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BACKGROUND 

T a d ' s  E n t e r p r i s e s ,  I n c .  h a s  a 4 0 0 , 0 0 0  g a l l o n s  p e r  y e a r ,  50 

g a l l o n s  p e r  h o u r ,  c a p a c i t y  g e o t h e r m a l  e t h a n o l  p l a n t  a t  Wabuska, 
Nevada. 

I n c .  who a l s o  p r o v i d e d  much of t h e  equipment .  Corn was t h e  
p l anned  f e e d s t o c k  material .  The p l a n t  i s  i n  i t s  f i r s t  y e a r  of 
o p e r a t i o n .  The p l a n t  h a s  one mash p r e p a r a t i o n  t a n k ,  e i g h t  h a t c h  
f e r m e n t e r s ,  a c o n v e n t i o n a l  four-column d i s t i l l a t i o n  sys t em,  a 
s i n g l e - e f f e c t  e v a p o r a t o r  f o r  t h i n  s t i l l a g e  s o l u b l e s  c o n c e n t r a -  
t i o n ,  and a h o t  water t u b e - t y p e  r o t a r y  d r y e r  f o r  DDGS d r y i n g .  

The p l a n t  was d e s i g n e d  b y  L&A E n g i n e e r i n g  and Equipment ,  

Geothermal  f l u i d  from Wabuska N o .  1 w e l l  i s  used f o r  v a r i o u s  
h e a t i n g  p u r p o s e s  i n  t h e  p l a n t .  Wellhead t e m p e r a t u r e  i s  a b o u t  
220 'F and t h e  c a p a c i t y  o f  t h e  e x i s t i n g  pump i s  a b o u t  4 5 0  g a l l o n s  
p e r  m i n u t e .  A c t u a l  u sage  is  n o t  measured.  Geothermal  f l u i d  e f -  

f l u e n t  is  c o o l e d  i n  a s p r a y  pond and  used  a s  c o o l i n g  water i n  t h e  
p l a n t .  

The o n l y  nongeothermal  h e a t e d  sys t em i s  t h e  b e e r  s t r i p p i n g  
column. A 2 m i l l i o n  Btu p e r  hour  g a s / o i l  f i r e d  bo i le r  i s  used  t o  

g e n e r a t e  s t r i p p i n g  steam. F u e l  costs  have  been  on t h e  o r d e r  of 
$ 2 , 0 0 0  p e r  month o r  6 - 10e p e r  g a l l o n  o f  p r o d u c t  e t h a n o l .  The 
p l a n t  h a s  a b o u t  2 0 0  c o n n e c t e d  horsepower  i n  e lec t r ic  motors. E l -  

e c t r i c  power i s  p u r c h a s e d  from S i e r r a  P a c i f i c  Power. Power costs 
have been  on t h e  o r d e r  o f  $ 4 , 0 0 0  p e r  month. These  t w o  o p e r a t i n g  
c o s t s  r e p r e s e n t  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  a l c o h o l  p r o d u c t i o n  
cost, if f e e d s t o c k  cost is e x c l u d e d .  I f  e i ther  o r  both  o p e r a t i n g  
c o s t s  c o u l d  be  r educed  t h r o u g h  i n c r e a s e d  g e o t h e r m a l  r e s o u r c e  
u t i l i z a t i o n ,  t h e n  t h e  p r o f i t  p o t e n t i a l  o f  t h e  p l a n t  would be  siq- 

n i I i c < i n  t Ly i mprovccl . 
O B J E C T I V E  AND SCOPE 

The o b j e c t i v e  of  t h i s  s t u d y  w a s  t o  e v a l u a t e  t h e  f e a s i b i l i t y  
of i n c r e a s i n g  t h e  u s e  o f  t h e  e x i s t i n g  g e o t h e r m a l  r e s o u r c e .  I m -  
p rovements  t h a t  would r e s u l t  i n  costs s a v i n g s  would be recommend- 
e d  f o r  imp lemen ta t ion .  The scope  o f  work i s  summarized below: 
T a s k  1 U s e  of Geothermal  Energy i n  Beer S t i l l  O p e r a t i o n  

1.1. Determine minimum column p r e s s u r e  d r o p  i n  t h e  b e e r  
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s t i l l  a t  t h e  d e s i g n  c a p a c i t y  t o  e s t a b l i s h  t h e  lowest o p e r a b l e  
t e m p e r a t u r e  a t  t h e  s t i l l  bottom. 

h e a t  s o u r c e  f r o m  t h e  geo the rma l  f l u i d ;  i . e . ,  steam f l a s h i n g ,  
which c a n  be d i r e c t e d  t o  t h e  d i s t i l l a t i o n  column t o  produce  t h e  

- 
1 . 2 .  Determine  t h e  most  s u i t a b l e  way o f  p r o d u c i n g  a u s e a b l e  - 

I a z e o t r o p e .  

- i n j e c t i o n  i n t o  t h e  beer s t i l l  i f  f l a s h i n g  a p p e a r s  f e a s i b l e .  
1 . 3 .  Determine  t h e  s u i t a b i l i t y  of  d i rec t  g e o t h e r m a l  steam 

1 . 4 .  Determine  s t a b l e  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  g e o t h e r -  
m a l  h e a t  s o u r c e  p r o d u c t i o n  and d i s t i l l a t i o n  column o p e r a t i o n .  

1 . 5 .  Develop a c a s c a d e  scheme for  u s e  of t h e  g e o t h e r m a l  
- 

f l u i d  t o  maximize e n e r g y  r e c o v e r y .  
T a s k  2 G e n e r a t i o n  of E lec t r ic  Power  From Geothermal Resource  

- 
2 . 1 .  Examine t h e  a v a i l a b i l i t y  and pe r fo rmance  c h a r a c t e r i s -  

t i c s  of small b i n a r y  c y c l e  power g e n e r a t i o n  u n i t s  h a v i n g  produc-  

t i o n  c a p a c i t i e s  i n  t h e  r a n g e  o f  100  t o  200  kW. 
Determine  whether  b i n a r y  c y c l e  power p r o d u c t i o n  t o  

- 

2.2. 

s u p p l y  t h e  p l a n t ' s  power n e e d s  i s  a t t r a c t i v e  w i t h  t h e  a v a i l a b l e  
220'F geo the rma l  r e s o u r c e .  
SUMMARY 

T h i s  i n t e r i m  r e p o r t  d e s c r i b e s  t h e  e v a l u a t i o n s  made t o  date  
unde r  t h e s e  t w o  work t a s k s .  R e s u l t s  are summarized here. 
Task 1 

The i n s t a l l a t i o n  o f  a g e o t h e r m a l  f l a s h  s y s t e m  t o  g e n e r a t e  
steam f o r  d i rec t  i n j e c t i o n  i n t o  t h e  bottom of t h e  beer s t r i p p e r  
a p p e a r s  t o  be t e c h n i c a l l y  feasible w i t h  some r e s e r v a t i o n s .  I f  

t h e  s t r i p p e r / r e c t i f i e r  sys t em c a n  be o p e r a t e d  c o n t i n u o u s l y  w i t h  

n o  more t h a n  a 3 . 3  p s i  t o t a l  p r e s s u r e  d r o p  w h i l e  m a i n t a i n i n g  t h e  

d e s i r e d  a l c o h o l  p r o d u c t i o n  ra te ,  t h e n  t h e  steam from t h e  f l a s h  
sys t em s h o u l d  be a b l e  t o  p r o v i d e  a l l  of t h e  h e a t  i n p u t  r e q u i r e d .  

I n s t a l l a t i o n  of  a second f e e d  p r e h e a t e r  u s i n g  g e o t h e r m a l  f l u i d  is  
recommended t o  r e d u c e  t h e  s t r i p p i n g  steam r e q u i r e m e n t  i n  t h e  
s t r i p p e r / r e c t i f i e r  sys t em.  T h i s  b e e r  f e e d  p r e h e a t e r  may h e l p  t o  
r e d u c e  t h e  p r e s s u r e  d r o p  i n  t h e  s t r i p p i n g  column and  t h u s  h e l p  t o  
keep  t h e  t o t a l  p r e s s u r e  d r o p  i n  t h e  sys t em l o w .  

2 



The f l a s h  sys t em w i l l  p r o v i d e  a d e q u a t e  amounts  o f  geo the rma l  
e f f l u e n t  a t  a h i g h  enough t e m p e r a t u r e  t o  s a t i s f y  t h e  p r o c e s s  hea t  

r e q u i r e m e n t s  o f  downstream u s e r s  w i t h o u t  s i g n i f i c a n t  o p e r a t i n g  
changes .  

t h e  b o i l e r  c a n  be d i s c o n t i n u e d  e n t i r e l y ,  t h e  o p e r a t i n g  c o s t  sav-  
i n g s  would r e s u l t  i n  a payback p e r i o d  of  a b o u t  1 . 2  y e a r s .  

p roposed  f l a s h  sys t em i s  now b e i n g  i n s t a l l e d .  The f i n a l  r e p o r t  
w i l l  c o n t a i n  d e t a i l s  on i n s t a l l a t i o n  and s t a r t - u p  e x p e r i e n c e s .  
Task 2 

The c o s t  o f  t h e  p roposed  sys t em i s  a b o u t  $ 4 0 , 0 0 0 .  If u s e  o f  

The 

The  i n s t a l l a t i o n  of a n  o r g a n i c  Rankine c y c l e  power g e n e r a t -  
i n g  f a c i l i t y  a t  t h e  T a d ' s  E n t e r p r i s e s  f a c i l i t y  i s  t e c h n i c a l l y  
f e a s i b l e ,  b u t  it may n o t  be p r a c t i c a l  f rom a n  economic s t a n d p o i n t  
u s i n g  t h e  p r e s e n t l y  p r o v i d e d  d e s i g n  p a r a m e t e r s .  T h i s  i s  f o r  sev- 
e r a l  r e a s o n s .  F i r s t ,  t h e  u n i t  s i z e  a v a i l a b l e  ( 3 0 0  kW) o n l y  o p e r -  
a t e s  a t  6 0 %  o f  d e s i g n  c a p a c i t y  making t h e  i n s t a l l e d  c a p i t a l  cost  
o f  t h e  f a c i l i t y  v e r y  h i g h  i n  r e l a t i o n  t o  t h e  power o u t p u t  ( o v e r  
$2,60O/kW). Second,  t h e  p r i c e  a t  which t h e  power c o u l d  be s o l d  
( j u s t  o v e r  5C p e r  kWh) d o e s  n o t  g e n e r a t e  h i g h  r e v e n u e s .  T h i r d ,  
due t o  t h e  c u r r e n t  f i n a n c i a l  climate, a c o n s i d e r a b l e  p o r t i o n  o f  
t h e  g r o s s  r e v e n u e s  would b e  r e q u i r e d  t o  c o v e r  t h e  debt  service,  
u n l e s s  low i n t e r e s t  l o a n s  c o u l d  be s e c u r e d .  F i n a l l y ,  t h e  geo-  
t h e r m a l  e f f l u e n t  t e m p e r a t u r e  (185OF) would be too l o w  t o  s a t i s f y  
most  of t h e  p r o c e s s  h e a t i n g  n e e d s  i n  t h e  e t h a n o l  p l a n t ,  and t h e  
e f f l u e n t  would need t o  be reheated a t  a h igh  cost. 

T h e r e  are c e r t a i n  i n c e n t i v e s  t h a t  improve t h e  economic o u t -  
look such  a s  a 1 0 %  i n v e s t m e n t  t a x  c r ed i t  and  a 1 0 %  e n e r g y  t a x  
c r e d i t .  However, t h e s e  c r e d i t s  a l o n e  are n o t  s u f f i c i e n t  t o  make 

t h i s  an e c o n o m i c a l l y  a t t r a c t i v e , p r o j e c t  by i t s e l f .  An increase 
i n  geo the rma l  f l u i d  f l o w  n e a r e r  t o  700 gpm would i n c r e a s e  t h e  
o u t p u t  of  t h e  g e n e r a t o r  by 50% w i t h  v e r y  l i t t l e  a d d i t i o n a l  ex-  
p e n d i t u r e  f o r  power p l a n t  equipment .  T o  accompl i sh  t h i s  w i t h o u t  
a f f e c t i n g  t h e  c u r r e n t  e t h a n o l  p l a n t  h e a t i n g  s y s t e m s ,  a new w e l l  
and l a r g e r  pump would need t o  be i n s t a l l e d .  The a d d i t i o n a l  c a p i -  
t a l  c o s t  for t h i s  i n s t a l l a t i o n  would be a b o u t  $ 1 0 0 , 0 0 0 .  The new 
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pump would i t s e l f  consume 60 t o  75 kW so t h e  n e t  o u t p u t  would i n -  
c r e a s e  o n l y  15 t o  20% r a t h e r  t h a n  50%. 

would be m a r g i n a l  t o  u n a t t r a c t i v e .  

Again,  t h e  economics 

i 
TASK 1 - USE OF GEOTHERMAL ENERGY I N  BEER STILL OPERATION - 

F i g u r e  1 i s  a schemat i c  which i l lus t ra tes  t h e  ma jo r  p r o c e s s  
I t  does n o t  a c c u r a t e l y  r e p r e s e n t  - f e a t u r e s  of  t h e  Wabuska p l a n t .  

t h e  a s - b u i l t  f a c i l i t y  i n  t h e  a r e a s  of 1) d r y i n g ,  and 2 )  geo- 
1 t h e r m a l  f l u i d  p i p i n g .  The d i s t i l l a t i o n  s e c t i o n  i s  s u f f i c i e n t l y  

r e p r e s e n t a t i v e  for  t h i s  d i s c u s s i o n .  
a v a i l a b l e  f o r  t h e  p l a n t .  

C u r r e n t  Beer S t i l l  O p e r a t i o n  - Beer d i s t i l l a t i o n  is  carried 
o u t  i n  t w o  columns;  one  a s t r i p p e r  and t h e  o t h e r  a rect i f ier .  
Each column is  18" i n  diameter by a b o u t  35' h i g h .  The s t r i p p i n g  
column c o n t a i n s  2 2  one-pass  sieve t r a y s  w i t h  a n  18" t r a y  s p a c i n g .  
T ray  hold s i z e  i s  7/16" d i a m e t e r .  The r e c t i f y i n g  column c o n t a i n s  
a b o u t  33 s i e v e  t r a y s  (12" s p a c i n g )  w i t h  a smaller h o l e  s i z e ,  
p robab ly  grn diameter. The s t r i p p i n g  s e c t i o n  receives a n  8 - 1O%V 
a l c o h o l  f e e d  from one of t h e  f e r m e n t e r s  which is  p r e h e a t e d  t o  
a b o u t  130°F by heat exchange  w i t h  t h e  c o n d e n s i n g  o v a r h e a d  vapor  
s t r e a m  from t h e  r e c t i f y i n g  s e c t i o n .  The f e e d  ra te  i s  i n  t h e  
r a n g e  of 500 - 625 g a l l o n s  p e r  hour .  

Heat i n p u t  for  b o i l u p  i s  p r o v i d e d  by l i v e  steam i n j e c t i o n  
i n t o  t h e  s t r i p p e r  sump. About 80 - 90 p s i g  s a t u r a t e d  steam is  
g e n e r a t e d  i n  a 2 MM B t u / h r  c a p a c i t y  package  o i l / g a s  f i r e d  boiler.  
Design steam consumpt ion  is a b o u t  1 , 0 0 0  l b / h r  a t  t h e  d e s i g n  198+ 
proof  e t h a n o l  p r o d u c t i o n  ra te  of 50 g a l l o n s  p e r  hour  ( a b o u t  5 3  - 
5 7  g a l l o n s  p e r  hour  of 190 proof r e c t i f i e r  p r o d u c t ) .  The re  is  no 
measurement of a c t u a l  steam consumpt ion .  

The steam f l o w  is  set by a t e m p e r a t u r e  c o n t r o l l e r  which 
measu res  t h e  l i q u i d  t e m p e r a t u r e  i n  t h e  s t r i p p e r  sump. S t r i p p e r  
feed r a t e  i s  a d j u s t e d  manua l ly .  R e c t i f i e r  p r o d u c t  t a k e o f f  ra te  
i s  set  by a rotometer (also by a manual globe valve) .  The bal- 

ance  of t h e  r e c t i f i e r  o v e r h e a d  p r o d u c t  is  pumped t o  t h e  t o p  of  
t h e  r e c t i f i e r  f o r  r e f l u x .  An o f f - l i n e  hydrometer  is  used  t o  de- 

t e r m i n e  t h e  rec t i f ie r  p r o d u c t  q u a l i t y .  S t i l l a g e  i s  pumped f rom 

L i t t l e  d e s i g n  de t a i l  was 
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- 
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t h e  s t r i p p e r  sump on l e v e l  c o n t r o l  ( f l o a t - t y p e )  t o  a s i n g l e  e f -  
fect  e v a p o r a t o r .  
of t h e  r e c t i f y i n g  column. 

A f u s e l  o i l  c u t  i s  removed from t h e  lower t h i r d  

T y p i c a l  t e m p e r a t u r e / p r e s s u r e  c o n d i t i o n s  were: a 215°F 
s t r i p p e r  bottoms t e m p e r a t u r e ,  a 170°F r e c t i f i e r  ove rhead  tempera-  
t u r e ,  and  a 3 . 7  p s i a  t o t a l  p r e s s u r e  d r o p  across t h e  t w o  columns.  
The p r c s s u r e  d r o p  i s  a b o u t  t h e  same i n  e a c h  column, and  a p p e a r s  
L o  be ;I b i t  h i q h  €or sieve t r a y s  columns.  The s m a l l  h o l e  s i z 2  
mtiy p a r t l y  a c c o u n t  f o r  t h e  h i g h  p r e s s u r e  d r o p ,  e s p e c i a l l y  i f  
I ) lugqing o c c u r s .  

P r o d u c t i o n  T e s t  a t  L o w e r  S t r i p p e r  B o t t o m s  Tempera tu re  - A 

b r i e f  t es t  w a s  r u n  t o  assess t h e  s t r i p p i n g  column pe r fo rmance  a t  
a lower bottom t e m p e r a t u r e .  The ob jec t ive  w a s  t o  see whe the r  t h e  
column would b e  o p e r a b l e  i f  l o w  t e m p e r a t u r e  f l a s h e d  g e o t h e r m a l  
f l u i d  were a v a i l a b l e  f o r  i n j e c t i o n  i n t o  t h e  s t r i p p e r  sump. With 
t h e  column i n  o p e r a t i o n  unde r  t y p i c a l  flow/temperature/pressure 
c o n d i t i o n s ,  t h e  t e m p e r a t u r e  c o n t r o l l e r  set p o i n t  w a s  reduced t o  
2 1 2 ° F .  A s  t h e  s t r i p p e r  bottoms t e m p e r a t u r e  d ropped  t o  212°F and  
s t a b l i z c d  t h e  t o t a l  p r e s s u r e  d r o p  decreased t o  2 . 9  p s i a  f r o m  3 . 8  

p s i a .  The r e c t i f i e r  p r o d u c t  q u a l i t y  d ropped  s i g n i f i c a n t l y  ( t o  
less t h a n  1 6 0  p r o o f )  a t  a b o u t  a 60  g a l l o n  p e r  hour  t a k e o f f  r a t c .  
T h i s  w a s  n o t  unexpec ted  s i n c e  t h e  t e m p e r a t u r e  c o n t r o l l e r  closed 

down o n  t h e  steam c o n t r o l  valve r e d u c i n g  t h e  steam i n p u t  t o  t h e  
s t r i p p e r .  ( A  rough e s t i m a t e  of  750 l b / h r  w a s  d e t e r m i n e d  by 
c r u d e l y  measu r ing  t h e  l eve l  drop i n  t h e  bo i l e r  feed w a t e r  t a n k . )  
T h e r e  w a s  n o t  enough h e a t  i n p u t  t o  p roduce  a n  a d e q u a t e  d e g r e e  of 

r e c t i f i c a t i o n  a t  a 6 0  g a l l o n  per h o u r  p-roduct t a k e o f f  r a t e .  The 

- 

- beer f e e d  r a t e  t o  t h e  s t r i p p e r  w a s  t h e n  r e d u c e d  a n d  t h e  r ec t i f i e r  

w a s  p u t  o n  t o t a l  r e f l u x  u n t i l  t h e  desired ove rhead  q u a l i t y  w a s  
- r e e s t a b l i s h e d .  P r o d u c t  t a k e o f f  w a s  i n i t i a t e d  a t  a l o w  r a t e ,  and 

t h e  fccd and p r o d u c t  t a k e o f f  f l o w s  were t h e n  a d j u s t e d  t o  g e t  
s t a b l e  o p e r a t i o n  a t  t h e  212°F bo t toms  t e m p e r a t u r e .  A t  s t ab le  op- 
c r o t i o n  t h e  190  p roof  p r o d u c t  t a k e o f f  r a t e  was a b o u t  30  g a l l o n s  . 

iJtar h o u r ,  o r '  <it)ouL (>nc -ha lT  thc t y p i c a l  r a t e .  N o  mcasui:cmont o f  

s t i l l a q c  a l c o h o l  c o n t e n t  w a s  made ( t h e r e  w a s  no means of making 
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s u c h  a measurement ) .  

T h e  c o n c l u s i o n  from t h i s  tes t  was t h a t  t h e  s t r i p p i n g  column 
w i l l  o p e r a t e  s a t i s f a c t o r i l y  a t  a l o w  bottoms t e m p e r a t u r e  and  
s t i l l  produce  1 9 0  proof  r e c t i f i e r  ove rhead  p r o d u c t  - though a t  a 
lowcr r a t e  t h a n  d e s i r e d .  What t h i s  t es t  c o u l d  n o t  i n d i c a t e  i s  

w h e t h e r  a h i g h e r  p r o d u c t i o n  ra te  would be achievable  w i t h  a h igh -  
e r  h e a t  i n p u t  f rom l o w  t e m p e r a t u r e  ( v i z .  g e o t h e r m a l )  steam v z r s u s  
t h e  rcs t r ic ted  i n p u t  of h i g h e r  t e m p e r a t u r e  steam i n  t h i s  test .  
The column d e s i g n e r  (L&A E n g i n e e r i n g )  f e l t  t h a t  a bottoms temper- 

a t u r e  h i g h e r  t h a n  212OF is  r e q u i r e d  t o  achieve t h e  desired 60  spb 

p r o d u c t i o n  ra te  of 190  proof  p r o d u c t .  T h e r e  i s  i n h e r e n t l y  a min- 
imum p r e s s u r e  d r o p  a n d ,  t h u s ,  a minimum bottoms t e m p e r a t u r e  be- 

l o w  which t h e  desired s e p a r a t i o n  c a n n o t  be achieved a t  t h e  6 0  

g a l l o n  p e r  hour  p r o d u c t  t a k e o f f  r a t e  w i t h  t h e  e x i s t i n g  columns.  

t u r e s  and p r e s s u r e s  i n  t h e  d i s t i l l a t i o n  s y s t e m  w e r e  o b v i o u s l y  
c r i t i c a l  p a r a m e t e r s ,  a test  w i t h  b o i l i n g  water i n  t h e  s t r i p p e r  
sump w a s  run  t o  check  t h e  thermocouple  r e a d i n g s  w i t h  t h e  corres- 
ponding p r e s s u r e  gage  r e a d i n g s  i n  t h e  s t r ippe r  and  r ec t i f i e r .  
T h e  p l a n t  s i t e  i s  a t  a n  e l e v a t i o n  o f  4 , 3 0 0 ' .  From a p l o t  of ele- 
v;i t ion v e r s u s  normal barometric p r e s s u r e ,  t h e  normal  b o i l i n g  p o i n t  
o f  watcr t h e r e  would be a b o u t  204'F (12 .5  p s i a ) .  A barometer 
c a l i b r a t e d  a t  t h e  l o c a l  a i r p o r t  was u s e d  t o  d e t e r m i n e  t h e  baro- 

met r ic  p r e s s u r e  d u r i n g  a t e m p e r a t u r e  r e a d i n g  tes t  check .  The 
s t r i p p e r  sump w a s  filled with cool geothermal fluid and steam 

f r o m  t h e  bo i l e r  w a s  i n j e c t e d  on t e m p e r a t u r e  c o n t r o l .  Column t e m -  
p e r a t u r e s  a n d  p r e s s u r e s  were recorded a f t e r  e a c h  i n c r e m e n t a l  i n -  
crc,1s(' i n  I;hc boLtoms t e m p e r a t u r e .  A rilngc o f  205OF t o  216'F was 
c o v c r c d .  Tempera tu res  i n  t h e  bottom middle,  and  t o p  of t h e  rec- 
t i f i e r  were a lways  h i g h e r  t h a n  t h e  s t r i p p e r  bottoms l i q u i d  t e m -  
p e r a t u r e  i n d i c a t i n g  s u p e r h e a t e d  water vapor w a s  p r e s e n t  i n  t h e  

vapor  spaces of both columns. The r e c t i f i e r  t o p  p r e s s u r e  w a s  
0 p s i g  t h r o u g h o u t .  The t o p  t e m p e r a t u r e  r anged  from 209.5"F t o  
2 0 9 . 7 5 " F .  T h e  normal b o i l i n g  p o i n t  w a s  measured a s  203.34"F 
( c o r r e s p o n d i n g  t o  a p r e s s u r e  o f  12 .35  p s i a )  w i t h  a mercury t h c r -  

Column T e m p e r a t u r e / P r e s s u r e  Reading Checks - S i n c e  tempera-  
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mometer i n  a pan of b o i l i n g  water. 
o u s l y  used  t o  c a l i b r a t e  a l l  of t h e  the rmocoup les .  

3 0 . 1 5  t o  30.18" of mercury .  The Reno a i r p o r t  ( 4 , 4 1 1 '  e l e v a t i o n )  
r e p o r t e d  30.11" of mercury.  A c t u a l  s t a t i o n  p r e s s u r c s  a t  Wabuska 
and Reno w o u l d  be a b o u t  12 .7  p s i a  c o r r e s p o n d i n g  t o  a water b o i l -  

T h i s  thermometer  was p r e v i -  

The barometric p r e s s u r e  corrected t o  sea l e v e l  r anged  f r o m  

i n g  p o i n t  of about 204.8OF. Assuming t h e  gage  p r e s s u r e s  were 
- correct and a n  a t m o s p h e r i c  p r e s s u r e  o f  1 2 . 7  p s i a ,  a l l  of t h e  

s t r i p p e r  bottom the rmocoup les  r e a d i n g s  were l o w  - t h e  r a n g e  w a s  
1 . 4  t o  2.7'F t oo  l o w .  The mercury thermometer  p l a c e d  i n  b o i l i n g  
water i n  Oakland r e a d  209.75OF t h e  f o l l o w i n g  day  when t h e  a c t u a l  
b o i l i n g  p o i n t  s h o u l d  have been v e r y  close t o  212OF (a new t h e r -  
mometer read 2 1 2 ' F ) .  

I t  w a s  a p p a r e n t  from t h i s  p r e s s u r e / t e m p e r a t u r e  check  t h a t  
t h c  s t r i p p e r  bottoms t e m p e r a t u r e  i n d i c a t o r  w a s  r e a d i n g  l o w  - 
p r o b a b l y  a b o u t  2'F. The g e o t h e r m a l  f l u i d  s u p p l y  t e m p c r a t u r e  d i a l  

was a l s o  reexamined and  it a p p e a r e d  t o  read a s  h i g h  a s  222'F. 
H i s t o r i c a l  s t a t i o n  p r e s s u r e s  a t  t h e  Reno (Cannon) a i r p o r t  

i n d i c a t e d  an  a v e r a g e  s t a t i o n  p r e s s u r e  of 25.59" of mercury (12.57 
p s i a )  c o r r e s p o n d i n g  t o  a water b o i l i n g  p o i n t  t e m p e r a t u r e  of 
204.4"F. The h i g h e s t  and lowest recorded p r e s s u r e s  w e r e  26.34 i n  
H g  ( 2 0 5 . 7 " F )  and  24.65 i n  Hg (202.5OF).  

A t  a l a t e r  d a t e  D a n i e l s  E n g i n e e r i n g  checked  t h e  s t r i p p e r  
b o t t o m s  p r e s s u r e  w i t h  a U-tube water manometer when t h e  sys t em 
w a s  o p e r a t i n g  a t  t h e  d e s i g n  p r o d u c t i o n  ra te .  The bottoms p r e s -  
s u r e  ave raged  3 . 3 + 0 . 1  p s i  above a t m o s p h e r i c  pressure. T h i s  pres- 

s u r e  c o r r e s p o n d s  t o  a b o u t  15 .9  p s i a  or a 216'F water b o i l i n g  
p o i n t  t e m p e r a t u r e .  
Geothermal  F l u i d  F l a s h  C a l c u l a t i o n s  

I f  w e  assume t h a t  t h e  s t r i p p e r  bottoms t e m p e r a t u r e  must be 

2 1 6 ° F  f o r  p r o d u c t i o n  of 190 p roof  a l c o h o l  a t  t h e  d e s i g n  ra te ,  
t h e n  t h e  s t r i p p i n g  steam t e m p e r a t u r e  c a n n o t  be lower t h a n  t h i s ,  
u n l e s s  o t h e r  changes  a re  made t o  r e d u c e  t h e  t o t a l  column p r e s s u r e  
drol)  a n d ,  h e n c e ,  r e d u c e  t h e  s t r i p p e r  bottoms p r e s s u r e .  Even a t  
2 1 6 ° F  there  is  a p o t e n t i a l  f o r  g e n e r a t i n g  enough s tcam from t h e  
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f rom t h e  geo the rma l  f l u i d  t o  o p e r a t e  t h e  s t r i p p i n g  column. If 

t h e  d e s i g n  h e a t  i n p u t  t o  t h e  s t r i p p e r  i s  now s u p p l i e d  by d i r e c t  
i n j e c t i o n  of 1,000 l b / h r  o f  100 p s i a  s a tu ra t ed  steam which con- 

d e n s e s  a t  216'F, t h e n  t h e  e n t h a l p y  t r a n s f e r r e d  t o  t h e  s t r i p p e r  
bo t toms is  a b o u t  one  m i l l i o n  B t u s  p e r  hour .  Assuming t h e  b e e r  
f e e d  r a t s  a v e r a g e s  555 g a l l o n s  p e r  hour  a t  9 %  volume e t h a n o l ,  
t h c  o v e r  1 / 3  m i l l i o n  B t u s  p e r  h o u r  a r e  r e q u i r e d  t o  h e a t  t h e  water 
i n  t h e  s t r i p p e r  bo t toms  from t h e  130°F f e e d  t e m p e r a t u r e  t o  t h e  

216°F bottoms t e m p e r a t u r e .  E x t e r n a l  p r e h e a t i n g  of  t h e  f e e d  f r o m  
130'F t o  a b o u t  190°F, t h e  s t r i p p e r  t o p  t e m p e r a t u r e ,  would reduce 
t h e  r e q u i r e d  h e a t  i n p u t  t o  t h e  s t r i p p e r  bottoms by about  25%. So 

the re  i s  a p o t e n t i a l  f o r  s i g n i f i c a n t l y  r e d u c i n g  t h e  p r e s e n t  s t e a m  
i n j e c t i o n  ra te  i n  t h e  s t r i p p i n g  column. 

The geo the rma l  w e l l  t u r b i n e  pump i s  c a p a b l e  o f  d e l i v e r i n g  
a b o u t  450  gpm of 2 2 0  - 222°F geo the rma l  f l u i d  t o  t h e  a l c o h o l  
p l a n t  a t  a b o u t  30 p s i g .  Using t h e  thermodynamic p r o p e r t i e s  o f  
water,  w e  c a l c u l a t e d  t h e o r e t i c a l  steam p r o d u c t i o n  r a t e s  a t  va r i -  
o u s  f l a s h  t e m p e r a t u r e s  f o r  b o t h  220°F and 222°F g e o t h e r m a l  f l u i d  
t e m p e r a t u r e s  u s  i n g  : 

F h  = S h  + L h  
O f o  91 f l  

w h e r e  F = feed s u p p l y  ra te  i n  l b / h r  450 gpm X 6 0  X 5 9 - 6  Ib / c f  
0 7 . 4 8  ga l / c f  

= 215,130 l b / h r  
= s a t u r a t e d  l i q u i d  enthalpy of feed, Btu/lb at supply 

t e m p e r a t u r e  t o  0 
hf  

s1 
h saturated vapor cn thn l r jy ,  Btu/lL, ;it r l n s h  t c m l ~ c * r , i -  

= steam p r o d u c t i o n  r a t e ,  l b / h r  a t  f l a s h  t e m p e r a t u r e  T1 

t u r e  T1 1 

= r e s i d u a l  f l u i d  ra te ,  l b / h r  a t  f l a s h  t e m p e r a t u r e  TI L1 

(= Fo-SI) 

t e m p e r a t u r e  T1 
= s a t u r a t e d  l i q u i d  e n t h a l p y s o f  r e s i d u a l  f l u i d  a t  f l a s h  

= e n t h a l p y  o f  e v a p o r a t i o n  a t  TI - , B t u / l b  hf 91 - h g l - h f l  
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For a 2 2 2 ° F  s u p p l y  t e m p e r a t u r e  ( T o ) ,  t h e  f o l l o w i n g  r e s u l t s  

Y 

wc re c a l c u l a t e d  : 
p i ,  p s i g *  P1, p s i a  

S l h f g l  -_ 
l b / h r  Btu'hr s l '  O F  T1' - 

2 2 2  0 0 5.27 17.87 
218 890 860,000 3.95 16.55 

15.90 
15.28 

216 1,330 1,290,000 3.3 

2 1 4  1 775 1,720,000 2.68 

2 0 4 . 5  3,890 3,790,000 0 12.6 

For a 220'F s u p p l y  t e m p e r a t u r e  (To), t h e  f o l l o w i n g  were de- 

t e r m i n e d :  
l b / h r  s h , B t u / h r  P i ,  p s i g *  P1, p s i a  

sl' 1 f - 7  

2 2 0  0 0 4.59 17.19 

218 448 433,000 3.95 16.55 

2 16 895 866,000 3.3 15.90 
2 1 4  1,340 1,300,000 2.68 15.28 

2 1 2  1,785 1,734,000 2.1 14.7 

204.5 3,445 3,360,000 0 12.6 

I f  t h e  s u p p l y  t e m p e r a t u r e  i s  a s  h i g h  as 222"F, t h e r e  s h o u l d  
bc s u f f i c i e n t  stcam a v a i l a b l e  a t  216°F t o  o p e r a t e  t h e  s t r i p p e r  a t  

t h c  d e s i g n  p r o d u c t i o n  ra te .  I f  t h e  s u p p l y  t e m p e r a t u r e  i s  o n l y  
L 2 0 r ' F ,  t h c n  t h e  steam ra te  a t  216'F i s  m a r g i n a l  w i t h o u t  a d d i t i o n -  
7 1  f c c d  p r e h e a t i n g  or  w i t h o u t  some o t h e r  change  which would re- 
d u c e  t h e  pressure d r o p  and  temperature i n  t h e  s t r i ppe r .  
- F l a s h  System Proposed  

A qco the rma l  f l u i d  f l a s h i n g  s y s t e m  w a s  d e s i g n e d  for  t h e  W a -  

r l u ska  p l a n t .  
systcm. A l l  of t h e  geo the rma l  f l u i d  s u p p l y  would be p i p c d  to Chc 
' l a s h  sys t cm,  and  a l l  g e o t h e r m a l  f l u i d  u s e r s  would t h e n  be s u p -  
plied w i t h  a lower t e m p e r a t u r e  r e s idua l  f l u i d  from t h e  f l a s h  ves- 
s c l .  T h e  f l a s h  v e s s e l  i t s e l f  would be 3' diameter by 6' h i g h  
w i t h  a York-type demister a s  ind ica ted  i n  F i g u r e  3. 

F i g u r e  2 'is a f l o w  d iag ram of t h e  proposed  f l n s h  

A f low r e c o r d e r  (FR-101) w a s  i n c l u d e d  t o  measure t h e  geo- 

t h e r m a l  f l u i d  f l o w  r a t e  i n t o  t h e  f l a s h  sys tem.  C u r r e n t l y  t h e r e  
IS no way t o  measure geo the rma l  f l o w s  i n  any p a r t  o f  t h e  sys t em.  

9 
*Assumed a v e r a g e  a t m o s p h e r i c  p r e s s u r e  = 12.6 p s i a .  
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Notes 

cesic,n p r e s s u r e :  30 p s i g  a t  25'3°F 
O p e r a t i n g  p r e s s u r e :  5 p s i g  a t  215°F 
Yate r i z l  of c o n s t r u c t i o n :  C.S .  w i t h  
1/8" c o r r o s i o n  a l lowance  
P r o v i d e  s u p p o r t  l u g s  
t i o n  
Mesh m i s t  e l i m i n a t o r  
s t y l e  431 o r  e q u a l  6 ' #  

Notes 

cesic,n p r e s s u r e :  30 p s i g  a t  25'3°F 
O p e r a t i n g  p r e s s u r e :  5 p s i g  a t  215°F 
Yate r i z l  of c o n s t r u c t i o n :  C.S .  w i t h  
1/8" c o r r o s i o n  a l lowance  
P r o v i d e  s u p p o r t  l u g s  f o r  2" i n s u l a  - 
t i o n  
Mesh m i s t  e l i m i n a t o r  30 l iSS  York e 

s t y l e  431 o r  e q u a l  6 ' #  t h i c k  

, F  
I 

f o r  2" i n s u l a -  

30 l iSS  York e 

t h i c k  

, F  
I 

4 

4' '  weld neck f l a n g e  j o i n t  (LC-IOI) 

12" 
4" screw ( i r ~ u r o  rrrur) 
2" SCKCW lwrsrr w a a  win) 
1 '' screw f mgss .7~~ FOR PC -MI) 
6" 

weld neck f l a n g e  J o i n t  w i t h  blind ( W A W  You) 

weld neck f l a n g e  j o i n t  ( r h ~ # o u T U T )  

Flqun 3 



A p r e s s u r e  c o n t r o l l e r  (PC-101) would be u s e d  t o  m a i n t a i n  t h e  de- 

s i red p r e s s u r e  i n  t h e  f l a s h  vessel  v a p o r  s p a c e  by c o n t r o l l i n g  t h e  

g e o t h z r m a l  f l u i d  f e e d  ra te  i n t o  t h e  v e s s e l .  F l a s h e d  f l u i d  would 
be i n j e c t e d  i n t o  t h e  s t r i p p e r  bottoms, 
pumped (P -101)  o u t  of t h e  bottom of t h e  f l a s h  vessel on l e v e l  
c o n t r o l  ( L C - 1 0 1 )  and  s u p p l i e d  a t  a b o u t  30 p s i g  t o  the downstream 

R e s i d u a l  f l u i d  would be 

u s e r s .  

The e x i s t i n g  TRC would be u s e d  t o  m o n i t o r  t h e  s t r i p p e r  b o t -  
t o m s  l i q u i d  t e m p e r a t u r e .  
a s  a g u i d e  f o r  i n c r e a s i n g  o r  d e c r e a s i n g  t h e  set p o i n t  p r e s s u r e  
f o r  t h e  f l a s h  sys t em.  
m a i n t a i n e d  o n  a s t a n d b y  basis  t o  1) p r o v i d e  a small  amount o f  
s u p p l e m e n t a l  s t r i p p i n 9  steam i f  needed ,  o r  2 )  

s t r i p p i n g  steam i f  t h e  f l a s h  s y s t e m  i s  o u t  of service. 

The bottoms t e m p e r a t u r e  would b e  u s e d  

The c u r r e n t  steam b o i l e r  s y s t e m  would be 

p r o v i d e  a l l  of t h e  

T a b l e  1 summarizes  t h e  major equ ipmen t  and  i n s t r u m e n t  s p e c i -  
f i c a t i o n s  f o r  t h e  f l a s h  sys t em.  
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Iraq N o .  

I T - 1 0 1  
-___ 

FT-101 

FR-101 

LC-101 

cv- 10 2 

P I C - 1 0 1  

P T - 1 0 1  

cv-101 

tiv- I d 1 

1 ' -  1 0  1 

TABLE 1 
GEOTHERMAL FLASH SYSTEM SPECIFICATIONS 

D e  s c r i p t  i o n  
Geothermal  Feed Flow Element  - 
4" o r i f i c e  p l a t e  w / o  f l a n g e s ,  500 gpm, 316SS 

Geothermal  Feed Flow T r a n s m i t t e r  - 
F i s h c r  N o .  1151  D/P c e l l ,  0-250" r a n g e ,  4-20 m a  o u t p u t ,  

316SS d iaphragm 

Geothermal  Feed Flow Recorder - 
F i s h e r  R D - 2 2 2  s t r i p  recorder,  1 p e n ,  0-500 gpm P i n e a r  

scale 

F l a s h  Vessel Level C o n t r o l l e r  - 
Masone i l an  N o .  12804 d i s p l a c e r  t y p e  t r a n s m i t t e r / c o n -  

t r o l l e r ,  s ide-mounted  w i t h  1 4 "  range ,  3-15 p s i  o u t p u t ,  

316SS d i s p l a c e r  t u b e  
F l a s h  Vessel Level  C o n t r o l  Valve - 
3" Camflex I1 valve N o .  35-35102, 300# C.S. body w i t h  

6 "  s p r i n g  d i a p h r a g m  a c t u a t o r  
F l a s h  Vessel P r e s s u r e  Cont ro l le r  - 
Masone i l an  No. 2 7 1 6 ,  316SS b e l l o w s  t y p e  e l e m e n t ,  0-15 

p s i g  range,  p r o p o r t i o n a l  p l u s  reset ,  3-15 p s i  o u t p u t  

F l a s h  Vessel P r e s s u r e  T r a n s m i t t e r  - 
Fisher N o .  1151 D/P cell, 0-750' '  r a n g e ,  3-15 p s i  o u t p u t ,  

316SS d iaphragm 

Geothermal  F l a s h  C o n t r o l  Valve - 
3 "  Camflex I1 v a l v e  N o .  35-35102, 300# body (316SS) 

w i t h  6 "  s p r i n g  d i a p h r a g m  a c t u a t o r  
P r e s s u r e  R e l i e f  Valve - 
1'a'' 1 5 4 3 G ,  G or i f i c i . ,  50 p s i q  set prcssurc: ,  b r o n m  

(;c:othermnI I . ' lu i J  Pump - 
C o u l d s  Model 3196MT, 3 x 4-13 w i t h  10" open impcl lc ' r  

( 3 1 6 S S ) ,  450 gpm @ 1 0 4 '  T D H ,  D . 1  case;  20 HP, 1 , 7 5 0  

rpm, 230/460V, 3 4 60 Hz e x p l o s i o n  p r o o f  motor 
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TABLE 1 ( c o n t ' d )  

'Tag N o .  D e s c r i p t i o n  

- V - 1 0 1  Geothermal  F l a s h  Vessel - 
3 ' - 0 "  ID x 6 ' T . T  C.S. S h e l l  w i t h  ASME 2 : l  S.K. hc-cids, 

50 p s i g  p r e s s u r e  
x-101 F l a s h  Vessel D e m i s t e r  - 

York s t y l e  4 3 1 ,  3 6 "  I D X  6 "  t h i c k  w i t h  t o p  and bottom 

g r i d s ,  304SS 

1 2  



1 5 Y + 
c I 

I. ' @i 'If: 
v 

CT LOT W E R MA 1. 
FLUlO PUMP 

L. ~ 

RCCUJX PUMP 



I f  t h e  proposed f l a s h  sys tem i s  implemented it w i l l  t o p  
a b o u t  6'F from t h e  220  t o  222'F supp ly  t e m p e r a t u r e .  A l l  p r e s e n t  
u s e r s  would t h e n  be s u p p l i e d  w i t h  cascaded  f l u i d .  F i g u r e  5 shows 
t h e  proposed system. A new supp ly  l i n e  would be  r u n  t o  t h e  new 
f l a s h  v e s s e l  i n  t h e  d i s t i l l a t i o n  area. R e s i d u a l  f l u i d  from t h e  
f l a s h  sys tem would be  p iped  i n t o  t h e  c u r r e n t  6"  supp ly  h e a d e r  up- 
stream of t h e  t a k e o f f s  t o  t h e  d e h y d r a t i o n  column reboiler and t h e  

s t i l l a g e  e v a p o r a t o r .  The f l u i d  would t h e n  go i n t o  t h e  b u i l d i n g  
th rough  t h e  e x i s t i n g  6" l i n e  ( f low r e v e r s e d  from p r e s e n t )  t o  sup- 
p l y  u s e r s  i n  t h e  b u i l d i n g .  The f l a s h  e v a p o r a t o r  c o u l d  u s e  t w i c e  
ca scaded  f l u i d .  The d e h y d r a t i o n  column reboiler c o u l d  a l so  be 

r e p i p e d  so t h a t  geothermal  f l u i d  would e n t e r  t h e  reboiler from 
t h e  bot tom r a t h e r  t h a n  t h e  t o p  ( c o c u r r e n t  ra ther  t h a n  c o u n t e r c u r -  
r e n t  f l o w ) .  

The combined geothermal  r e j ec t  w i l l  s t i l l  have a f a i r l y  h i g h  
t e m p e r a t u r e .  A l o w  t o  moderate  t e m p e r a t u r e  u s e ,  such  a s  g reen -  
house h e a t i n g ,  c o u l d  e x t r a c t  u s e f u l  h e a t  from reject  geo the rma l  
f l u i d .  The geothermal  w e l l  i s  t h o u g h t  t o  be c a p a b l e  of 800  - 900 

gpm p r o d u c t i o n  if a l a r g e r  t u r b i n e  pump were i n s t a l l e d  i n  t h e  
p r e s e n t  w e l l  c a s i n g .  There  is  t h u s  t h e  p o t e n t i a l  f o r  s u p p l y i n g  
a l l  t h e  p r o c e s s  h e a t  f o r  a 4 0 0 , 0 0 0  g a l l o n  p e r  y e a r  e t h a n o l  p l a n t  
expans ion .  
Economics of t h e  Proposed System 

C a p i t a l  and o p e r a t i n g  and main tenance  costs  f o r  t h e  f l a s h  
s y s t e m  and t h e  beer feed p r e h e a t e r  have been  estimated a s  i n d i -  
c a t e d  below. 
C a p i t a l  Cos t  Items: 

e F l a s h  sys tem equipment and i n s t r u m e n t s  (FOB $15,000 
f a c t o r y )  

0 Preheater (FOB f a c t o r y )  2 , 0 0 0  

0 D e l i v e r y ,  i n s t a l l a t i o n ,  and s t a r t u p  cos ts  ( i n -  17,000 
c l u d e s  p i p i n g ,  v a l v e s ,  i n s u l a t i o n ,  s u p p o r t s  and 
l a b o r )  

e Enginee r ing  costs  
To t a l  c a p i t a l  i nves tmen t  ( T C I  ) 

5,000 

$3  9,000 
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Annual O p e r a t i n g  and  Main tenance  Costs  ( S a v i n g s )  : 

0 Boiler  f u e l  ($2,00O/month - 11 m o n t h s / y r )  

0 Elec t r i c  power (13  kwh/hr  x 7 , 9 2 0  h r / y r  x 
5.45C/kwh) - 

0 O p e r a t i n g  l a b o r  (1 h r / d a y  x 336 d a y s / y r  x 

e Main tenance  mater ia ls  and  labor  ( 5 %  o f  TCI) 
- $ l O / h r )  

I Tota l  Annual O&M Costs 
Payou t  p e r i o d  = $39,000 2 1 . 2  y e a r s  

$33,10O/yr  

3 ,300  

2 . 0 0 0  

( $ 3 3 , 1 0 0 )  

A s i m p l e  c a l c u l a t i o n  i n d i c a t e s  a q u i t e  s h o r t  p a y o u t  p e r i o d  if t h e  

s y s t e m  c a n  c o m p l e t e l y  r e p l a c e  t h e  b o i l e r  a s  a steam s o u r c e .  
C o n c l u s i o n s  

The Task  1 p r e l i m i n a r y  eva lua t ion  a p p e a r e d  s u f f i c i e n t l y  en -  

c o u r a g i n g  t o  M r .  Townsend o f  T a d ' s  E n t e r p r i s e s ,  I n c .  so t h a t  h e  

i s  p r o c e e d i n g  w i t h  i m p l e m e n t a t i o n .  I t  is  hoped t h a t  i n s t a l l a t i o n  

of t h e  f l a s h  s y s t e m  w i l l  be completed i n  a few weeks and t h a t  

some p r e l i m i n a r y  o p e r a t i n g  e x p e r i e n c e  c a n  be i n c l u d e d  i n  t h e  f i n -  
a l  report .  
TASK 2 - GENERATION O F  ELECTRIC POWER FROM THE GEOTHERMAL RESOURCE 

Background 
Al though  t h e r e  are  several  m a n u f a c t u r e r s  who m a r k e t  o r g a n i c  

Rankine  c y c l e  (ORC) e n e r g y  r e c o v e r y  s y s t e m s ,  o n l y  o n e  manufac tu r -  

e~ c 3 u l d  b e  l o c a t e d  who had a s t a n d a r d  o f f e r i n g  i n  t h e  s i z e  a n d  
t e m p e r a t u r e  r a n g e  of t h i s  p r o j e c t .  T h i s  m a n u f a c t u r e r  i s  O r m a t  

T u r b i n e s ,  L t d .  f rom I s rae l ,  who i s  r e p r e s e n t e d  i n  t h e  U n i t e d  

S t a t e s  by Whi t ing  C o r p o r a t i o n  i n  Harvey,  I l l i n o i s .  O r m a t  manu- 

f a c t u r e s  a s k i d  mounted 300 KW ORC s y s t e m  t h a t  is c a p a b l e  of en -  
e r g y  r e c o v e r y  from waste h e a t  streams w i t h  t e m p e r a t u r e s  a s  low a s  
200°F ( a  t y p i c a l  o r g a n i c  Rankine  C y c l e  i s  shown i n  F i g u r e  6). 
U n f o r t u n a t e l y ,  t h e  3 0 0  KW s y s t e m  i s  t h e i r  smal lest  u n i t ,  and  it 

i s  s t i l l  o v e r s i z e d  f o r  t h e  amount of e n e r g y  a v a i l a b l e  a t  t h e  
T a d ' s  E n t e r p r i s e s  s i t e .  S i n c e  it i s  f e l t  t h a t  a custom d e s i g n  

would be c l e a r l y  cos t  p r o h i b i t i v e ,  t h i s  d i s c u s s i o n  w i l l  be pre- 
s e n t e d  on t h e  b a s i s  t h a t  t h e  O r m a t  300 KW system c a n  be u t i l i z e d ,  

1 5  
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e i t h e r  by o p e r a t i o n  a t  r e d u c e d  load or by  i n c r e a s i n g  t h e  g e o t h e r -  
mal f l u i d  f l o w  t o  a p o i n t  where  f u l l  load o p e r a t i o n  c a n  be 

a c h i e v e d .  The d e s i g n  b a s i s  f o r  t h i s  a p p l i c a t i o n  is  a g e o t h e r m a l  
f l u i d  (water)  f l o w  of 450 gpm a t  222'F and  4 0  p s i g  a t  t h e  w e l l  
h e a d .  T h i s  r e p r e s e n t s  a u s a b l e  h e a t  i n p u t  o f  a r o u n d  8.5 m i l l i o n  
B t u / h r .  The ove ra l l  c y c l e  e f f i c i e n c y  quoted by t h e  m a n u f a c t u r e r  
f o r  t h e  ORC s y s t e m  is  i n  t h e  r a n g e  o f  7 - 1 0 % .  T h i s  means t h a t ,  
a t  t h e  d e s i g n  f l o w  r a t e ,  o n l y  a round  200 KW c o u l d  be g e n e r a t e d .  
( I t  would r e q u i r e  a g e o t h e r m a l  f l u i d  f l o w  of a round  6 5 0  - 700 gpm 
t o  reach t h e  3 0 0  KW d e s i g n  c a p a c i t y  of t h e  s y s t e m . )  T h i s  s t a n d -  
a lone  case i g n o r e s  t h e  p r e s e n t  u s e  of t h e  g e o t h e r m a l  f l u i d  i n  t h e  

e t h a n o l  p l a n t ,  and  t h e  r e s t r i c t i o n s  t h a t  would be placed o n  t h e  
g e o t h e r m a l  e f f l u e n t  f l u i d  t e m p e r a t u r e  f rom t h e  power p l a n t .  

The o n l y  e n e r g y  r e q u i r e m e n t  n o t  a c c o u n t e d  f o r  i n  t h e  manu- 
f a c t u r e r ' s  n e t  o u t p u t  r a t i n g  i s  t h a t  o f  t h e  c o o l i n g  water sys t em.  
F o r  t h i s  a p p l i c a t i o n  a closed c y c l e  c o o l i n g  water s y s t e m  would be 

u t i l i z e d  which would most l i k e l y  i n c l u d e  a m e c h a n i c a l  d r a f t  cool- 
i n g  tower. The c o o l i n g  
would r e d u c e  t h e  s y s t e m  
m a t e l y  190  KW. 

Economics 
The i n s t a l l e d  cos t  

tower pump a n d  f a n  e n e r g y  r e q u i r e m e n t s  
o u t p u t  by  a b o u t  1 0  - 15 KW t o  approxi- 

f o r  t h e  300 KW O r m a t  u n i t  i s  a r o u n d  
$ 5 0 0 , 0 0 0 .  T h i s  i n c l u d e s  t h e  s k i d  mounted ORC package, c o n c r e t e  
f o u n d a t i o n s ,  c o o l i n g  t o w e r ,  c i r c u l a t i n g  water pumps, a n d  i n t e r -  
c o n n e c t i n g  p i p i n g .  The m a i n t e n a n c e  costs associated w i t h  t h e  
u n i t  a r e  min ima l ,  and  are n o t  e x p e c t e d  t o  exceed $10  - 20,000 p e r  
y e a r .  Operator  a t t e n d a n c e  i s  n o t  r e q u i r e d  ( a l t h o u g h  t h e  e q u i p -  
ment s h o u l d  be i n s p e c t e d  d a i l y ) ,  and t h e  m a n u f a c t u r e r  i s  q u o t i n g  
a n  e x c e l l e n t  machine r e l i a b i l i t y .  Th o n l y  mater ia ls  t h a t  are 
r e q u i r e d  f rom a m a i n t e n a n c e  s t a n d p o i n t  are  t h e  o r g a n i c  f l u i d  it- 
self  ( u s u a l l y  F r e o n ) ,  and  water t r e a t m e n t  c h e m i c a l s  f o r  t h e  cool- 
i n g  water s y s t e m .  T y p i c a l l y ,  1 - 2 %  of t h e  o r g a n i c  f l u i d  w i l l  
leak t h r o u g h  pump and  t u r b i n e  seals d u r i n g  t h e  c o u r s e  o f  a y e a r .  

The r e v e n u e s  g e n e r a t e d  by  s u c h  a f a c i l i t y  are determined by 
t h e  m e t e r i n g  a r r a n g e m e n t  one  c h o o s e s  t o  have w i t h  t h e  local u t i l -  
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i t y .  Two o p t i o n s  are avai lable .  Under t h e  f i r s t  o p t i o n ,  t h e  co-  
g e n e r a t i o n  f a c i l i t y  would se l l  a l l  power t o  t h e  l o c a l  u t i l i t y ,  
Sierra P a c i f i c  Power  Company. Any power r e q u i r e d  by o t h e r  f a c i l -  
i t i e s  owned by T a d ' s  E n t e r p r i s e s  would be purchased  s e p a r a t e l y  
from t h e  u t i l i t y .  
c i l i t y  would "sel l"  power t o  t h e  e t h a n o l  r e f i n e r y ,  and o n l y  s u r -  
p l u s  power would be s o l d  t o  t h e  u t i l i t y .  
appea r  t o  be p r e f e r a b l e  s i n c e  t h e  u t i l i t y  avo ided  cos t  payment 
( t h e  amount t h e  u t i l i t y  w i l l  pay f o r  power) i s  less t h a n  t h e  re- 
f i n e r y  must pay f o r  power from t h e  u t i l i t y .  Thus t h e  cogenera-  
t i o n  f a c i l i t y  can  i n c r e a s e  i t s  revenues  by s e l l i n g  power t o  t h e  
e t h a n o l  r e f i n e r y  a t  t h e  same p r i c e  a s  t h e  r e f i n e r y  c u r r e n t l y  p a y s  
S i e r r a  P a c i f i c  Power.  

The c u r r e n t  avoided  cost  r a t e  p u b l i s h e d  by S i e r r a  P a c i f i c  
Power  f o r  p u r c h a s e s  of  less t h a n  100  KW is  $ . 0 4 0 9  p e r  k i l o w a t t  
hour  f o r  power, p l u s  $.0061 p e r  k i l o w a t t  hour  f o r  c a p a c i t y  based 

on t h e  lowest monthly power o u t p u t  d u r i n g  t h e  c u r r e n t  or p r e v i o u s  
e l e v e n  months.  These rates are i n  e f f e c t  f o r  t h r e e  months b e g i n -  
n i n g  August 1, 1981, and w i l l  be a d j u s t e d  q u a r t e r l y .  The r a t e s  
f o r  f a c i l i t i e s  p roduc ing  over 1 0 0  KW are n o t  p u b l i s h e d  b u t  are  
i n s t e a d  n e g o t i a t e d  w i t h  t h e  p roduce r .  However it i s  s a f e  t o  assume 
t h a t  t h e  ra tes  f o r  a 200 KW f a c i l i t y  w i l l  be s i m i l a r  i f  n o t  iden-  
t i c a l  t o  t h e  p u b l i s h e d  rates.  

Power f o r  f a c i l i t i e s  o f  between 50 and 1,000 KW is $.0495/KW p l u s  
a demand c h a r g e  of  $180/mo and $3.60/KW f o r  a l l  demand i n  e x c e s s  
of 50 KW. 

Under t h e  second o p t i o n  t h e  c o g e n e r a t i o n  f a -  

The second o p t i o n  would 

The  power sa les  p r i c e  c u r r e n t l y  cha rged  by Sierra P a c i f i c  

A b r i e f  economic e v a l u a t i o n  of t h e  proposed  c o g e n e r a t i o n  f a -  

c i l i t y  is shown i n  t a b u l a r  form i n  Table 2 .  A s  c a n  be s e e n  by 
this e v a l u a t i o n ,  t h e  c a s h  f l o w  from such  a p r o j e c t  is  l o w  u n l e s s  
t h e  e a r l y  l o s s e s  g e n e r a t e d  by t h e  f a c i l i t y  c o u l d  be  u t i l i z e d  t o  

f u l l  advan tage  t o  o f f s e t  o t h e r  income by Tad 's  E n t e r p r i s e s .  T h i s  
a n a l y s i s  i g n o r e s  t h e  f a c t  t h a t  t h e  geo the rma l  e f f l u e n t  tempera- 
t u r e  i s  t o o  low f o r  most of t h e  p r o c e s s  h e a t i n g  needs  i n  t h e  e t h -  
a n o l  p l a n t  and a n  e x p e n s i v e  r e h e a t  would b e  r e q u i r e d .  Coupl ing  
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TABIJE 2 ECONOMIC ANALYSIS 

7 __ YEAR 1 -___ 2 ._ - 3 
_L 

4 - 5 6 - 9 10 _ -  a - 
ELECTRIC POWER REVENUES 

Power So ld  To U t i l i t y  
Power So ld  To Refinery 

68 7 5  83 
94 104 86 

154 169 187 
__- - - 

35 39 42 4 7  
4 4  48 53  59 

51 
64 

115 
- 

56 
71 

127 
- 

62 
78 

- - - - 
TOTAL 79 87 9 5  106 

COSTS 
D e p r e c i a t i o n  75 110 1 0 s  105 

General  & A d m i n i s t r a t i v e  Expense 2 2 2 2 

Operat  i on  and Maintenance 20 2 2  24 27 
I n t e r e s t  Expense @ 1 7 %  85 7 7  68 60 

140 

105 
29 39 43 4 7  

2 6  1 7  9 
3 3 4 

68 63 60 

86 106 1 2 7  

- - - 

32 
42 

3 

77 
- 

35 
34 

3 

7 2  
- 

51 
2 - - 

182 2 1  1 
- - 
199 194 

- 
187 TOTAL 

Income (Loss )  Before Taxes (103) (124) (104) (88) 

Investment Tax C r e d i t  ( 5 0 )  

Energy Tax C r e d i t  ( 50) 

0 - 0 0 0 --- Income Taxes 

Net Incoae  (Loss) (203) (124) (104) (88) 

D e p r e c i a t i o n  75 110 1 0 s  105 

Pr  i nc  i p a l  ( 50)  ( 50)  ( 5 0 )  ( 5 0 )  

50 68 

0 0 0 0 ---- 0 

50 68 86 106 127 

Net Cash Flow 

A s  sump t i ons  

1. Elec t r ic  power revenues,  purchased power cost ,  and 0 & M  costs are e s c a l a t e d  a t  1 0 % .  

2 .  Cogen f a c i l i t y  n e t  o u t p u t  is 19oKW a t  a c a p a c i t y  f a c t o r  o f  91%,  (8000 h r / y r .  o p e r a t i o n )  
power s o l d  t o  u t i l i t y  is 90KW. 

3. U t i l i t y  rates f o r  y e a r  1 a r e  based on rates i n  e f f e c t  f o r  August,. 1981: u t i l i t y  avoided c o s t  
r a t e  i s  $.048/kw ( i n c l u d i n g  c a p a c i t y  c r e d i t )  pu rchased  ene rgy  c o s t  i s  $ .055/kw ( i n c l u d e s  
demand c h a r g e ) .  

Power s o l d  t o  e t h a n o l  r e f i n e r y  i s  100KW. 



power production with alcohol production is not economically 
feasible with the current geothermal well and pump. 

Installing a new well and pump to deliver 700 gpm of geo- 
thermal fluid to a stand-alone binary cycle power plant would 
cost an additional $100,000, a capital cost increase of 20%. 

I 

- Gross generator output would be 300 KW versus 200 KW in the case 
considered above. However, the new geothermal fluid pump would 

d consume 60 to 75 KW, offsetting most of the gross output gain. 
Hence the economics would be only marginally better. Consider- 
able revenue would need to be gotten from a new user of the 
185°F geothermal effluent in order for the application to be 
economically attractive. 
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