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SUMMARY 

. . T h e .  Resea rch ,  C o r p o r a t i . o n  o f  t h e  U n i v e r s i t y  of HawaiC,(RC.UH) , 
u n d e r  a  c o n t r a c t  w i t h  t h e  U.S. D ' e p a r t m e n t o f T n e r g y  ( D m  
( C o n t r a c t  No. ~ ~ - ~ ~ 0 3 - 7 9 ~ ~ . 2 3 1 ~ 4 1 " ) ~ h a s s u b c o n t r a c t e d  p o r t i o n s '  
o f  t h e  t a s k s  t o  . t h e  Hawai ian  S u g a r  p l a n t e r s '  A s s o c i a t i o n  
(HSPA) . The' c o n t r a c t  w i t h  DOE i s .  f o r  Phase .  I o f  t h e  Hawai i . .  
E t h a n o l  f rom M o l a s s e s  P r o j e c t  (EFMP).   ask '2 o f  P h a s e  I i s  
t i t l e d  " P l a n t  I n s p e c t i o n s  and  D e s i g n "  and  s , t a t e s  i n  p a r t :  
"The ' c o n t r a c t o r  . w i l l  d e t e r m i n e  by p e r s o n a ' l  i n s p e c t i o n s  o f  
o p e r a t i n g  p l a n t s  t h e  b e s t  cornrnercial~processes 'present ly i.n 
o p e r a t i o n ,  p r e p a r ' e  a  c o n c e p t u a l  d e s i g n  o f  a  l a r g e  p l a n t  
i n c o r p o r a t i n g  t h e s e  p r o c e s s e s ,  d e s c r i b e  t h e  p r o c e s s e s ,  a n d .  
l i s t  ' b e s t  e s t i m a t e s  o f  y i e l d s ,  . e n e r g y  r e q u i r e m e n t s ,  c a p i t a l  
c o s t s  and  o p e r a t i n g  c o s t s . ! ' .  Task  4  i s  t i t l e d  " I n d u s t r y  

- P r o c e s s  ~ e v e l o ' p m e n t s "  and s t a t e s  i n  p a r t :  "The c o n t r a c t o r  
w i l l  o b t a i n  fr,om f e r m e n t a t i o n  p l a n t  m a n u f a c t u r e r s  a n d  a l c o h o l  
p r o d u c e r s  i n f o r m a t i o n ,  n o t  h e l d  a s  p r o p r i e t a r y ,  . c o n c e r n i n g  
t . h e i r ,  comp'any- s p o n s o r e d  p r o c e s s  improvement  a'nd new p r o c e s s  
d e v e l o p m e n t s . "  

HSPA p e r s o n n e 1 , i n s p e c t e d  p l a n t s  i n  ~ u r o ~ e  and. t h e  U.S. f o r  t h e  
p u r p o s e s  s t a t e d  above .  The HSPA g r o u p  c o n s i s t e d  o f :  

M r .  Warren 0 .  G i b s o n ,  , C o n s u l t i n g  Er ig inee r  ' 

M r .  Ken I .  Mashima, . A s s o c i a t e  E n g i n e e r  
M r .  R o b e r t  R .  Robe r ' t s ,  A s s i s t a n t  M i c r o b i o l o g i s t  

They l e f t  Hawa 
t h e  'u .  S.  Augus 
Appendix A p r e  
w e r e  v i s i t e d  

3 

ii Augus t  2  d e s t i n e d  f o r  Europe  and  r . e t u r n e d  , t o  
t 1 5  and  r e t u r n e d  t o  Hawai i  Augus t  1 8 ,  23,  a n d  28. 
s e n t s  t h e . c o m p l e t e  i t i n e r a r y . .  The , f o l l o w i n g  p l a n t s  

i n  Europe .  

, Augus t  

Augus t  

Augus t  

Augus t  

Augus t  

7' A.  A h l s t r o m  Oy ( K a r h u l a ,   inland) P i l o t  
i n c i n e r a t i o n  

7 Oy Kaukas Ab ( L a p p e e , n r a n t a ,  F i n l a n d )  
Commercial  i n c i n e r a t , i o n  

9 Zu id -Nede r l andse  S p i r i t u s . f a b r i e k  (Be rgen  o p  
Zoom, N e t h e r l a n d s )  C o n t i n u o u s  f e r m e n t a t i o n  

10  Z u i d - ~ e d e r l a n d s e  S p i r i t u s f a b r i e k  ( D e l f z i j l , .  
N e t h e r l a n d s )  ' ~ a t c k l  f e r m e r i t a t j o n  

1 3  Mautner  ~ a r k h o f  ( V i e n n a ,  A u s ' t r i a )  B a k e r l s . y e a s t  . . 
a n d  e t h a n o l  

1 4  ~ e r e i n 1 g t . e  E d e l s t a h l  Werk ( T e r n i t z ,  A u s t r i a )  
Equipment  m a n u f a c t u r i n g .  

Two p , l a n t s  w e r e  v i s i t e d  i n  t h e .  U . S .  a s  f o l l o w s :  
. . 

Augus t  2 0  Dehydro-Tech Corp .  ( E a s t  Hanover ,  N e w  ~ e r s e ~ j  
, . C a r v e r - ~ r e e n f  i e l d  P r o c e s s  . . 

Augus t  22 G e o r g i a - P a c i f i c  Corp .  ( B e l l i n g h a m ,  Wash ing ton )  
E t h e r  d e h y d r a t i o n  . . 



In addition to plant visits, the ,group met with ALFA-LAVAL 
representatives in   wede en, August 6, and Dr. Roberts met . 

August 17 with the plant manager of'~rcher-~aniels-  id land 
(ADM) , ~1coho.l Division., ADM policy .prevented observing 

.plant operations., 

Arrangements for visiting the Finlandplants were made by 
Mr. Pauli. Kujala, 'ALFA-LAVAL, Food ~echnology Division, 
,S-147 00 Tumba,.Sweden. Mr. Kujala a,ccompanied the group 
on ,these visits. Mr. Jukka Sainiemi, AHLSTROM, P.O. Box 
,239, SF-00101 Helsinki 10, was in charge of the Finland 
visits. The cornmerc.ia1 plant incinerating waste- sulfite 

' liquor was shown by Mr.. pertti Simola, the Operating Manager.' 
The, pilot incineration plant was shown by Dr. Seppo Ruottu, . .  

Research Engineer, AHLSTROM. 

The two fermentation plants are under the direction of -, 
Mr. P. Melman, Wittoucksingel 52, Berqen Op Zoom, Netherlands. 
Mr. Melman showed the Beryen Op Zoom plant and Mr. P. L. Kwant, 
Engineer, showed the Delfzijl plant. Arrangements for visiting 
these plants and the Austria plants were made by Mr. Gunter-Bernd 
Brodl, Technology, VOGELBUSCH, Vogelbusch Gesellschaft mbH, 
A-1110 Wien, Mautner-Markhof-Gasse 40, Austria. Mr. Johann 
Gurnhofer, Project Leader, VOGELBUSCH, same address as above, 
accompanied the group in Austria. Mr. Stefan Mayerhofer, Plant 
Manager, showed the Vereinigte Edelstahl Werk plant. 

Only Mr. Mashima visited the Dehydro-Tech Corp. pilot plant for 
dewatering stillage. Arrangements were made by Mr. Charles 
Greenfield, ~resldent, Uehydro-Tech Corp., 6 Great Meadow Lane, 
East, Hanover, New Jersey 0'7936.' 

. , 

Messrs. Gibson and Mashima visited the Georqia-Pacific plant 
with headquarters at ,300 W. Laurel Street, Bellingham, 
Washington 98225. Mr. Ed Dahlgrcn, Manayer of ~ n ~ i n e e r i n ~  
Servic.es, Bellingham Division, arranged for the visit 'and 
showed the plant.. Accompanying was Mr. Tom Spink, Technical. 
Director. 

Highlights af the trip were: 
. . 

Observed commercial incineration of waste sulfite liquors,. 
Observed the pilot. plant (not in operation) to incinerate 
various waste liquors resulting from fermentation of 
different feedstocks. . . 

. . 

Observkd .csmn~ercial continuous and batch fermentation of 
beet molasses for the production of ethanol and stillagc 
evaporation to 70% dissolved solids for animal Eeed. 
Both plants (continuous and batch) are managed by the 
same person, Mr. P. Melman. 



-Observed  p i l o t  p l a n t  o p e r a t i o n  o f  a  new p r o c e s s  I 

( C a r v e r - G r e e n f i e l d  P r o c e s s )  f o r  . h a n d l i n g  s t i 1 , l a g e .  . . 

With t h i s  p r o c e s s ,  s t i l l a g e  i s  e v a p o r a t e d  t o ' a  t h i c k  
s l u d g e  and t h e n  o i l  i s  added.  The m i x t u r e  i s . t h e n  s e n t .  
t o  a  s e t t l i n g  t a n k  where t h e  s o l i d s  a r e  s e p a r a t e d .  
C e n t r i f u g i n g  o r  p r e s s i n g  i s  t h e  f i n a l  s t e p  i n  p r o d u c i n g  
a  d r y  product , .  

Observed anhydrous  e t h a n o l  p r o d u c t i o n  from f e r m e n t a t i o n  
of  s u l f i t e ' w a s t e  l iqu ,oq  u s i n g  e t h y l  e t h e r  a s . t h e  de- 
h y d r a t i n g  a g e n t  and o b s e r v e d  t h e  s a f e t y  p r e c a u t i o n s  , 

t a k e n  when u s i n g  t h i s  haza rdous  m a t e r i a l .  

PLANT VISITS AND MEETINGS, 

DATE : August 6 ,  1979 

COMPANY : 
LOCATION : 
CONTACTS : 

ALFA-LAVAL 
Tumba, Sweden 
M r . '  P a u l i  Kuja la ;  S a l e s  E n g i n e e r , .  Food Tec.hnology, 
D i v i s i o n ; ,  D r .  C a r l  Yhland, G e n e r a l  Manager, 
B i o v e n t u r e ;  D r .  Roger Cook, M a n a g e r ; , P r o c e s s '  . 

E n g i n e e r i n g ,  B i o v e n t u r e ;  M r . '  Hans Axe l s son ,  Manager, 
Food Technology D i v i s i o n ,  

F e r m e n t a t i o n  .and s t ' i l l a g e . h a n d 1 i n g  p r o c e s s e s  were d i s c u s s e d  
e x t e n s i v e l y .  I n  f e r m e n t a t i o n ,  t h e y  recommended. t h a t  it s h o u l d , .  . 
u t i l i z e  m o l a s s e s , p u r i f i c a t i o n ~  and s t e r i l i z a t i o n ,  t h e  . s h o r t e s t  
p o s s i b l e  f e r m e n t a t i o n  t i m e  w i t h  maximum e t h a n o l  y i e l d s ,  and, y e a s t  
r e c y c l i n g , .  The p o s s i b i l i t y  o f  r e c y c l i n g  s t i l l a g e  w a s t e  w a t e r s  

. bat$ t o  mola.sses d i l u t i o n  was a l s o  men,tioned. I f  f e a s i b l e ,  it 
wouId r e d u c e  e n e r g y  consumption d u r i n g  d i s t i l l a , t i o n - r e c t i f i c a t i o n  
and s t i l l a g e  e v a p o r a t i o n ;  and it would r e d u c e  p r o c e s s  w a t e r  
r e q u i r e m e n t s .  

. . 

From t h e  s t a n d p o i n t  o f  e c o n o m i c s . a n d  e n e r g y ,  t h e y  f e ' l t  t h a t  
d i s t i l l e r i e s  s h o u l d  be' d e s i g n e d  a s  a  t o t a l  p r o c e s s i n g  complex 
i n  which s t i l l a q e  treatment i s  an  i n t e g r a l  par.L. Evapora ted  
s t i l l a g e  a t .  60% D.S. can  be  i n c i n e r a t e d  t o  p roduce  s u f f i c i e n t  

: s team t o  c o v e r  t h e  e v a p o r a t i o n  needs  i n  a m u l t i p l e - e f f e c t  evapora -  
t o r .  However, t h e  e'conomics o f  t h i s  sys tem r e q u i r e  p o t a s s i u m  
( a s h )  r e c o v e r y .  T h i s '  h a s  t r a d i t . i o n a l l y  c r e a t e d  a  problem. of  
r e c o v e r i n g  a  non-fused a s h  p r o d u c t .  from h i g h  t e m p e r a t u r e  i n c i n e r a -  
t i o n .  . Alfa-Lava1 h a s  w o r k e d ' w i t h  A.  Ahls t rom Oy - ( i n  F i n l a n d )  t o  
d e v e l o p  a  s t i l l a g e - f i r e d  b o i l e r  , w i t h  t h e  c a p a b i l i t i e s  of  h i g h  
combust ion t e m p e r a t u r e s  and a s h  r e c o v e r y  w i t h  a  minimum o f  f u s i o n .  
P i l o t  p l a n t  f a c i l i t i e s  were b u i l t  i n  S u n i l a , ,  F i n l a n d  where t e s t s .  
are  underway u s i n g  molasses.  a l c o h o l  s t i l l a g e .  . . 



DATE : . Augus t  7 ,  1979 . . 

COMPANY: A.  A h l s t r o m  0 . s a k e y h t i o  
LOCATION:. K a r h u l a ,  F i n l a n d  
CONTACTS:. M r . .  ~ u k k a  S a , i n i e m i ,  E n g i n e e r ,  Eng . ine .e r ing  a n d '  S a l e s ;  

. D r .  Se'ppo R u o t t u ,  R e s e a r c h  E n g i n e e r ,  Eng inee r i . ng  
Works D i v i s i o n  

A . -  Ahls t rom,  O s a k e y h t i o  h a s  c o n s i d e r a b l e  e x p e r i e n c e ' i n  e n g i n e e r . i n g  
a n d  manu ' f ac tu r ing  s t e a m . b o i l e r s  f u e l e d  by wood w a s t e .  . I n  o r d e r .  
t o  t e s t ' t h e  i n c i n e r a t i o n  of'  v a r i o u s  w a s t e  l i q u o r s ,  t h e y  h a v e  con-  
.strutted a  2 . 5  MW p i l o t  p l a n t  n e x t  , t o  a  p u l p  a n d  pap,er  f a c t o r y .  
A c r o s s  s e c t i o n  o f .  t h e  p i l o t  . p l a n t  i s  shown i n  F i g .  1.. S i n c e  it 
i s  n o t  e q u i p p e d  w i t h  e v a p o r a t o r s  n o r  t u r b i n e - g e n e r a t ~ ~ s ,  t h e  f u e l  
l i q u o r  m u s t ' b e  p r e - e v a p o r a t e d  and  t h e  s t e a m  p r o d u c e d  i s  u s e d  . . . i n  
t h e  p a p e r  f a c t o r y :  . 

A t  t h e , t i m e  o.f o u r  v i s i t  t h e  p i l o t . p l a n t  was n o t  i n  o p e r a t i o n  
. ( h o l i d a y  - s e a s o n )  , however, ,  t h e  i n c i n e r a t i o n  o f  m o l a s s e s  a l c .oho1  
s t i l l a g e  (MAS) was d e s c r i b e d  t p '  u s  f r o m '  p r e v i o u s  tests.. .Pre-  
e v a p o r a t e d  MAS a t  6 2 % . D . S .  i s  i n t r o d u c e d  i n t o  t h e  c o m b u s t i o n ,  
chamber  t h r o u g h  a  s p e c i a l l y  d e s i g n e d  n o z z l e  a n d  a t o m i z e d  w i t h .  
s t e a m  b e f , o r e  i g n i t i o n .  P r e h a t e d  a i r  e n t e r s  t a n g e n t i a l l y  t o  t h e  
f u e l  c r e a t i n g  a  v o r t e x  i n , t h e  o c t a g o n a l  c o m b u s t i o n  chamber  and  
c o m p l e t e  c o m b u s t i o n  o c c u r s  a t  h i g h  t e m p e r a . t u r e s  ( - 1 1 0 0 ° C ) .  The 
f l u e  g a s e s  f l o w  downward p a s t  t h e  w a t e r  t u b e  i m p a c t o r  w h e r e  some ' 

o f , t h e  p o t a s s i u m  a s h e s  f a l l  o u t ,  a n d  t h e  g a s e s  c o n t i n u e  upward 
p a s t  t h e  c o n v e c t i o n  bank a n d  a i r  p r e h e a t e r  where  more a s h  i s  
r e c o v e r e d .  Most o f  t h e  . r e m a i n i n g  a s h  i s  t h e n  removed i n  a  h o p p e r  
be low t h e  s t a c k .  ' ~ i n c e . f l u e  g a s  e x i t  t e m p e r a t u r e s  r a n g e  f rom 
530' t o  550°C, t h e  g a s e s  a r e  e x p e c t e d  t o  b e  u s e d  f o r  p a r t i a l  
e v a 9 o r a t i o n . o f  t h e  MAS i n  a  commerc i a l  i n c i n e r a t i o n  p l a n t .  

~ l t h o u g h  MAS i n c i n e r a t i o n  p r o b l e m s  a r e  s o i v e d ,  A h l s t r o m  e x p e c t s  
t o  c o n t i n u e  t e s t s  t o  maximize p o t a s s i u m  r e c o v e r y .  

DATE : 'Au'g.ust 7 ,  1979 

. . Oy Kaukas Ab 
LOCATION: L a p p e e n r a n t a ,  F i n l a n d  . .  . 

CONTACTS: M r .  . p e r t t i  S i m o l a ,  E n g i n e e r ,  Power D i v i s i o n  

Oy Kaukas Ab m a n u f a c t u r e r s .  p u l p ,  p a p e r  and  v a r i o u s  o t h e r  wood 
p r o d u c t s .  E l e c t r i c i t y  .and p r o c e s s  steam f o r  t h i s  f a c t o r y  are 
p r o v i d e d  by  f i v e  h i g h - p r e . s s u r e  b o i l e r s  t h r o u g h  c o - g e n e r a t i o n .  
Two o f ' t h e s e  b o i l e r s  a r e  f i r e d  by w a s t e  s u l f i t e  l i q u o r  w h i l e  t h e  
o t h e r s  a r e  f i r e d  by c o a l ,  f u e l  o i l ,  a n d  b a r k .  The ~ S ~ ~ ' p e r s o n n e 1  
w e r e  p e r m i t t e d ' t o  i n s p e c t  o n e  o f  t h e  r e c o v e r y  b o i l e r s  m a n u f a c t u r e d  
by A: A h l s t r o m  Oy. 

F u e l  i n  t h e  fo,rm o f '  d i l u t e ' s u l f i t e  l = q u o i  i s  c o n c e n t r a t e d  i n  a . .  

& e f f e c t  e v a p o r a t o r  t o  60-62% D..S., p r e h e a t e d ,  t h e n  i n c i n e r a t e d . i r i  . 

t h e  recove ' , ry  b o i l e r ' t h r o u g h  a t o m i z i n g  b u r n e r s .  The b o i l . e r  p r o d u c e s  
s u p e r h e a t e d  s t c a m  a t  8 4  b a r s ,  4 8 0 ° C  which  p a s s e s  t h r o u g h  a 1 0 . 5  MW 



F i g .  1. Schemat ic  d iagrcm of A h l s t r o d l s  p i l o t  ' i n c i n e r a t i o n  p l a n t .  



, . .  

turbine-generator unit. Ashes in the flue gas are recovered 
at various locations (hoppers) downstream from the boiler tank 
with final removal achieved through electrostatic precipitators. 
The rkcovered ashes (sodium sulfate). are used in the paper 
manufacturing process. . . 

DATE : August 9, 1979 

COMPANY: Zuid-Nederlandse Spiritusfabriek (ZNSF) . 

LOCATION: Bergen op Zoom, The Netherlands 
CONTACTS: . Mr., Th: P .' Melman, Director 

'. . . 
The ZNSF distillery was, designed, supervised,,and st'arted up by 
Vogelbus'ch, GmbH. The distillery is operating a multistage 
fermentation process (continuous fermentation) with a continuous 
feed of sugarteet molasses. The fermentation plant has two rows . 

of seven, 70m stainless steel fermentors with each row operating 
independently. The fermentation time is eight hours, and the 
ethanol concentration in the mash is 10.5% (v/v). At the com- 
plet'ion,of the fermentation.,, the mash is centrifuged, and a 
portion of the recovered yeast i:s returned to the 'first fermentor 
while the.excess ye.ast is dried, .packaged, and sold. The liquid 
from the centrifuge is distilled, rectified, and dehydrated 
(uslng cyclohexane) to produce anhydrous ethanol and'fusel oils. 
The .remaining .liquid stillage is dehydrated to 7.0%.dry substance, 
and sold as a,cattle feed supplement. Although the yield from 
the distillery varies slightly depending on the market for ethanol, 
the.disti'llery ~roduces approximately 170,000 liters of anhydrous 

. . ethanol and 11,000 kg of fodder yeast per day as well as a small 
quantity of fuse1 oils. 

DATE: . August, 10, 1979 
0 

. COMPANY : ~uid-~eder1and.e ~ ~ i r i t u s f  abriek .. (ZNSF) . 
LOCATION: Delfzijl, The Netherlands 
CONTACTS: 'Mr. P. L. Kwant, Engineer, Alchol. Fabriek Delfzijl; 

Mr. Th.. P. Melman, 'Director 
. . 

This distillery (designed by Vogelbusch, GmbH) is fermenting 
sugarbeet mo1asse.s using a short fermentation time batch process 
w.itQ r.ecycled yeast. Six fermentors .are used, each disp.lacing 
80m . The ferm,e,ntation time is approximately eight hours, and 
the batch turn around time is 12 hours yielding a mash contain- 
lo'% (v/v) ethanol. .At th,e .completion of the . £  ermen,ta.tion.,, the 
mash is centrifuged,, and a portion of the recovered yeast is 
used in a'subsequent fermentation. The surplus yeast is washed, 
d.ried, packaged, and sold., The liquid from the centrifuge is 
distilled and rectified to produce .ethanol (96%) and fusel.oils. 
The remaini'ng liquid stillage is dehydrated to 70% dry substance . 

and sold as'a cattle feed supplement. The distillery capacity 
is 42,000 liters of 96% potable ethanol and approximately' 1500 
kg o f  surplus. 'yeast per day. . 



DATE : .Auqust 13, 1979 
. . 
COMPANY':. Mautner Markhof ' 

LOCATION: Vienna, Austria 
CONTACTS : My. Johann Gurnhof er, Engineer, Vogelbusch, GmbH; 

Mr. Gunter-Bernd' Brodl, Technologist, Vogelbusch, GmbH. 

~autner .Markhof operates a. plant producing baker's yeast 6nd 
ethanol as'a by,-product. This pl.ant was reconstructed ,under the'. 
supervision of Vogelbusch, GmbH, and they continue to provide 
technical consulting  service,^, 

The plant uses sugarbeet molasses a.s feedstock.   he molasses is' 
heated to 90'-100°C then cooled by expansion .to 65'-70°C and then 
further cooled to'30°C. The sol.ids in the-mo1asses.ar.e separated 
by filtration through diatomaceous earth. In the fermentor, the 
treated and diluted mo1asses.i~ pumped at,a high velocity past 
an or'ifice through which air is drawn. Yeast is grown rapidly " . 

in this manner, .separated.from the mash and drum-drled., The 
remaining liquid is distilled to remove beverage grade ethanol . ' ,  

and the.stillage is disposed in the sewage system. 

DATE : August 17, 1979 

COMPANY: Archer-Daniels-Midland 
LOCATION: Decatur, Illinois 
CONTACTS: Ray Strasma, Manager 

Archer-Daniels-Midland (ADM) is enlarging its plant to a capacity 
uf 500,000 gallons (1,900,000 liters) ethanpl per day. .However, 
the plant will be operated initially' at 150,000 gallons (570,000 
liters) of ethanol per day. The fermentors will have a volume 
of ~00,000 gallons (378m. ).. Their method of operation in the new 
facilities will either be a Ib-hour batch fermenltation or a 
continuous fermentation. They will recycle their yeast in the 
new plant. 

ADM is using a dextrose syrup derived from the hydrolysis of corn 
starch as a feedstock for the fermentation. The.same d.extrose 
ayrup could be' ruuted to an enzyme treatment for the production 
of high-fructo.se corn syrup depending on end-product profitability. 

In the old plant they were using 100,000 gallons (378m3) fermentors 
inoculated with 350 pounds (160 kg) of dry yeast, which were 
grown in the plant. A small amount of protein was added to the 
fermentors since the feedstock was protein deficient. The initial 
masl~ density was approximately 20' Brix and pH was 6.0; the final 
pH was about 4.0. After a 40-hour fermentation, the mash con- 
tained 10% to 11% (v/v) ethanol. The stillage was concentrated 
in four stages to 40% dry substance and used as an animal feed 
supplement. For dehydration (on a small scale) benzene was 
being used, and the benzene consumption was 100 ppm. Other 
methods for the dehydration of ethanol are being investigated. 
Mechanical recompression of steam is being done to conserve energy. 



DATE : August 20, 1979 

COMPANY: Dehydro-Tech Co.rporation 
LOCATION: East Hanover, New Jersey 
CONTACTS: ,Mr. Charles Greenfield, President; Mr. Eric P. Steiner, 

Foster Wheeler Energy Corporation 

- The Dehydro-Tech Corporation. has developed a low energy, 
environmentally clean system for dewatering. various forms of 
sludges and slops. The system, called the carver-  re en field 
Process, produces a dry product which, depending upon the type 
of'product, may be.incinerated,, used for fertilizer or animal 
feed, or disposed of as is. This Process is currently marketed. 
by the Foster Wheeler Energy Corporation. 

Pilot plant facilities for the Carver-Greenfield' Process are . .. 
located in ~ a s t  Hanover (approximately 8 kilometers from the 
Foster Wheeler offices) where dewatering tests are conducted on 
various sludge-type materials. Preliminary on-site tests are 
also possible .with their mobil'e pilot .plant. 

In the carver-~reenfield'~rodess, water is removed from the sludge . . 

(slops) by evaporati0.n using multi-ple-effect evapor,ators. 
Thickened sludge, which i.s.difficult to pump and causes scaling 
during evaporation, is mix.ed with oil. The oil acts as a trans- 
.port medium during evaporation leaving an oil and solids mixture 
after all of the water has been vaporized. The mixture is then 
sent to a settling tank which separates the' oil from the sollds. 
Any remaining oil in the solids is removed in a centrifuge or 
screw-type press, leaving a final product which is fine,'dry, 
and powdery. 

Fosker ~heeler.and Dehydro-Tech indicated that the Carver-Greenfield 
Proc'ess could'be applied to yeast drying,and stillage drying. 
In fact, an ethanol plant in Italy (outside of Milan) has recently 
installed the Carver-Greenfield Process for stillage drying. They 
are incinerating the dry stillage and will look into the possibi- 
lity of potassium 'recovery. 

DATE : August 22, 1979 

COMPANY: Georgia-Pacific corporation 
LOCATION: Bellingham,.Washington ' .  

CONTACTS: Mr. Ed Dahlgren, Manager.of Engineering Services, 
Bellingham Division; Mr... Tom Spink,, Technical 
Director, Bellingham Division 

One of the many production processes at this Georgia-Pacific 
plant involves anhydrous ethanol production from the fermentation 
of sulfite waste liquor using ethyl ether as the dehydrating 
agent. 

The fermented sulfite waste liquor containing 1.8% to 2.0% 
ethanol is distilled and rectified to obtakn 19OU.proof alcohol. 

' . The still "bottoms" are processed to recover all by-prod11ct.s~ . 



and  f u s e 1  o i l s  a n d - a l d e h y d e s  a r e  d i s p o s e d  o f  i n  t h e  steam 
g e n e r a t o r .  The a l c o h o l  f rom t h e  r e c t i f y i n g  column i s  t h e n  ; 
f e d  t o  a  d e h y d r a t i n g  column where  t h e  r e m a i n i n g  w a t e r  i n  . . 

a lcohol :  i s  removed u s i n g  e t h y l  e t h e r .  ' The d a i l y  p r o d u c t i o n  
o f  a n h y d r o u s  e t h a n o l ' i s   approximately 22,7001.. 

. . 

F o r  t h e  d e h y d r a t i o n  process, t h e  steam r e q u i r e m e n ' t  i s  a b o u t  . 

' . 0 . 6  k g / l  o f  100% e t h a n o l ,  a n d  t h e  consumpt ion  o f . e t h y 1  e t h e r  
amounts  t o  0 .003  f/Q ' o f  100% , e t h a n o l .  ' P r e c a u t i o n a r y  s t e p s  ' a r e  

' 

t a k e n  i n  work ing  w i t h  e t h y l  e t h e r . .  W e  n o t e d  t h a t  s u p p l i e s  a r e  
k e p t  c o o l  u n d e r  a  c o n s t a n t  w a t e r  s p r a y  and  n i t r o g e n  i s  u s e d  a s  
a b l a n k e t  d u r i n g  i n j e c t i o n .  

. . 



APPENDIX A 

TTINERARY , 

Group: W. Gibson, K: Mashima'and R. Roberts . 

Honolulu 
Los 'Ange'le s 
Los Angeles 
Copen.hagen 
Copenhagen 
Stockholm 

Th 
Th 
F 
Sat 
Sat 
Sat 
M .Meeting with, Alf a-Lava1 

representatives . . 

Stockholm 
H,elsi'nki . 

Visit pilot incineration 
plant, visit commercial 
incineration plant 

Helsinki 
Stockholm 
Stockholm 
Amsterdam 

. . W 
W 
W 
W 
Th. Visit coriti.nuqus 

fermentation plant, .. 

Visit batch fermentation 
.plant 

Amsterdam Sun 
Vienna,. Austria . .  Sun 

M Visit plant producing 
yea'st. and ethanol 
Visit manufacturing plant Tu 

Vienna, Austria . W 
New, York ' . . W 

Th 

LV' 
AR 

~ekting with Technical 
Enterprises , , 

W. ' Gibson .Only 

New York 
Portland, Oregon 
P,oi Llarid, Oregon 
  el ling ham, Wash.. . 

8/17 
8/17 
8/21 
8/21 Meet with Ed ~ahlgren,' 

Georgia-Pacific 
8/22 Visit Georgia-Pacific 

plant 
. . 

8/23, 
8/23 , 

Bellingham, Wash. . , 

Honolulu, Hawaii 



K. Mashima Only 

New York M 8/20 
New Jers.ey. . M 8/20 

N.ew. Jersey . . .  M ,  8/20 
Portland M . 8/20 
Portland Tu " 8/21' 
Bellingham, Wash. Tu 8/21. 

Bellingham, Wash. . Th 8 / 2 3 
Honolul'u, Hawaii Tu 8/28 

. . 

R. . Roberts On-ly 

New York Th 8/16 
Decat6r.; Illinois Th 8/16 

F ' 8/17 
Decatur', Illinois S 8/18 
Honolulu, Hawaii . s. . ' 8/18 

Meeting. with Dehydro-, 
Tech Corp. . 

VisLt.pilot plant for . 
dewa'tering stillage . 

. Meet with Ed '~ahlgren., 
Georgia-Pacific 
Visit Georgia-Pacific 
plant 

Meet with ADM ' ~ a n a ~ e r  
. . 




