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CATALYTIC STEW GASIFICATION OF BAGASSE 
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ABSTRACT 

P a c i f i c  Northwest Laboratory (PNL) tested the c a ' b l y f i c  g a s i f  ica- 
t i o n  of bagasse f o r  the production of methanol syn thes i s  gas.  .The pro- 
c e s s  uses steam, i n d i r e c t  hea t ,  and a c a t a l y s t  to produce syn thes i s  gas  
i n  one s t e p  i n  a f l u i d i z e d  bed g a s i f i e r .  b t h  labora tory  and process 
development s c a l e  (nominal 1 ton/day) g a s i f i e r s  were used  to test tdo 
d i f f e r e n t  c a t a l y s t  Systems: 1) suppor ted  n icke l  c a t a l y s t s  and 2 )  a l k a l i  
carbonates 'doped o n ' t h e  bagasse. This  paper p resen t s  the r e s u l t s  of 
l abora to ry  .and process developme'nt u n i t  g a s i f i c a t i o n  tests and inc ludes  

' .  an economic evaluat ion  of the process.  

This repnrt was pmpar~d as an a r r n ~ ~ n t  nf work spnsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
blllty for rhe accuracy, completeness, or usefulness of any iniormation, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark. 
manufacturer, or otherwise does not necessarily ,constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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CATALYTIC STEAM GASIFICATION OF BkGPSSE 
FOR THE PrnCUCTION OF YLETHANOL 

I hmDUCTION 

Bagasse produced a s  an unavoidable by-product of cane. sugar repre-  
s e n t s  a s i g n i f i c a n t  energy resource.  , I t  is pr imar i ly  used as a f u e l ;  
however, more e f f i c i e n t  use of bagasse or conversion of i t  tc higher 
va lue  p r d u c t s  is being considered. 

. . 

One p s s i b i l i t y  is conversion of bagasse to methanol. Fethanol.  car;. 
be produced f r m  b i m a s s  m a t e r i a l s  such as bagasse v i a  r e l a t i v e l y  simple 
. g a s i f i c a t i o n  technology. Methanol is a va luable  charnical i n  the i n t e r - .  
na t iona l  market used p r imar i ly  a s  a feedstock f o r  p r d u c t i o n  of o t h e r  
chemicals,  p r t i c u l a r l y  formaldehyde. However, the primary new i n t e r e s t  
i n  methanol is its p o t e n t i a l  a s  a t r anspor ta t ion  f u e l .  I t  is a l ready 
being. used a s  a gaso l ine  a d d i t i v e  and n e a t  i n  f l e e t  veh ic les  and is 
being considered a s  a f u e l  f o r  gasol ine  engines,  . d i e s e l  engines and g a s  
turbines .  

Since 1977 P a c i f i c  Northwest Laboratory (PA%) has been developing a 
process . f o r  the c a t a l y t i c  g a s i f i c a t i o n  of  wood under. sponsorship o f '  the 

. - .  U.S. Departinent of merqy. The process uses steam, i n d i r e c t  hea t ,  and a 
c a t a l y s t  to produce methanol syn thes i s  gas  i n  a f l u i d i z e d  bed g a s i f i e r .  

' 

This  r e p o r t  d e t a i l s  the r e s u l t s  of a p r o j e c t ,  sponsored j o i n t l y  by the  
Aus t r a l i m  Sugar Research I n s  ti t u t e  and .the B i m a s s  Energy ~ e c h n o l q y  
Division of the U.S. Deparbnent of Energy to test ~ t a l y t i c  g a s i f i c a t i o n  
of bagasse f o r  the p roduc t ion  of methanol. 'The p r o j e c t  included g a s i f  i- 
c a t i o n  tests i n  l abora to ry  scale g a s i f i e r s  and i n  a nominal 1 mn/day 
process development u n i t  and an economic eva lua t ion  of the process.  

The o r i g i n a l  i n t e n t  of the p r o j e c t  was to test g a s i f i c a t i o n  of 
k g a s s e  i n  a nominal 1 ton/day f l u i d i z e d  bed process development u n i t  
(PDU) g a s i f i e r  using n i c k e l  c a t a l y s t s  as had been done previous ly  with 
wood. However, i n  the f i r s t  test w i t h  bagasse i n  the PDU the c a t a l y s t  
deac t iva ted  rapid ly .  Laboratory s t u d i e s  were i n i t i a t e d  b study csta- 
l y s t  deac t iva t ion  and screen o t h e r  c a t a l y s t  systems. PW s t u d i e s  were 
completed. using K2C03 as a c a t a l y s t .  Tnis  r e p o r t  also includes the 
r e s u l t s  of  labora tory  and PW s t u d i e s  and an economic eva lua t ion  of the  
process  using K2C03 as a ca ta lys t . '  

LABORATORY ' STUDIES 

Laboratory g a s i f i c a t i o n  tests were i n i t i a t e d  af  ter t6e f i r s t  Pro- 
c e s s  Development U n i t  (PDU) tests w i t h  supported n icke l  c a t a l y s t s  showed 
rapid  c a t a l y s t  deac t iva t ion .  Two d i f f e r e n t  types of c a t a l y s t  sys tevs  
were evaluated i n  the  labora tory:  1) supported metal ~ t a l y s t s ,  primar- 
i l y  n icke l  based, and 2 )  a l k a l i  carbonate c a t a l y s t s  which were impreg- 
nated on the bagasse -feed mate r i a l s .  

Eagasse used f o r  the gas i f  ica ' t ion tests wzs s u p ~ l i e d  by the Sugar 
~ e s e a r c h  I n s t i t u t e  and was .shipp& f r m  kus t r a l i a .  Tne bagasse was 



supplied i n  three  d i f f e r e n t  forms: loose ,  baled,  and p e l l e t i z e d .  For 
,, - l abora to ry  g a s i f i c a t i o n  tests the pellets were gr0ur.d to smal ler  than 

1.4 n (14 n e s h ) .  

Table 1 shows the a n a l y s i s  of the A u s t r a l i m  . k g a s s e  p e l l e t s  and 
some Hawai iq  bagasse pellets used, f o r  comparison i n  some l abora to ry  
g a s i f i c a t i o n  tests. ' The ash and s u l f u r  con ten t  of k g a s s e  a r e  s i g n i f  i- 
can t l y  .higher than w o o d .  Otherwise the proxinate  m d  u l t i m a t e  ' .analyses 
a r e  q u i t e  s i m i l a r  to hardwoods ( ~ u d g e  19832). b g a s s e  is p r h r i l y  cel- 
l u l o s e  ( 38%) ,  hemicellulose (38%) and l i g n i n  (20% ),. This a l s o ~ c l o s e l y  
resembles the c o m p s i  t i o n  of hardwoods (Shkf i.zadeh 1982 ) . 
kscr  i p  t ion  of Laboratory Gas i f  ier 

. . .  

Two con tinuous-f eed , f ixed-ca t a l y s  t-bed r e a c t o r s  cons t ructed  of 
quar t z  g l a s s  were used f o r  'these, s tudies . '  The r e a c t o r s ,  which a r e  oper- 
a t ed  a t  atmcspheric pressure  a r e  shown' i n  Figure 1. The r e a c t o r s  and 
a n a l y t i c a l  equipment used have been described previous ly  (Mudge 198313). 

The l a b r a t o r y  r e a c t o r s  a r e  designed. p r imar i ly  f o r  c a t a l y s t  screen- 
ing s t u d i e s .  The space ve loc i ty  over 'the c a t a l y s t  is s i m i l a r  to the 
space v e l o c i t y  i n  t h e . P W  and past experience with bocd has s h & n .  th ' is  , 

system provides a good ind ica t ion  of c a t a l y s t  prformai.lce i n  the PW. .' 

Because of the d i f f e r e n c e s  i n  gas/sol id contac t ing  &id residence .time 
. . .  between the l abora to ry  g a s i f i e r s  and the  PDU, . the r a t e  of g a s i f i c a t i o n  

and o v e r a l l  carbon conversion can n o t  be compared. 
\ 

~ a b 1 . e  1. Analysis  of Bagasse Used f o r  Gas i f i ca t ion  Tes t s  

Source of Bagasse Aus t ra l i a  Fzwaii 

h p s i  t ion  of  Raw. Bagasse ( w t %  - -- 
Sugar 2 h 

Fi.bre 4 3 
A5h 7 
Nois tu re  48 

Proximate Analysis ( w t %  dry  b a s i s )  - 
V o l a t i l e  Matter 65 
.'Fixed Carbon ,, . 2 2 
Ash 13 

Ultimate Analysis  ( w t %  dry  basis) - - 
- C 44.7 43.0 

H 5.9 5.0 
0 44.4 37.6 
N 0.2 . 0.3 
5 Ppm 3UU -- 
Ash . ,  4.8 13.3 

H ~ a t i n y  Value (dry b a s i s )  . 

kJ/kg 
B tu / lb  

m i s t u r e  Content ( w t  b a s i s )  9.9 8.3 

r'on;, ,- - &$lktS ;xlls ts 
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Figure 1. ' Laboratory Gas i f  ier ' 

T e s t s  w i th  Supported Metal C a t a l y s t s  
' 

Previous  c a t a l y s t  sc reening  s t u d i e s  wi th  w x d  as a feeds tock  showed 
. s u ? g r t e d  n i c k e l  c a t a l y s t s  to be the most e f f e c t i v e  f o r  the  product ion  
of  m t h a n o l  s y n t h e s i s  gas .  Some of the n i c k e l  c z t a l y s t s  t e s t e d  showed . 

r ap id  d e a c t i v a t i o n ;  however, s e v e r a l  ca&lys ts were  i d e n t i f i e d  which 
showed the  p t e n t i a l  f o r  a long l i f e t i m e .  These included a s e r i e s  of 
t r i i n e t a l l i c  c a t a l y s t s ,  suppl ied  by W. R. Grace, Inc.  i n  a f  l u i d i z e a l e  
f o m  (40-70 mesh s p h e r e s )  (Nudge 1983, Eiaker' 1982) . A l a r g e  j a t c h  of a 
is;i-Cu-Mo/SiO,-Al.. 0.- c a t a l y s t  purchased . f rm i.:. R. ~ r $ e ,  Inc.  f o r  
?DJ tests with dad and w a s  also used f o r  the h g a s s e  s t u d l e s .  M e n  
tiis c a t a l y s t  showed r a p i d  Aeac t i v a  t i o n  i n  Fm t e s t s  w i t h  bagasse,  l a b -  
r~+gry s t u d i e s  were i n i t i s t e d  to ,determine the c a s e  of d e a c t i v a t i o n  m d  
i 6 e n t i . Q  o t h e r  c a t a l y s - t s  t h a t  could be used. 



Tes t  B s u l t s .  Laboratory tests con£ inned the e a r l y  deac t iva t ion  of 
the I\li-Cu-b/SiO2-A1203 c a t a l y s t  observed i n  the PW. Loss of c a e l y s t  
a c t i v i t y  is apparent  £ran the change i n  gas cornpsi t ion  (Table 2)  m d  by 
the appearance of Qrs i n  the condensate. 

a .  

Several  o t h e r  n icke l  c a t a l y s t s  were t e s t ed  with s i m i l a r  r e s u l t s .  
These inc.luded a high s e v e r i t y  s t e a n  reforming c a t a l y s t . a n d  'a Ni l% 
d e s u l f u r i z a t i o n  c a t a l y s t .  M e  also tes t ed  a Coblo d e s u l f u r i z a t i o n  cata-  
l y s  t and a Si02-U203 cracking c a t a l y s t .  These 12s t ' c a t a l y s t s  

. r e t a i n e d  t h e i r  o r i g l n a l  a c t i v i t y  through the run b u t  were n o t  a c t i v e  
enough a t  the. start to be considered f u r t h e r .  

Cause of C a t a l y s t  &ac t iva t ion .  The usual  cause of c a t a l y s t  deac- 
t i v a t i o n  i n  our g a s i f i c a t i o n  tests is carbon d.eposition. The t r ime ta l -  
l i c  c a t a l y s t s  made by W. R. Grace, Inc. m i n t a i n e d  t h e i r  a c t i v i t y  i n .  
l abora to ry  tests d e s p i t e  sorne carbon deposi t ion .  One of these c a t a l y s t s  

. . reached a l i f e t i m e  of 1470 g wood gas i f ied/g  c a t a l y s t  wi thout  l o s s  of 
a c t i v i t y  . ?io long term tests have k e n  made i n  the .PW. . 

. . 
The rapid  loss o f  a c t i v i t y  w i t h  the NiCuMo/Si02-A120j c a t a l y s t  w i t h  

bagasse ' indica ted  the p o s s i b i l i t y  of some o the r  deactivation nechanism. 
Gas m a l y s e s  showed 80-240 .ppn H2S was . p r e s e n t  i n  the l a b r a t o r y  gas i -  
f i e r  and t h a t  i t  was being taken up by the c a t a l y s t .  Af te r  the c a t a l y s t  
was sa tu ra t fd  the H S content  of the product  gas rose  to the l e v e l  of 

. - .  Z the gas i n  the g a s i  ier. 

Sznpies of d i f f e r e n t  feed r a t e r i a l s  and c a t a l y s t s  were a l s o  ma-  
lyzed f o r  s u l f u r .  Bagasse conta ins  200-400 ppn s u l f u r  a d  the deac t i -  
vated ca.ta1yst-s had 800-3000 ppn s u l f u r  on them. 

lva t ion  is That  H2S adsorpt ion  on the c a t a l y s t  c o n t r i b u t e s  to d e a c t l  
suggested by s e v e r a l  f a c t o r s  : 

e H2S is a known c a t a l y s t  p i s o n  f o r  n ickel  reforming c a t a l y s t s  
i n  quantities as Im as 2 ~ r n  (Rostrup-Neilson 1975).  

Table. 2. Corr~arison of G3s Compositions Between Bagasse and Lkcd ' in 
Laboratory Gas i f i ca t ion  Tes t s  with T r i m e t a l l i c  C a t a l y s t s  

Baaasse Wood 
Vol % itart Af ter 4 hours S t z r  t Af ter 4 hours A f t e r  1000 h r s  

Tars  Present  
i n  Condenszte No Yes Mo bb 



0 mere is a good comparison between the time t h a t  should be 
requi red .  to s u l f i d e  the c a t a l y s t  ( based on the amount of H2S 
i n  the gas and the n ickel  su r face  a r e a  of the c a t a l y s t )  and 
the time when deac t iva t ion  occurs  .. 

0 Mding ZnO s u l f u r  guard c a t a l y s t  to the system extended the 
l i f e  of the NiCuMo/Si02-A1203 c a t a l y s t .  

. c A c a t a l y s t  w i t h  mre a c t i v e  su r face  a rea  (Mi/Al20 ) takes 
3 longer to d e a c t i v a t e  than NiCuMo/Si02-A1203. J u s  the oppo- 

site was true with mod where G r b o n  deposl  t i o n  was the 
.primary cause of deac t iva t ion .  

Need does have s- s u l f u r ,  although i t  'is lower than bagasse, and 
a s i ~ i l a r  c a t a l y s t  ran  f o r  over  1000 hours i n  a labora tory  test with 
w o z d  without  deac t i v a t i n g  . Ros trup-Nielson (1975) i n  s b d i e s  of chem- 
i s o p t i o n  of hydrogen s u l f i d e  on s tea~ ' reforming c a t a l y s , t s  found the 
c k m i s o r p t i o n ~ o f  hydrogen s u l f i d e  on n icke l  to be r e v e r s i b l e ,  the a v e r -  
age on the c a t a l y s t  being a funct ion  of the r a t i o  pH2S/pH2. .The m u n t  
of a6sorbed s u l f u r  i n  equi l ibr ium w i t h  the  H S i n  the gas increases  w i t h  
increas ing H2S concentra t ion  u n t i l  cons tan t  g rac  t i o n a l  coverage o f  the  
surf  ace  is reached. ' I t  appears t h a t  the s u l f u r  l e v e l  i n  woodj allows 
e n ~ u q h  of Qe n icke l  on the c a t a l y s t  to remain exposed and a c t i v e .  

Heavy deposi t ion  of carbon w a s  also found on the c a t a l y s t s ,  p a r t i c -  
u l a r l y  those from the PIN. .Figure 2 shows the accumulation of 'carbon on 
n icke l  c a t a l y s t s  used w i t h  bagasse. Carbon deposi t ion  was higher i n  the 
PIX than the l abora to ry  and both a r e  s i g n i f i c a n t l y  higher than w e  have , 

s e n  with mod. The NiCoMo/Si02-A1203 which ran  over 1000 hours i n  the 
lckora tory  had only 5 w t %  carbon on 1 t a t  the end. 

Based on the  high carbon deposi t ion  on the  c a t a l y s t s  used w i t h  
bagasse .one. could conclude t h a t  the su l f ided  c a t a l y s t s  a r e  mare suscep- 
t i b l e  to carbon depos i t ion  which a c t u a l l y  causes the loss of a c t i v i t y .  
Hodever, it is genera l ly  agreed t h a t  s u l f  iding n ickel  reforming ca ta-  
l y s  ts decreases  carbon forma t i o n  on.  the c a t a l y s t  ( ~ o s  t r u p - ~ i e l s o n  1975 ; 
McCarty 1981).  

F'rcxn our  s t u d i e s  it is not pssibbe to p o s i t i v e l y  i d e n t i f y  the 
mechanism for .  d e a c t i v a t i o n ,  b u t  it appears tha.t  i t  is d e f i n i t e l y  a f unc- 
tion of the  s u l f u r  . con t e n t  of bagasse. Coking m y  also play  a p a r t  b u t  
the e x a c t  r e l a t i o n s h i p  between the s u l f u r  adsorpt ion  and carbon deposi- 
t i o n  is n o t  known. 

T e s t s  w i t h  A lka l i  Carbonate Ca ta lys t s  

Tne a p p l i c a t i o n  of a l k a l i  metal c a t a l y s t s  to coal g a s i f i c a t i o n  has 
been known f o r  many yea r s  ( ~ a y l o r  1921) snd has been s b d i e d  extens ively  
i n  r e c e n t  yea r s  (.Cox 1974; YcKee 19.83; Walker 1983; YcCoy 1983; Nahas 
1983). These c a t a l y s t s  have a l s o  been s tudied  f o r  use with biomass 
(>:;Jdge 1979; Hawley 1983; Sealock 1982). 

Typica l ly  a l k a l i  metal s a l t s  a r e  solution.,  impregnated o r  dry mixed 
wit?.. the feed m t e r i a l  to improve the k i n e t i c s  of the reac t ion  of char  
wi L-: steam, carbon dioxide ,  and o t h e r  gases .  Iri the Course of Our 
s 53ies  with \I& we. found t h a t  a l k a l i  c a t a l y s t s  a l s o  reduce ' the y ie ld  



Figure 2. G r b o n  Accumulation on Nickel Czta lys  ts 

of tars, oils,  and gaseous hydrocarbons znd ca ta lyze  the water sh i r r  
r e a c t i o n  making it poss ib le  to produce a high q u a l i t y  syn thes i s  gas , 

without  the use of '  a  secondary c a t z l y s t .  

When it became apparent  t h a t  w e  would be unable to f i n d  a long- 
l i v e d  supported n icke l  c a t a l y s t  f o r  bagasse g a s i f i c a t i o n  we switched our  
a t t e n t i o n  to the a l k a l i  metal s a l t  c a t a l y s t s .  Tne a l k a l i  metal salts 
a r e  n o t  q u i t e  as a c t i v e  a s  f r e s h  n icke l  c a t z l y s t s  i n  t e rn  of syn thes i s  
g a s  y i e l d ,  b ~ t  because c a t a l y s t  is k i n g  added continuously there is no 
loss of a c t i v i t y .  The c a t a l y s t  can k recovered from the char and 
recycled.  

T e s t  Fesu l t s .  Table 3 shows t2,e r e s u l t s  of labora tory  tests with 
a l k a l i  metal s a l t  c a t a l y s t s .  These tests shosed the p o t e n t i a l  of t h i s  
typ of c a t z l y s t  f o r  the production of methanol syn thes i s  gas from 
bagasse. There a r e  many poss ib le  c a t a l y s t  v a r i a t i o n s  t h a t  can be 
s tud ied  including ca t ion  Q'pe (K, Q., Li ,  Cs, G )  anion Qp (C03 ,  OH, 
C 1 )  , c a t a l y s t  loading,  and c o n k c  t ing  ne tho5 ( s o l u t i o n  impregnation o r  
dq~, ' .mixing).  A mmplrte investigation of there v a r i a b l e s  was not v l t h i n  
the scope of t h i s  p r o j e c t .  The s e l e c t i o n  of t5ose c a t a l y s t s  tes ted  was 
based on our previous work w i t h  w x d  (Xudge 1921) and d a t a  from the 
1 1 tera ture, 





'k s e l e c t e d  10 w t %  K2C03 a s  a s t a r t i n g  p i n t  f o r  the bagasse 
s b d i e s .  The r e s u l t s  a r e  about  the same a s  we have seen f o r  wccd even 
a t  higher c a t a l y s t  loadings.  ' Run 19 w i t h  5 w t %  K2C03 showed a s i g n i f  i- 
c a t  increase  i n  char  and l i q u i d  y ie lds , .  

A s i g n i f i c a n t  f inding on these labora tory  bagasse s t u d i e s  is t h a t  a 
nuzh lower than expected steam to bagasse r a t i o  is needed to achieve the.  
2 to 1 hydrogen to carbon mnoxide ' r a t i o  requi red  f o r  m t h a n o l  synthe- 

I sis. With w d  and a n ickel  secondary c a t a l y s t  a steam to wood weight 
r a t i o  of 0.7 was requi red  f o r  a 2 to 1 hydrogen to carbon mnoxide  
r a t i o .  For bagasse with the a l k a l i  metal c a t a l y s t s  it .appears t h a t  0.4 
t~ 0.5 kg of steam p r  kg of bagasse would be appropr ia t e  

C a t a l y s t  Recovery. Because of the cost of a l k a l i  me.tal c a t a l y s t s  
a-15 the loadings  . required it is .necessary f o r  economic reasons to recover 
the c a t a l y s t  f ran the g a s i f i c a t i o n  , r e s idue  (cha r ,  ash ,  c a t a l y s t ) .  Previ- 
ous s t u d i e s  with wood showed 90-95% or' the p t a s s i u m  charged to the gas i -  
z ' i ~ r  could be recovered by washing with l a r g e  q u a n t i t i e s  of water (Yudge 
198'1). Exxon is c u r r e n t l y  planning on 90% recovery of the p t a s s i u r n  used 
ir ,  t h e i r  c a t a l y t i c  g a s i f i c a t i o n  process (Furlong 19.78, Fant  1980 ) . 

The q u a n t i t y  o f .  r e s idues  generated from a bagasse g a s i f i c a t i o n  f i n  
with 10% K2C03 w i l l  range £ran about  0.2 kg/kg,of  dry bagasse a t  90% 
c z r b n  conversion to 0.25 kg/kg dry  bagasse a t  80% carbon conversion. 

. The res idue  w i l l  be 40-50 w t %  K2C03 with the remainder being ash and 
char.  

Four samples of res idue  from a l a b r a t o r y  g a s i f i c a t i o n  test were 
w a c h d .  with smal ler  q u a n t i t i e s  of water and the s o l u t i o n s  analyzed by 
~ t m i c  absorption.  The r e s u l t s  a r e  shown i n  Figure 3. kbout  80% 
recovery w z s  achieved with as l i t t l e  a s  2 ml of water per gram of r e s i -  
due. Addit ional  water  d id  n o t  s i g n i f i c a n t l y  improve recovery. 

r n l  W A T E R l g  RESIDUE (CHAR.  ASH.  CATALYST) 

Figure 3 .  C a t a l y s t  ' Recovery From Gas i f  i c a  t ion  X e s i d u ~  



?he rerrzinder of the p t a s s i u m  probably r e a c t s  with minera l  ratter 
i n  the bagasse to form water  i n s o l u b l e  compounds. W c a d  has  very  l i t t l e  
a sh  so h ighe r  r ecove r i e s  a r e  p s s i b l e .  Exxon d i g e s t s  the cha r  from 
t h e i r  c a k l y t i c  coal g a s i f i c a t i o n  process wi th  Ca(OH)2 to f r e e  a d d i t i o -  
n a l  water-solyble  c a t a l y s t  'to inc rease  t h e i r  recovery to 90% (Furlong 
1978; Fant  1980).  This  method could probably be used wi.th bagasse c h a r  
to i n c r e a s e  the recovery of . p k s s i u m .  

The, m i n  o b j e c t i v e s  of the p roces s  development uni  t (PIN) s b d i e s  
are to d e t e r n i n e  t h e  t echn ica l  f e a s i b i l i t y  of producing a methanol syn- 
t h e s i s  gas  from bagasse and to provide  i n f o p a t i o n  on equipment and 
c a t a l y s t  performance f o r  f u r t h e r  s c a l e  up. 

PW Descr ip t ion  

The p roces s  flow diagram f o r  the  PW is shown i n  Figure 4. Steam 
is superheated i n  the g a s  h e a t e r  and c o n t a c t s  bagasse i n  the f l u i d  bed 
g a s i f i e r .  %.e g a s i f i e r  is 2 n m i n a l  1 ton/day . u n i t  with a r e a c t i o n  zone 
20 an ( 8  i n . )  i n  d i a n e t e r .  The bed is a b o u t  1 .2  m ( 4  f t )  deep  when 
f l u i d i z e d .  P r d u c t  gas  and char  e x i t i n g  the gasi-f  ier a r e  s epa ra t ed  by a 
cyclone and f i l t e r .  A , hea t  exchanger condenses steam and o rgan ic  m- 

- p u n d s  which are then sepa ra t ed  f r m  the gas  i n  the demis te r .  Tne g a s  
can be . recyc led  to the g a s  h e a t e r  v i a  the r ecyc le  compressor. Produc t 
g a s  is re l eased  .through a letdown va lve .  A p a r a l l e l  of f - g a s  system 
employs a v e n t u r i  s c r u b k r ;  however, it w a s  n o t  used. The PW system 
h a s  .been desc r ibed  i n  d e t a i l  p r ev ious ly  (Mudge 1983a ) . 

Af ter a PW test, pre l iminary  r e s u l t s  a r e  determined us ing  e s t i -  
mated composi t ions ( m i s t u r e ,  ash ,  C ,  H, 0, m d  total o rgan ic  c o n t e n t ) .  
Then, when chemical ana lyses  are complete,  a f i n a l  a n a l y s i s  of the test 
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is made using measured values.  This  a n a l y s i s  is p r o g r m e d  on a micro- 
computer. The ca lcu la ted  r e s u l t s  . include 'e lemental  mass balances,  
energy balances,  conversions, and e f f i c i e n c i e s .  

Prel iminary Feeding T e s t s  

~ n r &  types of bagasse were suppl ied  by Sugar Research ~ n s t i ' b t e ;  
Loose (zs d r i e d ) ,  baled,  and p e l l e t i z e d  (.I. 3 cm and 1.6 cm pellets).. 
The loose txgasse  cons is ted  of f ibe rous  chaff  s i m i l a r  to long g r a s s  
c l ipp ings .  Occasional long f i b e r s  (up  to 60 cm) were p resen t .  This  

3 loose & & r i a l  was shipped i n  l a r g e  (-1 m ) bur lap  k g s .  Forty ba les  of 
compacted mate'rial were received.  The 'baled mate r i a l  w a s . f u l 1  of f j n e s .  
a s  w e l l  a s  long f i b e r s .  P e l l e t i z e d  m a t e r i a l  had been mi l led  p r i o r  to 
p e l l e t i z i n g .  Even the p e l l e t i z e d  m a t e r i a l  showed a v i s i b l e  amount of 
f i n e s .  

P r i o r  to making a run-  with bagasse, it was necessary to c a l i b r a t e  
the screw feeder  .. An a t tempt  w a s  nade to feed the .loose m a t e r i a l  
d i r e c t l y  . Tne i n j e c t o r  screw. m p a c t e d .  the loose bagasse and completely 
bound up a f t e r  a s h o r t  time. Ca l ib ra t ions  w i t h  pellets were much bet- 
ter. Repeatable c a l i b r a t i o n s  .were obtained with lxgasse  b t h  p l a i n  and 
impregnated w i t h  10% K2C03 c a t a l y s t .  Overal l  feed r a t e s  t h a t  were 
der ived from each run agree c l o s e l y  w i t h  o r i g i n a l  c a l i b r a t i o n s .  

Lmse mate r i a l  might be fed to a l a r g e r  g a s i f i e r ,  b u t  a novel 
approach p s s i b l y  employing a d i f f e r e n t  type of screw or a sloped in jec-  
tor would be requi red .  Unt i l  f u r t h e r  research  can be done on roll coin- 
pact ion  and other methods of d e n s i f i c a t i o n  and feeding it is recomended 
t h a t  p e l l e t i z e d  mate r i a l  be used. \\%en the p e l l e t s  were impregnated 
with K2C03 scme breakdown of the pellets x c u r r e d  b u t  they still fed 
uniformly, ind ica t ing  s i z e  reduct ion  may be as i m p r t m t  a s  p e l l e t i z a -  
t ion .  With a s p e c i a l l y  designed lock hopper and sc rex  feeder  it may be 
poss ib le  to feed loose m a t e r i a l  which has been reduced i n  s i z e .  

PW Gas i f i ca t ion '  Tes t s  with Nickel G t a l y s  ts . ,_ .._._,." ,.,...- "._ ,.... "-._. .. .... . , ,.._..,..., .~ ..,.. " ....-....., .....,-". . " .....--,. ".. --..- ...( .. -... .. ..,..""-.. 

B t e n s i v e  labora tory  t e s t i n g  with wood showed n icke l  based cata- 
l y s t s  to be the most e f f e c t i v e  f o r  production of s y n t h e s i s  gas.  W i t h  an 
a c t i v e  c a t a l y s t  the product  m n s i s t s  p r imar i ly  of H2, 03 and 60?. 
Nearly a l l  of the hydrocarbon gases ,  tars, and oils a r e  reforme$. Long 
c a t a l y s t  l i f e  times were s h a m  i n  l z h r a t o r y  tests b u t  had n o t  been ve r i -  
f i e d  i n  the PW. 

I n i t i a l  r e s u l t s  from the PMJ using n icke l  c a t a l y s t s  were q u i t e  
encouraging. In the shakedown run and the e a r l y  p a r t  of an extended run 
the  r e s u l t s  were s i m i l a r  to those achieved with wood. However, a s  the 
extended run progressed c a t a l y s t  a c t i v i t y  d e t e r i o r a k d  r a p i d l y .  The run 
was eventual ly  terminated a f t e r  only one day. Ca ta-lys t deac t iva t ion  was 
r e a d i l y  apparent  from the  CH4 and H2 con ten t  of the gzs versus time a s  
shown i n  Figure 5. Laboratory s t u d l e s  were i n i t i a t e 6  to determine the 
cause of c a t a l y s t  deac t iva t ion  and to search  f o r  o t h e r  c a t a l y s t s .  

The PIX r e s u l t s  w i t h  n ickel  c a t z l y s  ts, s ~ m a r l z e d  i n  ' b b l e  4 ,  . 

showed' bagasse p e l l e t s  to be a g& ,feedstock f o r  f luid-bed g a s i f  ica- . 

t ion.  b:it! an a c t i v e  n ickel  c a t a l y s t '  the r e s u l t s  were as cj& or .Letter 
than 'those achieved with wood. P a r t i c u l a r l y  encourz2ing was the high 
carbon a n v e r s i o n  to qas ,  d m u t  905 on the averzqe f o r  f i v e  runs. Car- . ,  

bon ,conversion to l i q u i d  products  was q u i t e  lo\i, 0.15 or less when the 
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R b l e  4. ~un-anar~ of PW Resu l t s  w i t h  Nickel  ~ a t a l ~ s t s ( ~ )  

. . 

El B-2a B-2b . 
mvy 

. N i  on N i  on Base 
Run l imber  N i o n  C-l C-2 .Case 

. . C a t a l y s t  A1203 . Ni-Cu-Yo Ni-Cu-Pb A1203 R1203 ( V : c c d )  

Feed Ra te  (kg/hr  
d r y  bagasse)  14.0 10.2 12.0 14.5 14.5 75,900 

Steam Rate (kg&'  , 

d r y  bagasse 1. 1.10 1.16 . 1.12  ' 0.87 1.02 0.75 

G a s  Composition 

w nm3& Cry 
Bagasse 

Carbon Conversion 
( w e )  

to c h a r  

to l i q u i d s  0 .1  0.1 1 . 5  0.05 0.05 

Carbon Balance, % 95.3 8b.b /U .8 1UZ.b 103.8 100' 

T o t a l  Rag- G S S ~  

Fed (kg)  50 75 ' . 7 8 30 59. 

( a )  The r e s u l t s  a r e  averaged over  the  . e n t i r e  s t e a d y  s t a . t e  ope ra t ing  
perid. For Runs C-1 and C-2 the g a s  c o m p s i t i o n s  d e t e r i o r a t e d  
s t e a d i l y  wi th  time as shown i n  Figure 5. For Runs El, B-2a, and 
E 2 b  the gas  composi t ions were f a i r l y  coris tant .  

c a t a l y s t s  were a c t i v e  . Unfor tuna te ly  thg NiCUQ c a g l y s  t qu ick ly  10s t 
its a c t i v i Q  and the  y i e l d  of tars, oi ls ,  and l i g h t  hydrocarbon g a s e s  

C2H6 , etc ) increased  r a p i d l y .  The m u n  t of : the H2 and CO 
, reouced accord ingly .  The N i / ~ l . ~ 0 ~  c a t a l y s t  maintained i ts 

a c t i v i t y  l onge r  i n  the PW b u t  l a b r a t o r y  tests showed t h a t  it a l s o  
deact ivated too f a s t  to be considered f o r  f u r t h e r  tests. 

Lahr~ to~y  s t u d i e s  i nd ica t ed  the loss of a c t i v i t y  was due to some 
co.nbinatior. 'of s u l f u r  poisoning and carbon d e p o s i t i o n .  A b r i e f  c a t a l y s t  



TIME (HRS) 

Figure  5. Product  Gas Cornps i t ioh  i n  Puns C 1  k d  C2 
I n d i c a t i n g  catalyst Eeac t iva  t i o n  

sc reen ing  s b d y  ind ica t ed  a l k a l i  c a r t a n a t e  c a t a l y s t s  doped on the  
bagasse would be an e f f e c t i v e  c a t a l y s t  sys tem f o r  bagasse and the rest 
of  t he  PIX tests were, i ~ d e  wi th  t h i s  t y p  of c a b l y s t  s y s t e m .  

PIXI G a s i f i c a t i o n  T e s t s  wi th  Potassium Carbonate C a b l o s t  

Based 02 the r e s u l t s  of labratory t e s t i n g  a c a t z l y s  t system of 
10 w t %  K2C03 impregnated on the  b g a s s e  was s e l e c t e d  f o r  t e s t i n g  i n  the  
PW. Th l s  c a t a l y s t  had p rev ious ly  been s u c c e s s f u l l y  tested wi th  w m d  
(Hudge 1983).  Use of t h i s  c a t a l y s t  i n  the  PIXI presented  s e v e r a l  tech- 
n i c a l  problems compared to us ing  supported c a t a l y s t s  i n  the bed 
inc luding  : 

5 prepar. i r  iy Ll:~.le feeds toclc,  
c preven t ing  agglomerat ion i n  the g a s i f i e r ,  and 

o f i nd ing  a s u i t a b l e  i n e r t  m t e r i a l  f o r  the  f l u i d  bed. 
A l l  of t hese  problems were so lved  i n  the course  of the PCO tests w i t h  
K2M3 and the r e s u l t s  of these  tests were q u i t e  encouraging. 

I n  p rev ious  tests wi th  w o c d  the KZC03 was d ry  mixed wi th  wet  w o 3 d  
ch ips .  Th i s  worked q u i t e  we l l  as the m l s t u r e  i n  the w x d  absorbed the 
K2C03. The c h i p s  were then d r i e d  p r i o r  t o  g a s i f i c a t i o n .  The bagasse 
pellets were tm dry  to use t h i s  m t h o d  s o  a s o l u t i o n  of K 5 C03 had to k 
used. We were a f r a i d  t h a t  dry ing  would r e s u l t  i n  p e l l e t  a t r l t i o n  so w e  
had to use  a minimum of water. 

A 40 r ; tS  s o l u t i o n  .of K2M3 was mixed with the bagasse i n  a pre l imi- ,  
nary PIXI irr?regnation test. L a b r a t o r y  g a s i f i c a t i o n  tests wi th  this 
f eecl m =r ia l  were g o d .  A cement mixer and a spray  iiznri were then used 
to impregnzte a b u t  one ton of ~ l l e t s  wi th  a 40 wt$ s o l u t i o n  of R2C03.' 
Th i s  r e s u l t e d  i n  a f a i r l y  even d i s t r i b u t i o n  on each :xllet  m d  a mlnlmin, 
of p l l e t  a t t r i t i o n ,  The f i n a l  .commsi.ti.on of the y l l e t s  on a 'wet 
b 2 s . i ~  was & o u t  9% K2C03, 789 b g s s s e  f i b r e ,  h i d  13% m i s t u r e .  



Four PW runs were nude wi th2 K2CD3 impregnated tagasse  a t  four  d i f  - 
f e r e n t  bagasse feed rates which corresponded to four d i f f e r e n t  steam/ 
bagasse r a t i o s .  The steam r a t e  was held cons tan t  a t  the r a t e  required 

. to . f l u i d i z e  the bed. The length  of the runs w a s  l i m i t e d  by accumulation 
of ' r e s idue  (cha r ,  ash ,  c a t a l y s t )  i n  the f i l t e r  vesse l .  The res idue  from 
these runs is f i n e r  and is. produced a t  a higher r a t e  (due to the K2C03) 
tk:an ke have experienced i n  the p a s t .  This  p u t s  a .  heavier  l e d  on the 
f i l t e r  vesse l .  . The f i l t e r  vesse l  is n o t  designed to 'ke emptied: during a 

' . run. h e n  w e  a t tempted ' . to  empty the f i l t e r  vesse l  while it was h o t  the  
c h a r . i g n i t e d  and caused a small f i r e .  . . . . 

A sumnary of the r e s u l t s  of each run ' is given i n  Qble 5. The 
tests w i t h ,  K2C03 impregnated bagasse i n  the PIU wen.t q u i t e  w e l l  and 

' s h w e d  the feasibility of using t h i s  type of c a t a l y s t  'system i n  a l a r g e r  

Table 5. Summary of PW Resul ts  w i  0% K2C0, Impregnated 
Y a i  . , -I ~ u s b z a l i a n  Bagasse P e l l e t s  

Run Number  C-3a C-3b . C-4 C-5 

k d  Temp., ( O C )  760 '760 730 7 20 

Feed Rate (kg/hr  dry  
bagasse + K2C03) 14.3 19.6 24.5 30.6 

Steam Rate (kg& dry  

bagasse ) 0.95 0.70 0.62 0.58 

S u 3 r f  i c i a l  .Gas, Veloci ty ,  m/ s  0.45 0.45 0.38 0.52 

E 

m2 

Cd4 
CO 

c2+ 
3 ~ r - y  nm. gasfig d ry  

bagasse 

Cerbon Conversion ( w  t%) 

-%l.id char  

-- ~ 

. : . . 
i a j Trle r e s u l t s ,  a r e  averaged over the e n t i r e  rur,. 
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sca le .  The r e s u l t s  were as good or b e t t e r  than labora tory  g a s i f i e r  
. ' - r e s u l t s  with the same c a t a l y s t  and nearly as g d  as labora tory  an& PCU 

r e s u l t s  with a c t i v e  n icke l  c a t a l y s t s .  

Carbon conversion to gas w a s  gccd .(77-87%) 'although n o t  zs  high as 
achieved with n ickel  c a t a l y s t s .  This is c o n s i s t e n t  with r e s u l t s  with 
wood i n  the PW ( ~ u d g e  1983) . Although K2C03 , is an e f f e c t i v e  c a b l y s t  
f o r  the steam/char r eac t ion  (which should lncrease  carbon conversion to 
g a s ) ,  a t  s h o r t  residence times (less than 10  minutes') labora tory  tests 
s h m  an increase  i n  char  production with a l k a l i  carbonate c a t a l y s t s  
(Sealock, 1982; Nudge 1981). This char is more reac t ive  and w i l l  g a s i f y  
f c s t e r  than uncatalyzed char provided s u f f i c i e n t  tiw 1s provided. The 
residence time i n  the g a s i f i e r  is d i f f i c u l t  to determine ' bu t  the f a c t  
t h a t  carbon conversion is lower with K2C03 ind ica tes  it probably is 
f a i r l y  shor t .  

. . Carbon conversion appears t~ be mre a funct ion of gas v e l o c i q  i n  
the g a s i f i e r  bed. Increasing the gas ve loc i ty  a s  w a  done i n  Run C-5 
. increases  the,  s i z e  of char particles which a r e  ca r r i ed  o u t  of the M. 
This reduces. t h e i r  residence time and reduces carbon conversion. 

A steam rate of about 0.5 kg/kg dry bagasse is' required to produce 
a gas  with a H2/m r a t i o  of 2. . Alkal i  carbonates a p p a r  t9 be a b e t t e r  
s h i f t  c a t a l y s t  than n icke l  c a t a l y s t s  so . a  lower. steam r a t e  can be used. 

Ciinker formation can be a problem with a l k a l i  carbonate c a t a l y s t s ;  
hcxever, i f  good f l u i d i z a t i o n  is maintained i n  the k d  through the run 
and during the coo ldo i i  phase of shu t t ing  d m ,  c l i n k e r  forma t ion cw be 

'avoided. . The melt ing p i n t  of K2C03 is 891°C and the K2m3 is q u i t e  
mobile a t  750°C. P a r t i c l e s  of K2C03 agglomerate and gradual ly  g e t  
l c r g e r  u n t i l  chunks are formed. Malntalning good f l ~ i d ~ z a t i o n  prevents 
aqglomeration and minimizes h o t  s p o t s  where agglomeration would be more 
severe.  

PKXESS EVALUATION 

Based on the r e s u l t s  of the labora tory  and PIN g a s i f i c a t i o n  t e s t s  a 
design basi~ f o r  econmic calculat . ions was developed. A process flow 
diagram w a s  d e v e l o p d ,  and hea t  and m a t e r i a l .  balances were c a l c u l a t e d  to 
determine the ultimate y i e l d  of m t h m o l  from bagasse. This was m ~ -  
bined with c o s t  information, supplied pr imar i ly  by Davy McKee Engineers 
and Constructors f o r  wxxl based p l a n t s ,  to c a l c u l a t e  the required sel- 
l i n g  p r i c e  of methanol. The e f f e c t  o f .  v a r i a b l e s  such a s  p l a n t  s i z e ,  
c a p i t a l  cost, f inancing method ,. and bagasse c o s t  on the f i n a l  c o s t  of 
me than01 we.re  evaluated . 
Process EPveluplnei-I t 

The process developed to conver t  bagasse to methanol is based on: 

c PDU and labora tory  inves t iga t ions  of c a e l y  t ic g a s i f i c a t i o n  
of bagasse f o r  the production of methanol syn thes i s  gas ,  and 



0 a d e t a i l e d  f e a s i b i l i t y  study of methanol production v i a  cata- 
l y t i c  g a s i f i c a t i o n  of wocd done by Davy McKee Engineers and 
Cons t r u c t o r s  f o r  PNL, (Mudge 1981 ) . 

The design b a s i s  is shown i n  Table 6. The g a s i £ i e r  opera tes  a t  750°C 
and 1000 kPa (150 p s i a )  and 90% of the carbon i n  the bagasse is con- 
ver ted  to gas. Operation of the g a s i f i e r  a t  1000 kPa s i g n i f i c a n t l y  
reduces downstream compression cos t s .  I n  PW tests with mod carbon 
conversion and gas  y i e l d s  were s l i g h t l y  higher a t  1000 kPa compared t o  

' a m s p h e r i c  tests. Gas ccinposi t i o n s  were s i m i l a r  when a c a t a l y s t  was 
used' (Eludge 1983). Carbon conversion to gas' ranged f r ~ n  77-87% f o r  the  
bzgasse PW tests. ..With a .properly designed system operat ing a t  . '  

. 1000 kPa ( 1 5 0 ' p s i a )  we be l ieve  90% carbon conversion to gas  can be 
achieved with. bagasse and t h i s  w a s  used f o r  the' design ksis. Figure 6 . . 
is a process f l m  diagram f o r  conver,ting bagasse to methanol. The y i e l d  
of rre than01 is 0.47 kg/kg d ry  bag.asse and the o v e r a l l  thermal e f f i c i ency  
.is 56%. 

Cost Studies 

Evaluating the economics of producing m t h a n o l  f r m  bagasse was 
accomplished by adapting previous s t u d i e s  u t i l i z i n g  wood as a-  feedstock 

Table 6. Design Basis f o r  Conversion of Bagasse to bkthanol 

P l a n t  Capacity- 800 ton/day (727 t )  dry bagasse 
Storage Required . - .8  ' m n t h s  feed 
O p r a t i n g  Factor - 330 days/year 

G a s i f i e r  @era t ion  

Pressure - 1000 kPa (10 a m )  
Temperature -' 750°C 

Steam. Rate - 0.4 kg/kg d g  bcjasse  ( a s s ~ m s  
-10% moisture in  bagasse feed 

C a t a l y s t  - 10 w t $  K2C03 ' (0.11 kg/kg dry  bagasse) 
. . 

Css Production ( d r y  b a s i s )  - 1.4 nm3,kg dry bagasse 
,Gas Composition'- (vo l  %) 

Residue ~ r o d u c t i o n  - 0.2 kg/kg d ry  bagasse 
(30% carbm conversion to gas)  

C a t a l y s t  Recovery. - 80% with 22 H20~,q  res idue  
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F i g u r e  6. Process F1ow Diagram for Conver ting Bagasse  to Mc than01 



(Eludge e t  .dl. , 1981,. 1983).  We have' computerized the e n t i r e  economic ' 

- a n a l y s i s  o n t o  a l a r g e  sp readshee t  type program. Many .of the process  
v a r i a b l e s  (bagasse cost, p l a n t  s i z e ,  y i e l d s ,  l abo r  msts, etc. ) can be 
chang'ed and a complete r e c a l c u l a t i o n  using these  new va lues  can be. done 
r a p i d l y .  The s imu la t ion  p r e d i c t s  the f i n a l  s e l l i n g  p r i c e  of methanol: 
' f r m  bagasse r equ i r ed  to make the p roces s  economically ' a t t r a c t i v e .  

The base c a p i t a l  and  rating cost d a t a  wi th  wood f eeds tocks  were 
developed by Davy McKee Engineers 'and Cons t ruc to r s  ( n m ~  DY ~ n t e m k t i o - .  
n a l )  i n  1980. . The p roces s  des ign  f o r  conver t ing  bzgasse to methanol - 
v a r i e s  somewhat f r m  the  w o o d  based p roces s ,  so a new b a s i s  w z s  devel-  
oped ., 'The d i f f e r e n c e s  a r e  p r i m a r i l y  i n  s t o r a g e ,  feed p r e p a r a t i o n ,  m d  
c a t a l y s  t recovery.  For s torage '  and feed  p r e p a r a t i o n ,  c o s t  in£  orma t i o n '  
ob t a ined  from suga r  &search  I n s t i t u t e  and equipnent  vendors was mn- 
bined w i t h  the informat ion  on w d  developed by b v y .  C a t a l y s t  recovery  
c o s t s  were based. on a cost estimate by Exxon f o r  their c a t a l y t i c  ml 
g a s i f i c a t i o n  p roces s  which uses  K2COj ( F a n t  198C; Purlong 1978).  Tne 
r e s t  of the equipinent from the g a s l f l e r  d m n s t r e G  to and' inc luding  ,t'le 
methanol s y n t h e s i s  u n i t  was cos ted  based on the Davy s tudy .  R e l a t i v e  
s i z e s  of the equipment were ad jus t ed  to account  f o r  the mall d i f f e r -  
ences  b e t r ~ e e n  bagasse. and w o o d  (e .g .  less steam is requ i r ed  f o r  
bagasse ) . 

Economic Evaluat ion.  Once the p l a n t  c a p i t a l  requirements  and oper- 
a t i n g  c o s t s  have been determined the  r equ i r ed  methanol s e l l i n g  p r i c e  can  
be c a l c u l a t e d .  For.  a p l a n t  l oca t ed  i n  the  US the fo l lowing  economic 
b a s i s  was used: 

P r i v a t e  Financing 

o p r o j e c t  l i f e  - 20 y e a r s  
e d e p r e c i a t i o n  method - 16 y e a r s  sum-of d i g i t s  met'xd 
6) %..equity c a p i t a l  - 100% 
e r a t e  of return - 12% ' E F  
c income tax .rate - 48% 

i l t i l i t v  Financina 

s project l i f e  - 20 y e a r s  
, - o  d ~ p r ~ c . i a t . i . o n  methcxl - 5% per y e a r  s t r a i g h t  l i n e  

e deb t / equ i ty  r a t i o  - 75/25 
s interest - 10% 
o retum on e q u i t y  - 15% 
o income tax ra.te - 48% 

I n  the United S t a t e s  mst of the  suga r  cane is grown i n  H z w a i i ,  
F l o r i d a ,  b u i s i a n a ,  and Puer to  R i c o  i n  t h a t  o rde r .  The average s i z e  
s u g e r  m i l l  p r d u c e s  anywhere from 50 to 800 ton/day of d r y  f i b r e  (Boyd, 
1980 ) . Four cases, r e p r e s c n t a  t i v e  of the bagasse s u p ~ l y  , have been 
eva lua t ed  to determine'  the p r i c e  of methanol necessary  to make t h i s  pro- 
cess competat ive.  P l a n t  c a p a c i t i e s  range f r m  200 to 800 ton/day of d r y  
f i b r e .  Bagasse  costs were v a r i e d  be tween. 10 and 40 S/ton. Table 7 
sho'vrts the total i n s t a l l e d  c a p i t a l  cost and the c a l c u l a t e d  r equ i r ed  meth- 
ano l  s e l l i n g  p r i c e  f o r  each case cons idered .  , 

' Table 8 shows a breakdown of the c a p i t a l  c o s t  f o r  a p l a n t  feeding  
. 200 ton/day of d ry  bagasse. Bagasse s t o r a g e ,  g ~ s i f  i c a t i o n ,  And m t h a n o l  

s y n t h e s i s  are the three largest cost a r e a s .  C a g i t a l  costs a r e  the nos  t 



Table 7. Sununary of  Economic Evaluat ion 

P1an.t S i z e  C a p i t a l  Cos t  Bagasse Cos t  .Methanol Cos t  
Case Ton/Day $ m i l l i o n  $/dry ton U t i l i t y  ' P r i v a t e  

Table 8. T o t a l  C a p i t a l  Required f o r  a P l a n t  Feed.ing 800 ton  
(727 t ) /day  Dry Eagasse F i b r e  (d ry  basis! 

Cos t ' Camponen t US $ M i l l i o n s  

Bagasse S torage  and P repa ra t ion  20.1 

Bagasse Drying. 5.3 

G a s i f i c a t i o n  and Gas Cleanup 14.1 

S h i f t  Conversion 0.6 

Acid Gas. Removal 3 .5 

Compress i on  3.5 

lie than01 Syn thes i s  'and D i s t i l l a t i o n  9.9 

Purge Wforming 0.5 . . 

Utili t ies,  Off sites, i. l iscellaneous -. 8.5 

Direct Equipment Costs  (DEC) 66.1 

F i e l d  I n d i r e c t s  

P r o f e s s i o n a l  Se rv i ces  

0 t h e r  1.6 

mtal I n s  t a l l e d  Cos t (TIC ) 97.5 

Funds During Cons t ruc t ion  

S t a r  t-Up Costs  

Working Capi tal 

mtal C a p i t a l  Required 114.9 

s i g n i f  i c a ~ t  c o n t r i b u t o r  to the  f i n a l  me thanol  s e l l i n g '  p r i c e .  The c a p i t a l  
c o s t s  are h ighe r  f o r  bagasse t h m  wood p r i m a r i l y  due to the l a r g e  m u n t  
of s t o r a g e  r equ i r ed  ( 8  months) w d  a d d i t i o n a l  costs f o r  c a t a l y s t  recovery 

. . because the K2C03 c a t a l y s t  was used. me rest of the c a p i t a l  costs are 
a c t u a l l y  somewhat less f o r  bagasse.  . The ' l a rge  s t o r a g e  costs w i l l  'be a 
problem f o r  any year-round process  us ing .  bagasse a. feeds tock .  

Table 9 .  lists the ope ra t ing  c o s t s  f o r  the same p l a n t .  Operat ing . 
c o s t s  other than the cost of bagasse a r e  h s e d  on the o r i g i n a l  Eavy 
s t u d y w i t ' i , w d .  L a b r  c o s t s  a r e  t5e 1 a r g e s t s i n g l e . o p r a t i n g  costs. 



Table 9. P ro j ec t ed  ~ n n u a l  Operat ing Costs f o r  ' a  P l a n t  Feeding 
800 ton (727 t ) /day  Dry Bagasse F i b r e  

Cost  Caponen t US $ 1000/yr 

Bagasse @ $ lO/dry ton  2,640 

. G a s i f i c a t i o n  C a t a l y s t  1,824 

Other  C a t a l y s t s  and chemica ls  " 4 37 

U t i l i  ties 2,261 

Labor 4,879 

M n i n i s t r a t i o n  and General  Overhead 2,328 

. Supp l i e s  2,354 

2,7.00 Taxes and Insurance 

T o b l  Gross Operat ing Cos ts  

I f  the  as t of - bagasse exceeds $20/ton i t  becomes the d m i n a n  t ope ra t ing  
cost. lis .st:avn i n  Table 7 , t h e  p l a n t  s i z e  also has  a s i g n i f i c a n t  e f f e c t  
on the  f i n a l  ms,t of . w t h a n o l .  Th i s  r e s u l t s  from economies of s c a l e  
p r i m a r i l y  f o r  the downstream equipment a f  ter the g a s i f i e r ,  p a r t i c u l a r l y  

. . .  compress io3 and me than01 syn thes i s .  A c e n t r a l  l o c a t i o n  r e c e i v i n g  
bagasse f rm s e v e r a l  m i l l s  is more economic than a smal l  p l a n t  a t  a s i n -  
g l e  m i l l  even i f  t r a n s p o r t a t i o n  a s  ts s i g n i f i c a n t l y  i nc rease  the a s  t of 
bagasse. 

The c a l c u l a t e d  cost of methanol pfcduced f r m  k g a s s e  is s i g n i f  i- 
c a n t l y  h igher  than the c u r r e n t  c o s t  of methanol.  A prev ious  e c o n a i c  
e v a l u a t i o n  with showed the  r equ i r ed  s e l l i n g  p r i c e  of methanol wzs 
compet i t ive  w i  th  the market  p r i c e  of  methanol (Mudge 1981 ) . The follow- 
ing  f a c t o r s  r eke  t h i s  la test  a n a l y s i s  less favorable :  

o C a p i t a l  costs are h ighe r  

e Const ruc t ion  costs have i n f l a t e d  206 s i n c e  1980 ' . 

o C a p i t a l  costs f o r  bagasse are s m e w h a t  h ighe r  than f o r  a wood 
based p l a n t .  

e The p rev ious  eva lua t ion  used a l a r g e r  p l a n t  s i z e  than' is fea- 
s i b l e  wi th  bagasse which r e s u l t e d  i n  s i g n i f i c a n t  economies of  
s e l e  . 

e The rrzrke t p r i c e  of methanol i n  the U.S. has  d r o ~ p e d  44% i n  
the l a s t  s i x  months to $0.45/qa1 (SU. l2 / t ) .  

Product ion of methanol f roii kqasse m y  still k p r o f i t a b l e  i n  t he  
lonq term i f  a sho r t age  of t r a n s p o r t a t i o n  f u e l s  occurs  and p r i c e s  
i n c r e a s e  s i s n i f i c a n t l y .  The cost of  'bagasse is 2 r i m z r i l y  a func t ion  of 
c a p i t a l  ccsts and s o  t l ~ e  f u t u r e  p r i c e  w i l l  5e determined p r i m a r i l y  by 
the  in£ l a  t i o n  of the mst, of m t e r i a l s  a d  1 z b r  f o r  cons t ruc t ion .  



03rJCLUSIONS , . 

Based on l abora to ry ,  PW, and .economic s t u d i e s  the following con- 
c l u s i o n s  on c a t a l y t i c  g a s i f i c a t i o n  of bagasse f o r  the prcdu'ction of 
me than01 a r e  o f fe red  . 

0 P e l l e t i z e d  bagasse f i b r e  has s i g n i f i c a n t l y  m v e  s u l f u r  and 
ash than wood b u t  is a g o d  feedstock f o r  f l u i d i z e d  bed 
gas  i f  iers . 

e Nickel c a t a l y s t s  used i n  the g a s i f  i&r f o r  prcduction of 
methanol syn thes i s  gas  were r ap id ly  deact iva ted  1n both 
l abora to ry  and PDU g a s i f i c a t i o n  tests. 

o C a t a l y s t  deac t iva t ion  appears to be a funct ion  of s u l f u r  pi- 
soning ,and carbon d e p s i  t ion .  

6 Alka l i  carbonates doped on bagasse a r e  an e f f e c t i v e  c a t a l y s t  
system f o r  production of methanol. s y n t h e s i s  gas.  

s The fluid-bed PW g a s i f i e r  can success fu l ly  handle high ash 
biomass feeds  and feeds  doped with a l k a l i  carbonates wi thout  
agglomeration or c l i n k e r  forma t ion .  

o Conversion of bagasse to methanol is cur ' rent ly  no t  economic 
due p r imar i ly  to the . recent  l a r g e  drop i n  methanol p r i ces .  
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