising.  I t  p r o v i d e s  g r e a t  
s a v i n g s  i n  n a t u r a l  gas  w i t h  v e r y  l i t t l e  impact  on t h e  i n d u s t r y  o r  t h e  p r o d u c t .  
Furthermore from o u r  a n a l y s i s  i t  appears  t h a t  t h e  p r i c e  o f  t h e  product  t o  t h e  
consumer would drop i f  t h i s  approach became more widespread.  

Case 6 :  New dry ing  sys tems;  conveyor d r y e r ;  a l f a l f a .  T h i s  case c o n s i d e r s  
t h e  c o n s t r u c t i o n  o f  an  a l f a l f a  d e h y d r a t i o n  f a c i l i t y  des igned  w i t h  geothermal  
a p p l i c a t i o n  i n  mind from t h e  beginning .  T h i s  i s  t h e  d e s i g n  a s s o c i a t e d  w i t h  

Zealand f a c i l i t y .  This  case h a s  been  examined i n  d e t a i l  i n  Chapter  6 and need 
n o t  b e  d i s c u s s e d  i n  d e t a i l  h e r e .  

.Case 6 of  Chapter  6 and c o n s i s t s  o f  a conveyor d r y e r  analogous t o  the New 

I f  t h e  s e v e n  e x i s t i n g  f a c i l i t i e s  w i t h i n  50 m i l e s  o f  geothermal  r e s o u r c e s  
were e l i m i n a t e d  and r e b u i l t  a t  f o u r  geothermal  s i tes ,  t h e  t o t a l  p r o d u c t i o n  
would remain t h e  same (140,000 t o n s  a n n u a l l y ) .  The a n a l y s i s  of Chapter  6 
i n d i c a t e s  an increase i n  product  c o s t  of $26/ ton  and a p o t e n t i a l  annual  sav- 
i n g s  of  1 . 4  x l o 9  SCF of n a t u r a l  g a s .  A s  i n  Cases 1 and 3 i t  i s  d o u b t f u l  
t h a t  t h e  s ta te  of t h e  i n d u s t r y  could  s u p p o r t  t h i s  t y p e  of  impact  on p r i c e  
a l though t h e  impact  on n u t r i t i o n a l  v a l u e  is  expec ted  t o .  b e  minimal based  on 
t h e  c o n s i d e r a t i o n s  d i s c u s s e d  i n  Chapter  7 and t h e  New Zealand e x p e r i e n c e .  

Case 7: New d r y i n g  sys tems;  v a r i o u s  d r y e r s ;  c rop  combinat ions.  T h i s  
case a n t i c i p a t e s  t h e  p o t e n t i a l  use of m u l t i c r o p  d r y i n g  c e n t e r s  l o c a t e d  a t  
v a r i o u s  p l a c e s  throughout  t h e  western Uni ted  S t a t e s .  
new i n s t a l l a t i o n s  c o i n c i d e n t  w i t h  a p p r o p r i a t e  geothermal  r e s o u r c e s .  The c r o p s  

The d r y i n g  c e n t e r s  are 
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which r o t a t e  through these d r y i n g  c e n t e r s  are brought  from s u r r o u n d i n g  
a g r i c u l t u r a l  l a n d s  t o  b e  p r o c e s s e d  a t  t h e  c e n t r a l i z e d  f a c i l i t i e s .  The 
d e s i g n  and concept  of such  f a c i l i t i e s  h a s  been  e x p l a i n e d  i n  d e t a i l  i n  
Chapter  10. 

I n  t h e  s p i r i t  of t h e  ea r l i e r  p o l i c y  c a s e s ,  t h e  ' h a x i m u m  a p p l i c a t i o n "  
of m u l t i c r o p  d r y i n g  c e n t e r s  i s  p o s t u l a t e d .  This  would i n v o l v e  c e n t e r s  
b e i n g  l o c a t e d  a t  v a r i o u s  geothermal  s i tes  throughout  t h e  West w i t h  v a r i o u s  
l o c a l l y  grown c r o p s  f lowing  through each of t h e  c e n t e r s .  The c h a r a c t e r i s t i c s  
o f  t h i s  sys tem are summarized below. 

- P r i n c i p a l  c rops :  a l f a l f a ,  p o t a t o e s ,  o n i o n s ,  a p p l e s ,  c o t t o n  

- Number o f  c e n t e r s :  t e n  c o n s i d e r e d  most a t t rac t ive  

Based on o u r  c o n s i d e r a t i o n  o f  t h e  c a p a c i t y  u t i l i z a t i o n  of t h e  p o t a t o -  
d e h y d r a t i o n  i n d u s t r y  i t  is  clear t h a t  f o r  t h o s e  c rops  where low-temperature 
a i r  can b e  used i n  t h e  p r o c e s s i n g  and where c r o p  s t o r a g e  does n o t  p r e s e n t  a 
problem, near-maximum u t i l i z a t i o n  o f  a geothermal  r e s o u r c e  i s  p o s s i b l e .  

The d a t a  i n  Chapter  10 show t h a t  p o t a t o e s  are a major crop  i n  the  r e g i o n  
of  t h e  proposed m u l t i p u r p o s e  c e n t e r s  and i t  i s  assumed t h a t  t h e  combinat ion 
of  p o t a t o e s  w i t h  o t h e r  c r o p s  can b e  programmed through a c e n t e r  t o  provide  
f o r  a w e l l - c a p a c i t y  u t i l i z a t i o n  o f  90 p e r c e n t .  
examinat ion i t  i s  assumed t h a t  each w e l l  h a s  a c a p a c i t y  of  50 x l o6  B t u ' s /  
hour .  This assumption t h e n  l e a d s  t o  a u t i l i z a t i o n  of 4 . 4  x B t u ' s / y e a r  
a t  each w e l l  f o r  a t o t a l  o f  4 . 4  x 1 O I 2  B t u ' s / y e a r  f o r  t h e  t e n  s i tes .  T h i s  
is  t h e  e q u i v a l e n t  o f  4 . 4  x lo9 SCF o f . n a t u r a 1  g a s  and n e a r l y  10 p e r c e n t  o f  
t h e  energy used n a t i o n a l l y  i n  d e h y d r a t i n g  t h e  twelve c rops  c o n s i d e r e d  i n  
t h i s  s t u d y .  

For t h e  purpose  o f  t h i s  

Assuming t h e  low-temperature a i r  (270'F) can b e  used f o r  t h e  d e h y d r a t i o n  
p r o c e s s ,  t h e  a n a l y s i s  of Chapter  5 i n d i c a t e s  annual  o p e r a t i n g  c o s t s  f o r  t h e  
geothermal ly  h e a t e d  a i r  of $570,000 p e r  s i t e .  
B t u ' s .  T h i s  i s  a c o s t  which is  a t  o r  below t h e  c u r r e n t  c o s t  o f  n a t u r a l  g a s .  
I f  a f ive-mi le  p i p e l i n e  were inc luded  in t h e  geothermal  c o s t s ,  t h e  c o s t  would 
i n c r e a s e  t o  approximate ly  $ 1 . 6 0 / m i l l i o n  B t u ' s .  

T h i s  t r a n s l a t e s  t o  $ 1 . 3 0 / m i l l i o n  

It i s  e s t i m a t e d  t h a t  c e n t e r s  t o  p r o v i d e  t h i s  type  of  u t i l i z a t i o n  could 
b e  i n  p l a c e  w i t h i n  t e n  y e a r s .  T h i s  a l ternat ive a p p e a r s  most a t t r ac t ive  s i n c e  
i t  would have minimal impact on t h e  d e h y d r a t i o n  i n d u s t r y  and p r o v i d e  for sub- 
s t a n t i a l  s a v i n g s  i n  f o s s i l  f u e l s .  

Case 8: Management s t r a t e g y ;  market s u b s t i t u t i o n ;  a l f a l f a .  A s  a f i n a l  
case w e  c o n s i d e r  t h e  s i t u a t i o n  where t h e  s u b s t i t u t i o n  f o r  c o n v e n t i o n a l  dehy 
may become e i ther  d e s i r a b l e  o r  n e c e s s a r y  as a r e s u l t  o f  severe c u r t a i l m e n t  
i n  n a t u r a l  gas  supply  t o  t h e  i n d u s t r y .  
by t h e  e l i m i n a t i o n  o f  t h i s  i n d u s t r y  i s  about  15 x l o 9  SCF a n n u a l l y .  
s a v i n g s  i s  of  q u e s t i o n a b l e  v a l u e  re la t ive  t o  t h e  economic d isp lacement  t h a t  
would result from a complete  c u t o f f .  

The p o t e n t i a l  s a v i n g s  i n  n a t u r a l  gas  
T h i s  
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Our s t u d y  i n d i c a t e s  t h a t  t h e  pr imary market f o r  dehy i s  t h e  p o u l t r y  
f e e d  i n d u s t r y  and t h a t  a major c o n t r i b u t i o n  of t h e  dehy component i s  as 
a y e l l o w i n g  agent  f o r  egg y o l k s .  I n  t h e  area of  f e e d  f o r  ruminants  o t h e r  
f e a t u r e s  may be i m p o r t a n t .  I n  many a p p l i c a t i o n s  adequate  s u b s t i t u t e s  are  
a v a i l a b l e - - f o r  example, marigold p e t a l s  as a x a n t h o p h y l l  s o u r c e  i n  p o u l t r y  
f e e d .  A l l  o f  t h e  n u t r i e n t  q u a l i t i e s  of  dehy are n o t  known w i t h  c e r t a i n t y ,  
b u t  t h e  margina l  s t a t u s  of t h e  market would appear  t o  i n d i c a t e  t h a t  i t  may 
n o t  b e  a n  " e s s e n t i a l "  i n g r e d i e n t  i n  t h e  f e e d s  t h a t  c u r r e n t l y  absorb  t h e  
o u t p u t  of t h e  i n d u s t r y .  

If- t h e  i n d u s t r y  were s e v e r e l y  c u r t a i l e d  f o r  one r e a s o n  o r  a n o t h e r  w e  
would expect t o  see an i n c r e a s e  i n  t h e  p r o d u c t i o n  of sun-cured a l f a l f a  f o r  
ruminant  f e e d  and t h e  s u b s t i t u t i o n  o f  o t h e r  x a n t h o p h y l l  s o u r c e s  i n  p o u l t r y  
f e e d .  The o v e r a l l  n a t i o n a l  impact o f  such  a s u b s t i t u t i o n  would n o t  b e  ex- 
p e c t e d  t o  b e  l a r g e  e x c e p t  i n  i t s  impact  on t h e  dehy i n d u s t r y  i t s e l f .  

Anal y s i s  

As a set ,  t h e  e i g h t  cases examined above p r e s e n t  a number o f  i n t e r e s t i n g  
alternatives. M o d i f i c a t i o n s  t o  e x i s t i n g  sys tems are of  lowes t  c o s t ,  b u t  o f  
l ea s t  consequence.  I n s t a l l a t i o n  of  new d r y i n g  sys tems i s  expens ive  i n  terms 
of  b o t h  t o t a l  r e q u i r e d  inves tment  and o p e r a t i n g  c o s t s ;  however, t h e  amount 
of  gas  s a v e d  i s  l a r g e r .  I n  t h e  case of  t h e  m u l t i c r o p  c e n t e r ,  t h e  s a v i n g s  
become q u i t e  s i g n i f i c a n t .  

The m a r k e t - s u b s t i t u t i o n  s t r a t e g y  (which would r e p l a c e  dehy e n t i r e l y )  
r e p r e s e n t s  a n  i n t e r v e n t i o n  i n t o  t h e  market which may n o t  b e  warran ted .  Sun 
c u r i n g  a l f a l f a  r e s u l t s  i n  d e t e r i o r a t i o n  o f  t h e  product  and, of c o u r s e ,  ad- 
v e r s e l y  a f fec ts  t h e  dehy i n d u s t r y .  Of all t h e  s t r a t e g i e s  c o n s i d e r e d ,  f i e l d  
w i l t i n g ,  fo l lowed by c o n v e n t i o n a l  d r y i n g ,  may b e  t h e  b e s t  b e t  from t h e  s t a n d -  
p o i n t  o f  s a v i n g  natural gas.  I n  t h i s  i n s t a n c e ,  careful c o n t r o l  could result 
i n  minimum l o s s  o f  n u t r i t i o n a l  q u d l i t i e s  a n d ,  assuming t h a t  h a r v e s t i n g  could  
b e  p r o p e r l y  c o o r d i n a t e d  i n  terms of i t s  t i m i n g ,  q u i t e  a p p r e c i a b l e  q u a n t i t i e s  
o f  g a s  could  b e  saved .  Furthermore,  t h i s  t e c h n i q u e  c o u l d  b e  p r a c t i c e d  a c r o s s  
t h e  count ry ,  n o t  just  i n  t h e  West. I f  a l l  dehy i n  t h e  United S t a t e s  w e r e  
handled  t h i s  way, 'approximately 6 x 109 SCF of  n a t u r a l  gas  c o u l d  b e  saved .  
The dehy i n d u s t r y  would h a r d l y  b e  a f f e c t e d  and t h e  p r o d u c t  would remain u s a b l e  
i n  i t s  p r e s e n t  a p p l i c a t i o n s .  

Our c o n c l u s i o n ,  t h e r e f o r e ,  i s  t h a t  two approaches are worth f o l l o w i n g :  

- Mult ic rop  d r y e r s  u s i n g  long-time, low-temperature d r y i n g  
s y s t e m s  

- F i e l d  w i l t i n g  of a l f a l f a  fo l lowed by c o n v e n t i o n a l  d r y i n g  

I n  t h e  n e x t  s e c t i o n  w e  a d d r e s s  t h e  p o t e n t i a l  p o l i c i e s  which might  b e  
fo l lowed t o  encourage t h e s e  two developments.  
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P o l i c y  Modes 

. W e  c o n s i d e r e d  several d i f f e r e n t  approaches .  t o  t h e  implementat ion o f  t h e  
most d e s i r a b l e  d r y i n g  systems.  These were 

- demonst ra t ion  p l a n t s  

- market s t i m u l a t i o n  

- s u b s i d i e s  

- changing c o s t  o f  competing energy s o u r c e s  

- r e g u l a t i o n  

S i n c e  t h e  economics of  t h e  m u l t i c r o p  d r y e r  are l a r g e l y  t h e o r e t i c a l ,  a 
demonst ra t ion  p l a n t  might w e l l  b e  a u s e f u l  t e c h n i q u e .  T h i s  p l a n t  would b e  
l o c a t e d  n e a r  a developed geothermal  r e s o u r c e  and o p e r a t e d  by a c o o p e r a t i v e  

of  companies from t h e  d r y i n g  i n d u s t r i e s  a f f e c t e d  by t h e  concept .  
e, i f  a l f a l f a ,  p o t a t o e s ,  and onions  were t h e  c rops  i n c l u d e d ,  d r y e r  

o p e r a t o r s  from each of  t h e s e  areas would b e  i n v i t e d  t o  c o n t r i b u t e  t o  t h e  
demonst ra t ion-p lan t  exper iment .  They would become t h e  o p e r a t o r s  i n  much t h e  
same way as u t i l i t y  companies o p e r a t e  e l e c t r i c - g e n e r a t i o n  demonst ra t ion  
p l a n t s .  Because of  the c o s t  and t h e  u n c e r t a i n t i e s  involved  i n  r e t r o f i t t i n g ,  
t h e  c o n t r i b u t i o n  o f  t h e  governmei-t t o  t h e  demonst ra t ion  p l a n t  might b e  a 
major  p o r t i o n  of t h e  t o t a l  c a p i t a l  e x p e n d i t u r e s .  

There i s ,  of c o u r s e ,  no "demonst ra t ion  plant ' '  t h a t  can be a s s o c i a t e d  
w i t h  t h e  f i e l d - w i l t i n g  approach.  N e v e r t h e l e s s ,  l a r g e - s c a l e  demonst ra t ion  
c o u l d  prove  u s e f u l .  F i e l d  w i l t i n g  is  a t e c h n i q u e  c u r r e n t l y  p r a c t i c e d  i n  
several  areas. One t y p e  of demonst ra t ion  p l a n t  which might b e  p a r t i c u l a r l y  
a t t rac t ive  and have impor tan t  downstream consequences is  an a l f a l f a - p r o c e s s i n g  
p l a n t  d e s i g n e d  t o  produce p r o t e i n  and o t h e r  a l f a l f a  byproducts  f o r  human con- 
sumption. W e  have i n  mind a p r o c e s s  s imilar  t o  t h e  Pro-Xan program e x p l a i n e d  
i n  an ear l ie r  c h a p t e r  and c u r r e n t l y  under  s t u d y  by USDA and i n  France.  
wor ld  s e r i o u s l y  i n  need of food ,  t h e  p r o c e s s  might prove  exceedingly  v a l u a b l e .  
Our a n a l y s i s  i n d i c a t e s  t h a t  geothermal  f l u i d s  could  p r o v i d e  a n  a p p r o p r i a t e  
energy s o u r c e  f o r  s u c h  p r o c e s s e s .  

I n  a 

Market s t i m u l a t i o n  c o n s t i t u t e s  a n o t h e r  p o l i c y  mode. By market s t i m u l a t i o n  
w e  mean government a c t i o n  which r e s u l t s  i n  an  i n c r e a s i n g  market  f o r  t h e  d r i e d  
a g r i c u l t u r a l  p roduct  produced by a d e s i r e d  c o n f i g u r a t i o n .  For  example,  t h e  
government might e lec t  t o  p u r c h a s e  and s t o r e  dehydrated a l f a l f a  produced i n  
d r y e r s  u s i n g  geothermal  f l u i d s  as a n  energy s o u r c e .  Such d r i e d  p r c d u c t  might 
b e  used i n  t h e  PL 480 program o r  might serve as an element  of domest ic  a g r i -  
c u l t u r a l  po l icy- - for  example as a government-subsidized f e e d .  I n  t h i s  a p p l i -  
c a t i o n ,  the d r i e d  a l f a l f a  could  b e  a means of a d j u s t i n g  consumer meat p r i c e s .  

Direct s u b s i d i e s  might  b e  c o n s i d e r e d  as a means of  encouraging t h e  
development o f  t h e  f a v o r e d  c o n f i g u r a t i o n s .  For  example, t h e  a f f e c t e d  d r y i n g  
i n d u s t r i e s  might b e  encouraged t o  p a r t i c i p a t e  i n  deve loping  and u s i n g  m u l t i c r o p  
d r y e r s  through government s u b s i d i e s  which would, i n  e f f e c t ,  g u a r a n t e e  t h a t  t h e  
d r y i n g  o p e r a t i o n s  would n o t  have  o p e r a t i n g  c o s t s  h i g h e r  t h a n  t h o s e  c u r r e n t l y  
exper ienced .  
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A s  f o r  t h e  f i e l d - w i l t i n g  approach,  no s u b s i d i e s  would b e  r e q u i r e d  s i n c e  
t h i s  o p e r a t i o n  i s  cheaper  than  t h e  one i t  replaces ' .  Khat would be re- 
q u i r e d  i s  some s o r t  o f  g u a r a n t e e  program which would i n s u r e  t h e  fa rmer  and 
t h e  d r y e r  a g a i n s t  t h e  p o s s i b i l i t y  of a d v e r s e  weather  d u r i n g  t h e  p e r i o d  of  
f i e l d  w i l t i n g .  T h i s  r i s k  i s  p o t e n t i a l l y  s i g n i f i c a n t ,  and a c c o r d i n g  t o  dehy- 
d r a t o r s  who w e r e  c o n t a c t e d  d u r i n g  t h e  s t u d y ,  r e p r e s e n t s  a major i n c e n t i v e  t o  
d e h y d r a t e  a r t i f i c i a l l y .  An i n s u r a n c e  program could b e  a major  s t i m u l a n t  t o  
t h e  s p r e a d  of  f i e l d  w i l t i n g  p r i o r  t o  convent iona l  d r y i n g .  

I n c r e a s i n g  t h e  c o s t  of competing energy s o u r c e s  may w e l l  happen w i t h o u t  
government a c t i o n .  I n  p a r t i c u l a r ,  removal of r e g u l a t i o n s  c o n t r o l l i n g  t h e  
p r i c e  of i n t e r s t a t e  n a t u r a l  gas  w i l l  have t h e  e f f e c t  of i n c r e a s i n g  t h e  p r i c e  
of  gas  used by most d e h y d r a t o r s .  I n  t h e  w e s t e r n  United S t a t e s ,  a doubl ing  
of  t h e  p r i c e  of gas  would r e s u l t  i n  an i n c r e a s e  of t h e  p r i c e  o f  d r y  a l f a l f a  of 
10  p e r c e n t .  I n  i t s e l f  t h i s  w i l l  n o t  b e  d i s a s t r o u s  b u t  i t  c e r t a i n l y  would 
p r o v i d e  an added i n c e n t i v e  t o  move toward f i e l d  w i l t i n g ,  fo l lowed by conven- 
t i o n a l  d r y i n g  o r  sun  c u r i n g .  

Perhaps t h e  most s i g n i f i c a n t  i n c e n t i v e  t o  t h e  development of new d r y i n g  
modes is  the l a c k  of a v a i l a b i l i t y  of n a t u r a l  gas  through r e g u l a t i o n  r e s u l t i n g  
i n  c u r t a i l m e n t .  I n  t h i s  i n s t a n c e ,  t h e r e  w i l l  b e  a n  impor tan t  i n c e n t i v e  i n  
t h e  West t o  develop m u l t i c r o p  d r y e r s  u s i n g  geothermal  e n e r g y ,  and s o l a r  d r y i n g  
t e c h n i q u e s .  Once t h e  c u r t a i l m e n t  o c c u r s  i t  w i l l  b e  t o o  l a t e  t o  i n i t i a t e  a 
program; t h e r e f o r e ,  i n  view o f  t h i s  p o s s i b i l i t y  ( c u r t a i l m e n t s  have a l r e a d y  
i n t e r f e r e d  w i t h  t h e  p r o d u c t i o n  of  dehy) some government a c t i o n  s h o u l d  move 
forward.  

Recommendations 

In view of  t h i s  a n a l y s i s ,  we  b e l i e v e  t h a t  t h e  government should  

- proceed w i t h  t h e  p r e l i m i n a r y  d e s i g n  of m u l t i c r o p  d r y i n g  
a p p a r a t u s  i n  c o n j u n c t i o n  w i t h  a developed geothermal  re- 
s o u r c e ,  probably i n  t h e  I m p e r i a l  V a l l e y .  

- view t h i s  m u l t i c r o p  d r y i n g  c e n t e r  as a demonst ra t ion  
p r o j e c t  t o  be performed c o o p e r a t i v e l y  w i t h  t h e  d r y i n g  
i n d u s t r i e s  which would be most a f f e c t e d  by t h e  new d e s i g n .  

- c o n s i d e r  funding  a major  p o r t i o n  o f  t h e  demonst ra t ion  
p l a n t  s i n c e ,  s h o r t  o f  a c t u a l  o r  t h r e a t  o f  c u r t a i l m e n t ,  
t h e r e  seems t o  be l i t t l e  i n c e n t i v e  f o r  d r y i n g  i n d u s t r i e s  
t o  move t o  geothermal  energy s o u r c e s .  

- c a r e f u l l y  e x p l o r e  t h e  energy s a v i n g  t h a t  could  b e  r e a l i z e d  
through f i e l d  w i l t i n g  of  a l f a l f a ,  fol lowed by c o n v e n t i o n a l  
d r y i n g .  This  approach r e q u i r e s  l i t t l e  c a p i t a l  inves tment  
and could b e  fol lowed s imply by changing t h e  t iming  of 
h a r v e s t  and d r y i n g .  
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- encourage  f i e l d  w i l t i n g  o f  a l f a l f a  fo l lowed by c o n v e n t i o n a l  
d r y i n g  as a more normal o p e r a t i n g  p rocedure  by i n v e s t i -  
g a t i n g  means f o r  e s t a b l i s h i n g  i n s u r a n c e  programs which 
would h e l p  t h e  fa rmer  and a dehydra to r  guard a g a i n s t  c r o p  
loss due t o  a d v e r s e  wea the r  d u r i n g  t h e  c r i t i c a l  f i e l d - w i l t i n g  
p e r i o d .  
t h e  l e n g t h  and c o s t  o f  such  i n s u r a n c e  programs v e r s u s  t h e  
r e t u r n  expec ted  i n  terms o f  energy  s a v i n g s .  

S t a t i s t i c a l  programs can  be  used  t o  de t e rmine  
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CURRENT ALFALFA DEHYDRATION PROCESSES 

The d e h y d r a t i o n  o f  a l f a l f a  d i d  n o t  b e g i n  t o  b e  of commercial importance 
u n t i l  t h e  1930s.  A l f a l f a  dehydra t ion  p l a n t s  a r e  r e l a t i v e l y  s m a l l  o p e r a t i o n s  
t h a t  r e c e i v e  f r e s h - c u t  a l f a l f a  from t h e  f i e l d s  and dehydra te  i t  i n  a r o t a r y  
drum t h a t  i s  u s u a l l y  gas f i r e d .  Harves ted  a l f a l f a  can a l s o  b e  processed  by 
sun  c u r i n g ,  b u t  t h e  sun-cured product  g e n e r a l l y  c o n t a i n s  o n l y  about  1 4  p e r c e n t  
pro , te in  whereas  t h e  dehydra ted  p r o d u c t  c o n t a i n s  15 p e r c e n t  t o  20 p e r c e n t  p r o t e i n  
and ,a l so  r e t a i n s  more v i t a m i n  A.  G e n e r a l l y ,  sun-cured hay i s  lower i n  p r o t e i n  
becau-se i t  is  u s u a l l y  h a r v e s t e d  a t  a more mature  s t a g e  and more l e a v e s  ar.e 
l o s t  i n  t h e  sun-cur-ing p r o c e s s  t h a n  i n  d e h y d r a t i o n .  

The f i r s t  s t e p  i n  t h e  a l f a l f a - d e h y d r a t i o n  p r o c e s s  i s  t h e  f i e l d  o p e r a t i o n  
o f  h a r v e s t i n g .  A t  h a r v e s t  t i m e  t h e  s t a n d i n g  a l f a l f a  i s  mowed and chopped i n  
t h e  f i e l d  and t r a n s f e r r e d  t o  a dump t r u c k .  The t r u c k  c a r r i e s  t h e  "chops" t o  
t h e  d e h y d r a t i o n  p l a n t  ( u s u a l l y  less t h a n  t e n  m i l e s  away) where t h e y  are dumped 
o n t o  a s e l f - f e e d e r  which carr ies  t h e  chopped a l f a l f a  i n t o  t he  d r y e r .  

A d e h y d r a t i o n  p l a n t  c o n s i s t s  of a d r y e r  and a u x i l i a r i e s  as w e l l  as 
machinery f o r  g r i n d i n g ,  packaging ,  and s t o r a g e .  Dryer a u x i l i a r i e s  t y p i c a l l y  
i n c l u d e  t h e  i n f e e d  conveyor ,  f e e d e r ,  l i f t  apron ,  blower motor ,  and pr-imary 
cyc lone .  A d d i t i o n a l  equipment i n s t a l l e d  a t  most p l a n t s  i n c l u d e s  a p e l l e t  
m i l l  and machinery f o r  a d d i t i o n  of b o t h  o i l  and g r e a s e  t o  r e d u c e  d u s t  ar?d 
a n t i o x i d a n t s  t o  promote s t o r a g e .  The t y p e  of d r y e r  used depends on t h e  s i z e  
o f  t h e  p l a n t ;  t y p e ,  c o s t ,  and a v a i l a b i l i t y  o f  f u e l ,  and o t h e r  f a c t o r s .  There 
are a t  l e a s t  f o u r  b a s i c  d r y e r  t y p e s  i n  u s e :  

Tray d r y e r s  are t h e  s i m p l e s t  t y p e s ;  i n  them, d r y i n g  i s  d i s c o n t i n u o u s  and 
some h a n d l i n g  i s  r e q u i r e d .  O p e r a t i o n  i s  a t  l o w  tempera tures  of 140" t o  15OoC, 
b u t  f u e l  consumption t e n d s  t o  b e  h i g h .  The t r a y  d r i e r  i s  g e n e r a l l y  c o n s i d e r e d  
o b s o l e t e  except  f o r  use  on i n d i v i d u a l  farms where i t s  low p r i c e  and s i m p l i c i t y  
have advantages .  1 

Conveyor, d r y e r s  were former ly  used f o r  a l f a l f a  d e h y d r a t i o n  i n  t h i s  c o u n t r y  
b u t  t h e i r  use  h a s  d iminished  i n  comparison w i t h  r o t a r y  drum d r y e r s .  Conveyor 
d r y e r s  were a l s o  used f o r  d e h y d r a t i o n  of a l f a l f a  and o t h e r  g r a s s e s  and g r a i n s  
i n  Western Europe and t h e  United Kingdom. 1 9 2  

of  conveyor d r y e r s  manufactured ( a l s o  r e f e r r e d  t o  as  "band" o r  b e l t  d r y e r s )  
b u t  most are low-temperature (250 t o  300°F) systems.  I n  t h e  s i m p l e s t  conf ig-  
u r a t i o n ,  c u t  a l f a l f a  i s  f e d  o n t o  a c o n t i n u o u s l y  moving b e l t  which i s  p e r f o r a t e d  
t o  permi t  t h e  flow of h e a t e d  a i r  through t h e  a l f a l f a .  
cessed  is f e d  onto  t h e  feed  end o f  t h e  moving conveyor by means of  a v a r i e t y  
of  preforming  and f e e d i n g  machines.  
o f  t h e  conveyor d r y e r  f o r  a l f a l f a  d e h y d r a t i o n  are n o t  c lear ,  a l though e a r l i e r  
d e s i g n s  were of  small c a p a c i t y .  Because of i t s  low-temperature o p e r a t i o n ,  
t h e  conveyor d r y e r  is i d e a l l y  s u i t e d  f o r  low-level  hea t - recovery  o p e r a t i o n s .  

There are many d i f f e r e n t  t y p e s  

The m a t e r i a l  t o  b e  pro- 

The r e a s o n s  f o r  t h e  d e c l i n e  i n  p o p u l a r i t y  
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Pneumatic d r y e r s  are used i n  Europe and are  adapted  t o  f a c t o r y  c o n d i t i o n s ,  
t h e  a l f a l f a  b e i n g  moved by f o r c e d  a i r .  The tempera tures  used a r e  h i g h ,  500 t o  
lOOO"C, and t h e  o u t p u t  i s  h igh .  The pneumatic p r i n c i p l e  may b e  combined w i t h  
a r e v o l v i n g  drun  i n  some i n s t a l l a t i o n s .  I 

Single-drum d r y e r s  are c o n s t r u c t e d  w i t h  a r o t a t i . n g  drum and b a f f l e s  t o  
keep t h e  a l f a l f a  a g i t a t e d  and exposed t o  t h e  d r y i n g  a i r .  This  i s  u s u a l l y  a 
d i r e c t - f i r e d  sys tem i n  which h e a t e d  gases  evolved from combustion of e i t h e r  
o i l  o r  n a t u r a l  g a s  c o n t a c t  t h e  a l f a l f a  d i r e c t l y .  A s  t h e  drum r o t a t e s  t h e  
a l f a l f a  i s  dropped through t h e  h o t  g a s e s ,  g i v i n g  o f f  m o i s t u r e .  The m a t e r i a l  
is advanced through t h e  d r y e r  by means of a s u c t i o n  f a n  and t h e  a c t i o n  of  t h e  
b a f f l e s  ( a l s o  c a l l e d  " f l i g h t s " ) .  A l f a l f a  and d r y i n g  a i r  b o t h  e n t e r  t h e  same 
end o f  t h e  d r y e r  i n  c o c u r r e n t  f a s h i o n .  Temperatures vary  from about  800°C 
a t  t h e  i n l e t  t o  about  125°C a t  t h e  o u t l e t .  The a l f a l f a  is t y p i c a l l y  d r i e d  
i n  5 t o  8 m i n . I  

Multiple-drum d r y e r s  are s imi la r  i n  appearance and o p e r a t i o n  t o  t h e  
single-drum t y p e ,  e x c e p t  t h a t  t h e  drum is  d i v i d e d  i n t o  t h r e e  c o n c e n t r i c  
c y l i n d e r s .  
i n t e r l o c k e d ,  and r o t a t e  a t  t h e  same speed .  The material i s  r e p e a t e d l y  car- 
r i e d  t o  t h e  t o p  of each c y l i n d e r  by t h e  c y l i n d e r  f l i g h t s  and dropped through 
t h e  h o t  g a s e s ,  g i v i n g  o f f  m o i s t u r e  a s  i t  p a s s e s  p r o g r e s s i v e l y  forward through 
t h e  i n n e r  c y l i n d e r ,  t h e n  back through t h e  i n t e r m e d i a t e  c y l i n d e r ,  and forward 
a g a i n  through t h e  o u t s i d e  c y l i n d e r  t o  t h e  s u c t i o n  f a n  a t  t h e  d i s c h a r g e  end 
o f  t h e  machine. 
l e n g t h  of t h e  d r y e r  i s  i n c r e a s e d ,  and lower o u t l e t  t empera tures  can b e  achieved  
t h a n  w i t h  t h e  s i n g l e - p a s s  d r y e r .  

The t h r e e  c y l i n d e r s  are  c o n c e n t r i c a l l y  a r r a n g e d ,  mechanica l ly  

With t h i s  t y p e  o f  c o n c e n t r i c  c y l i n d e r  c o n s t r u c t i o n  t h e  e f f e c t i v e  

Both s i n g l e - p a s s  and t r i p l e - p a s s  d r y e r s  are wide ly  used i n  t h i s  c o u n t r y .  
The l a r g e s t  r o t a r y - d r y i n g  equipment c u r r e n t l y  manufactured i s  a Stems-Roger  
drum capable  of e v a p o r a t i n g  80,000 l b  of water p e r  hour .  
f a c i l i t y  would i n c l u d e  two t r i p l e - p a s s  drums each capable  of  e v a p o r a t i n g  
18,000 t o  20,000 l b  of  w a t e r  p e r  hour and consumine 30 t o  35 m i l l i o n  B t u ' s  p e r  
hour .  An i n s t a l l a t i o n  of t h i s  t y p e  could  produce approximate ly  16 ,000  t o n s  o f  
dehydra ted  a l f a l f a  p e r  s e a s o n  u t i l i z i n g  green-chop o r  22,000 t o n s  u t i l i z i n g  
f i e l d - w i l t e d  a l f a l f a .  

A t y p i c a l  d e h y d r a t i o n  

A u x i l i a r y  equipment used f o r  a l f a l f a  d e h y d r a t i o n  i n c l u d e s  f i e l d  equipment 
and o t h e r  p r o c e s s i n g  equipment r e q u i r e d  f o r  d r y e r  o p e r a t i o n ,  as w e l l  as s p e c i a l  
equipment r e q u i r e d  t o  m a i n t a i n  uniform p r o d u c t  q u a l i t y .  F i e l d  equipment in -  
c l u d e s  machinery t o  mow and chop t h e  c rop  and blow i t  i n t o  t r a i l e r s  f o r  t r a n s -  
p o r t a t i o n  t o  t h e  d r y i n g  p l a n t .  A d e h y d r a t i o n  p l a n t  c o n s i s t s  e s s e n t i a l l y  of a 
d r y e r ,  machinery f o r  g r i n d i n g  and p u l v e r i z i n g  t h e  d r i e d  p r o d u c t ,  and p r o v i s i o n  
f o r  packaging and s t o r a g e .  Equipment s o l d  as p a r t  o f  t h e  d r j e r  system some- 
t i m e s  i n c l u d e s  a b lower ,  pr imary cyc lone ,  and product  c o o l e r .  

S p e c i a l  equipment may b e  r e q u i r e d  t o  produce a s p e c i a l  p roduct  o r  t o  re- 
duce l a b o r .  Blenders  are n e c e s s a r y  t o  e n s u r e  uni forn i i ty ,  as d i f f e r e n t  l o t s  
of a l f a l f a  may v a r y  i n  p r o t e i n  and c a r o t e n e  c o n t e n t .  'Cool ing  d e v i c e s  t o  b e  
used b e f o r e  t h e  meal i s  sacked  w i l l  h e l p  t o  p r e s e r v e  c a r o t e n e .  Shredders  
b r e a k  down stemmy material  and speed up t h e  d e h y d r a t i o n  p r o c e s s .  Aucomatic 
s a c k e r s  reduce  l a b o r ,  e s p e c i a l l y  as b u l k  h a n d l i n g  of dehydra ted  p r o d u c t s  i s  
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n o t  a common p r a c t i c e  i n  t h e  i n d u s t r y .  P e l l e t i n g  equipment and equipment f o r  
adding  v e g e t a b l e  o i l  t o  e l i m i n a t e  d u s t  have been cons idered  a s  s p e c i a l ,  b u t  
are r a p i d l y  b e i n g  regarded  a s  s t a n d a r d  requi rements .  These types  o f  s p e c i a l  
equipment,  and o t h e r s  t h a t  are c o n t i n u a l l y  b e i n g  developed,  a r e  undoubtedly 
adding t o  t h e  o v e r a l l  c o s t  of p r o d u c t i o n .  However, t h e y  do g u a r a n t e e  u n i f o r m i t y  
and a product  t h a t  w i l l  m e e t  s p e c i f i c a t i o n s  a n d ,  i n  t h i s  way, add t o  a t t r a c t i v e -  
n e s s  and i n c r e a s e  t h e  conf idence  of t h e  consumer. 1 

The a l f a l f a  d e h y d r a t i o n  i n d u s t r y  i n  t h i s  count ry  is moving from several  
small d r y e r s  t o  one o r  two l a r g e  d r y e r s  of t h e  drum t y p e  a t  each i n s t a l l a t i o n .  3 
A g e n e r a l i z e d  p r o c e s s  f low s h e e t  i s  shown i n  F igure  A . l .  

The d r y i n g  drum u s u a l l y  i s  f i r e d  w i t h  e i t h e r  n a t u r a l  gas o r  o i l .  Combus- 
t i o n  a i r  f lows i n t o  t h e  drum by t h e  i n d u c e d - d r a f t  f a n  (pr imary blower)  as shown 
i n  F i g u r e  A.1 .  The tempera ture  a t  t h e  drum i n l e t  i s  about  1800'F and .the o u t  
i s  approximate ly  275°F.  Drums may b e  s i n g l e - p a s s  o r  t r i p l e - p a s s .  S u b j e c t i n g  
t h e  a l f a l f a  t o  t h e  h o t  gases  in t h e  drum e v a p o r a t e s  t h e  w a t e r  t o  dehydra te  t h e  
a l f a l f a  from i t s  o r i g i n a l  m o i s t u r e  c o n t e n t  of  about  80 p e r c e n t  down t o  8 t o  10 
p e r c e n t .  The exhaus t  gases  have a h i g h  mois tuxe  c o n t e n t  (30 p e r c e n t )  and a l s o  
e n t r a i n  t h e  f i n e r  p a r t i c l e s  of a l f . a l f a .  The e f f l u e n t  may a l s o  c o n t a i n  odors  
from v o l a t i l e  m a t t e r  driven o f f  the alfalfa i n  t h e  d r y i n g  p r o c e s s .  

The h igh-mois ture  gases  and d r y  product  from t h e  drum e n t e r  t h e  pr imary 
c y c l o n e ,  which separates t h e  product  from t h e  g a s e s .  The mois ture- laden  g a s e s  
d i s c h a r g e d  t o  t h e  atmosphere r e p r e s e n t  t h e  f i r s t  and perhaps  t h e  l a r g e s t  s o u r c e  
o f  p a r t i c u l a t e  e m i s s i o n s .  ID some p l a n t s  t h e  f a n  o r  blower i s  between t h e  
d r y i n g  drum and t h e  pr imary c o o l i n g  cyc lone  ( r e f e r r e d  t o  as a p o s i t i v e - p r e s s u r e  
s y s t e m ) .  I n  o t h e r  p l a n t s  t h e  blower may b e  l o c a t e d  i n  t h e  o u t l e t  l i n e  from 
t h e  pr imary c o o l i n g  cyc lone  ( n e g a t i v e - p r e s s u r e  system) . 

The material  s e p a r a t e d  in t h e  pr imary cyc lone  n e x t  e n t e r s  t h e  g r i n d i n g  
machine, normally a hammermill. The g r i n d e r  reduces t h e  dehydra ted  chops t o  
a powder r e f e r r e d  t o  as " m e a l . "  From t h e  g r i n d e r  t h e  m e a l  e n t e r s  t h e  n e g a t i v e  
pneumatic conveyor t h a t  d i s c h a r g e s  i n t o  t h e  m e a l - c o l l e c t i o n  cyc lone .  The 
cyc lone  i s  i n t e n d e d  t o  s e p a r a t e  t h e  meal from t h e  conveying a i r  and t o  accumu- 
l a t e  t h e  meal i n  t h e  meal b i n  f e e d i n g  t h e  p e l l e t i z i n g  system. In some p l a n t s ,  
t h e  a i r  from t h e  m e a l - c o l l e c t i o n  cyc lone  i s  drawn through a f a n  and d i s c h a r g e d  
i n t o  the secondary m e a l - c o l l e c t i o n  cyc lone  i n  a n  a t t e m p t  t o  r e c o v e r  meal t h a t  
e s c a p e s  t h e  f i r s t  meal c o l l e c t o r .  

The meal accumulated i n  t h e  meal b i n  i s  f e d  through a steam c o n d i t i o n e r  
p r i o r  t o  e n t e r i n g  t h e  p e l l e t  mill. 
conveyed t o  t h e  pr imary p e l l e t - c o l l e c t i o n  cyclone from which t h e y  are f e d  i n t o  
t h e  p e l l e t  c o o l e r .  The a i r  exhaus t  from t h e  pr imary p e l l e t - c o l l e c t i o n  cyclone 
e n t e r s  a f a n  and may b e  d i s c h a r g e d  through a secondary p e l l e t - c o l l e c t i o n  cyc lone .  

The p e l l e t s  from t h e  m i l l  a r e  pneumat ica l ly  

I n  t h e  p e l l e t  c o o l e r  a f low of ambient  a i r  i s  drawn through a downward- 
moving column of  p e l l e t s  t o  c o o l  t h e  p e l l e t s  p r i o r  t o  bagging o r  t r a n s p o r t  t o  
b u l k  s t o r a g e  o r  b u l k  l o a d i n g .  The a i r  from t h e  p e l l e t  c o o l e r  p i c k s  up some 
m o i s t u r e  and h e a t  from t h e  p e l l e t s .  This  a i r  i s  d i s c h a r g e d  through a f a n  t o  
a p e l l e t - c o o l e r  cyc lone .  
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Figure A.l. Generalized Process  Flow For Alfalfa Dehydration 



The p r o c e s s  flow d e s c r i b e d  above and d e p i c t e d  i n  F igure  A.1 is  a g e n e r a l  
example f o r  a n  a l f a l f a - d e h y d r a t i n g  p l a n t .  However, t h e r e  a r e  s e v e r a l  v a r i a -  
t i o n s  i n  t h e  p r o c e s s  scheme t h a t  a r e  used. For  example, t h e  p e l l e t s  from t h e  
p e l l e t  mill may b e  mechanica l ly  conveyed t o  t h e  p e l l e t  c o o l e r ,  thereby  e l imina-  
t i n g  t h e  p e l l e t - c o l l e c t i o n  cyc lones .  

I n  t h e  t y p i c a l  a l f a l f a - d e h y d r a t i n g  p r o c e s s ,  energy i n p u t s  c o n s i s t  o f  
b o t h  e lec t r ica l  energy and n a t u r a l  gas o r  o i l .  E l e c t r i c a l  energy usage i s  
e s t i m a t e d  a t  120 Kw-hr/ton of  dehydra ted  a l f a l f a  ( t h e r m a l  e q u i v a l e n t  i s  0 . 4 1  
m i l l i o n  B t u ' s / t o n ,  which i s  about  3.5 p e r c e n t  of t h e  t o t a l  energy r e q u i r e -  
ment) .  
d r y e r  d e s i g n .  
s o c i a t i o n  i n d i c a t e  t h a t  about  11.1 m i l l i o n  B t u ' s  of n a t u r a l  gas  are r e q u i r e d  
p e r  t o n  of p r o d ~ c t . ~  
energy  consumed i s  f o s s i l  f u e l .  

F o s s i l  energy r e q u i r e m e n t s  v a r y  wide ly  w i t h  feed-moisture  c o n t e n t  and 
P r o d u c t i o n  a v e r a g e s  compiled by t h e  American Dehydra tors  A s -  

Thus, f o r  t h e  r o t a r y  d r y e r  t h e  major  p o r t i o n  of t h e  
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GEOCITY ASSUMPTIONS AND SAMPLE CONPUTER RUN 
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RESERVOIR CHARACTERISTICS 

- Average Depth 
- Average Temperature 
- Producing Capacity ~ 

WELL DESIGN (AVERAGE) 
I 
h, 
h) 
w - Depth 
I - Bottom Diameter 

- Fraction. Cased 

WELL PROPERTIES (AVERAGE) 

- MW (TH) /Well 
- Naximum Flow Rate/Well 
- Well Life 
- Input Well Spacing 
- Flow Rate/Well (Actual) 
- Well Pressure at Saturation 
- Fraction Steam (Wellhead) 

STRATIGRAPHY 

- Rock Type 
- Depth 

Table B.1 

GEOCITY ASSUMPTIONS COMMON TO ALL CASES 

2000.0 Meters 
182.2" C 
275.0 M!d(E) 

FLUID COMPOSITION 

- CaC03 
- NaCl 
- Si02 
- Other 
- Total Dissolved Solids 

- PH = 7.00 

2000.0 
22.225 

100 

100 

146.2 
440,000.0 

10.0 
20.0 

318,964.0 
153.0 
0.0 

Meters 
Centimeters 
% 

z 

Pounds /Hou r 
Years 
Acres 
Pounds / 140 ur 
PSIA 
% 

NONCONDEMSIBLE GASES 

- H2S 

- CH4 
- Other 
- Total Noncondensible Gases 

- c02 

RESERVOIR ECONOMTC DEVELOPMENT FACTORS 

0.00 % 
1.40 % 
.03 % 
0.00 % 
1.43 % 

0.000 % 
.048 % 
0.000 % 
0.000 % 
.048 % 

Hard 
20:lO.O Meters 

- Percent Monproducing Wells 20.0 
- Fraction Excess Producing Wells .20 



Table  B .  1 (Cont. ) 

GEOCITY ASSUMPTIONS COMMON TO ALL CASES 

ECONOMIC ASSUMPTIONS 

I 
N 
13 
-P 
I 

- Bond Repayment P r o p o r t i o n a l  t o  Sum of Years D i g i t s  
D e p r e c i a t i o n  

- P r o j e c t  L i f e  
- F r a c t i o n  of I n i t i a l  Inves tment  i n  Bonds 
- Bond I n t e r e s t  Rate 
- Equi ty  Earn ing  Rate ( a f t e r  Taxes) 
- F e d e r a l  Income Tax Rate 
- Deprec iab le  L i f e  of Wells 
- F i r s t  Year of  Opera t ion  
- S t a t e  Income Tax Rate 
- S t a t e  Gross Revenue Tax Rate 
- P r o p e r t y  Tax Rate 
- Disposa l  System Replacement Rate 
- Transmiss ion  System Replacement Rate 
- P r o p e r t y  Insu rance  Rate 
- Royal ty  Payment 
- P l a n t  Opera t ing  L i f e  
- Transmiss ion  System Maintenance Rate 
- Disposa l  System Maintenance Rate 
- D r i l l i n g  Cost p e r  Producing  Well 
- D r i l l i n g  Cost  p e r  Nonproducing Well 
- D r i l l i n g  Cost  p e r  I n j e c t i o n  Well  
- Percen tage  Inves tment  Tax C r e d i t  

20 Years 
19 % 
8 %  

15 % 

10 Years 
48 % 

1980 
9 %  
0 
2 .32% 
9 %  
9 %  
0.13% 

1 0  % 
10 Years  

5 %  
5 %  

300 , 000 D o l l a r s  
300 , 000 D o l l a r s  
300,000 'Dol la rs  

1 0  

, 



Table  B.2 

D I S TRI  BUT1 ON 0 F E IW RGY COS T S k 

CENTS PER 
MILLION BTU'S ANNUAL COST 

F i e l d  I d e n t i f i c a t i o n  and Explorat ion** 27.6 $ 120,600 
F i e l d  Development ( T o t a l )  128.0 559,250 

- Producing Wells 
- Transmission System 
- D i s p o s a l  System 
- Nonproducing Wells 

F i e l d  Opera t ing  Costs  ( T o t a l )  

- D i s p o s a l .  Cos ts  
- Producing Wells 
- Transmission Costs 
- Other  Opera t ing  Costs 

Revenue Taxes 
S t a t e  Income Taxes 
Royal ty  Payments 
F e d e r a l  Income Taxes 
Bond I n t e r e s t  
By-Produc t Revenue 

38.8 
64 .1  
25.1 
0.0 

89.4 

13 .6  
3 . 4  

45.5 
26.9 

0.0 
9 . 2  

33.0 
36.5 

6 .5  
0 .0  

169,400 
280,090 
109,760 

0 
390,620 

59,360 
15 ,000  

198,640 
117,630 

0 
40,400 

144,270 
159,290 

28,260 
0 

T o t a l s  330.3 $ 1,442,680 

y t lO% Investment  Tax C r e d i t  assunietl; Geoci ty  Case 2. 
""These c o s t s  were s u b t r a c t e d  from t h e  t o t a l  c o s t s  and 10 c e n t s  p e r  

m i l l i o n  B t i i ' s  was added t o  t h e  c o s t s  p e r  m i l l i o n  E t u ' s  t o  y i e l d  t h e  c o s t s  
shown i n  Table  9 .4 .  
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DEHYDRATING INDUSTRY DESCRIPTIONS AND ENERGY USE 
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C r o p  

A l f a l f a  

S u g a r  b e e t  
P u l p  1 

Rice 

c o t  t o n 4  

P o t a t o e s  

I 
h, 

4 
I 

p.J A p p l e s  

P e a c h e s ,  
Pears, 
A p r i c o t s  

P r u n e s  

R a i s i n s  

Onions 

G a r l i c  

C i i i l i s ,  
O t h e r  
\'e p c  t a b  1 es 

T o t a l  

T a b l e  C . l  

ARIZONA: DEHYDRATING INDUSTRY ENERGY CONSUMPTION 

, 109 3 L l l 1 S  

/ 5 0  miles  
Annual  enerw u: 

Whole S t a t e  D e s c r i p t i o n  of  D r y i n g  I n d u s t r y  

n e  d e h y d r a t o r ,  l o c a t e d  Yuma County. 40 

n e  b e e t  s u g a r  f a c t o r y ,  l o c a t e d  town of  C h a n d l e r ,  Maricopa County.  550 
I 

-- I on e 

i t h i n  50  i l e s  are 42 g i n s  i n  Maricopa County (70 10' B t u ' s / y r ) ,  5 g i n s  i n  C o c h i s e  
. (6  x 10' B t u ' s  y r ) ,  36 g i n s  i n  P i n a l  C .  ( 55  x 10 B t u ' s / y r )  and a f e w  o t h e r s  i n  
r e e n l e e  and  Graham C o u n t i s s .  Also 1 9  g i n s  i n  c o u n t i e s  of Yuma, Pima ( 8 ) ,  Mohave ( 1 ) .  

170 

_ _  o n e  I 

one  I -- 

one.  I -- 

o n e  -- I 
_- o n e  

o n e  I -- 

--t---- -_ I o n e  

o n e  known; may b e  p l a n t ( s )  i n  Cochise  County ,  which grows c h i l i s .  1 4  _ _  

A l l  i n d u s t r i e s  I 760 

550 

1 3 0  

680 



T a b l e  C . 2  

1300 

300 

1500 

CA1,IFORNIA: DEHYDRATING INDUSTRY ENEKGY CONSUMPTION 

1200 

1 0 0  
- 

1000 

Crop 

AI f 2 i f a 

S u g a r  b e e t  
p u l u  1 

Rice 3 

C o t t u n  4 

Po t a t o e s  

I 

1 5  R a i s i n s  

1 6  O:, i ons  

G a r l i c  l8 

______ 
Chi1  i s ,  
0:hi 1- 

Vege tnb l  e s  

T o t a l  

l 

D e s c r i p t i o n  of  Dry ing  I n d u s t r y  

P r o b a b l y  4 o p e r a t i n g  p l a n t s  i n  1977:  Dixon (200 X 1 0 9  B t u ' s )  F i reba t lgh  (300 x l o 9  
B t u ' s ) ,  E l  C e n t r o  (400  x l o 9  B t i i ' s ) ,  H o l t v i l l e  (250  x l o 9  R t u ' s ) .  

7 p l a n t s  w i t h i n  50  m i l e s ,  i n  Krawley ,  C l a r k s b u r g ,  I lamiJton C i t y ,  Mendota,  S a n t a  Ana, 
S p r e c k e l s ,  Woodland ; 3 o t h e r s .  

18 commerc ia l  d r y e r s ,  a l l  w i t h i n  50 m i l e s  of g e o t h e r m a l  r e s o u r c e s ,  w e r e  i d e n t i f i e d  
i n  B u t t e ,  Y o l o ,  Merced ,  C o l u s a ,  F r e s n o  and Glenn C o u n t i e s .  

O f  2 1 1  g i n s  a c t i v e  1977-8, 105 are  less t h a n  50 m i l e s  From geothermal  r e s o u r c e s ,  i n  
R i v e r s i d e ,  I m p e r i a l  , Kern ,  Madera ,  Merced, and F resno  C o u n t i e s .  

None 

4 l a r g e  and 2 smaller d e h y d r a t o r s  l o c a t e d  i n  S e h a s t o p o l  (Sonoma County) and S a n t a  
Cruz C .  A l l  b u t  sma l l  o n e  i n  S n n t a  Cruz C.  a r e  less t h a n  50 m i l e s  f rom g e o t h e r m a l ;  

Some p r u n e ,  r a i s i n  and a p p l e  d e h y d r a t o r s  d r y  s m a l l  amounts  of  t h e s e  f r u i t s ,  p r o b a b l y  
i n  Sonoma and S a n t a  Clara C o u n t i e s  and t h e  Sacramento  V a l l e y  i n  g e n e r a l .  

Over 200 d r y e r s  are  l o c a t e d  i n  S a n t a  Clara, Sonoma, C o l u s a ,  S o l a n o ,  B u t t e ,  S u t t e r ,  
Yuba, Napa and Tehama C o u n t i e s .  O f  t h e  l a r g e s t  1 5  d r y e r s .  a l l  brit one  i s  l o c a t e d  
w i t h i n  50 miles  o f  a r e s o u r c e .  
I 4  l a r g e r  d e h y d r a t o r s  and 8 s m a l l  o n e s  a r e  l o c a t e d  i n  Kern ,  Madera,  F r e s n o ,  ' h i l a r e ,  
S t a n i s l a u s  and Merced C o u n t i e s :  4 of  t h e  l a r g e r  o n e s  a r e  l e s s  than  50  m i l e s  from 
r e s o u r c e s .  

About 6 p l a n t s ,  l o c a t e d  i n  S o l a n o ,  S t a n i s l a i i s ,  S a n t a  C l a r a  and Pierced C o u n t i r s ;  
4 wiLhin  50 miles of g e o t h e r m a l . .  

LtlP SP-nlantcIt 10 milP.ssallthofThp--.- 

6 p l a n t s .  o f  which  5 ,  l o c a t e d  i n  S o l a n o ,  Monte rey ,  S a n t a  C l a r a  and Merced C o u n t i e s ,  
a r e  w i t h i n  50-mi le  r a d i u s  of  g e o t h e r m a l .  

4 p l a n t s ,  l o c a t e d  i n  S t a n i s l a u s ,  V e n t u r a  ( n e a r  S e s p e  H.S .  KGRfl), and S a n t a  C l a r a  
C o u n t i e s  p roduce  d e h y d r a t e d  c h i l i ,  c a r r o t s  and o t h e r  v e g e t a b l e s .  2 of  t h e  p l a n t s  

L 

A l l  i n d u s t r i e s  

1100 1 1100 

5700 i 3500 

2 50 1 250 

860 1 350 
I 

I 7  1 5  

300 1 250 

130  I 6o 

12,000 1 8000 



T a b l e  C.3 

COLORADO: D E H Y D R A T I N G  INDUSTRY ENERGY CONSUMPTION 

Annual e n e r g y  uc 
Xhole  S ta te  k s c r i p t i o n  oC Dry ing  I n d u s t r y  

About 1 6  p l a n t s ,  m o s t l y  i n  Weld and I ' rowers C o u n t i e s ,  2 p l a n t s  a b o u t  45 m i l e s  from 
Idaho S p r i n g s .  

1000 1 2 0  

2 p l a n t s  w i t h i n  50 miles:  a t  Johnstown and Love land ,  4 o t h e r  o p e r a t i n g  p l a n t s .  5000 1200 

Rice None 

None 

2 p l a n t s  p r o d u c i n g  s t a r c h  and f l a k e s  l o c a t e d  i n  Monte V i s t a ,  Rio Grande  County ,  
a b o u t  25 miles w e s t  o f  Alamosa County K G M .  

6 P o t  n t o e  s 450 450  

I 
10 
10 
\D 
I 

None 

P e a c h e s ,  

A:> r i c o  t s 
P e a r s ,  None 

P r cn e 3 None 

R a i s i n s  None 

On ions  None 

Gar l ic  

C l i i l i . ~ ,  
~ 

None known; may be  p l a n t ( s )  i n  Pueblo County ,  which  grows c h i l i s .  1 4  
Ot!ier 
\'e ge t ab 1. es  

T o t a l  

~ 

A l l  i n d u s t r i e s  6500 1800 



T a b l e  C . 4  

IDAHO : DEHYDRATING INDUSTRY ENERGY CONSUMPTION 

Crop 

A l f a l f a  

D e s c r i p t i o n  of  D r y i n g  I n z u s t r y  

I o p e r a t i n g  p l a n t ,  i n  Twin F a l l s ,  a b o u t  1 2  miles f rom t h e  Cedar Hill g e o t h e r m a l  
area.  

Sugar beet 
Pulp1 

R i c e  

C o t t o n  (None 

4 p l a n t s ,  a l l  less t h a n  50  miles, i n  Nam a (1150 x l o 9  B t u ' s ) ,  Twin F a l l s  
(600  x 10' B t u ' s ) ,  Min i -Cass i a  (900 x 10 - 

8 B t u ' s ) ,  Idaho  F a l l s  (600 x l o 9  B t u ' s ) .  

None 

.- 

1 5  p l a n t s  a re  i n  t h e  Snake R i v e r  V a l l e y  i n  Uingham, R o n n e v i l l e ,  Canyon 
Elmore,  J e f f e r s o n ,  Madison, Minidonka and Power C o u n t i e s .  O n l y  2 are  more I 4200 

I ,  
1 0 ,  
W '  o Apples 
I 

P e a c h e s ,  
P e a r s ,  
Apr i co t  s 

,_t-m&s f r o m  g e o t h e r m a l ;  1 i s  o n l y  5-10 miles S_E_s i  Mountain Home K G K R .  

None -- 

_ _  None 

r u n e s  a re  grown i n  Canyon, G e m ,  Owyhee, P a y e t t e  and Washington  Count ies ,14  b u t  
p p a r e n t l y  a re  n o t  d r i e d  i n  I d a h o .  Pru!ies 

Gar1 i c  

C h i :  i s ,  
0 t 1 I c L- 

- V d g e t a b l e s  

Annual ene rgy  u: 
[:'hole S c a t e  

100 

3200 

_ _  

-- 

Tone _ _  

Tone _ _  

R a i s i n s  b o n e  

Onions bone 

T o t a l  A l l  i n d u s t r i e s  I 7500 
I I --- 

, 1o'J b c u ' s  
L j O  miles  

100 

3200 

7100 
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Tab1.e C . 6  

f’edchcs,  
P e n r s ,  
A p r i c o r s  

1IEVAI)A : DEHYDRATING INDUSTRY ENE I C Y  CON SUWT I O N  

Annual enersy u 
Whole S t a t e  

Crop D z s c r i p t i o n  of Dry ing  I n d u s t r y  

A 1  f a 1  f a None - 

None 

I I 

R a i s i n s  

O n i o n s  

S u g a r  b e e t  N~~~ 
PU1P 

R i c e  None 

None - 

None - 

I I 
I 

C h i l i s ,  
O t h e r  

1 a c t i v e  g i n  1977-8, l o c a t e d  i n  Pahrump, s o u t h e r n  Nyc County.  P r o d u c t i o n  
p r o b a b l y  10 ,000  b a l e s / y r .  p l u s  o r  minus 50%. C o t t o n  4 

! 

None - 

2 

P o t a t o e s  1 f l a k e  p l a n t ,  l o c a t e d  Humboldt County ,  i n  p r o s p e c t i v e  geo the rma l  r e s o u r c e  a r e a .  I 450 
1 I 

N I 
w 
y A p p l e s  I None 

P r u n e s  None I I - 

Garlic None I -  

4 5 0  

4 50  



Crop 

A 1  f a 1 f '3 2 

S u g a r  b e e t  
P u l p  

t c i  cc 

Po: a t  oes 
- 

A p p l e s  

Peaches ,  
Pears, 
A p r i c o t s  

P r cines 

R a i s i n s  

Onions 

G a r l i c  

C h i l i s ,  
Otl1er 
1'2 pc t ables 2c 

T o t a l  

T a b l e  C . 7  

NEW MEXICO: DEHYDRATING INDUSTRY ENERGY CONSUllPTION 

, 109 st\* 
L 5 0  m i l e s  

Annual e n e r g y  u: 
Whole S t a t e  

D e s c r i p t i o n  of D r y i n g  I n d u s t r y  

2 p l a n t s ,  l o c a t e d  Hagerman a n d  D e x t e r ,  a t  l e a s t  150  m i l e s  from n e a r e s t  g e o t h e r m a l  
area (Radium H . S . )  120 

None' l -  
- 

I 
None 

3 f  41 g i n s  a c t i v e  1977-8, 20 a r e  50 miles f rom g e o t h e r m a l  r e s o u r c e s ,  i n  Dona Ana 

c o n v e n i e n t  t o  g e o t h e r m a l .  

None - 

(16), Luna ( 3 ) ,  H i d a l g o  (1) C o u n t i e s .  Those  i n  Dona Ana and H i d a l g o  are v e r y  2 1  

I 

I None 
I 

I None 
I 

None - 

I None 
I 

None 

None l -  
10 c h i l i  d e h y d r a t o r s  are l o c a t e d  i n  Dona Ana and  S i e r r a  C o u n t i e s ,  15-35 mi les  f rom 
Radium H.  S .  KGRA.  250 

A l l  i n d u s t r i e s  390 

120 

2 50 

380 



-~ 

Crop 

None 

A l f a l f a  

S u g a r  b e e t  
p u l p 1  

R i c e  

- 

Cotcon 

No p l a n t s  were r e c o r d e d ;  however some p r u n e  d e h y d r a t o r s  may p r o c e s s  s m a l l  amounts .  

P o t a t o e s  
I 
h, 
w 

I 
-P A p p l e s  

P e a c h e s ,  
P e a r s ,  
A u r i c o t s ' l  

- 

P r uncr s 1 3 There  were  46 d r y e r s ,  20 o p e r a t i n g  i n t e r m i t t e n t l y ,  i n  1 9 7 0 . 8  

R a i s i n s  

14 

O n  i ons  

None 

- 

None 

G a r 1  i c  

- 

- 

T a b l e  C . 8  

OREGON: D E H Y D R A T I N G  INDUSTRY ENERGY CONSUIIPTION 

h n u a l  e n e r z v  us  , 1 0 Y  S t u ' s  
D e s c r i p t i o n  of Dry ing  I n d u s t r y  Miole S t a t e  L50 miles , 

None 

No d e h y d r a t i o n .  One p l a n t ,  a t  I r r i g o n  i n  Morrow Coun ty ,  p r o d u c e s  sun -cu red  a l f a l f e .  - 

- 

One p l a n t  a t  Nyssa ,  n e a r  Vale H . S .  KGRA. 850 

N o n e  
- 

A l l  i n d u s t r i e s  

None - 

- 

1100 

None - 

1 

850 



T a b l e  C.9 

UTAH: DEHYDRATING INDUSTRY ENERGY CONSUME’TION 

, 109  B t u ’ s  
L 5 0  rriles 

~~~ 

D e s c r i p t i o n  of Dry ing  I n d u s t r y  Annual  e n e r p y  u 
IJhole S t a c e  

Crop  
~~ ~ ~ 

None a t  p r e s e n t ;  one  p l a n t  f o r m e r l y  i n  Delta.  A l f a l f a  
~~~ 

1 p l a n t  l o c a t e d  i n  Gar l and  abou t  40 m i l e s  n o r t h  o f  Hooper H . S .  S u g a r  b e e t  
Pulp1 

350 350 

~~ 

None 

None 

None 

Rice 

C o t t o n  

P o t  a t  oes 

I 
h, 

I 
A p p l e s  

P e a c h s s ,  
P e a r s ,  
A p r i c o t s  

None 

None 

P r u n e s  None 

R a i s i n s  None 

Or1 i o n s  None 

None Gar l ic  

C k i l  i s ,  
OL1!23r 
vi ?.C (I 3b  1. c? 3 

T o t a l  

-- 
None 

A l l  i n d u s t r i e s  350 350 



T a b l e  C.10 

Crop  

A1 f a  1 fa  

sugar bee t  
p u l p 1  

Rice 

D e s c r i p t i o n  of D r y i n g  I n d u s t r y  

None a t  p r e s e n t ;  f o r m e r l y  2 p l a n t s .  

2 p l a n t s :  Moses Lake  and  Toppen i sh  ( a b o u t  500 x lo9  B t u ' s / y r ) .  
m i l e s  SE of Summit Creek  M i n e r a l  S p r i n g s  

Topnen i sh  i s  55 

None 

I 
h) 
w 
m 
I 

C o t t o n  

Po tat oes  

Apples9  

P e a c h e s ,  11 
Pears ,  
A p r i c o t s  

P r u n e s  

- 

Rai s i n s  

Onions  

Gar l ic  

C h i l i s ,  
O t h e r  
\'e g? t ab l e s  

I 

None 

3 p l a n t s  i n  Moses Lake ,  G r a n t  County ;  1 i n  F r a n k l i n  County .  Produce  f l a k e s  and  
g r a n u l e s .  N e a r e s t  i d e n t i f i e d  r e s o u r c e s  a re  100  m i l e s  t o  t h e  w e s t .  

7 p l a n t s  l o c a t e d  i n  Yakima, Che lan  and  Okanogan C o u n t i e s .  3 p l a n t s  i n  Yakima 
County  l o c a t e d  40-45 m i l e s  f rom Summit Creek  M i n e r a l  S p r i n g s .  

About 1% o f  t h e  p r o d u c t i o n  of  one  a p p l e  d e h y d r a t o r  i s  p e a r s ,  p r o b a b l y  i n  Yakima 
County .  

P r u n e s  a re  grown i n  Yakima CountyL4 and  may b e  d r i e d  by a p p l e  d e h y d r a t o r s .  
e n e r g y  u s e  f o r  p r u n e s  i s  i n c l u d e d  w i t h  a p p l e s  h e r e .  

Any 

None 

None 

None 

1 p l a n t  i n  Che lan  County  d r i e s  c a r r o t s .  

T o t a l  I A l l  i n d u s t r i e s  

Annual e n e r g y  u s e ,  109 E K U ' S  
miole  S t a t e  [ ~ 5 0  m i i z s  , 

I 
1 , 1 0 0  1 

I -- 
10 

2,200 1 so I 



T a b l e  C . l l  

WYOMING : DEIIYDRATINC INDUSTRY ENERGY COVSUFrPTTOM 

Crop ~ 109 B t u ' s  
L-50 m i l e s  

Annual e n e r u  D e s c r i p t i o n  of Dry ing  I n d u s t r y  

None 

IJh0l.e S t a t e  

A 1  f a 1  f a 

S u g a r  b e e t  
Pulp1 

2 ,000  3 p l a n t s :  a t  L o v e l l ,  T o r r i n g t o n  and l l o r l a n d  

None Rice 

None C o t t o n  

6 
P o t  a t  oe s 

~~ 

1 planL  eas t  of Cheyenne, s i z e  and l o c a t i o n  not  Itnown: e n e r g y  consumpt ion  shown i s  
a c c u r a t e  t o  ha l f -o rde r -o f -magn i tude  o n l y .  

No ne  

None 

None 

100  

I 
tu 
-J 
LJ A p p l e s  
1 -  

P e a c h e s ,  
P e a r s ,  
Apr ico t  s 

P r u n e s  

R a i s i n s  None 

None 

None 

None 

A l l  i n d u s t r i e s  

O n  i o n s  

G a r l i c  

Chilis ,  
O t i 1 c r  
\'cge t ab 1 es 

'rd t a1 

_-I____ 

__ 
2 ,100  



T a h l e  C . 1 2  

ALL O'UHER STATES : D I X Y D R A T L N G  lNDUSTKY ENERGY CONSUMP'I'ION 

Crop 

A 1  f a l f  a 

Sugar  b e e t  
P u l e  

R i c e  

21 
C o t t o n  

P o t a t o e s  6 

P e a c h e s ,  
P e a r s ,  
- A p r i c o t s  

P r u n e s  

R a i s i n s  

Onions  

G a r l i c  

C h i l i s ,  
O t h e r  
Ire ge t a b 1 e s 

T o t a l  

D e s c r i p t i o n  of Dry ing  I n d u s t r y  

Approx ima te ly  200 p l a n t s :  77 i n  Nebraska ,  40 i n  Kansas ,  20 i n  Ohio ,  r e m a i n d e r  i n  
15 o t h e r  s t a t e s .  23 

20 p l a n t s  l o c a t e d  i n  Kansas ,  Michigan ,  Minneso ta ,  Nebraska ,  Nor th  D a k o t a ,  Oh io ,  
and Texas .  

6 7 , 0 0 0 , 0 0 0  h u n d r e d w e i e h t ,  mos t  of. i t  s p l i t  e v e n l y  among Texas ,  L o u i s i a n a  and 
A r k a n s a s ,  some i n  P l i s s i s s i p n i  and M i s s o u r i ,  i n  1 9 7 2 . l 0  

5 . 7  m i l l i o n  h a l e s  w e r e  produced  i n  1975,  m o s t l y  i n  Texas and M i s s i s s i p p i ,  and i n  
1 2  o t h e r  s taLes.  

6 , 1 0 0  x l o 9  B t u ' s  i n  g e o t h e r m a l  s t a t e s  d r i e s  400 m i l l i o n  l h . ;  ene rgy  e s t i m a t e  f o r  
480 m i l l i o n  l b s .  d r i e d  i n  all U.S.  (1975)  p r o p o r t i o n a l .  P l a n t s  a r e  i n  Maine ,  Vew 
York. F l ich inan .  Nor th  Dakota ,  and Minneso ta  (1970) .8 
2 p l a n t s  (1970)  d r y  u n d i s c l o s e d  amount.  Energy e s t i m a t e  based  on  a v e r a g e  OF 
c o o p e r a t i n g  Washington  and  Oregon p l a n t s  ; p l a n t s  a re  i n  New York S t a t e .  

None 

Mich igan  p roduced  1 4 , 0 0 0  g r e e n  t o n s  i n  1972 ( R e f e r e n c e  1 0 ,  Tab le  347) ! however ,  
t h e r e  were no d r y e r s  i n  1970.  8 

No n c 

PJone 

None 

1 p l a n t  i n  e a c h  of  L o u i s i a n a  and t l o r t h  C a r o l i n a  d r i e s  swee t  p o t a t o e s . 8  
e s t i m a t e  i s  a g u e s s .  

Energy 

A l l  i n d u s t r i e s  

12 .400  

1 2 , 4 0 0  

1 , 0 0 0  

2.400 

1 , 2 0 0  1 _ _  

I -- 

e/-+ 

. ~ -  29 ,000  



REFERENCES 

1. TRW Systems and Energy, Use of Geothermal Heat f o r  Sugar R e f i n i n g ,  F i n a l  
Repor t  t o  ERDA/DGE, Report  SAN/1317-3, ?lay 1977. Energy u s e  f i g u r e s  a r e  _ _  - 
f o r  p u l p  d r y i n g  o n l y .  
g a s ;  c o a l  a n d  f u e l  o i l  a re  pr imary b o i l e r  f u e l s .  

Major energy s o u r c e  f o r  pulp d r y i n g  probably  n a t u r a l  

2. Assumes a v e r a g e  a n n u a l  o u t p u t  f o r  one dehy p l a n t  i s  €1,000 t o n s  (1,356,500 
t o n s  d i v i d e d  by 223 o p e r a t i n g  p l a n t s ) ,  u s i n g  60 x 10- B t u ' s .  Probably  
90% of  f u e l  used i s  n a t u r a l  g a s ;  remainder  i s  f u e l  o i l .  

160 x lo9 B t u ' s  w e r e  used i n  13 p l a n t s  t h a t  r e l e a s e d  f i g u r e s  i n  r e s p o n s e  
t o  t e l e p h o n e  r e q u e s t s ,  f o r  a n  a v e r a g e  u s e  p e r  p l a n t  of 1 2  x l o 9  B t u ' s .  
An a d d i t i o n a l  5 p l a n t s  d i d  n o t  r e l e a s e  f i g u r e s ;  t h e y  a r e  e s t i m a t e d  t o  u s e  
60 x 109 B t u ' s  i n  a l l .  
10-15% of r i c e  is  d r i e d  on farm. 
a n n u a l  u s e ,  a l l o w i n g  f o r  a few u n i d e n t i f i e d  commercial d r y e r s .  About 8% 

3. 

These 18 p l a n t s  a r e  t h e  major  d r y e r s ;  a n  a d d i t i o n a l  
250 x 10 9 B t u ' s  i s  t h u s  t h e  approximate 

of energy i s  propane; remainder  i s  n a t u r a l  g a s .  5 

4 .  Gin l o c a t i o n s  a r e  from E l  Cent ro ,  CA, B a k e r s f i e l d ,  CA and Lubbock TX 
Government C l a s s i n g  O f f i c e  g i n  l i s t s  f o r  1977-8 s e a s o n .  County p r o d u c t i o n  
f i g u r e s  were d i v i d e d  by t h e  number of g i n s  i n  t h e  county  t o  g e t  average  

Btu1s /480- lb  b a l e  f o r  I m p e r i a l  County, CA and a l s o  f o r  Arizona,  New Hexico,  
Nevada and Rivers ide  County, CA; 4 . 2  x lo5 B t u ' s / b a l e  f o r  T u l a r e ,  Kern, 
Kings,  Madeva, Merced, & Fresno C o u n t i e s ,  CA--to y i e l d  energy estimates. 
Unit  energy  f i g u r e s  provided  by Kevin E m s t ,  U n i v e r s i t y  of C a l i f o r n i a  
A g r i c u l t u r a l  Extens ion ,  Davis ,  C a l i f o r n i a  o v e r  te lephone .  N a t u r a l  gas 
and propane appear  t o  be t h e  main f u e l s  used.  

p r o d u c t i o n  p e r  g i n .  These w e r e  t h e n  m u l t i p l i e d  by a constant--1.94 x 10 5 

5. V. Cervinka,  e t  a l . ,  Energy Requirements f o r  A g r i c u l t u r e  i n  C a l i f o r n i a ,  
J o i n t  Study: C a l i f o r n i a  Department of Food and A g r i c u l t u r e ,  TJnivers i ty  
of C a l i f o r n i a ,  Davis, January ,  1974. T a b l e s  8 ,  5, 10,  24, - 2 5 ,  26,  41-75. 

6 .  Only s t a r c h ,  g r a n u l e ,  f l a k e ,  and s l i c e  and d i c e  p l a n t s  i n c l u d e d ;  n o t  
inc luded  a re  f r o z e n  p r o d u c t s  o r  p o t a t o  c h i p  p l a n t s .  
t i o n  r e q u i r e s  approximate ly  15,000 B t u ' s / l b .  s t a r c h ;  f l a k e  and g r a n u l e  
p r o d u c t i o n ,  a t  least  10,000 B t u ' s / l b .  d ry  p r o d u c t .  W h i t t l e s e y  and L e e  
(Reference  7 ,  Table  6 )  estimate t h a t  about  20,000 B t u ' s / l b .  a r e  r e q u i r e d .  
I t  i s  l i k e l y  t h a t  p o t a t o  p r o c e s s i n g  p l a n t s  d i f f e r  s i g n i f i c a n t l y  i n  
e f f i c i e n c y .  

1 2  of 15 Idaho p l a n t s  r e l e a s e d  enough d a t a  t o  mike good estimates o f  
energy use;  3 of 4 Washington p l a n t s  r e l e a s e d  s u f f i c i e n t  d a t a .  For  
t h o s e  t h a t  d i d  n o t  release d a t a ,  t h e  a v e r a g e  energy consumption of  t h e  
1 9  c o o p e r a t i n g  p l a n t s  i n  Colorado, Idaho,  Nevada, Oregon, and Washington 
w a s  used,  260 x lo9 B t u ' s .  
b u t  a t  l ea s t  one p l a n t ,  i n  Idaho,  u s e s  f u e l  o i l  f u l l  t i m e ;  two p l a n t s ,  
one each i n  Idaho and Oregon, u s e  e l e c t r i c  h e a t  f o r  d r y i n g .  

P o t a t o  s t a r c h  produc- 

N a t u r a l  g a s  i s  t h e  predominant h e a t  s o u r c e ,  
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REFERENCES (Con t . ) 
Norman K .  W h i t t l e s e y  and Chinkook Lee, "Impacts of Energy P r i c e  Changes 
on Food C o s t s , "  B u l l e t i n  822 of C o l l e g e  of A g r i c u l t u r e  Research Center  
(Pullman, WA: Washington S t a t e  U n i v e r s i t y ,  A p r i l  1976) .  

E .  D .  White, "Dehydrated Foods i n  t h e  United S t a t e s , "  i n  W. B .  Van A r s d e l ,  
M. J .  Copley, and A .  I. Morgan, Food Dehydrat ion (Second E d i t i o n ) ,  Vol .  I 
(Westport ,  CT: A V I  P u b l i s h i n g  Co., 1 9 7 3 ) ,  Table  2 . 3 ,  p .  10.  

Estimates f o r  t h e  energy r e q u i r e d  t o  produce one pound o f  d r i e d  a p p l e s  
v a r y  from 5,000 t o  14,000 B t u ' s  (Reference  7 and l e t t e r  from M. A. Davis, 
S e b a s t o p o l  Co-operative Cannery, May 18, 1977, r e s p e c t i v e l y )  depending on 
p r o d u c t  and d r y e r  t y p e .  T h e r e f o r e ,  t h e  f o l l o w i n g  procedure  was used t o  
estimate s t a t e  energy consumption. C a l i f o r n i a  produced about  6 . 2  m i l l i o n  
pounds of a r t i f i c i a l l y  d r i e d  a p p l e s  i n  1972 (Reference 5 ) ;  Washington 
a b o u t  10 m i l l i o n  pounds (Reference  10,  Table  298) assuming no Washington 
a p p l e s  a re  sun-dried (about  h a l f  o f  C a l i f o r n i a  d r i e d  a p p l e  p r o d u c t i o n  
a p p e a r s  t o  b e  s u n - d r i e d ) .  Good energy consumption f i g u r e s  were r e l e a s e d  
by Washington p l a n t s ;  C a l i f o r n i a  energy u s e  i s  assumed t o  b e  t h e  same 
p e r  lb of  d r i e d  a p p l e s .  

U . S . D . A . ,  A g r i c u l t u r a l  S t a t i s t i c s  1 9 7 3  (Washington: Government P r i n t i n g  
Off i c e ,  1973) . 
Very few d a t a  are  a v a i l a b l e  f o r  a r t i f i c i a l  d e h y d r a t i o n  of t h e s e  f r u i t s .  
Cervinka (Reference  5) s u g g e s t s  t h a t  i n  C a l i f o r n i a ,  about  8 x l o 9  B t u ' s  
a r e  used f o r  a p r i c o t  d e h y d r a t i o n ,  5 x 109 B t u ' s  for peaches ,  and 2 x lo9 
B t u ' s  f o r  p e a r s .  P l a n t  l o c a t i o n s  a re  n o t  known p r e c i s e l y :  50% of them 
are  assumed t o  b e  l o c a t e d  less  t h a n  50 m i l e s  from a geothermal  r e s o u r c e .  

Sunsweet Dryers  Co-operat ive c o n s i s t s  o f  1 5  p l a n t s  t h a t  d r i e d  about  
156,000 g r e e n  t o n s  of prunes  i n  1976. 
C a l i f o r n i a  c r o p ;  t h e  remainder  Ls processed  by aboi i t  203 d r y e r s ,  most of  
them s m a l l .  (Telephone c o n v e r s a t i o n  w i t h  o f f i c e  of Frank Dominic, 
Diamond-Sunsweet, I n c . )  I n  a l l ,  about  360,000 green  t o n s  o f  prunes w e r e  
d r i e d  i n  1976. Energy estimates assume t h a t  t h e  smaller p l a n t s  a r e  
l o c a t e d  w i t h i n  and o u t s i d e  of  t h e  areas l e s s  than  50 m i l e s  from geothermal  
i n  t h e  same p r o p o r t i o n s  a s  t h e  l a r g e r  15 p l a n t s .  3 . 5  x lo6 B t u ' s l g r e e n  
t o n  i s  assumed h e a t  requi rement  f o r  d r y i n g  ( t e l e p h o n e  c o n v e r s a t i o n  w i t h  
M r .  Dada, Dr ied  F r u i t  A s s o c i a t i o n ;  l e t t e r  from P r o f e s s o r  M. W .  M i l l e r ,  
C o l l e g e  of A g r i c u l t u r a l  and Environmental  S c i e n c e s ,  U n i v e r s i t y  of 
C a l i f o r n i a ,  Davis, May 1 6 ,  1977, which c i t e s  range  of 2 . 6  t o  5 .0  x l o 6  
B t u ' s / g r e e n  t o n ) .  

T h i s  r e p r e s e n t s  a b o u t  40% of t h e  

Dryer l o c a t i o n  d a t a  w a s  n o t  c o l l e c t e d .  
based on assumptions t h a t  4,000 g r e e n  t o n s  (Reference  1 0 ,  Table  346) a r e  
d r i e d  a n n u a l l y  a t  3 . 5  x l o 6  B t u ' s / t o n ;  t h a t  10% of t h e  d r y e r s  f o r  t h i s  

14  c r o p ,  which i s  grown predominant ly  i n  Yamhill  and U m a t i l l a  C o u n t i e s ,  
a re  less t h a n  50 miles from geothermal  r e s o u r c e s .  

The e s t i m a t e s  o f  energy u s e  a re  

U.S. Department of t h e  Census, Census of A g r i c u l t u r e ,  1969: Vol.  I ,  Area 
R e p o r t s  (Washington: Government P r i n t i n g  O f f i c e ,  1972) .  
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The 1 4  l a r g e r  d e h y d r a t o r s ,  which processed  about  75% o f  a r t i f i c i a l l y  
dehydra ted  r a i s i n s  (most ly  t h e  golden  b leached  v a r i e t y ) ,  produced about  
16-18,000 d r i e d  t o n s  i n  1976 ( t e l e p h o n e  c o n v e r s a t i o n  w i t h  Ed Hogt,  
U .S .D .A.  I n s p e c t i o n  Service, Fresno ,  CA). Four of  t h e s e ,  i n  Yadera,  
Kerman, and Sanger ,  a r e  w i t h i n  50 mi l e s  of r e s o u r c e s .  Energy estimates 
assume t h a t  t h e  8 smaller d r y e r s  a r e  l o c a t e d  w i t h i n  and o u t s i d e  of  t h e  
a r e a s  .!ess t h a n  50 miles from geothermal  i n  t h e  same p r o p o r t i o n s  as t h e  
l a r g e r  1 4  d r y e r s ;  t h a t  4.2 g r e e n  t o n s  are  r e q u i r e d  t o  produce 1 d r i e d  
ton ;  and t h a t  3.5 x l o 6  B t u ' s / g r e e n  t o n  a r e  used .  

Ene-gy estimate f o r  whole s ta te  based on 86.5 m i l l i o n  l b .  d r i e d  o n i o n s  
produced i n  1970 (Reference  8 ,  Table  2 .6)  a t  17,500 B t u ' s / d r i e d  l b . l 7  
Estimate f o r  p l a n t s  w i t h i n  50 m i l e s  is  p r o p o r t i o n a l :  67% o f  6-plant  
energy u s e .  

Telephone c o n v e r s a t i o n  w i t h  MY. Mello,  Gentry I n t e r n a t i o n a l ,  I n c . ,  
Dehydrated Vegetab le  D i v i s i o n ,  G i l r o y ,  CA, May 1 9 ,  1977. 

S t a t e  estimate based on 21.9 m i l l i o n  l b .  d r i e d  g a r l i c  p r o d u c t i o n  i n  1970 
(Reference  8 ,  Table  2.6) a t  13,600 B t u ' s / l b .  d r i e d  p r o d u c t . 1 7  
€ o r  p l a n t s  w i t h i n  50 m i l e s  i s  p r o p o r t i o n a l :  83% a f  6-plant  energy u s e .  

Estimate 

I n  1965, a n  e s t i m a t e d  30 m i l l i o n  raw pounds o f  v e g e t a b l e s  o t h e r  than  - 
p o t a t o e s ,  o r i o n s ,  and g a r l i c  were Droduced (Reference  8 ,  p .  1 5 ) .  About 
o n e - t h i r d  were c h i l i s ,  which p r o b a b l y . a c c o u n t  f o r  about  2 m i l l i o n  d r i e d  
l b .  i n  C a l i f o r n i a .  About 25,000 B t u ' s / d r y  l b .  a r e  r e q u i r e d  f o r  c h i l i s :  
20,000 B t u ' s j l b .  i s  assumed f o r  4 m i l l i o n  d r i e d  pounds o f  o t h e r  v e g e t a b l e s .  

Energy estimate assumes t h a t  5 ,000 d r y  t o n s  o f  c h i l i  w e r e  dehydra ted  i n  
1975 (U.S.D.A. and New Mexico Crop and L i v e s t o c k  Reporting Service, 
"New Mexico A g r i c u l t u r a l  S t a t i s t i c s ,  1975" [Las Cruces ,  NM: New Mexico 
Department of A g r i c u l t u r e ,  J u l y ,  19761 p .  31) a t  25,000 B t u ' s / d r i e d  lb. 

P r o d u c t i o n  f i g u r e s  from U . S . D . A . ,  A g r i c u l t u r a l  S t a t i s t i c s  1976 (Washington: 
Government P r i n t i n g  O f f i c e ,  1976) ,  T a b l e  74. Energy consumption f o r  
d r y i n g  assumed t o  b e  4 . 2  x lo5  B t u ' s / b a l e ,  as f o r  San J o a q u i n  V a l l e y ,  CA 
(Reference  4 ) ,  because  c l imate  i s  humid i n  most of t h e  non-geothermal 
c o t t o n  s ta tes .  

A g r i c u l t u r a l  S t a t i s t i c s ,  1976, T a b l e  247. 

American Dehydrators  A s s o c i a t i o n ,  "Direct Members, A s s o c i a t e  Members, 
Buyers Guide: 1976," (Mission,  Kansas: ADA, 1976) .  
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CONCEPTUAL DRYING CASCADES F O R  MULLTICROP DRYING CENTERS 
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Key 

I 
N 
P 
w 
I 

The d r y i n g  season  f o r  each  crop is  shown as a h o r i z o n t a l  b a r .  The t empera tu re  a t  t h e  l e f t  of each 
b a r  is  5°C above the maximum air  tempera ture  r e q u i r e d  f o r  t h e  d r y i n g  p r o c e s s  f o r  t h a t  c r o p ;  i t  g i v e s  a 
f i r s t  approximat ion  of t h e  needed geothermal  wa te r  tempera ture  f o r  t h e  p r o c e s s .  

Drying p r o c e s s e s  f o r  each  crop are a r r anged  h i e r a r c h i c a l l y  by t h i s  t empera tu re  t o  g i v e  a p r e l i m i n a r y  
geothermal  water cascade  f o r  each  MDC. 
p r o c e s s  by t h e  n e x t  d r y i n g  p r o c e s s  i n  t h e  h i e r a r c h y  f o r  one month. 
t o  de t e rmine  r e a l i s t i c  h e a t  exchanger i n l e t  and r e t u r n  t empera tu res  f o r  each  t empera tu re  l e v e l  o f  t h e  
c a s c a d e s . )  P r o c e s s e s  t h a t  d i f f e r  by less t h a t  5 ° C  i n  t h e  r e q u i r e d  i n l e t  water t empera tu re  are  grouped 
i n t o  one level i n  t h e  h i e r a r c h y .  Where r e s o u r c e  tempera ture  i s  lower than  t h e  i n l e t  water t empera tu re  
f o r  t h e  f i r s t  d r y i n g  p rocess  i n  t h e  h i e r a r c h y ,  i t  i s  assumed t h a t  ca scad ing  is  n o t  p o s s i b l e .  

One "cascade-month" i s  t h e  u s e  o f  o u t l e t  water from one d ry ing  
( F u r t h e r  e n g i n e e r i n g  s t u d y  i s  needed 

Cascading from one p rocess  t o  o t h e r s  can on ly  be done d u r i n g  t h e  common p a r t  of t h e  d ry ing  seasons  
f o r  t h e  c r o p s ;  it i s  assumed t h a t  whenever such  an o v e r l a p  of t w o ' o r  more f e a s i b l e  p r o c e s s e s  e x i s t s ,  t h e  
water i s  cascaded  from one t o  t h e  next t h e  maximum number o f  t imes  over  t h e  e n t i r e  o v e r l a p .  Thus, t h e  
number of cascade-months is t h e  sum of t h e s e  re-uses of t h e  geothermal  water over  t ime and g i v e s  a measure 
o f  t h e  p o t e n t i a l  e f f i c i e n c y  w i t h  which t h e  MDC can e x t r a c t  energy f o r  d r y i n g  from t h e  d e l i v e r e d  geothermal  
water. 
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I 
N c rn 
I 

Radium H.S.  
KGRA,  NM 
(130°C) 

Klamath 
F a l l s  KGRA,OR 
(120OC) 

V a l e  H.S 
KGRA, OR 
(160°C) 

Month 311 411 511 611 7 1 1  811 911 1011 11/1 1211 111 211 3/1 4 / 1  5 /1  6 J 1  

I I I I I I 1 I I I I I I I I I 

I I A l f a l f a  11 .0  cascade-months 125°C 

110°C 

75°C 

t Cot ton  1 
Onions l------ i 

70°C t C h i l i s  I 

t 1 

I 

no cascade - re source  
temp. t o o  low. 

140°C P o t a t o e s  

125°C A l f a l f a  1 

140°C P o t a t o e s  I 16 .5  cascade-months 

125°C A l f a l f a  

I 

t 

H 

i 

t Onions 75°C I 

F i g u r e  D . I .  (Cont inued)  
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Wilbe r  Hot S p r i n g ,  
CA (145OC) 

Month 3/1 4 / 1  511 611 7 1 1  811 911 1011 1111 1211 1/1 2 / 1  3/1 4 / 1  5 / 1  611 7 / 1  
I I 1 I I I I I I 1 I 1 I I I I I 

0 .5  cascade-months 8ooC P runes  H 
60°C Rice  

H 

Month 3/1 411 5 / 1  611 711  811 911 1011 1111 1211 111 2 1 1  311 411 511 611 7 / 1  
1 I I I I I I I I I I I I I I I I 

Ashton W a r m  S p r i n g ,  14OoC P o t a t o e s  6 .0  cascade-months 
I D  (145OC) 

Alf n l f  a 125OC I I 

Month 3/1 4 / 1  5 / 1  6 1 1  7 1 1  811 911 1011 1111 1211 1/1 211 311 4 / 1  511 611  7 / 1  
I I I I I I I I 1 I I I I I I I I 

Mountain Home 
KGRA, I D  
(135°C) 

no c a s c a d e  p o s s i b l e  

I 

14OoC P o t a t o e s  

125°C A l f a l f a  

R a f t  R ive r  
KGRA,  I D  
(140°C) 

Month 311 411  511 611 7 1 1  811 911 1011 1111 1211 111 2 1 1  311 411  511 611 711  
1 I I I I I I I I I I I I I I 1 J 

140°C F------ P o t a t o e s  16.0 cascade-montlis  

128°C I A 1  f a1 f a I 
Month 311 411 511 611 711 811 911 1 0 / 1 1 1 / 1 1 2 / 1  111 2 1 1  311  4 1 1  511 611  711 

1 I I I 1 I I 1 I I I I I I I I I 
no c a s c a d e  p o s s i b l e  

I 'I 
P o t a t o e s  Wayland Hot S p r i n g ,  140°C 

I D  (130°C) 

125°C A l f a l f a  t 

1;igure D . 2 .  (Con t inued)  
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I 
N 
ul 
P 

I 

I 

Month 311 411 511 611 711 811 911 1011 1111 12.11 111 211 311 411 511 611 711 
I 1 I I I 1 I I I I I I I 1 I I J 

Hooker ' s  Hot S p r i n g ,  125OC I A l f a l f a  
AZ (93°C)  I 

Sugar  b e e t  
Pu lp  

125°C I----+ 
l l O ° C  c o t  t 011 I I 

Orvis (Ridgeway) 
Hot S p r i n g ,  CO 
(110°C) 

3.0' cascade-months 

Month 311 4 1 1 ,  ,511 611  711  811  9 / 1  1011 1111 1 2 1 1  111 211 311 411 511 611 7 1 1  
I I I I I I I I I I I I I I I I J 

125°C I A l f a l f a  
Sugar b e e t  

125OC m 
10 .0  cascade-months 

75°C I Onions 

65 "C Ap p 1 es 

I 

I I 
-Mon th  3/1 411 5/1 611 711  811 911 1011 1111 1211 111 211 311 411 511 611 711 

1 I I I I I 1 I I I I I I I I I I 

Well n e a r  Brock ie  
A i r p o r t ,  I D  
( l l O D C )  

140°C PO t a  t o e s  o cascade  p o s s i b l e  

I A 1  f a l f  a 125OC I 

Month 311 411 5 1 1  611  711 811 911 1011 1111 1211 111 211 311 411 511 611 711 
I I I I I I I I 1 I 1 I I I I I .I 

Cast le  Creek KGRA, 
I D  (145°C) 

1 4 0 " ~  I P o t a t o e s  46.0 c a s c a d e m o n t h s  

125  O C  A l f a l f a  - 1 

F i g u r e  1).3. ConcepLtlnL Ilryirig Cascades  f o r  1,ow I ' o t e n t i a l  
M u  1 L i c r o p  Drying. CenLers 



Month 3 1 1  4 1 1  5 1 1  6 1 1  7 1 1  8 1 1  9 1 1  1011 1111 1211 111 211  3 1 1  411 5 1 1  6 1 1  7 1 1  
1 I I I I I I 1 1 I I I I 1 1 I I 

Roystone  Hot S p r i n g ,  
I D  (150°C) 

I 4.5 cascade-months  A l f a l f a  125°C 1 

80°C 

65°C I Apples  1 

Gregson Hot S p r i n g ,  
MT (13OOC) 

Month 3 /  4 1 1  51  6 1  

no c a s c a d e  p o s s i b l e  

I 1 
20 t a t o e s  
I 140°C 

A l f a l f a  125°C I 

Hel.ena (Broadwater )  
Hot S p r i n g ,  MT 
(140OC) 

____I 
125°C A l f a l f a  

S ugarbee  t 

125°C +---I 

1 . 5  cascade-months 

L i g h t n i n g  Dock 
KGRA,  NM 
( 1 7 0 ° C )  

San Y s i d r o  KGRA,  
NM (No d a t a )  

A p p l e s  L- 65°C: I 

17igure I). 3 .  ( C o n t i n u e d )  



1 
N 
cn 
w 
I 

125°C A l f a l f a  

110°C Co t ton  

Socor ro  Peak 
KGRA,  NIf (No d a t a )  1 

t i 

1 . 5  cascade-months 

Month 311 411 511 611 711  811 911 1011 1111 1211 111 211 311 411 511 611 7 1 1  
I I I I I I I I I I I I I I I I J 

Hooper ' s  Hot 
S p r i n g s  UT 
(105 "C) 

125°C A l f a l f a  

S u g a r b e e t  
125  "C 

4 .5  cascade-months 

Meadow Hot S p r i n g ,  
UT (105°C) 

75OC I Onions I 
Month 311 411 511  6 1 1  7 1 1  811  911 1011 1111 1211 111 211 311 411 511 611 7 1 1  

1 I I I I I I 1 1 1 I I I I I I J 
no cascade  p o s s i b l e  

140°C P o t a t o e s  t 

I '1 A1 f a l f  a 125°C 1 

Month 311 411  511 6 1 1  711 811  911 1 0 / 1  1111 1211 111 211 311 411 511 611 7 / 1  
1 I I I I I 1 I I I I I I I I I J 

Ohanepecos h 
Hot S p r i n g ,  WA 
(130°C) 

140°C P o t a t o e s  5 . 5  cascade-months 

I I A l f a 1  Ea 125°C I 
80 "C 

75°C 

65 O C  

Prunes  
H 

Peaches ,  
P e a r s  

oppl e s  

F i g u r e  I ) .  3 .  (Cont inued)  
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