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SUMMARY 

The P a c i f i c  Northwest Laboratory, operated f o r  the U.S. Department of 
Energy by B a t t e l l e  Memorial I n s t i t u t e  has t e s t e d  t h e  g a s i f i c a t i o n  of bagasse i n  

t h e  presence of c a t a l y s t s  i n  a study co-sponsored by t h e  Sugar Research 
I n s t i t u t e  and the U.S. Department of  Energy. The purpose of t h e  s tudy was t o  

eva lua t e  the technica l  and economic f e a s i b i l i t y  of c a t a l y t i c  g a s i f i c a t i o n  of 
bagasse t o  produce methanol. 

In previous s t u d i e s  f o r  the U.S. Department of Energy, P a c i f i c  Northwest 
Laboratory ( P N L )  developed a c a t a l y t i c  steam g a s i f i c a t i o n  process  which con- 
ve r t ed  wood t o  methanol s y n t h e s i s  gas i n  one s t e p  using nickel  based c a t a l y s t s  
i n  a f luid- bed g a s i f i e r .  Tes t s  i n  a nominal 1 ton/day process  development u n i t  

( P D U )  g a s i f i e r  w i t h  t h e s e  same c a t a l y s t s  showed bagasse t o  be a good feedstock 
f o r  f luid- bed g a s i f i e r s ,  bu t  t h e  c a t a l y s t s  deac t iva t ed  q u i t e  r ap id ly  i n  the 

presence of bagasse. 

s The exac t  mechanism of deac t iva t ion  of  t h e  nickel  c a t a l y s t s  i s  not  known, 
but l abo ra to ry  s t u d i e s  i n d i c a t e  i t  i s  probably a func t ion  of both s u l f u r  
poisoning and carbon depos i t ion .  The s u l f u r  l eve l  i n  bagasse (200-400 ppm) i s  
about f i v e  t imes higher than the s u l f u r  l eve l  i n  wood. Laboratory c a t a l y s t  
sc reen ing  tests showed K2C03 doped on t h e  bagasse t o  be a promising c a t a l y s t  

f o r  convert ing bagasse t o  methanol syn thes i s  gas. 

PDU t e s t s  w i t h  10 w t %  K2C03 doped on bagasse showed the technica l  f e a s i -  
b i l i t y  of this  type  of  c a t a l y s t  on a l a r g e r  s ca l e .  A h i g h  qua1 i t y  s y n t h e s i s  
gas was produced and carbon conversion t o  gas was high. The g a s i f i e r  was suc- 
c e s s f u l l y  operated without  forming agglomerates of c a t a l y s t ,  ash,  and cha r  i n  

t h e  g a s i f i e r .  There was no l o s s  of a c t i v i t y  throughout  the runs because 
c a t a l y s t  i s  con t inua l ly  added w i t h  the bagasse. Laboratory t e s t s  showed about  
80% of the potassium carbonate  could be recovered and recyc led  w i t h  a simple 
water wash. 

An economic eva lua t ion  of the process  f o r  conver t ing  bagasse t o  methanol 
showed t h e  requi red  s e l l i n g  p r i c e  of methanol t o  be s i g n i f i c a n t l y  h igher  than 
t h e  c u r r e n t  market p r i c e  of methanol. A previous economic eva lua t ion  of t h e  
process  using wood a s  a feedstock showed t h e  requi red  s e l l i n g  p r i c e  of methanol 



t o  be competitive w i t h  the market price of methanol (Mudge 1981). Several 
factors make this current evaluation using bagasse as a feedstock l e s s  
favorable: 1) capital costs are higher due to  inflation and some extra costs 
required to use bagasse, 2)  smaller plant sizes were considered so economies of 
scale are los t ,  and 3)  the market price of methanol i n  the U.S. has fal len 44% 

i n  the l a s t  six months. Production of methanol from bagasse may s t i l l  be 
profitable i n  the long t e n  i f  a shortage of transportation fuels occurs and 
prices increase significantly. 
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INTRODUCTION 

Bagasse produced as an unavoidable by-product o f  cane sugar represents a 

s i g n i f i c a n t  energy resource. It i s  p r i m a r i l y  used as a f u e l  ; however, more 

e f f i c i e n t  use o f  bagasse o r  conversion o f  i t  t o  h igher  value products i s  being 

considered. 

One p o s s i b i l i t y  i s  conversion o f  bagasse t o  methanol. Methanol can be 

produced from biomass ma te r ia 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 i s  a valuable chemical i n  t he  i n t e r n a t i o n a l  market 

used p r i m a r i l y  as a feedstock f o r  product ion o f  o ther  chemicals, p a r t i c u l a r l y  

formaldehyde. However, t he  pr imary new i n t e r e s t  i n  methanol i s  i t s  p o t e n t i a l  

as a t ranspor ta t i on  fue l .  It i s  a1 ready being used as a gas01 i n e  a d d i t i v e  and 

neat i n  f l e e t  veh ic les  and i s  being considered as a f u e l  f o r  gasol ine engines, 

d iese l  engines and gas turb ines.  

Since 1977 P a c i f i c  Northwest Laboratory (PNL) has been developing a pro- 

cess 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  o f  wood under sponsorship o f  the  U.S. 

Department o f  Energy. The process uses steam, i n d i r e c t  heat, and a c a t a l y s t  t o  

produce methanol synthesis  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  o f  a p ro jec t ,  sponsored j o i n t l y  by the  Aus t ra l i an  Sugar 

Research I n s t i t u t e  and the  U.S. Department o f  Energy t o  t e s t  c a t a l y t i c  

g a s i f i c a t i o n  o f  bagasse f o r  t he  product ion  of methanol. The p r o j e c t  inc luded 

g a s i f i c a t i o n  t e s t s  i n  labora tory  scale g a s i f i e r s  and a nominal 1 ton/day pro-  

cess development u n i t  and an economic eva lua t ion  o f  the  process. 



LABORATORY STUDIES 

Laboratory gas i f ica t ion t e s t s  were i n i t i a t e d  a f t e r  the  f i r s t  Process 
Development U n i t  (PDU) t e s t s  w i t h  supported nickel c a t a ly s t s  showed rapid 
ca t a ly s t  deactivation. Two d i f f e r en t  types of c a t a ly s t  systems were evaluated 

i n  the  1 aboratory: 1) supported metal ca ta lys t s ,  primarily nickel based, and 
2) a lka l i  metal c a t a ly s t s  which were impregnated on the bagasse feed materials .  

BAGASSE ANALYSIS 

Bagasse used f o r  the  gas i f i ca t ion  t e s t s  was supplied by the  Sugar Research 
I n s t i t u t e  and was shipped from Australia. The bagasse was supplied i n  th ree  

d i f f e r en t  forms: 1 oose, baled, and pel 1 etized. The three  d i f f e r en t  mater ia ls  
a re  described i n  more deta i l  i n  the  section on PDU t e s t s .  For laboratory 
gas i f ica t ion t e s t s  the  pe l l e t s  were ground t o  smaller than 1.4 mm (14  mesh). 

Table 1 shows the  analys is  of the  Australian bagasse pe l l e t s  and some 

b Hawaiian bagasse pe l l e t s  used f o r  comparison i n  some laboratory gas i f i ca t ion  
t es t s .  The ash and su l fu r  content of bagasse a r e  s ign i f i can t ly  higher than 
wood. Otherwise the proximate and ult imate analyses a r e  qu i te  s imi lar  t o  
hardwoods (Mudge 1983). Bagasse i s primarily c e l l  ul ose (38%), hemicell u l  ose 
(38%) and l ignin  (20%). T h i s  a l so  closely resembles the  composition of 
hardwoods (Shaf i zadeh 1982). 

DESCRIPTION OF LABORATORY GASIFIER 

Two continuous-feed, fixed-catalyst-bed reactors  constructed of quartz 
g lass  were used f o r  these studies.  The reactors ,  which a r e  operated a t  atmo- 
spheric pressure a r e  shown i n  Figure 1. Bagasse i s  fed i n to  the top of the  
reactors a t  a r a t e  of 8-12gIhr and gas i f ied  i n  the  presence of steam. The 
vo l a t i l e  material passes over a bed of c a t a ly s t  i n  the  bottom of the  reactor.  
The space velocity over the  ca t a ly s t  i s  typical  ly 1000-2000 cm31g ca t a ly s t l h r .  
Char and ash accumulate on a support just above the ca t a ly s t  bed and a r e  
vacuumed out  periodical ly  . 

Analytical equipment used w i t h  t he  laboratory gas i f ica t ion system includes 
a Carle AGC-S analytical  gas chromatograph f o r  gas analys is ,  a Perkin Elmer 240 



TABLE 1. Analys is  o f  Bagasse Used f o r  G a s i f i c a t i o n  Tests 

Source o f  Bagasse Austra l  i a Hawai i 

Composition o f  Raw Bagasse (w t% l  - - - - 
Sugar 2 
F i b r e  4 3 
Ash 7 
Moisture 48 

Proximate Analys is  (wt% dry bas is )  
Vol a t i  1 e  Mat ter  
F ixed Carbon 
Ash 

U l t ima te  Analys is  (wt% dry bas is )  -- - - 
C 44.7 43 .o 
H 5.9 5.0 
0 44.4 37.6 
N 0.2 0.3 
s PPm 300 - - 
Ash 4.8 13.3 

Heating Value (d ry  bas i s )  
kJ /kg 
B t u l l  b  

Mois tu re  Content ( w t  bas is )  9.9 8.3 

Form pel  1 e t s  pe l  1 e t s  

elemental analyzer f o r  wood and char ana lys i s  and a  Dohrmann DC80 carbon 

analyzer f o r  water ana lys i  s. Other a n a l y t i c a l  equipment was used f o r  speci a1 

purposes and w i l l  be discussed where appropriate. 

The l abo ra to ry  reac tors  are designed p r i m a r i l y  f o r  c a t a l y s t  screening 

studies. The space v e l o c i t y  over t he  c a t a l y s t  i s  s i m i l a r  t o  t he  space v e l o c i t y  

i n  t he  PDU and pas t  experience w i t h  wood has shown t h i s  system provides a  good 

i n d i c a t i o n  o f  c a t a l y s t  performance i n  the  PDU. Because o f  the  d i f f e rences  i n  

g a s l s o l i d  con tac t i ng  and residence t ime between the  l abo ra to ry  g a s i f i e r s  and 

t h e  PDU, the  r a t e  o f  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. 
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FIGURE 1. Laboratory G a s i f i e r  

TESTS WITH SUPPORTED METAL CATALYSTS 

Previous c a t a l y s t  screening s tud ies  w i t h  wood as a  feedstock showed sup- 

por ted  n i cke l  c a t a l y s t s  t o  be the  most e f f e c t i v e  f o r  the  product ion o f  methanol 

synthesis  gas. Some o f  the  n i c k e l  c a t a l y s t s  t es ted  showed r a p i d  deact iva t ion ;  

however, several c a t a l y s t s  were i d e n t i f i e d  which showed the  p o t e n t i a l  f o r  a  

1  ong 1 i fe t ime.  These inc luded a  se r ies  o f  t r i m e t a l l  i c  ca ta l ys t s ,  suppl i e d  by 



W. R. Grace, Inc.  i n  a  f l u i d i z e a b l e  form (40-70 mesh spheres) (Nudge 1983, 

Baker 1982). A 1  arge batch o f  a  Ni -Cu-Mo/Si02-A1 203 c a t a l y s t  was purchased 

f rom W. R. Grace, Inc. f o r  PDU t e s t s  w i t h  wood and was a l s o  used f o r  t h e  

bagasse s tud ies .  When t h i s  c a t a l y s t  showed r a p i d  d e a c t i v a t i o n  i n  PDU t e s t s  

w i t h  bagasse, l a b o r a t o r y  s tud ies  were i n i t i a t e d  t o  determine t h e  cause o f  

d e a c t i v a t i o n  and i d e n t i f y  o ther  c a t a l y s t s  t h a t  coul  d  be used. 

Test Resu l ts  

The r e s u l t s  o f  g a s i f i c a t i o n  t e s t s  w i t h  bagasse and n i c k e l  c a t a l y s t s  a re  

shown i n  Table 2. The r e s u l t s  o f  Run 2 a r e  t y p i c a l  o f  an a c t i v e  n i c k e l  ca ta-  

l y s t .  Th i s  was a  qu i ck  r u n  t o  check t h e  a c t i v i t y  o f  a  c a t a l y s t  which was used 

f o r  t h e  PDU shakedown r u n  and no l o s s  o f  a c t i v i t y  was no ted  i n  t h e  s h o r t  t i m e  

o f  t h i s  run. Loss o f  c a t a l y s t  a c t i v i t y  i s  i n d i c a t e d  by an inc rease  i n  hydro-  

carbons (methane, ethane, e thy lene )  i n  t h e  product  gas and t h e  appearance o f  

s i g n i f i c a n t  q u a n t i t i e s  of  t a r s  and o i l s  i n  t h e  condensate f rom t h e  r e a c t o r .  

Higher syn thes i s  gas y i e l d  shown i n  t h e  t a b l e  i s  a l s o  a  good o v e r a l l  i n d i c a t i o n  

of c a t a l y s t  a c t i v i t y .  Deac t i va ted  c a t a l y s t s  re form l e s s  methane and t a r s  t o  

hydrogen and carbon monoxide and t y p i c a l l y  have syn thes is  gas y i e l d s  be1 ow 

0.7 nrn3/kg. 

Run 3 and 4  con f i rmed t h e  e a r l y  d e a c t i v a t i o n  o f  t h e  Ni-Cu-Mo/Si02-Al2o3 

c a t a l y s t  observed i n  t h e  PDU. Doping o f  t h e  c a t a l y s t  w i t h  sodium which i s  

sometimes used t o  reduce cok ing  w i t h  steam re fo rm ing  c a t a l y s t s  (Rost rup-Nie lson 

1975) d i d  n o t  h e l p  (Run 3). The gas composi t ion and convers ion da ta  g iven  i n  

Table 2 i s  averaged over t h e  e n t i r e  run. A t  t h e  s t a r t  o f  t h e  ca ta l yzed  runs  

t h e  r e s u l t s  were s i m i l a r  t o  Run 2  and then g radua l l y  d e t e r i o r a t e d  u n t i l  t hey  

approached t h e  r e s u l t s  ob ta ined  w i t h o u t  a  c a t a l y s t  (Run 6). 

A steam re fo rm ing  c a t a l y s t  which showed p o t e n t i a l  f o r  l o n g  l i f e t i m e  i n  

s t u d i e s  w i t h  wood a l s o  deac t i va ted  r a p i d l y  (Run 7).  Add i t i on  o f  a  ZnO s u l f u r  

guard c a t a l y s t  extended t h e  l i f e  of  t h e  NiCuMo/Si02-A1203 c a t a l y s t  b u t  n o t  

n e a r l y  l o n g  enough t o  be an a t t r a c t i v e  a l t e r n a t i v e  (Run 12). A Ni-Mo/A1203 

d e s u l f u r i z a t i o n  c a t a l y s t  was n o t  a c t i v e  enough even a t  t h e  s t a r t  o f  t h e  r u n  

(Run 14).  No l o s s  of  a c t i v i t y  was no ted  i n  a p r i o r  t e s t  w i t h  bagasse ob ta ined  

f rom Hawaii,  so we r e r a n  t h e  Hawaiian bagasse and go t  r e s u l t s  s i m i l a r  t o  t h e  



TABLE 2. Laboratory  Gasi f i c a t  ' o  Tests w i t h  Aus t ra l  i an Bagasse 
and N icke l  Ca ta l ys t s  1 -39 

Run No. 2 3 4 7 12 14 24 6 

Ni-Cu-Mo ZnO + N i CuMo 
Ni/AI 0 Ni-Cu-Mo S i O  -AI 0 on S i O  - A l  0 NiMo/Al 0 Ni/AI 0 

Cata l y s t  2 3 w / l O %  Na 2 2 3 Ni/Ceramic 2 2 3  2 3  . 2 3  

Reactor Temp., OC 770 770 770 780 790 7 10 750 780 

Cata lys t  Temp., OC 735 730 720 720 720 750 760 720 

Feed Rate g/m i n 0.22 0.19 0.23 0.20 0.24 0. 27 0.15 0.20 

Steam Rate g/g 

dry  bagasse 1.4 0.9 0.64 1 .O 1.06 0.6 1.4 0.9 

Gas Composition, 

Val. $ 

2 58.2 

C0 2 24.5 

CH4 1.8 
CO 15.6 

* 
C2 0.0 
H2S ppm i n  -- 
HZS ppm o u t  -- 
HZ/ CO 3.7 

Synthesis Gas Y ie ld  
3 ( H 2 +  CO) nm / ~ g  

dry bagasse 1 -25 -64 064 

Carbon Conversion, 

w t %  

t o  gas 84 76 7 1 
t o  char 18 21 25 
t o  l iqu ids tr 1 1 

Carbon Balance ( 8 )  102 98 98 

Tota I Bagasse 

Fed (g) 2l 4 5 100 

( a )  Resul ts are  averaged over t he  e n t i r e  run. 



TABLE 3. Comparison of Resu l ts  w i t h  Bagasse from Aus t ra l  i a  and ~ a w a i i ( ~ )  

Run Number 
Feed Source 

- C a t a l y s t  

8 
Hawai i 

NiCuMo on 

9 
Hawaii 

NiCuMo on 

4 
Aus t ra l  i a 
NiCuMo on 

Reactor Temp., O C  

C a t a l y s t  Temp., O C  

Feed Rate, g/min 
Steam Rate, g/g d r y  

bagasse 

Gas Composition, Vol % 

2 

c02 

CH4 
co 

2 
H2S, ppm i n  

H2S, ppm ou t  

Synthes is  Gas ji e l  d, 
(H2 + CO) nm /kg 
d r y  bagasse 

Carbon Conversion w t %  

t o  gas 

t o  char 

t o  l i q u i d s  

Carbon Balance, % 

To ta l  Bagasse fed, g 

(a )  Resu l ts  a re  averaged over t h e  e n t i r e  run. 



A u s t r a l i a n  bagasse as seen i n  Table 3. A rev iew o f  t h e  p rev ious  t e s t  da ta  

showed some d e t e r i o r a t i o n  i n  gas q u a l i t y  near t h e  end o f  t h e  r un  i n d i c a t i n g  i t  

may have been t e rm ina ted  be fo re  t h e  l o s s  o f  a c t i v i t y  was r e a d i l y  apparent.  

Several o t he r  supported c a t a l y s t s  were t e s t e d  b u t  they  were n o t  a c t i v e  

enough t o  be cons idered f u r t h e r  (Table  4). These c a t a l y s t s  d i d  n o t  show any 

l o s s  o f  a c t i v i t y  through t h e  course o f  t h e  run. 

Cause o f  Ca ta l ys t  Deac t i va t i on  

The usual  cause o f  c a t a l y s t  d e a c t i v a t i o n  i n  our g a s i f i c a t i o n  t e s t s  i s  

carbon depos i t i on .  The t r i m e t a l l i c  c a t a l y s t s  made by W. R. Grace, Inc.  had 

l o n g  l i f e t i m e s  i n  t h e  l a b o r a t o r y  t e s t s  d e s p i t e  some carbon depos i t i on .  One o f  

these c a t a l y s t s  reached a  l i f e t i m e  o f  1470 g  wood/g c a t a l y s t  w i t h o u t  l o s s  o f  

a c t i v i t y .  No l o n g  t e rm  t e s t s  have been made i n  t h e  PDU. 

The r a p i d  l o s s  of a c t i v i t y  w i t h  t h e  NiCuMo/Si02-A1203 c a t a l y s t  i n  Runs 3  

and 4 i n d i c a t e d  t h e  p o s s i b i l i t y  o f  some o the r  d e a c t i v a t i o n  mechanism. Dur ing  
t prev ious  runs  w i t h  Hawaiian bagasse and Run 2  w i t h  A u s t r a l i a n  bagasse a  s u l f u r  

odor was de tec ted  by t h e  g a s i f i e r  operator .  I n  Runs 3 and 4  t h e  gases were 

analyzed f o r  H2S and t h e  r e s u l t s  a re  i n  Table 2. For t h e  Y2S measurement iden-  

t i f i e d  as "H2S ppm i n "  a  gas sample was removed f rom t h e  t o p  o f  t h e  r e a c t o r  

be fo re  t h e  gas had passed over t h e  c a t a l y s t .  The r e s u l t s  o f  both  Runs 3 and 4  

i n d i c a t e d  t h a t  a  s i g n i f i c a n t  q u a n t i t y  o f  H2S was p resen t  and t h a t  i t  was be ing  

taken up by t h e  c a t a l y s t .  A f t e r  t h e  c a t a l y s t  was sa tu ra ted  t h e  H2S con ten t  o f  

t h e  product  gas rose  t o  t h e  l e v e l  of t h e  gas i n  t h e  t o p  o f  t h e  r e a c t o r .  The 

r e s u l t s  of a l l  of t h e  H2S measurements on gases a re  summarized i n  Table 5. 

Samples of d i f f e r e n t  feed  m a t e r i a l s  and c a t a l y s t s  were a l s o  analyzed f o r  

s u l f u r  and t h e  r e s u l t s  a re  shown i n  Table 5. There a re  some d isc repanc ies  i n  

t h e  da ta  which we assume a re  due t o  t h e  d i f f i c u l t y  i n  g e t t i n g  a  t r u l y  r ep re-  

s e n t a t i v e  sample. The r e s u l t s  do show t h a t  t h e  A u s t r a l i a n  bagasse con ta i ns  
200-400 ppm s u l f u r  and t l i e  deac t i va ted  c a t a l y s t s  have a  s i g n i f i c a n t  q u a n t i t y  o f  

s u l f u r  on them. 

That H2S adsorp t ion  on t h e  c a t a l y s t  c o n t r i b u t e s  t o  d e a c t i v a t i o n  i s  sug- 

gested by severa l  f a c t o r s :  



TABLE 4. Labora to ry  G a s i f i c a t i o n  Tests w i t h  Other Supported 

Run Number 

C a t a l y s t  

Reactor Temp., O C  

C a t a l y s t  Temp., O C  

Feed Rate, g/min 

Steam Rate, g/g d r y  
bagasse 

Gas Compos i t i  on, Vol % 

c2  
H2S, ppm i n  

H2S, ppm ou t  

H2/C0 

Synthes is  Gas Y i e l d  
(Hz + CO) nm /kg d r y  
bagasse 

Carbon Con ver s  i on, wt% 

t o  gas 

t o  char 

t o  l i q u i d s  

Carbon Balance, % 

To ta l  Bagasse Fed, g  

( a )  Resu l t s  a re  averaged over t h e  e n t i r e  run. 

H2S i s  a known c a t a l y s t  po ison f o r  n i c k e l  r e fo rm ing  c a t a l y s t s  i n  

q u a n t i t i e s  as low as 2 ppm (Rost rup-Nei l  sen 1975). 

There i s  a  c l ose  c o r r e l a t i o n  between t h e  amount o f  s u l f u r  on t h e  

c a t a l y s t s  when t hey  l o s e  a c t i v i t y  and t h e  amount o f  s u l f u r  r e q u i r e d  

t o  s u l f i d e  t h e  a c t i v e  metal  su r f ace  area o f  t h e  c a t a l y s t  (Table 6) .  



TABLE 5. Sulfur Analyses f o r  Bagasse Gasif icat ion Tests 

ppm H9S by volume i n  

*Ma t e r i  a1 
-- - - 

Austral i an Bagasse 

Hawaiian Bagasse 

Wood 

Sol i d  Samples 

Australian Bagasse 
Pel 1 ets  
Bal e s  

Hawai ian Bagasse (pel 1 e t s )  

Wood 

Bark 

Catalyst  from Laboratory 
Run #4 

Catalyst from PDU a t  
the  end of C-2 

Catalyst  from PDU a f t e r  
regeneration a t  end 
of C-2 

. . 
gas (before c a t a ly s t )  
Range Average 

ppm H S by wei h t  
( a )  - ?b) ?c 1 

( a )  Hanford Engineering Development Laboratory, 
Rich1 and, WA. Leco Analyzer 

( b )  Schwartzkopf Mi croanalytical  Laboratory, Inc. 
Woodside, NY. Leco Analyzer 

( c )  Sugar Research Ins t i tu te .  ICP 

There i s  a good comparison between the time t h a t  should be required 

t o  su l f ide  the ca t a ly s t  and the  time when deactivation occurs. 
Dividing the amount of su l fu r  on the  ca t a ly s t  (#3 i n  Table 6)  by the  

r a t e  of su l fu r  input the  system (#1 o r  #2) indicates  5-8 hours 
should be required t o  su l f ide  the  ca ta lys t .  Deactivation i n  the  
laboratory s tudies  was readily apparent 3-5 hours a f t e r  s tar tup.  



TABLE 6. S u l f u r  C a l c u l a t i o n s  f o r  Laboratory  Run 4 w i t h  
N i  CuMo/Si02-A1 203 Ca ta l ys t  

1. S u l f u r  i n  t h e  Feed 
300 ppm x 13.8 g/hr 

2. S u l f u r  as Hydrogen S u l f i d e  i n  Gas 
167 ppm x 17.7R/hr x 0.8 g/R 

3. S u l f u r  on t h e  Ca ta l ys t  a t  end o f  r u n  
2000 ppm x 109 c a t a l y s t  2.0 x  10-2 g  

4. S u l f u r  r e q u i r e d  t o  Sa tu ra te  Monolayer 
o f  C a t a l y s t  

9  x atoms ~ / ~ ( ~ ~ t a l ~ s t ( ~ )  x  109 c a t a l y s t  2.1 x  lo- '  g  
x 0.74 atoms S/H x  32g/atoms 

(a )  Measured u s i n g  a  hydrogen chemisorpt ion apparatus descr ibed  by Yudge, 
e t  a l .  (1983). 

( b )  J. R. Rostrup-Nielsen, Steam Reforming Cata lys ts .  Danish Technica l  
Press, Copenhagen 1975, pp. 63-/6. 

Adding ZnO s u l f u r  guard c a t a l y s t  t o  t h e  system extended t h e  1  i f e  of 

t h e  N i  CuMo/Si 02-A1 203 c a t a l y s t  (Run 12). 

A  c a t a l y s t  w i t h  more a c t i v e  su r f ace  area (Ni/A1203) takes  l onge r  t o  

d e a c t i v a t e  than NiCuMo/Si02/A1203. Jus t  t h e  oppos i te  was t r u e  w i t h  

wood where carbon depos i t i on  was t h e  p r imary  cause o f  deac t i va t i on .  

Wood does have some s u l f u r ,  a l though i t  i s  lower than bagasse. A s i m i l a r  

c a t a l y s t  r a n  f o r  over 1000 hours i n  a  l a b o r a t o r y  t e s t  w i t h  wood w i t h o u t  

deac t i va t i ng .  Rost rup-Nie l  sen (1975) i n  s tud ies  o f  H2S chemi s o r p t i o n  o f  hydro-  

gen s u l f i d e  on steam re fo rm ing  c a t a l y s t s  found t h e  chemisorpt ion o f  hydrogen 

s u l f i d e  on n i c k e l  t o  be r e v e r s i b l e ,  t h e  coverage on t h e  c a t a l y s t  be ing  a  func-  

t i o n  o f  t h e  r a t i o  pH2S/pH2. The amount o f  adsorbed s u l f u r  i n  e q u i l i b r i u m  w i t h  

t h e  H2S i n  t h e  gas increases w i t h  i n c r e a s i n g  H2S concen t ra t i on  u n t i l  cons tan t  

f r a c t i o n a l  coverage o f  t h e  su r f ace  i s  reached. Using a  13.3% n i c k e l  c a t a l y s t  

a t  627OC t h e  cons tan t  f r a c t i o n a l  coverage was reached a t  50-60 ppm H2S 

(S te rn  1982). I n  another s tudy (Houghtby, 1980) a  c a t a l y s t  found t o  be a c t i v e  

f o r  r e fo rm ing  ethane i n  t h e  presence of s u l f u r  deac t i va ted  q u i t e  r a p i d l y  on 

No. 2 fue l  o i l .  The same c a t a l y s t  was p resu l  f i d e d  and was i n i t i a l l y  q u i t e  



a c t i v e  f o r  r e fo rm ing  f u e l  o i l .  I n  bo th  cases s i g n i f i c a n t  carbon was present 

on t h e  c a t a l y s t .  Only when t h e  s u l f u r  l e v e l  i n  t h e  f u e l  o i l  was 1  ess than  

100 ppm would t h e  c a t a l y s t  ma in ta in  i t s  o r i g i n a l  a c t i v i t y  f o r  an extended 

p e r i o d  o f  t ime  and no carbon depos i t i on  was noted (Houghtby 1982). Therefore, 

i t  appears t h a t  t h e  low su l  f u r  l e v e l s  i n  wood a1 low enough o f  t h e  n i c k e l  on t h e  

c a t a l y s t  t o  remain exposed and ac t i ve .  

Heavy depos i t i on  o f  carbon was a l s o  found on t h e  c a t a l y s t s ,  p a r t i c u l a r l y  

those from t h e  PDU. F igure  2 shows t h e  accumulat ion of carbon on n i c k e l  ca ta-  

l y s t s  used w i t h  bagasse. carbon depos i t i on  was h igher  i n  t h e  PDU than t h e  

l a b o r a t o r y  and bo th  a r e  s i g n i f i c a n t l y  h igher  than we have seen w i t h  wood. The 

NiCoMo/Si02-A1 203 which ran  over 1000 hours i n  t h e  1  abora to ry  had o n l y  5 w t %  

carbon on i t  a t  t h e  end. Carbon depos i t i on  was a  general  i n d i c a t o r  o f  

d e a c t i v a t i o n  and no c a t a l y s t s  were found which were a c t i v e  w i t h  more than 

10 wt% carbon on them (Mudge 1983). 

Based on t h e  h i g h  carbon depos i t i on  on t h e  c a t a l y s t s  used w i t h  bagasse and 
* t h e  r e s u l t s  of Houghtby (1980) one cou ld  conclude t h a t  t h e  s u l f i d e d  c a t a l y s t s  

a re  more suscep t i b l e  t o  carbon depos i t i on  which a c t u a l l y  causes t h e  l o s s  o f  

a c t i v i t y .  However, i t  i s  gene ra l l y  agreed t h a t  su l  f i d i n g  n i c k e l  r e fo rm ing  

c a t a l y s t s  decreases carbon fo rmat ion  on t h e  c a t a l y s t  (Rostrup-Nielsen 1975; 

McCarty 1981). S u l f i d i n g  reduces t h e  a c t i v i t y  o f  t h e  c a t a l y s t  and i n  a  com- 

merc ia l  reformer may a l l o w  t h e  feed m a t e r i a l  t o  pass t o  a  h o t t e r  p a r t  o f  t h e  

r e a c t o r  where thermal c rack ing  and cok ing  may occur. 

From our s tud ies  i t  i s  n o t  p o s s i b l e  t o  p o s i t i v e l y  i d e n t i f y  t h e  mechanism 

f o r  deac t i va t i on ,  b u t  i t  appears t h a t  i t  i s  d e f i n i t e l y  a  f u n c t i o n  o f  t h e  s u l f u r  

con ten t  o f  bagasse. Coking may a l s o  p l a y  a  p a r t  bu t  t h e  exact  r e l a t i o n s h i p  

between t h e  s u l f u r  adsorp t ion  and carbon depos i t i on  i s  n o t  known. 

6 TESTS WITH ALKALI CARBONATE CATALYSTS 

The a p p l i c a t i o n  o f  a l k a l i  metal  c a t a l y s t s  t o  coal  g a s i f i c a t i o n  has been 

I known f o r  many years  (Tay lo r  1921) and has been s t u d i e d  e x t e n s i v e l y  i n  r ecen t  

years  (Cox 1974; McKee 1983; Walker 1983; McCoy 1983; Nahas 1983). These cata-  

l y s t s  have a l s o  been s tud ied  f o r  use w i t h  biomass (Mudge 1979; Hawley 1983; 

Seal ock 1982). 
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LIFETIME (kg BAGASSE FED/kg CATALYST IN REACTOR) 

FIGURE 2. Carbon Accumulation on Nickel Catalysts  

Typically a1 kal i metal s a l t s  a re  solution impregnated o r  dry mixed w i t h  

t he  feed material t o  improve the  k ine t ics  of the  reaction of char w i t h  steam, 
carbon dioxide, and other  gases. In the course of our studies w i t h  wood we 
found t h a t  a lka l i  ca ta lys t s  a lso  reduce the  y i e ld  of t a r s ,  o i l s ,  and gaseous 
hydrocarbons and catalyze the  water gas s h i f t  reaction making i t  possible t o  

produce a  high qual i ty  synthesis  gas without the  use of a  secondary ca ta lys t .  

When i t  became apparent t h a t  we would be unable t o  f ind a  long-lived sup- 

ported nickel c a t a ly s t  fo r  bagasse gasi f icat ion we switched our a t tent ion t o  
the  a1 kal i metal s a l t  ca ta lys ts .  The a lka l i  metal s a l t s  are  not qu i te  a s  



a c t i v e  as f r e s h  n i c k e l  c a t a l y s t s  i n  terms o f  syn thes is  gas y i e l d ,  b u t  because 

c a t a l y s t  i s  be ing  added con t inuous ly  t h e r e  i s  no l o s s  o f  a c t i v i t y .  The cata-  

l y s t  can be recovered from t h e  char and recyc led.  

Tes t  Resu l ts  

Table 7 shows t he  r e s u l t s  o f  l a b o r a t o r y  t e s t s  w i t h  a l k a l i  metal s a l t  cata-  

l y s t s .  These t e s t s  showed the  p o t e n t i a l  o f  t h i s  t ype  o f  c a t a l y s t  f o r  t he  pro-  

duc t i on  o f  methanol syn thes is  gas from bagasse. There a re  many poss ib l e  

.* 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  i n c l u d i n g  c a t i o n  type  (K, Na, L i ,  Cs, 

Ca) anion t ype  (C03, OH, C l ) ,  c a t a l y s t  loading,  and c o n t a c t i n g  method ( s o l u t i o n  

impregnat ion o r  d r y  m ix ing) .  A complete i n v e s t i g a t i o n  o f  these v a r i  ab l  es was 

n o t  w i t h i n  t h e  scope o f  t h i s  p r o j e c t .  The s e l e c t i o n  o f  those c a t a l y s t s  t e s t e d  

was based on our prev ious work w i t h  wood and data from the  l i t e r a t u r e .  

A l k a l i  metal carbonates a re  gene ra l l y  t h e  most a c t i v e  c a t a l y s t s  f o r  gas i-  

f i c a t i o n  o f  char  w i t h  H20 and C02 (McKee 1983, Johnson 1981). Potassium 

carbonate i s  gene ra l l y  recognized as o f f e r i n g  t he  b e s t  combinat ion o f  a c t i v i t y  

and low cost .  I n  o the r  l a b o r a t o r y  s tud ies  a t  PNL w i t h  biomass we found t h e  

d i f f e rences  between K2C03 and Na2C03 t o  be small (Sealock 1982). I n  PDU t e s t s  

where t he  c a t a l y s t  was p h y s i c a l l y  mixed w i t h  wet wood, K2C03 was much s u p e r i o r  

t o  Na2C03 (Mudge 1983). We a t t r i b u t e d  t h i s  p r i m a r i l y  t o  t he  f a c t  t h a t  t he  

mo is tu re  con ten t  o f  t he  wood was s u f f i c i e n t  t o  d i s s o l v e  most o f  t h e  K2C03, thus  

e f f e c t i v e l y  impregnat ing t he  K2C03 on t h e  wood. Sodium carbonate i s  l e s s  

so lub le  and remained p r i m a r i l y  as a so l  i d  when mixed w i t h  t h e  wood. 

Laboratory  t e s t s  w i t h  bagasse showed l i t t l e  d i f f e r e n c e  between K2C03 and 

Na2C03 when bo th  were impregnated (Runs 5 and 15). A m i x t u r e  o f  t he  two a l s o  

performed about t he  same. 

I n  another p r o j e c t  f o r  t h e  U.S. Department o f  Energy we a re  c u r r e n t l y  

• l o o k i n g  a t  t he  e f f e c t  o f  c a t a l y s t  l o a d i n g  on t he  g a s i f i c a t i o n  o f  wood. Pre- 

l i m i n a r y  r e s u l t s  f rom t h i s  work show on ly  a small d i f f e r e n c e  between 17 wt% and 

8 112 w t %  K2C03. Based on t h i s  we se lec ted  10 wt% K2C03 as a s t a r t i n g  p o i n t  
i f o r  t he  bagasse studies.  The r e s u l t s  a re  about t h e  same as we have seen f o r  

wood even a t  h i ghe r  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 n t  inc rease  i n  char  and l i q u i d  y i e l d s .  



TABLE 7. Labora to ry  G a s i f i c a t i o n  Tests w i t h  A1 k a l  i Carbonate 

Run Number 5 13 
10 wt% K2C03 

d r y  mixed 
wlbagasse 

740 

.21 

C a t a l y s t  10 w t %  K2C03 

Reactor Temp., "C 750 

Feed Rate, g/min .19 

Steam Rate, g/g 
bagasse 

Gas Compos i t i on, Vol % 

c2 
H2S, ppm i n  

H2S, ppm ou t  

H2/C0 

Synthes is  Gas Y i e l d  
(H2 + CO) nm /kg 
d r y  bagasse 

Carbon Con ver s i on, w t %  

t o  gas 

t o  char 

t o  l i q u i d s  

Carbon Balance, % 

To ta l  Bagasse Fed, g 

( a )  Resu l ts  a re  averaged over t h e  e n t i r e  run. 



Run Number 

Cata l  v s t  

Reactor Temp., O C  

Feed Rate, g/min 

Steam Rate, g/g d r y  
bagasse 

Gas Composi t i  on, Vol % 

2 
H2S ppm i n  

H2S ppm ou t  

H2/C0 

Synthesis Gas r i e l d  
(Hz + CO) nm /Kg 
d r y  bagasse 

Carbon Conversion, w t %  

t o  gas 

t o  char 

t o  l i q u i d s  

Carbon Balance, % 

To ta l  Bagasse Fed,g 

TABLE 7. (contd)  

19 20 21 

10% K2C03 Dry 

5* K2C03 lo% K2C03 Mixed a t  PDU 

2 2 
10% K2C03 

Impregnated 
a t  PDU 

2 3 

8% KOH 



We have t e s t e d  two methods of c o n t a c t i n g  t h e  a l k a l i  s a l t  w i t h  biomass: 

1 )  impregnat ing a s o l u t i o n  o f  t h e  s a l t  on t h e  biomass, and 2) d r y  m i x i n g  t h e  

s a l t  w i t h  t h e  biomass. Mo i s t  biomass m a t e r i a l s  r e a d i l y  absorb d r y  mixed 

potassium carbonate powders. Sodium carbonate i s  much more d i f f i c u l t  due t o  

decreased s o l u b i l i t i e s ,  and r e q u i r e s  s o l u t i o n  i n  h o t  water. A l l  of t h e  t e s t s  

i n  Table 7 were made w i t h  impregnated bagasse except where noted. The r e s u l t s  

o f  Run 13 w i t h  10% K2C03 d r y  mixed w i t h  d r y  bagasse were n o t  q u i t e  as good as 

those ob ta ined  w i t h  an impregnated feedstock. 

Runs 21  and 22 were made w i t h  feed m a t e r i a l s  prepared a t  t h e  PDU. The 

bagasse i n  Run 21 was prepared by w e t t i n g  d r y  bagasse p e l l e t s  t o  10-15 w t %  

mo is tu re  and then  m i x i n g  t h e  K2C03. The bagasse i n  Run 22 was sprayed w i t h  a 

40 w t %  s o l  u t i o n  of K2C03. The r e s u l t s  were q u i t e  good w i t h  bo th  m a t e r i  a1 s 

i n d i c a t i n g  e i t h e r  method cou ld  be used t o  prepare t h e  bagasse f o r  PDU runs. 

A s i g n i f i c a n t  f i n d i n g  on these l a b o r a t o r y  bagasse s tud ies  i s  t h a t  a much 

lower  than expected steam t o  bagasse r a t i o  i s  needed t o  ach ieve t h e  2 t o  1 

hydrogen t o  carbon monoxide r a t i o  r e q u i r e d  f o r  methanol synthes is .  Wi th  wood 

and a n i c k e l  secondary c a t a l y s t  a steam t o  wood weight  r a t i o  o f  0.7 was 

r e q u i r e d  f o r  a 2 t o  1 hydrogen t o  carbon monoxide r a t i o .  For bagasse w i t h  t h e  

a l k a l i  metal  c a t a l y s t s  i t  appears t h a t  0.4 t o  0.5 kg o f  steam per kg o f  bagasse 

would be app rop r i a te  as shown i n  F igu re  3. 

C a t a l y s t  Recovery 

Because of t h e  c o s t  of a l k a l i  metal  c a t a l y s t s  and t h e  l oad ings  r e q u i r e d  i t  

i s  necessary f o r  economic reasons t o  recover  t h e  c a t a l y s t  f rom t h e  g a s i f i c a t i o n  

r e s i d u e  (char ,  ash, c a t a l y s t ) .  Prev ious s tud ies  w i t h  wood showed 90-95% o f  t h e  

potassium charged t o  t h e  g a s i f i e r  cou ld  be recovered by washing w i t h  l a r g e  

q u a n t i t i e s  of water (Mudge 1981). Exxon i s  c u r r e n t l y  p l ann ing  on 90% recovery  

of  t h e  po tass i  um used i n  t h e i r  c a t a l y t i c  gas i  f i c a t i o n  process (Fur long  1978, 

Fant 1980). 

The q u a n t i t y  of res idues  generated f rom a bagasse g a s i f i c a t i o n  r u n  w i t h  

10% K2Co3 w i l l  range from about 0.2 kg/kg of d ry  bagasse a t  90% carbon con- 

ve rs i on  t o  0.25 k g l k g  d r y  bagasse a t  80% carbon conversion. The r e s i d u e  w i l l  

be 40-50 w t %  K2C03 w i t h  t h e  remainder be ing  ash and char. 



STEAM RATE (kg/kg dry BAGASSE) 

FIGURE 3. E f f e c t  of  Steam Rate on t h e  H2/C0 Rat io  i n  t h e  
Product Gas w i t h  K2C03 C a t a l y s t  

The lowest  wa te r l r e s idue  r a t i o  used i n  previous t e s t i n g  was 10 mllg 
(Mudge 1981).  Four samples of  r e s idue  from Run 20 were washed w i t h  smal le r  
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 atomic absorpt ion.  The 
r e s u l t s  a r e  shown i n  Figure 4. About 80% recovery was achieved w i t h  a s  l i t t l e  

a s  2 m l  of water pe r  gram of  res idue .  Additional water d id  no t  s i g n i f i c a n t l y  
improve recovery. 

a The remainder of the potassium probably r e a c t s  w i t h  mineral ma t t e r  i n  t h e  
bagasse t o  form water i n so lub le  compounds. Wood has very l i t t l e  ash s o  h igher  
r ecove r i e s  a r e  poss ib le .  Exxon d i g e s t s  the cha r  from their c a t a l y t i c  coal 

d g a s i f i c a t i o n  process  w i t h  Ca(OHI2 t o  f r e e  add i t i ona l  water- sol ubl e c a t a l y s t  t o  
i nc rease  their recovery t o  90% (Furlong 1978; Fant  1980). This  method coul d 
probably be used w i t h  bagasse cha r  t o  i nc rease  t h e  recovery of potassium. 



ml  WATER/g RESIDUE (CHAR. ASH. CATALYST) 

FIGURE 4. C a t a l y s t  Recovery f rom G a s i f i c a t i o n  Residue 



PROCESS DEVELOPMENT UNIT STUDIES 

The main objectives of the process development unit ( P D U )  studies are t o  
determine the technical feasibility of producing a methanol synthesis gas from 
bagasse and t o  provide information on equipment and catalyst performance for 

1 further scale up. 

PDU DESCRIPTION 
4 

The process flow diagram for the PDU i s  shown in Figure 5. Steam i s  
superheated in the gas heater and contacts bagasse i n  the fluid bed gasifier 

shown in Figure 6. Product gas and char exiting the gasifier are separated by 

a cyclone and f i l ter .  A heat exchanger condenses steam and organic compounds 
which are then separated from the gas in the demister. The gas can be recycled 
t o  the gas heater via the recycle compressor. Product gas i s  released through 
a letdown valve. A parallel off-gas system employs a venturi scrubber; how- 

ever, i t  was not  used and will not be discussed. All other components are 

discussed in detai 1 . 
HEAT LET DOWN V A l V E  

EXCHANGER TO FLARE 

RECYCLE 
COMPRESSOR 

FIGURE 5. PDU Flow Diagram 



FIGURE 6. Fluid Bed Gasifier  

22 



G a s i f i e r  

The g a s i f i e r  i s  a 0.61 m (24- in.) carbon s tee l  pipe, 3 m (10 f t )  long, 

w i t h  b l i n d  f langes a t  each end and a f langed connect ion near t he  middle o f  t he  

vessel. A schematic i s  shown i n  F igu re  7. The g a s i f i e r  has ceramic f i b e r  

1 5  cm Pipe wi th Ceramic 11 1 
Tube Liners 
Feed Ports 

Metal Liner 
2 0  cm I D  x 

Product Gas Outlet 

Kaowool Blanket 
8 cm Thick 

30 cm ID Metal Liner 
Kaowood Blanket 
3 cm Thick 

Castable Refractory 
4 cm Thick 

1 5  cm Pipe wi th Ceramic 
Tube Liners - 8 cm 7 Each Submerged 

Feed Ports Cartridge Heaters 

Catalyst and Char 
Bed 120  cm Deep 

Metal Liner 
2 0 c m I D x  1 3 7 c m  Distributor Plate 

Bed Drain 

Gas Inlet Nozzle Gas Inlet Nozzle 

.Catalyst 
Bed 120 

and 
I cm 

Char 
Deep 

FIGURE 7. Schematic o f  F l u i d  Bed G a s i f i e r  



i n s u l a t i o n  [approx imate ly  8 cm (3 in . )  t h i c k ]  and a c a s t  r e f r a c t o r y  l i n i n g  

4.25 cm (1.5 in . )  t h i c k .  The r e a c t i o n  zone (bed) i s  i n  a  20 cm ( 8  in . )  d i a -  

meter tube o f  s t a i n l e s s  s t e e l .  The bed i s  about 0.91 m ( 3  f t )  deep when s tag-  

nant  and 1.20 m ( 4  f t )  deep when f l u i d i z e d .  Seven c a r t r i d g e  hea te r  elements 

1.9 cm (0.75 in.) d iameter a re  i n s e r t e d  i n t o  t h e  r e a c t i o n  zone. The i r  heated 

l e n g t h  i s  1.20 m ( 4  f t )  and they  a re  capable o f  m a i n t a i n i n g  870°C (1600°F) 

temperature. To ta l  capac i t y  i s  127 MJ/hr (120,000 B tu /h r ) .  These elements 

p rov ide  energy t o  hea t  r eac tan t s  (bagasse) t o  t h e  bed temperature and energy 

f o r  t h e  hea t  of  r eac t i on .  Energy consumption by these elements i s  measured by 

a watt- hour meter. Our exper ience showed t h a t  t h e  hea t  t r a n s f e r  f rom t h e  e l e -  

ments t o  t h e  bed l i m i t e d  t h e  ou tpu t  f rom t h e  hea te rs  t o  about 80 MJ/hr (75,000 

Btu/hr  ) output .  The e f f e c t i v e  heat  t r a n s f e r  c o e f f i c i e n t  i s  about 

1600 k ~ / h r - m " ~  (80 ~ t u / h r - f t ~ ~ ~ ) .  

Gas en te r s  t h e  g a s i f i e r  through a r e f r a c t o r y  l i n e d  p i p e  tee. A d i s t r i b -  

u t o r  p l a t e  made of I nco loy  800H ( t r a d e  name o f  Hunt ington Stee l  Corp.) i s  

p laced  j u s t  below t h e  wood feed  i n l e t .  The d i s t r i b u t o r  p l a t e  has 144 ho les  o f  

1.3 mm (0.05 in . )  diameter. 

A f reeboard  d i s e n t r a i n i n g  area o f  1.3 m ( 6  f t )  i s  above t h e  f l u i d  bed. A 

30 cm (12 in . )  d iameter s t a i n l e s s  s t e e l  l i n e r  was added t o  1) preven t  s p a l l i n g  

r e f r a c t o r y  f rom f a l l i n g  i n t o  t h e  bed and des t roy ing  t h e  f l u i d i z a t i o n  and 

2) i n h i b i t  steam d i f f u s i o n  t o  t h e  g a s i f i e r  wa l l .  

Thermocouples and p ressure  probes a re  i n s e r t e d  v i a  6.4 mm (0.25 in.)  

t u b i n g  f rom t h e  r e a c t o r  t o p  t o  t h e  des i r ed  l e v e l  i n  t h e  g a s i f i e r .  

B i  omass Lockhopper and Feeder 

The f u e l  f eed ing  system i s  shown i n  F igu re  8. The feeder i s  en la rged  t o  

handle a v a r i e t y  of feedstocks and i s  designed f o r  h i g h  pressure. The l o c k -  

hopper va lves a r e  se l f - c l ean ing- kn i f e  gate valves. The lockhopper i s  a  0.3 m 

(12 in . )  d iameter pipe, 1.22 m ( 4  f t )  long. 

The l i v e  b i n  i s  0.61 m (2  f t )  i n  diameter and about 1.8 m (6  f t )  t a l l .  It 

con ta ins  t h r e e  meter ing  screws of 15 cm ( 6  in . )  diameter. These meter ing  
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FIGURE 8. Fuel Feeding System 

screws push biomass i n t o  an i n j e c t o r  screw 8.9 cm (3.5 in.) diameter which 

r a p i d l y  conveys the  f u e l  i n t o  the  f l u i d  bed. The i n j e c t o r  screw t y p i c a l l y  

operates a t  150 rpm. 

Levels o f  bagasse i n  t he  l i v e  b i n  a re  i n d i c a t e d  by two types o f  sensors: 

a v i b r a t i n g  p l a t e  device and an energy t ransmiss ion device. The antenna f o r  

t he  energy transmission devices were v e r t i c a l l y  o r i en ted  i n  the  b i n  t o  ob ta in  

s a t i s f a c t o r y  ca l  i b r a t i o n  and operation. 
. 

A n i t rogen purge i n  t he  feeder i s  used dur ing  a l l  t e s t s  t o  prevent  any 

f l ow  o f  steam from the  g a s i f i e r  i n t o  the  l i v e  bin. This  technique was suc- 

w cessfu l  because bagasse removed from the  l i v e  b i n  a t  t he  end o f  t e s t s  was never 

moist. 



The feeder i s  d r i v e n  h y d r a u l i c a l l y  w i t h  manual c o n t r o l s  f o r  i n j e c t o r  and 

meter ing  screw speeds. The i n j e c t o r  screw can be moved i n  and ou t  w h i l e  i n  

operat ion.  The 15 cm ( 6  in . )  t r a v e l  on t h e  i n j e c t o r  i s  used d u r i n g  s t a r t u p  

when stagnant c a t a l y s t  has s e t t l e d  on t h e  screw and i n  t h e  i n j e c t o r  s h a f t .  

The meter ing  screws a re  e l e c t r i c a l l y  i n t e r l o c k e d  w i t h  t h e  i n j e c t o r  so they  

cannot operate w i t h o u t  t h e  i n j e c t o r .  The feeder i s  i n t e r l o c k e d  w i t h  t h e  data-  

l ogge r  t o  s top  f eed ing  i n  a larm cond i t ions .  

The 1 ockhopper i s  manual ly operated w i t h  e l e c t r i c a l  i n t e r 1  ocks which p re-  

vent bo th  hopper va lves  f rom opening a t  t h e  same t ime. I n t e r l o c k s  a l s o  p reven t  

t h e  t o p  va l ve  f rom opening w i t h o u t  t h e  pressure vent l i n e  open. A d i f f e r e n t i a l  

pressure sw i t ch  p reven ts  opening t h e  bottom hopper va lve  u n t i l  pressures i n  t h e  

l i v e  b i n  and t h e  hopper a re  equal ized. 

Steam S u ~ e r h e a t e r  

The gas preheater  heats  steam and/or r e c y c l e  gas t o  t h e  des i r ed  bed tem- 

pe ra tu re  ( o r  h i ghe r  if poss ib l e ) .  The preheater  was designed t o  heat  steam 

(27 Kg/hr)  f rom 100°C (212°F) t o  980°C (1800°F). Th is  i s  a  du ty  o f  50 MJ/hr 

(48,000 B tu /h r ) .  The hea te r  i s  a  propane f i r e d ,  annular  f i nned  tube made o f  

s t a i n l e s s  s t e e l  and a c a s t  chrome-nickel a l l o y .  

The gas hea te r  and t h e  l i n e  between t h e  heater  and t h e  r e a c t o r  C7.5 cm 

( 3  in.) 316 s t a i n l e s s  s t e e l ]  a re  both h e a v i l y  i n s u l a t e d  and waterproofed. Heat 

l o s s  i n  t h e  l i n e  can cause extremely slow heatups, so h i g h  temperature heat  

tapes a r e  a t tached  t o  t h e  pipe, e f f e c t i v e l y  e l i m i n a t i n g  heat  losses  i n  t h e  

1 ine.  

Con t ro l s  on t h e  gas hea te r  i n c l u d e  a temperature c o n t r o l l e r  which a c t i -  

vates a propane va l  ve pos i  t i o n e r .  A h i  gh- temperature c o n t r o l  1  e r  shuts  down t h e  

hea te r  i f  t h e  f i n n e d  tube  temperature exceeds 810°C (1490°F). High and low 

pressure swi tches on t h e  propane supply a re  a d d i t i o n a l  sa fe ty  fea tu res .  

Product Gas C l  eani  na 

When biomass o f  any k i n d  i s  g a s i f i e d  i n  t h e  PDU t h e r e  a re  t h r e e  d i s t i n c t  

product  ca tegor ies :  product  gases, condensib le  l i q u i d s  ( t a r s ,  s o l u b l e  



organics, and water), and chars. The ef f ic ien t  separation of these three i s  

essential for  the continued operation of the plant d u r i n g  a run and for  deter- 

m i  nation of material bal ances. 

Most of the char i s  separated from the gas i n  an e f f i c i en t  7.5 cm ( 3  in.) 
diameter high temperature cyclone. The char which passes through the cyclone 

a i s  separated using seven high-temperature sintered s tainless  steel f i l t e r s  
6.5 cm (2.6 i n . )  outside diameter by 1 m (3 .3  f t )  long. F i l t e r  pore s ize i s  

10 microns. The f i l t e r  vessel houses the f i l t e r s  and i s  equipped w i t h  a dif-  
i ferenti  a1 pressure gauge to measure pressure drop across the f i l  t e r  el ements. 

A nitrogen pulse backflush system i s  used to  remove the char cake from the 
elements. The cyclone and f i l t e r  vessel are insulated and are operable a t  
540°C (1000°F). Gas leaving the f i l t e r s  passes through a heat exchanger where 
steam and any organic compounds condense. The condensate i s  collected i n  a 

demi s t e r  column with a 10 cm (4 in.) diameter teflon packed demister. Clean 

gas passing through the demister screen i s  e i ther  recycled or released t o  a 
f l  are via a pneumatical ly control 1 ed 1 etdown val ve. 

Product Gas Recycle System 

Gas i s  recycled during startup, catalyst  reduction, and operation by a 
piston type recycle compressor. The recycle flow i s  measured w i t h  an or i f ice  

meter and i s  manually controlled by a variable speed drive. When required 
recycle flow rates are below the compressor's m i n i m u m  capacity, a valve i n  a 
bypass 1 oop i s  manually opened and adjusted. 

Instrumentation and Data Acquisition 

Steam flow i s  measured by different ial  pressure across an or i f ice  meter. 
The differential  pressure i s  converted to  a signal by a pneumatic differential  
pressure cel l .  The signal feeds a pneumatic controller inside the 1 abora- 
tory. The controller operates a 2.5 cm (1 i n . )  pneumatic control valve which . 
f a i l s  t o  a closed position on loss  of signal. 

Temperature controllers are used on the in-bed cartridge heaters. The 
t heater elements contain internal thermocouples which measure the skin 



temperature.  A h igh- temperature l i m i t  c o n t r o l  i s  used on t h i s  c i r c u i t r y .  

S i l i c o n  c o n t r o l  r e c t i f i e r s  a re  used t o  maximize heater  1  i f e  and t o  p rov ide  

steady energy i npu t .  

On 30 minute i n t e r v a l s  opera to rs  t ake  read ings  o f  c o n t r o l l e r  i n d i c a t o r s ,  

meters, pressure gauges and d i f f e r e n t i a l  pressure gauges. I n  a d d i t i o n ,  a  

data logger  con t inuous ly  mon i to rs  32 thermocouples, 5  pressure t ransducers,  and 

t h e  product  gas d i f f e r e n t i a l  pressure t ransducer .  The da ta logger  p r i n t s  on 

15 minute i n t e r v a l s  and p l o t s  impor tan t  p o i n t s  on 2 minute i n t e r v a l s .  Impor- 

t a n t  data p o i n t s  a r e  recorded on magnet ic tape on 2 minute i n t e r v a l s .  Once t h e  

t e s t  i s  completed, da ta  f rom t h e  magnet ic tapes can be e x t r a c t e d  and p l o t t e d  

au toma t i ca l l y .  

Gas Sampl i n g  

Gas samples a re  drawn f rom t h e  f i l t e r  vessel o u t l e t  o r  f rom t h e  demister  

(see F igure  5). The gas i s  coo led  i n  a  smal l  heat  exchanger and f i l t e r e d .  Gas 

pressure i s  reduced t o  115 kPa ( 2  p s i g ) .  The low pressure l i n e s  convey gas t o  

t h e  1 abora to ry  gas a n a l y s i s  equipment. 

The gas sample f l o w  i s  cont inuous (about 0.1% o f  product  f l o w )  d u r i n g  PDU 

opera t ion .  Readings f rom cont inuous CO, C02, H2, 02, and CH4 ana lyzers  a r e  

recorded  by opera to rs  every 20 minutes. A gas chromatograph w i t h  a  thermal 

c o n d u c t i v i t y  de tec to r  i s  a l s o  used f o r  gas ana lys is .  Th is  u n i t  determines 

concent ra t ions  o f  N2, C2H4, C2H6, C3H8, ace ty lene  and butane as w e l l  as t h e  

gases moni tored by t h e  cont inuous analyzers.  Samples a r e  a u t o m a t i c a l l y  

i n j e c t e d  i n t o  t h e  gas chromatograph f o r  a n a l y s i s  on 20 minu te  i n t e r v a l s .  

Product gas f l o w  r a t e  i s  measured w i t h  a  d i f f e r e n t i a l  pressure gauge and 

an e l e c t r o n i c  d i f f e r e n t i a l  pressure t ransducer  connected w i t h  an o r  i f i ce meter. 

Data Ana lys is  

A f t e r  a  PDU t e s t ,  p r e l i m i n a r y  r e s u l t s  a re  determined us ing  es t imated  

composit ions (mois ture,  ash, C, H, 0, and t o t a l  o rgan ic  con ten t ) .  Then, when 

chemical analyses a r e  complete, a  f i n a l  a n a l y s i s  o f  t h e  t e s t  i s  made u s i n g  

measured values. Th is  a n a l y s i s  i s  programmed on a microcomputer. The ca l cu -  

1  a ted  r e s u l  t s  i n c l  ude e l  emental mass ba l  ances , energy balances , convers ions , 
and e f f i c i e n c i e s .  



PRELIMINARY FEEDING TESTS 

Three types of bagasse were supplied by Sugar Research Inst i tute;  Loose 
(as  dr ied) ,  baled, and pelletized (1.3 cm and 1.6 cm pel le t s )  (Figure 9 ) .  The 

loose bagasse consisted of fiberous chaff similar to  long grass clippings. 
Occasional long fibers ( u p  to  60 cm) were present. This loose material was 

shipped in 1 arge (-3 m3) burlap bags. Forty bales of compacted material were 

received. The baled material was fu l l  of fines as well as long fibers.  
Pel letized material had been mil 1 ed prior t o  pel 1 etizing. Even the pel 1 etized 

material showed a visible amount of fines. 

Prior to  making a r u n  w i t h  bagasse i t  was necessary to  cal ibrate  the screw 
feeder. An attempt was made to feed the loose material directly.  The injector 

screw compacted the loose bagasse and completely bound up  a f t e r  a short time. 
Cal i brations w i t h  pel 1 e t s  were much better. Repeatabl e cal i brations were 
obtained w i t h  bagasse both plain and impregnated w i t h  10% K2C03 catalyst .  
Overall feed rates that  were derived from each run agree closely with the 
original calibrations shown i n  Figure 10. 

Loose material might be fed to  a larger gas i f ie r ,  b u t  a novel approach 
possibly employing a different type of screw or a sloped injector would be 
required. U n t i l  further research can be done on roll  compaction and other 
methods of densi f ication and feeding i t  i s  recommended that  pel 1 etized material 
be used. When the pel le ts  were impregnated w i t h  K2C03 some breakdown of the 
pel le ts  occurred b u t  they s t i l l  fed uniformly indicating s ize reduction may be 
as important as pelletization. W i t h  a specially designed lock hopper and screw 
feeder i t  may be possible to  feed loose material which has been reduced i n  

size. 

PDU GASIFICATION TESTS WITH NICKEL CATALYSTS 
. 

Extensive laboratory test ing w i t h  wood showed nickel based catalysts  to  be 
the most effective for production of synthesis gas. W i t h  an active ca ta lys t  

r the product consists primarily of Hz, CO and C02. Nearly a l l  of the hydro- 
carbon gases, t a r s ,  and o i l s  are reformed. Long catalyst  l ifetimes were shown 
i n  1 aboratory t e s t s  b u t  had not been verified i n  the PDU. 



FIGURE 9. Feed M a t e r i a l s  f o r  PDU Tests  
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FIGURE 10. Calibration o f  Feed Metering Screw w i t h  Bagasse 



The  o r i g i n a l  plan f o r  the PDU tests  was f o r  1 o r  2 s h o r t  shakedown runs  
fo l  1 owed by a week-1 ong-run w i t h  the NiCuMo/Si02-A1 203 c a t a l y s t  judged b e s t  f o r  
wood. A week-long-run would allow time f o r  d i f f e r e n t  process  parameters t o  be 

t e s t e d  and provide some i n d i c a t i o n  o f  the amount o f  c a t a l y s t  deac t iva t ion  t h a t  
coul d be expected. 

I n i t i a l  r e s u l t s  from the PDU using nickel  c a t a l y s t s  were q u i t e  encourag- 
ing. In t h e  shakedown run and the e a r l y  p a r t  of t h e  week-long-run t h e  r e s u l t s  
were s i m i l a r  t o  those  achieved w i t h  wood. However, a s  the week-long-run pro- 

gressed  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 t e d  r ap id ly  and the run was even tua l ly  

te rmina ted  a f t e r  only one day. C a t a l y s t  deac t iva t ion  was r e a d i l y  apparen t  from 

the CH4 and H2 con ten t  of the gas versus  time a s  shown i n  Figure 11. Labora- 
t o r y  s t u d i e s  were i n i t i a t e d  t o  determine the cause of c a t a l y s t  deac t iva t ion  and 
t o  search f o r  o t h e r  c a t a l y s t s .  

Five d i s t i n c t  PDU tests were made using both Ni on A1 and Ni-Cu-Mo on 
Si02-A1203 c a t a l y s t s .  Runs B-1, B-2A, and 0-2B a l l  used reduced Ni/AI2O3 

TIME (HRS) 

FIGURE 11. Product Gas Composition i n  Runs C 1  and C2 I n d i c a t i n g  
C a t a l y s t  Deact ivat ion 



spheres. I n  Runs C - 1  and C-2 we used a reduced t r i m e t a l l i c  NiCuMo ca ta l ys t .  

Both o f  these c a t a l y s t s  are i n  t h e  40-70 mesh s i z e  range and are f l u i d i z a b l e  a t  

about 0.3 m/s s u p e r f i c i a l  gas v e l o c i t y .  

A summary o f  the  r e s u l t s  o f  these runs i s  presented i n  Table 8. Addi- 

t i o n a l  in fo rmat ion  i s  l oca ted  i n  Appendix A where complete mass balance c a l -  

c u l a t i o n s  and computerized run  summaries can be found. The f o l l o w i n g  i s  a 

b r i e f  desc r ip t i on  o f  each run. 

Run B-1 

A Ni/A1203 hydrocracking c a t a l y s t  was used i n  what bes t  can be described 

as a "shakedown run". The pr imary purpose o f  Run B-1 was t o  p rov ide  a f e e l  f o r  

how bagasse would behave i n  t h e  PDU system. This run  was very s i m i l a r  t o  those 

w i t h  wood as a feedstock. Steady s t a t e  was achieved f o r  approximately 3.5 h r s  

be fore  an o rde r l y  shutdown. No problems were encountered, al though the re  was 

some i n d i c a t i o n  o f  c a t a l y s t  deac t i va t i on  near the  end o f  the  run. 

Run C - 1  

A f t e r  Run B-1, preparat ions were made f o r  a continuous week-long-run. Our 

i n i t i a l  i n t e n t i o n  was t o  t e s t  a v a r i e t y  o f  opera t ing  condi t ions.  The f i r s t  

cond i t ions  tes ted  were steam/bagasse r a t i o  o f  1.0 a maximum reac t i on  zone 

temperature (up t o  780°C). 

Steady s t a t e  was reached and susta ined f o r  approximately e i g h t  hours. 

During t h i s  run  the  gas composit ions cont inua l  l y  de te r i o ra ted  (see F igure  11 ). 

Methane concentrat ion went from l e s s  than 1% t o  almost 5%, a s ign  o f  c a t a l y s t  

deact ivat ion.  

With a steam/bagasse r a t i o  o f  1.16 and a temperature around 775OC, t h e  

t y p i c a l  gas had a 2.6 H2/C0 r a t i o .  This i n d i c a t e d  a lower steam r a t e  would be 

. requ i red  t o  g i ve  a H2/C0 r a t i o  about 2 which i s  considered optimum f o r  methanol 

synthesis. Y ie lds were very good a t  1.54 m3/kg (22.7 s c f / l b )  and are as good 

o r  b e t t e r  than w i t h  wood feedstocks. 
3 



TABLE 8. Summary of P D U  Results with Flickel Catalysts 

Run Number 0- 1 C- 1 8-2a a-2b 
Davy Ba se 

Ni on A l  0 N i  on A1 0 
2 3 2 3 Case (Wood) 

N i  on A1 0 
Cata l ys t  2 3 NI-CU-M3 

Bed Temp., ('C) 740 77 5 

Feed Rate (kg/hr 

d ry  bagasse) 14.0 10.2 

Steam Rate (kg/kg 

dry bagasse) 1.10 1.16 

Gas Compos it i on 

Dry nrn3/kg D r y  
Bagasse 1.66 1.54 

Car bon Conver s ion  

(wt%) 

t o  gas 

t o  char 

t o  l i q u i d s  .1 0.1 

Carbon Balance, $ 95.3 86.6 

Total  Bagasse 

Fed (kg) 

(a)  The r e s u l t s  a r e  averaged over t h e  e n t i r e  steady s t a t e  opera t ing  per iod. For Runs C-1 
and C-2 t h e  gas composit ions deter l c r a t e d  stead1 I y wi th  t lme as shown i n  F i g v e  11. 
For Runs 8-1, 8-Za, and 8-Zb t h e  gas compos I t  Ions were f a i r  ly constant. 



Run C-2 

A f t e r  Run C-1 ,  t h e  f i l t e r  vessel was drained. Only 0.59 Kg (1.3 l b s )  o f  

char was removed. B l  owback pu lses o f  n i t r o g e n  were i n e f f e c t i v e  i n  d i s l o d g i n g  

any f u r t h e r  char so Run C-2 was s ta r t ed .  

Run C-2 was a t  steady s t a t e  approx imate ly  6.5 hrs.  React ion temperatures 

were again h i gh  (780°C) due t o  t h e  low feed r a t e  11.8 k g l h r  (26 l b s l h r ) .  The 

Steamlbagasse r a t i o  was 1.1. 

Dur ing  bo th  C - 1  and C-2 t h e r e  was a  cont inuous inc rease  i n  t h e  pressure 

drop across t h e  system. The maximum pressure was approx imate ly  240 kPa 

(20 ps ig ) .  There a re  severa l  p o s s i b l e  causes f o r  pressure bu i l dup :  

char over load  i n  t h e  f i l t e r  vessel 

Q t a r  depos i t i on  on t h e  demister element 

t a r  depos i t i on  i n  t h e  o f f  gas l i n e  

* water vapor f r eez ing  i n  of f  gas l i n e  (ambient temperature -5OC) 

11 kg (24 1  bs) of compacted char was recovered f rom t h e  f i l t e r  vessel a f t e r  

Runs C - 1  and C-2. We a l s o  found a  l a r g e  p l u g  o f  i c e  downstream o f  t h e  pressure 

letdown valve. Both char bu i l dup  and f r e e z i n g  c o n t r i b u t e d  t o  t h e  h i g h  pressure 

i n  t h e  reac to r .  

Run C-2 was f i n a l l y  t e rm ina ted  a f t e r  e f f o r t s  t o  reduce t h e  system pres-  

sure proved f u t i l e  and gas composit ions i n d i c a t e d  t h e  c a t a l y s t  had become 

deac t i  vated. 

Runs B-2a,b 

Since t h e  Ni/Cu/Mo on A1203 c a t a l y s t  used i n  runs  C - 1  and C-2 had deac t i -  

vated so r a p i d l y ,  we used Ni on A1203 i n  r un  R- 2 t o  see whether i t  a l s o  deac- 

t i v a t e d .  A mix tu re  o f  two s i zes  of c a t a l y s t  were used. A m i x t u r e  o f  19 kg o f  
40-70 mesh and 12 kg o f  20-40 mesh c o n s t i t u t e d  t h e  r e q u i r e d  .025 m3 (0.9 f t 3 )  

o f  bed ma te r i a l .  

The i n i t i a l  steamlbagasse r a t i o  was .87. Increased gas f l o w  needed f a r  

good f l u i d i z a t i o n  forced t h e  steam r a t e  up a f t e r  2  h r s  of steady s ta te .  Th is  



second s e t  o f  cond i t ions  i s  r e f e r r e d  t o  as B-2b. Methane concentrat ions were 

down a t  3% i n  B-2a w i t h  a H2/C0 r a t i o  o f  j u s t  over 3. Gas product ion was very 

good a t  1.76 nm3/kg (26 s c f l l b )  bagasse. 

I n  B-2b the  steam/bagasse r a t i o  was boosted t o  1.02 t o  help f l u i d i z a t i o n .  

This appeared t o  help f o r  a sho r t  whi le, then the  f l u i d i z a t i o n  problems reoc- 

curred. The gas composition was good as methane was down t o  -2% w i t h  these new 

condi t ions.  The H2/C0 cu r ious l y  went down t o  2.7. Steady s t a t e  was maintained 

f o r  f ou r  hours before  a voluntary shutdown was i n i t i a t e d .  There was no posi-  

t i v e  i n d i c a t i o n  o f  l o s s  o f  c a t a l y s t  a c t i v i t y .  

Resul t s  and D i  scussion 

The PDU r e s u l t s  w i t h  n i cke l  c a t a l y s t s  showed bagasse p e l l e t s  t o  be a good 

feedstock f o r  f l  uid-bed gas i f i ca t i on .  With an a c t i v e  n i cke l  c a t a l y s t  t he  

r e s u l t s  were as good o r  b e t t e r  than those achieved w i t h  wood. P a r t i c u l a r l y  

encouraging was the  h igh  carbon conversion t o  gas, about 90% on the  average f o r  

f i v e  runs. Carbon conversion t o  l i q u i d  products was q u i t e  low, 0.1% o r  l e s s  

when the  c a t a l y s t s  were act ive.  Unfor tunate ly  the  NiCuMo c a t a l y s t  q u i c k l y  l o s t  

i t s  a c t i v i t y  and the  y i e l d  o f  t a rs ,  o i l s ,  and 1 i g h t  hydrocarbon gases (CH4, 

C2H4, C2H6, e t c )  increased rap id l y .  The amount o f  the  H2 and CO produced was 

reduced accordingly. The Ni/A1 *03 maintained i t s  a c t i v i t y  1 onger i n  the  PDU 

b u t  l abo ra to ry  t e s t s  (Run 24) showed t h a t  i t  a lso  deact ivated too f a s t  t o  be 

considered f o r  f u r t h e r  tes ts .  

Laboratory s tud ies  i nd i ca ted  the  l o s s  o f  a c t i v i t y  was due t o  some cornbina- 

t i o n  o f  s u l f u r  poisoning and carbon deposit ion. A b r i e f  c a t a l y s t  screening 

study i nd i ca ted  a l k a l i  carbonate c a t a l y s t s  doped on t h e  bagasse would be an 

e f f e c t i v e  c a t a l y s t  system f o r  bagasse and the  r e s t  o f  t he  PDU t e s t s  were made 

w i t h  t h i s  type o f  c a t a l y s t  system. 

PDU GASIFICATION TESTS WITH POTASSIUM CARBONATE CATALYST 

Based on the  r e s u l t s  o f  l abo ra to ry  t e s t i n g  a c a t a l y s t  system o f  10 w t %  

K2C03 impregnated on the  bagasse was se lec ted f o r  t e s t i n g  i n  the  PDU. Th is  

c a t a l y s t  had prev ious ly  been successfu l ly  t es ted  w i t h  wood (Mudge 1983). Use 



o f  t h i s  c a t a l y s t  i n  the  PDU presented several techn ica l  problems compared t o  

us ing supported c a t a l y s t s  i n  t he  bed inc lud ing :  

prepar ing the  feedstock, 

o prevent ing agglomeration i n  t h e  g a s i f i e r ,  and 

f i n d i n g  a s u i t a b l e  i n e r t  ma te r i a l  f o r  t he  f l u i d  bed. 

A l l  o f  these problems were solved i n  t he  course o f  t he  PDU t e s t s  w i t h  K2C03 and 

t h e  r e s u l t s  o f  these t e s t s  were q u i t e  encouraging. 

Feed Preparat ion 

I n  previous t e s t s  w i t h  wood the  K2C03 was dry mixed w i t h  wet wood chips. 

This  worked q u i t e  we l l  as the  moisture i n  the  wood absorbed the  K2C03. The 

ch ips  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 p e l l e t s  were too  dry 

t o  use t h i s  method so a s o l u t i o n  o f  K2C03 had t o  be used. We were a f r a i d  t h a t  

d ry ing  would r e s u l t  i n  p e l l e t  a t t r i t i o n  so we had t o  use a minimum o f  water. 

A 40 w t %  s o l u t i o n  of K2C03 was mixed w i t h  the  bagasse i n  a p re l im ina ry  PDU 

impregnation tes t .  Laboratory t e s t s  w i t h  t h i s  feed ma te r ia l  (Runs 21 and 22) 

were good. A cement mixer and a spray wand were then used t o  impregnate about 

one ton  o f  p e l l e t s  w i t h  a 40 w t %  s o l u t i o n  of K2C03. This  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 p e l l e t  and a minimum o f  p e l l e t  a t t r i t i o n .  The f i n a l  

composit ion o f  t h e  p e l l e t s  on a wet bas is  was about 9% K2C03, 78% bagasse 

f i b r e ,  and 13% moisture. The impregnated bagasse i s  shown i n  F igure  9. 

Run Summaries - Potassium Carbonate Cata lys ts  

Four PDU runs were made w i t h  K2C03 impregnated bagasse a t  f o u r  d i f f e r e n t  

bagasse feed r a t e s  which corresponded t o  f o u r  d i f f e r e n t  steam/bagasse r a t i o s .  

The steam r a t e  was h e l d  constant  a t  t he  r a t e  requ i red  t o  f l u i d i z e  the  bed. The 

l eng th  o f  the  runs was l i m i t e d  by accumulation o f  res idue (char,  ash, c a t a l y s t )  

i n  t h e  f i l t e r  vessel. The res idue from these runs i s  f i n e r  and i s  produced a t  

a h igher  r a t e  (due t o  the  K2C03) than we have experienced i n  the  past. This  

pu ts  a heavier  1 oad on the  f i l t e r  vessel. The f i l t e r  vessel i s  n o t  designed t o  

be emptied dur ing  a run. When we attempted t o  empty the  f i l t e r  vessel "wh i le  

i t  was hot"  the  char i g n i t e d  and caused a small f i r e .  

Deact ivated NiCuMo/Si02-A1203 c a t a l y s t  was used as an i n e r t  bed i n  

Runs C-3a, C-3b, and C-4. A l abo ra to ry  t e s t  w i t h  t h i s  ma te r i a l  conf irmed t h a t  



i t  had no c a t a l y t i c  a c t i v i t y .  I n  Run C-5 we used s i n t e r e d  baux i te  obta ined 

from the  Norton Co. f o r  the  i n e r t  bed. It i s  a low sur face area, h igh  alumina 
3 ma te r ia l ,  0.2 t o  0.4 mm i n  s i ze  w i t h  a dens i ty  o f  2.2 g/cm . 

A summary o f  the  r e s u l t s  o f  each run  i s  given i n  Table 9. De ta i l ed  run  

summary sheets are  i n  Appendix A. Fo l lowing i s  a b r i e f  summary o f  each run. 

Run C-3a 

Th is  was probably t h e  smoothest run  we have ever had i n  t he  PDU. Steady 

s t a t e  was achieved almost immediately and cont inued f o r  8 complete hours. 

TABLE 9. Summary o f  PDU Resul ts  w i t  0% K2C03 Impregnated 
Austra l  i an Bagasse Pel 1 e t s  !a! 

Run Number 

Bed Temp., ("C) 

Feed Rate (kg /hr  dry 
bagasse + K2CO3) 

Steam Rate (kg/kg dry 
bagasse) 

Gas Compositions (mole % )  

c2+ 
Dry nn? gas/kg dry 

bagasse 

Carbon Conversion (wt%) 

Gas 

Sol i d  . char 

L i  qu i  ds 

Tota l  

To ta l  Bagasse Fed ' (kg) 

(a)  The r e s u l t s  a re  averaged over t he  e n t i r e  run. 
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Temperatures i n  t h e  bed d i d  n o t  vary more than a few degrees from 760°C as 

shown i n  F igure  12. This  i n d i c a t e s  good f l u i d i z a t i o n  was achieved and no 

agglomeration o r  c l i n k e r i n g  was occuring. The r e s u l t s  o f  the  run  were somewhat 

b e t t e r  than l abo ra to ry  t e s t s  and nea r l y  as good as achieved w i t h  a c t i v e  n i c k e l  

ca ta l ys t s .  Gas composit ions were near ly  cons tan t  throughout t he  run. 

Run C-3b 

Th i s  run  i s  a d i r e c t  con t i nua t i on  o f  C-3a. The on l y  d i f f e r e n c e  i s  t he  

$ feed r a t e  was increased from 14.3 kglhr(31.5 1 b l h r )  t o  19.6 kglhr(43.2 1 b l h r ) .  

Th i s  i s  t he  weight  of bagasse p lus  K2C03 c a t a l y s t .  Very 1 i t t l e  change can be 

seen i n  t he  gas composit ions between runs. The product  f l o w  r a t e  d i d  r i s e  from 

.337 nm3/nin(11.9 scfm) t o  .447 nm3/min(15.95 scfm). This  i s  a 33% r i s e  i n  gas 

product ion f o r  a 37% increase i n  feedrate. 

0 
0 00 1 0 0  200 3 00 4 0 0  500 600 700 800 

TIME (HRS) 
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# 3  REACTOR BED #9 DEMISTER 

#4 REACTOR BED #10 PRODUCT G A S  

FIGURE 12. PDU System Temperatures - Run C-3a 



Th is  t e s t  was terminated when pressure drop across the  f i l t e r  vessel 

became excessive. The maximum pressure reached i n  the  reac to r  was j u s t  over 

239 kPa(20 ps ig ) .  The p l a n t  was " i d l e d "  and the  f i l t e r  vessel was emptied. A 

small f i r e  r e s u l t e d  when hot,  f i n e  char p a r t i c l e s  contacted the  atmosphere. We 

had prev ious ly  n o t i c e d  t h a t  char removed from the  cyclone du r ing  the  run  would 

burn s lowly i n  t he  buckets used t o  c o l l e c t  it. This was a cont inua l  problem 

throughout t he  PDU runs w i t h  K2C03 ca ta l ys t .  A f t e r  C-3b we decided t h a t  t he  

f i l t e r  vessel cou ld  n o t  be sa fe l y  emptied wh i l e  i t  was h o t  and the  p l a n t  would 

have t o  be shutdown each t ime the  f i l t e r  vessel had t o  be emptied. 

Run C-4 

A f t e r  the  f i l t e r  vessel was emptied from Runs C-3a and C-3b we increased 

the  feedrate t o  24.5 kg/hr  (54 I b l h r ) .  The steamlbagasse r a t i o  dropped t o  0.62 

and the  product  f l o w r a t e  rose f u r t h e r  t o  .55 m3/min (19.5 scfm) . Gas composi- 

t i o n s  changed s l i g h t l y .  The hydrogenIC0 r a t i o  p red i c tab l y  dropped from 3.5 

t o  2.5. 

Toward t h e  end o f  t he  run  we experienced f l u i d i z a t i o n  problems as the  

system pressure rose. Successive c i r c u i t  breaker t r i p s  caused l a r g e  f l u c t u -  

a t i o n s  i n  t he  r e a c t o r  core temperature (F igure  13). Immediately f o l l  owing 

these f l u c t u a t i o n s  a l a y e r  o f  n o n f l u i d i z a b l e  mater ia l  formed j u s t  over t h e  

d i  s t r i  bu to r  p l  ate. Thermocoupl e number 2 (F i  gure 13) c l  e a r l y  shows t h e  

thermocl i nee 

A f t e r  Run C-4 t h e  reac to r  and of f- gas system were dismantled and cleaned. 

There was a l a r g e  accumulation o f  caked potassium carbonate and bed ma te r ia l  i n  

t he  bottom o f  t he  reactor .  Almost a l l  o f  t h e  holes i n  t h e  d i s t r i b u t o r  p l a t e  

were plu,gged. With the  poor f l u i d i z a t i o n  and low temperature i n  t he  bottom o f  

t he  bed t h a t  were noted toward the  end o f  C-4, we a n t i c i p a t e d  something l i k e  

t h i s  when we opened up the  vessel. 

Run C-5 

The th ree  pr imary ob jec t i ves  o f  Run C-5 were: 1) operate w i thou t  

agglomeration o r  c l i n k e r i n g ,  2) increase the  bagasselsteam r a t i o  t o  produce a 

gas w i t h  a H2/CO r a t i o  o f  2:1, and 3) t e s t  t he  new s i n t e r e d  baux i te  i n e r t  bed 

mater i  a1 . 
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FIGURE 13. PDU System Temperatures - Run C-4 

Run C-5 was a very  steady run. The feed r a t e  was over 75 I b / h r  

(34.1 k g l h r )  and was t h e  h i ghes t  sus ta ined  r a t e  t h a t  we have ever r un  i n  t h i s  

PDU. F l u i d i z a t i o n  was poor a t  f i r s t  bu t  improved as feed was in t roduced t o  t h e  

bed. The f i n e  char may a c t  l i k e  a l u b r i c a n t  t o  improve f l u i d i z a t i o n ,  

Temperatures i n  t h e  r e a c t o r  averaged about 720°C d u r i n g  t h e  t i m e  when 

bagasse was be ing  fed. The steamlbagasse r a t i o  was 0.58 and t h e  H2/C0 r a t i o  

t u rned  ou t  t o  be 2.1. The m a t e r i a l  balance was q u i t e  good f o r  t h i s  r un  (99%). 
3 Gas r a t e s  (.51-.57 nm /min) and carbon conversion t o  gas were l e s s  than a n t i c i -  - pated based on Runs C-3 and C-4. We a t t r i b u t e  t h i s  t o  t h e  increased gas ve loc-  

i t y  i n  t h e  bed necessary t o  f l u i d i z e  t h e  new bed ma te r i a l .  Th is  reduces t h e  

3 
char res idence t ime, and thus  reduces carbon conversion t o  gas. The 

temperature was somewhat lower due t o  t h e  h i ghe r  f low ra tes .  This lower 

temperature a l s o  reduces carbon conversion. 



Dur ing t h i s  run  the re  was no s ign  o f  c l i n k e r  formation. Examination o f  

t h e  bed mater ia l  when i t  was removed showed no l a r g e  c l i nke rs .  Over 99% o f  t h e  

potassium impregnated on the  bagasse was accounted f o r  i n  t he  cyclone s o l i d s  

(54%), t he  f i l t e r  so l  i d s  (17%) and i n  t he  bed ma te r ia l  (28%). 

Table 10 shows screen ana lys is  o f  t h e  bed ma te r ia l  a f t e r  Run C-5. There 

was a  small increase i n  t he  p a r t i c l e  s i z e  d i s t r i b u t i o n  b u t  o f  t he  l a r g e r  

p a r t i c l  es almost a1 1  were pel 1  e t  skel etons, i .e. unreacted bagasse, and n o t  

c l  inkers. Very 1  i t t l e  a t t r i t i o n  was not iceab le  i n d i c a t i n g  s i n t e r e d  baux i te  i s  

a  good ma te r ia l  f o r  f l u i d- bed  app l ica t ions .  

Resul t s  and D i  scussi on 

The t e s t s  w i t h  K2C03 impregnated bagasse i n  the  PDU went q u i t e  we l l  and 

showed the  f e a s i b i l i t y  o f  us ing t h i s  type o f  c a t a l y s t  system i n  a  l a r g e r  

scale. The r e s u l t s  were as good o r  b e t t e r  than l abo ra to ry  g a s i f i e r  r e s u l t s  

w i t h  the  same c a t a l y s t  and near ly  as good as l abo ra to ry  and PDU r e s u l t s  w i t h  

a c t i v e  n i c k e l  ca ta l ys t s .  

Carbon conversion t o  gas was good (77-87%) al though n o t  as h igh  as 

achieved w i t h  n i c k e l  ca ta lys ts .  This  i s  cons i s ten t  w i t h  r e s u l t s  w i t h  wood i n  

t h e  PDU (Mudge 1983). Although K2C03 i s  an e f f e c t i v e  c a t a l y s t  f o r  t he  

TABLE 10. P a r t i c l e  Size D i s t r i b u t i o n  o f  Bed Mater ia l  A f t e r  Run ~ - 5 ( ~ )  

US Screen 
Size 

8  

Sieve Opening 
mm 

2.38 

% Retained 

1.3 

(a )  S t a r t i n g  mater i  a1 was 90% minimum between 
40 and 70 mesh. 



steamlchar r e a c t i o n  (which shoul d  i nc rease  carbon convers ion t o  gas),  a t  s h o r t  

res idence  t imes  ( l e s s  than 10 minu tes )  l a b o r a t o r y  t e s t s  show an i nc rease  i n  

char p roduc t i on  w i t h  a l k a l i  carbonate c a t a l y s t s  (Sealock, 1982; Mudge 1981). 

Th is  char i s  more r e a c t i v e  and w i l l  g a s i f y  f a s t e r  than  uncata lyzed char  i f  

s u f f i c i e n t  t i m e  i s  provided. The char res idence  t i m e  i n  t h e  g a s i f i e r  i s  

d i f f i c u l t  t o  determine b u t  t h e  f a c t  t h a t  carbon convers ion i s  lower  w i t h  K2C03 
fl 

i n d i c a t e s  i t  probab ly  i s  f a i r l y  sho r t .  

Carbon convers ion appears t o  be more a f u n c t i o n  o f  gas v e l o c i t y  i n  t h e  
I 

g a s i f i e r  bed. I nc reas ing  t h e  gas v e l o c i t y  as was done i n  Run C-5 inc reases  t h e  

s i z e  o f  char p a r t i c l e s  which a re  c a r r i e d  ou t  o f  t h e  bed. Th i s  reduces t h e i r  

r e s i  dence t i m e  and reduces carbon convers i  on. 

A steam r a t e  o f  about 0.5 kg/kg d r y  bagasse i s  r e q u i r e d  t o  produce a gas 

w i t h  a  H2/C0 r a t i o  o f  2. A l k a l i  carbonates appear t o  be a b e t t e r  s h i f t  ca ta-  

l y s t  than  n i c k e l  c a t a l y s t s  so a  lower  steam r a t e  can be used. 

C l i n k e r  fo rmat ion  can be a problem w i t h  a l k a l i  carbonate c a t a l y s t s ;  how- 

ever, i f  good f l u i d i z a t i o n  i s  ma in ta ined  i n  t h e  bed through t h e  r u n  and d u r i n g  

t h e  cooldown phase of s h u t t i n g  down, c l i n k e r  fo rmat ion  can be avoided. The 

m e l t i n g  p o i n t  o f  K2C03 i s  891°C and t h e  K2C03 i s  q u i t e  mob i le  a t  750°C. Par- 

t i c l e s  of K2C03 agglomerate and g r a d u a l l y  ge t  l a r g e r  u n t i l  chunks l i k e  those  

found a t  t h e  end of Run C-4 a r e  formed. M a i n t a i n i n g  good f l u i d i z a t i o n  p reven ts  

agglomerat ion and min imizes h o t  spots  where agglomerat ion would be more severe. 

P r i o r  t o  Run C-4 t h e  steam f l o w  was stopped b u t  t h e  r e a c t o r  k e p t  h o t  when 

t h e  f i l t e r  vessel  was emptied. We b e l i e v e  t h e  c l i n k e r s  found a f t e r  Run C-4 

were formed p r i m a r i l y  d u r i n g  t h i s  t i m e  per iod.  Dur ing  Run C-5 good f l u i d i z a -  

t i o n  was ma in ta ined  th roughou t  t h e  run. We were c a r e f u l  t o  ma in ta i n  f l u i d i z a -  

t i o n  a f t e r  shutdown u n t i l  t h e  r e a c t o r  had coo led  t o  below 500°C. No c l i n k e r  

f o r m a t i  on was observed. 



PROCESS EVALUATION 

Based on the  r e s u l t s  o f  t he  l abo ra to ry  and PDU g a s i f i c a t i o n  t e s t s  a design 

bas is  f o r  economic ca l cu la t i ons  was developed. A process f l ow  diagram was 

developed, and heat  and mater ia l  balances were performed t o  determine the  u l  ti- 

mate y i e l d  o f  methanol from bagasse. This  was combined w i t h  cos t  in fo rmat ion ,  
L1 

supp l ied  p r i m a r i l y  by Davy McKee Engineers and Constructors f o r  wood based 

p lan ts ,  t o  c a l c u l a t e  the  s e l l i n g  p r i c e  o f  methanol. The e f f e c t  o f  va r i ab les  
I such as p l a n t  size, c a p i t a l  cost,  f i nanc ing  method, and bagasse cos t  on the  

f i n a l  cos t  o f  methanol were evaluated. 

PROCESS DEVELOPMENT 

The process developed t o  conver t  bagasse t o  methanol i s  based on: 

@ PDU and 1 aboratory i nves t i ga t i ons  o f  c a t a l y t i c  g a s i f i c a t i o n  o f  

bagasse f o r  the product ion o f  methanol synthesis  gas, and 

e a d e t a i l e d  f e a s i b i l i t y  study o f  methanol product ion v i a  c a t a l y t i c  

g a s i f i c a t i o n  o f  wood done by Davy McKee Engineers and Constructors 

f o r  PNL (Mudge 1981). 

The design bas is  i s  shown i n  Table 11. The g a s i f i e r  operates a t  750°C and 

1000 kPa (150 ps ia )  and 90% o f  t he  carbon i n  the  bagasse i s  converted t o  gas. 

Operation o f  t he  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 com- 

pression costs. I n  PDU t e s t s  w i t h  wood carbon conversion and gas y i e l d s  were 

s l i g h t l y  h igher  a t  1000 kPa compared t o  atmospheric tes ts .  Gas composit ions 

were s i m i l a r  when a c a t a l y s t  was used (Mudge 1983). Carbon conversion t o  gas 

ranged from 77-87% f o r  the  bagasse PDU tes ts .  With a proper ly  designed system 

operat ing a t  1000 kPa (150 ps ia )  we be1 ieve  90% carbon conversion t o  gas can be 

achieved w i t h  bagasse and t h i s  was used f o r  t he  design basis. . 
A heat and mater ia l  balance f o r  the  process i s  shown i n  Table 12. The 

y i e l d ,  o f  methanol i s  0.47 kg/kg dry bagasse (0.49 kg/kg MAF bagasse), and the  
(. ove ra l l  thermal e f f i c i e n c y  i s  56%. 



TABLE 11. Design Bas is  f o r  Conversion o f  Bagasse t o  Methanol 

P l a n t  Capaci ty-  800 t on lday  (727 t )  d r y  bagasse 
Loca t i on  - U.S. G u l f  Coast 
Storage Required - 8 months f eed  
Operat ing Fac to r  - 330 days lyear  

Feedstock - Bagasse 

U l  t i m a t e  Ana lys is  (wt%) d ry  bas i s  
Mo i s tu re  5 0 
C 4 4 
H 6 
0 44 
N 1 
S (ppm) 300 
Ash 5 
To ta l  100 
MJ /kg 9.11 

G a s i f i e r  Operat ion 

Pressure - 1000 kPa (10 atm) 
Temperature - 750°C 
Steam Rate - 0.4 kg/kg d r y  bagasse (assumes 

-10% mois tu re  i n  bagasse feed  
C a t a l y s t  - 10 w t %  K2Co3 (0.11 k g l k g  d r y  bagasse) 

Gas Produc t ion  ( d r y  b a s i s )  - 1.4 nm3/kg d ry  bagasse 
Gas Composit ion - ( v o l  %)  

Residue Produc t ion  - 0.2 k g l k g  d r y  bagasse 
(90% carbon convers ion t o  gas) 

C a t a l y s t  Recovery - 80% w i t h  22  H20/kg res idue  

aHrXn = 308 k c a l l k g  d r y  bagasse 

To ta l  Heat I n p u t  Required t o  t h e  G a s i f i e r  - 
787 k c a l  /kg d r y  bagasse 



TABLE 12. Heat and Material  Balance f o r  800 ton (727 t ) / d a y  P l an t  

In MJ /kg kg/hr MJ/hr x l o3  

Bagasse 9.11 60,600 552 
Water f o r  Steam Generation - 11,700 - 
C a t a l y s t  K2C03 - 530 - 
A i  r - 362,200 - 
El e c t r i c i  t y  (8756 KW) - - 3 0 
Diesel Fuel (21.2 a )  - - 1 

Total 

O u t  

Methanol 
Char/Ash Residue 
Acid Gas 
Process Waste Water 
Vent Gases (Dryer,  Boi le r ,  

Reformer G a s i f i e r  Heater) 
Cool ing Tower, Mechanical, 

and o t h e r  Losses 

Total 

Methanol Y i  e l  d = 0.47 kg/kg dry bagasse (.49 kglkg MAF bagasse) 

methanol, HHV 
Thermal Eff ic iency = 100 x Bagasse, HHV + E l e c t r i c i t y  + Diesel = 56% 

Figure 14 i s  a process  flow diagram f o r  conver t ing  bagasse t o  methanol. 

The flow r a t e  and composition of  t h e  major streams a r e  d e t a i l e d  i n  Table 13  f o r  

a p l a n t  feeding 800 ton (727 t ) / day  of  dry bagasse. Following i s  a more 

d e t a i l e d  desc r ip t i on  of  t h e  ind iv idua l  s e c t i o n s  of  t h e  p lan t .  

Bagasse Storage and Preparat ion 

Storage f o r  an e i g h t  month supply of feedstock f o r  the g a s i f i e r  i s  pro- 

vided. This makes i t  pos s ib l e  t o  ope ra t e  t h e  p l a n t  on a y e a r  round bas i s .  . 
Nylon ta rpaul  i n s  a r e  used t o  keep t h e  bagasse dry during t h e  wet season. 

The bagasse i s  conveyed t o  t h e  p l a n t  and about  20% is  s p l i t  o f f  t o  fue l  
* 

t h e  bagasse dryer.  The remainder i s  hammermilled t o  smal le r  than 1 cm and then 

mixed with a so lu t ion  of potassium carbonate .  The impregnated feedstock i s  
then d r i ed  t o  about 10 w t %  moisture  and conveyed t o  t h e  g a s i f i e r  feed bins.  We 



RAW 
BAGASSE I 
FROM 

GASIFICATION RAW GAS METHANOL METHANOL 
ACID GAS 

COMPRESSION SYNTHESIS AND 

@ 
DISTILLATION 

I A A w 
W 
I- $ m 

I - u  2 z - 2  
Z 3 2  I - 0 ;  CONDENSATE 

z 
m Z 
4 Lu 
u l- 

"J = 
LU W '3 '2 

K2CO3 3 X 1 

a 0 
f m 

2 g 
a W PURGE GAS 4 

1 

REFORMING - 
0 

W +STEAM 
2 
w 

3 
u 

V) 

2 

 STEAM^ 
BOILERS : 

CATALYST 4 ,  B FW - 

CHAR ASH 
SLUDGE 

FIGURE 14. Process Flow Diagram f o r  Conver t ing Bagasse t o  Methanol 

i n v e s t i g a t e d  the  use o f  p e l l e t i z e d  feed, b u t  c o s t  i n fo rma t i on  from Davies 

Hamakua Sugar i n d i c a t e d  p e l l e t i z i n g  would be q u i t e  expensive. I n d i c a t i o n s  from 

the  PDU were t h a t  t he  major advantage o f  t h e  p e l l e t i z e d  feed was the  reduced 

l e n g t h  o f  t h e  f i b e r s ,  so s i z e  reduc t ion  i s  a l l  t h a t  i s  i nc luded  i n  t h e  process 

design. 

G a s i f i c a t i o n  and Gas C l  eanup 

Bagasse from t h e  feed b i n s  i s  cont inuously  f e d  by screw conveyors t o  t h e  

f l u i d i z e d  bed g a s i f i e r s .  For 800 ton  (727 t ) / day  o f  dry  bagasse, two g a s i f i e r s  

w i t h  i n s i d e  diameters o f  3 m would be required. Th i s  corresponds t o  a process- 

i n g  r a t e  o f  about 1630 kg dry bagasse/m2/hr. The f l u i d  bed i n  the  g a s i f i e r s  i s  

an i n e r t  ma te r i a l  i n  t h e  s i z e  range o f  0.2 t o  0.8 mm and i s  about 3 m deep. 

The g a s i f i e r s  operate a t  1000 kPa (150 p s i a )  and 750°C. 

Purge gas i s  burned i n  a heater  t o  supply t h e  necessary heat  i n p u t  t o  t h e  

g a s i f i e r ,  by c i  r c u l  a t i  ng h o t  combusti on gases through tube bundles i n each 

g a s i f i e r  bed. 



TABLE 13. Flow Rate and Composit ion f o r  Major  Streams 

Sol ids 

Stream No. 

Name 

Composition. kg/hr 

C a b  on 

Hydrogen 

9''' 
Nitrogen 

Sul f u r  

As h 

Water 

K2C03 

Total 

1 
Raw 

Bagasse 

13.330 

1,820 

13.330 

29 0 

10 

1,520 

30,300 - 
60,600 

2 8 6 13 
Bagasse t o  G a s i f i e r  Q t a l  y s t  Char/Ash 

Gasif l e r  Residue Make Up SI udge 

Gases (dry b a s i s )  

Stream No. 3 9 
Name Raw Synthesis Reformed 

Gas Purge Gas 

R ow Rate, nbI3/hr x 10 3 33.5 13.9 
Composition, vol % 

H2 49.0 74.0 

CH4 5.0 

c2+ 2.2 

N2 0.5 

130 P F ~  
Water, vol % (wet b a s i s )  10.0 

4 
Synthes i s Gas 

t o  b thano l  

42.2 

Others 
S t r e w  No. 5 7 12 

Name bthano l  Steam t o  Steam from 
Gas i f i e r  Boil e r s  

1 1  10 

Purge Gas C02, H2S 

9 .O 5.1 

Composition, kg/hr 

Water 9,590 11,700 
b thano l  14.340 



Raw syn thes i s  gas l eaves  the g a s i f i e r  a t  750°C and is  cooled i n  a waste 
h e a t  b o i l e r .  I t  then passes  through a cyclone and a bag f i l t e r  arrangement t o  
remove the c h a r / a s h / c a t a l y s t  res idue.  I t  i s  then f u r t h e r  cooled i n  a second 
waste hea t  b o i l e r  and a water cooler .  

The c h a r / a s h / c a t a l y s t  r e s idue  i s  washed w i t h  water  t o  recover  t h e  K2C03 
c a t a l y s t .  The c a t a l y s t  sol u t ion  i s recycl  ed and t h e  remaining r e s idue  disposed. 

Acid Gas Removal 

The s y n t h e s i s  gas  from the g a s i f i e r  combines w i t h  reformed purge gas  and 

e n t e r s  the Benfield process  t o  remove the H2S and some of the C02 from the syn- 

t h e s i s  gas. The process  uses  an aqueous s o l u t i o n  of potassium carbonate  (K2C03) 
t o  absorb the a c i d  gases.  The a c i d  gases  a r e  s t r i p p e d  from the s o l u t i o n  w i t h  

steam and the K2C03 s o l u t i o n  i s  recycled. The process  design f o r  the wood based 

p l a n t  c a l l e d  f o r  ven t ing  the C02. This  may be environmentally unacceptable  
because of  the s u l f u r  con ten t  of bagasse,  and o t h e r  disposal  methods may have t o  

be considered.  

Compression 

Syn thes i s  gas  i s  compressed t o  7022 kPa (1000 p s i g )  using a mu1 t i s t a g e  cen- 
t r i f u g a l  boos t e r  compressor. Following the compressor t h e  gas  passes  through a 
c h l o r i d e  guard bed, a s u l f u r  guard bed, and an e thy lene  hydrogenation bed. 
These a r e  a l l  c a t a l y s t  poisons f o r  the methanol c a t a l y s t  and must be removed o r ,  
i n  the c a s e  of  e thy l ene ,  converted t o  ethane. 

Methanol Synthes i s  and Distil 1 a t i o n  

The ICI low p re s su re  methanol process  i s  used t o  conver t  the s y n t h e s i s  gas  
t o  methanol. I t  ope ra t e s  a t  7022 kPa (1000 ps ig )  and uses  a p rop r i e t a ry  copper  
based c a t a l y s t .  The r e a c t i o n  t o  produce methanol a r e  represen ted  by the 
fol lowing equat ions:  

The proper  s y n t h e s i s  gas  composition f o r  t h e  ICI process  i s  2.5 H2/C0 and 

4.3 CO/C02. Other components such a s  CH4,  C2H6,  and Np a r e  i n e r t .  



The synthesis  1 oop cons is ts  o f  t he  f o l l  owing i tems: c i  r c u l  a t o r  ( c e n t r i f u -  

gal compressor), converter,  heat exchanger, heat  recovery exchanger, cooler ,  and 
separator. The methanol and water vapor produced are  condensed and separated. 

The unconverted synthesis  gas i s  recyc led  and a p o r t i o n  o f  the  recyc le  i s  purged 

t o  remove i n e r t s .  The crude methanol i s  d i s t i l l e d  i n  one column t o  produce f u e l  

grade methanol. 

Purge Gas Reforming 

P a r t  o f  t he  purge gas from the  methanol synthesis  u n i t  i s  used as fue l ,  t he  
J 

remainder i s  reacted w i t h  steam i n  a reforming furnace t o  produce a hydrogen 

r i c h  gas. The reforming furnace cons i s t s  o f  a l l o y  tubes packed w i t h  n i c k e l  

ca ta l ys t .  A p o r t i o n  o f  t he  purge gas i s  used t o  f i r e  t he  furnace. 

B o i l e r s  and Other U t i l  i t i e s  

Steam f o r  the  process i s  generated by a package b o i l e r  a t  4255 kPa 

(600 ps ig )  and 400°C. It i s  f i r e d  w i t h  purge gas and fuse1 o i l s  from the  

methanol synthesis un i t .  Steam i s  a l so  generated i n  waste heat  b o i l e r s  i n  t he  

gasi f i c a t i o n  sect ion. 

A l l  l i q u i d  wastewater streams i n  t h e  p l a n t  a re  t r e a t e d  i n  a n e u t r a l i z i n g  

basin and a subsequent th ree  stage b i o l o g i c a l  t reatment  system before being 

re1 eased t o  drainage. 

Also inc luded i n  the  design a re  an inst rument  a i r  system, an i n e r t  gas 

system, and a f l a r e  system. 

COST STUDIES 

Eva lua t ing  the  economics o f  producing methanol from bagasse was accomp- 

1 ished by adapt ing previous s tud ies  u t i l  i z i n g  wood as a feedstock (Mudge e t  al., 

1981, 1983). We have computerized the  e n t i r e  economic ana lys is  onto a l a r g e  - spreadsheet type program. Many of the  process va r iab les  (bagasse cost,  p l a n t  

size, y i e l d s ,  l a b o r  costs, etc.) can be changed and a complete r e c a l c u l a t i o n  

us ing these new values can be done rap id 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  o f  methanol from bagasse requ i red  t o  make the  process economically 

a t t r a c t i v e .  



Method01 ogy 

The base c a p i t a l  and ope ra t i ng  c o s t  da ta  were developed f o r  PNL's C a t a l y t i c  

G a s i f i c a t i o n  process i n  1980 by Davy McKee Engineers and Const ructors  (now DM 

I n t e r n a t i o n a l )  and r e p o r t e d  as appendic ies t o  Mudge e t  a l .  (1981). They de te r-  

mined t h e  f i n a l  s e l l i n g  p r i c e  f o r  methanol based on a  method o u t l i n e d  i n  Coal 

G a s i f i c a t i o n  - Gas Cost Gu ide l ines  (Skamser 1978) which i s  t h e  s tandard c o s t  

e s t i m a t i n g  method used by t h e  U.S. Department o f  Energy. Davy costed p l a n t s  

feed ing  2000 t ons lday  (1818 t )  and 200 t ons lday  (182 t )  o f  wood. We i n c o r -  

pora ted  t h i s  i n f o r m a t i o n  i n t o  a  spreadsheet t y p e  program (V is iCa lcTM)  which 

a l lowed us t o  c a l c u l a t e  t h e  e f f ec t  of key v a r i a b l e s  and t o  determine t h e  cos ts  

f o r  p l a n t  s i zes  i n  between 200 and 2000 t ons lday  us ing  app rop r i a te  s c a l i n g  

fac to rs .  The cos t s  can be updated by i n p u t t i n g  c u r r e n t  cos t  i nd i ces .  

The process design f o r  conve r t i ng  bagasse t o  methanol v a r i e s  somewhat f rom 

t h e  wood based process, so a  new bas i s  was developed. The d i f f e r e n c e s  a re  p r i -  

m a r i l y  i n  s torage,  feed p repara t ion ,  and c a t a l y s t  recovery.  For s to rage  and 

feed  p repara t ion ,  cos t  in fo rmat ion  ob ta ined  from Sl~gar Research I n s t i t u t e  and 

equipment vendors was combined w i t h  t h e  i n f o r m a t i o n  on wood developed by Davy. 

C a t a l y s t  recovery cos t s  were based on a  c o s t  es t imate  by Exxon f o r  t h e i r  ca ta-  

l y t i c  coal  g a s i f i c a t i o n  process which uses K2C03 (Fant 1980; Fur long  1978). The 

r e s t  o f  t h e  equipment f rom t h e  g a s i f i e r  downstream t o  and i n c l u d i n g  t h e  methanol 

syn thes is  u n i t  was costed based on t h e  Davy study. R e l a t i v e  s i zes  o f  t h e  equip-  

ment were ad jus ted  t o  account fo r  t h e  smal l  d i f f e r e n c e s  between bagasse and wood 

(e.g. l e s s  steam i s  r e q u i r e d  f o r  bagasse). 

Economi c  Eva1 u a t i  on 

Once t h e  p l a n t  c a p i t a l  requi rements and ope ra t i ng  cos ts  have been de te r-  

mined t h e  r e q u i r e d  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  us ing  t h e  method 

o u t l i n e d  i n  Skamser (1978) f o r  u t i l i t y  and p r i v a t e  f inanc ing .  The f o l l o w i n g  

economic bas i s  was used: 

U t  i 1  i t y  F inanc ing  

p r o j e c t  l i f e -  20 years  

Q dep rec ia t i on  method - 5% s t r a i g h t  l i n e  

e d e b t l e q u i t y  r a t i o  - 75/25 

income t a x  r a t e  - 48% 



i n t e r e s t  - 10% 

r e t u r n  on e q u i t y  - 15% 

Equ i t y  F inanc ing  

p r o j e c t  l i f e  - 20 years  

e dep rec ia t i on  method - 16 y r  sum o f  t he  d i g i t s  

e e q u i t y  c a p i t a l  - 100% 

* r a t e  o f  r e t u r n  - 12% DCF 

s income t a x  r a t e  - 48% 

Based on methods presented by Skamser (1978) and used by Mudge e t  a1 (1981, 

1983), t h i s  i n f o r m a t i o n  was used t o  develop equat ions r e l a t i n g  n e t  methanol cos t  

i n  US $/gal  t o  t h e  f o l l o w i n g :  

e t o t a l  p l a n t  investment 

e s t a r t  up cos t s  

working c a p i t a l  

e n e t  ope ra t i ng  cos ts  

e annual MeOH produc t ion  

annual MeOH revenue. 

These equat ions, were then i n p u t  t o  t h e  spreadsheet program t o  per form t h e  

ca l cu la t i ons .  A sample computer ou tpu t  and t h e  economic a n a l y s i s  i s  i nc l uded  i n  

Appendix 6.  

There a re  four teen  i n p u t  cos t  va r i ab les  which a re  e a s i l y  a l t e r e d  a t  each 

d iscoun t  r a te .  They are:  

p l a n t  capac i t y  (clry s h o r t  tons)  

Chemical Engineer ing p l a n t  cos t  index  

chemical eng ineer ing  c o n s t r u c t i o n  index  ( l a b o r )  

@ bagasse cos t  (US $/dry  t o n )  

water cos t  (US $/M g a l )  

e e l e c t r i c i t y  cos t  (US $/kwhr) 

d i ese l  f u e l  (US $/gal  ) 

g a s i f i e r  c a t a l y s t  (US $11 b )  

s h i f t  c a t a l y s t  (US $ / f t 3 )  

c h l o r i d e  guard c a t a l y s t  (US $ / f t 3 )  

* s u l f u r  guard c a t a l y s t  (US $ / f t 3 )  



methanol c a t a l y s t  (US $11 b)  

re former  c a t a l y s t  (US $ / f t 3 )  

e process l a b o r  (US $ /h r ) .  

For t h i s  s tudy we have v a r i e d  o n l y  p l a n t  capac i t y  and feedstock costs .  

I n  t h e  Un i ted  States most o f  t h e  sugar cane i s  grown i n  Hawaii,  F l o r i d a ,  

Louis iana,  and Puer to  R ico  i n  t h a t  order.  The average s i z e  suger m i l l  produces 
* 

anywhere from 50 t o  800 t on lday  o f  d r y  f i b e r  (Boyd 1980). Four cases, represen-  

t a t i v e  o f  t h e  bagasse supply,  have been eva lua ted  t o  determine t h e  p r i c e  o f  C 
methanol necessary t o  make t h i s  process competative. P lan t  c a p a c i t i e s  range 

f rom 200 t o  800 ton/day o f  d r y  f i b r e .  Bagasse cos ts  were v a r i e d  between 10 and 

40 $/ton. Table 14 shows t h e  t o t a l  i n s t a l l e d  c a p i t a l  cos t  and t h e  c a l c u l a t e d  

r e q u i r e d  methanol s e l l i n g  p r i c e  f o r  each case considered. These r e s u l t s  a r e  

a l s o  shown i n  g raph ica l  form i n  Appendix B  (F igures  R . l  and 8.2). 

The c a p i t a l  c o s t  est imates a re  based on Newport, Oregon l o c a t i o n  ( t h e  s i t e  

f o r  t h e  wood based p l a n t s ) .  Loca t ion  f a c t o r s  we have found (Gu th r i e  1974) i n d i -  

c a t e  Gul f coast  USA i n s t a l l e d  cos ts  would be about 6% h igher .  Given t h e  o r i g i -  

n a l  es t ima te  was o n l y  accura te  t o  f25X making such small c o r r e c t i o n s  may n o t  be 

needed. Each % e r r o r  r e f l e c t s  a  corresponding $.Ol/gal r i s e  or f a l l  i n  t h e  

r e q u i r e d  p r i c e  o f  methanol. 

Table 15 shows a  breakdown o f  t h e  c a p i t a l  c o s t  f o r  a  p l a n t  f eed ing  800 t o n  

day o f  d r y  bagasse. Bagasse storage, g a s i f i c a t i o n ,  and methanol syn thes i s  a r e  

t h e  t h r e e  l a r g e s t  cos t  areas. Cap i t a l  cos t s  a re  t h e  most s i g n i f i c a n t  c o n t r i b u-  

t o r  t o  t h e  f i n a l  methanol s e l l i n g  p r i ce .  The c a p i t a l  cos ts  a r e  h i ghe r  f o r  bag- 

asse than  wood p r i m a r i l y  due t o  t h e  l a r g e  amount o f  s to rage  r e q u i r e d  ( 8  months) 

and a d d i t i o n a l  cos t s  fo r  c a t a l y s t  recovery  because t h e  K2C03 c a t a l y s t  was used. 

TABLE 14. Summary o f  Economic Eva lua t ion  

P l a n t  S ize Cap i t a l  Cost Bagasse Cost Methanol Cost 
Case TonlDay $ m i l l i o n  $/dry t on  U t i l i t y  P r i v a t e  

1 800 97.5 10 0.91 1.22 

2 800 97.5 40 1.13 1.44 

3  200 32.1 10 1.30 1.75 

4  200 32.1 4  0  1.52 1.97 



TABLE 15. To ta l  Cap i t a l  Required f o r  a  P l a n t  Feeding 800 t o n  (727 t ) / d a y  
Dry Bagasse F i b r e  ( d r y  b a s i s )  

Cost Component 

Bagasse Storage and Prepara t ion  

Bagasse D ry i ng  

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

S h i f t  Conversion 

Ac id  Gas Removal 

Compression 

Methanol Synthes is  and D i s t i l  1  a t i  on 

Purge Gas Reforming 

U t i l i t i e s ,  O f f s i t e s ,  Misce l laneous 

D i r e c t  Equipment Costs (DEC) 

F ie1  d  I n d i  r e c t s  

Pro fess iona l  Serv ices 

Other 

US $ M i l l i o n s  

To ta l  I n s t a l l e d  Cost (TIC)  97.5 

Funds Dur ing  Cons t ruc t ion  

Start-Up Costs 

Working Cap i t a l  

To ta l  Cap i t a l  Required 

The r e s t  o f  t h e  c a p i t a l  cos t s  a re  a c t u a l l y  somewhat l e s s  f o r  bagasse. The l a r g e  

s torage cos t s  w i l l  be a  problem f o r  any year- round process u s i n g  bagasse as a  

feedstock. 

Table 15 l i s t s  t h e  ope ra t i ng  c o s t s  f o r  t h e  same p lan t .  Operat ing cos t s  

o t h e r  than t he  c o s t  o f  bagasse a re  based on t he  o r i g i n a l  Davy Study w i t h  wood. 

Labor cos t s  a r e  t h e  l a r g e s t  s i n g l e  ope ra t i ng  costs .  I f  t h e  c o s t  o f  bagasse 

exceeded $20/ton i t  would become the  dominant ope ra t i ng  cos t .  As shown i n  

Table 14 t h e  p l a n t  s i z e  a l s o  has a  s i g n i f i c a n t  e f f e c t  on t h e  f i n a l  c o s t  o f  

methanol. Th i s  r e s u l t s  f rom economies o f  sca le  p r i m a r i l y  f o r  t h e  downstream 

equipment a f t e r  t h e  g a s i f i e r ,  p a r t i c u l a r l y  compression and methanol synthes is .  



TABLE 16. P ro j ec ted  Annual Opera t ing  Costs f o r  a  P l a n t  Feeding 800 t o n  
(727 t ) / d a y  Dry Bagasse F i b r e  

Cost Component 

Bagasse B $ l 01d ry  t o n  

G a s i f i c a t i o n  C a t a l y s t  

Other Ca ta l ys t s  and Chemical s  

U t i l i t i e s  

Labor 

Admini s t r a t i o n  and General Overhead 

Suppl i es 

Taxes and Insurance 

To ta l  Gross Operat ing Costs 

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 rom severa l  m i l l s  i s  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  cos t s  s i g n i f i c a n t l y  i nc rease  

t h e  c o s t  of bagasse. 

The c a l c u l a t e d  c o s t  o f  methanol produced f rom bagasse i s  s i g n i f i c a n t l y  

h i ghe r  than  t h e  c u r r e n t  c o s t  o f  methanol. A p rev ious  economic e v a l u a t i o n  w i t h  

wood showed t h e  r e q u i r e d  s e l l i n g  p r i c e  o f  methanol was c o m p e t i t i v e  w i t h  t h e  

market p r i c e  of methanol (Mudge 1981). The f o l l o w i n g  f a c t o r s  make t h i s  1  a t e s t  

a n a l y s i s  1  ess f avo rab le :  

e Cap i t a l  cos t s  a r e  h i ghe r  

0 Cons t ruc t i on  cos t s  have i n f l a t e d  202 s i nce  1980 

Cap i t a l  c o s t s  f o r  bagasse a re  somewhat h i ghe r  t han  f o r  a  wood 

based p l a n t ,  

e The p rev i ous  e v a l u a t i o n  used a  l a r g e r  p l a n t  s i z e  than  i s  f e a s i b l e  

w i t h  bagasse which r e s u l t e d  i n  s i g n i f i c a n t  economies o f  sca le .  

The market p r i c e  o f  methanol i n  t h e  U.S. has dropped 44% i n  t h e  l a s t  

s i x  months t o  $0.45/gal ($0.1211). (Cur ren t  as o f  A p r i l  1984) 

Produc t ion  o f  methanol f rom bagasse may s t i l l  be p r o f i t a b l e  i n  t h e  l o n g  

t e rm  i f  a  shor tage  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 nc rease  



s i g n i f i c a n t l y .  The c o s t  of bagasse i s  pr imari ly a funct ion of c a p i t a l  c o s t s  
and so  t h e  f u t u r e  p r i ce  will be determined primari ly by t h e  i n f l a t i o n  of t h e  
c o s t  of ma te r i a l s  and labor  f o r  construct ion.  
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APPENDIX A 

DESCRIPTION OF CATALYSTS USED FOR G A S I F I C A T I O N  

TESTS AND PDU RUN SUMMARIES 



PDU RUN SUMMARIES 

Fo l l ow ing  a re  summaries f o r  a l l  o f  t h e  PDU t e s t s  w i t h  bagasse. Most o f  

t h e  terms from t h e  computer ou tpu t  need no f u r t h e r  exp lanat ion.  The f o l l o w i n g  

l i s t  i s  a  key t o  terms t h a t  may need f u r t h e r  d e f i n i t i o n .  A l l  stream f lows  a re  

- i n  pounds. 

BED - s o l i d s  f rom t h e  reac to r  
4 BED GAS VELOCITY - s u p e r f i c i a l  l i n e a r  v e l o c i t y  i n  f t / s e c  a t  r e a c t o r  

c o n d i t i o n s  (based on an empty r e a c t o r )  

BURNER TRAP - condensate l i q u i d  c o l l e c t e d  f rom t h e  product  gas 

downstream from t h e  demister 

CART HEAT COEFF - o v e r a l l  heat t r a n s f e r  c o e f f i c i e n t  f rom hea te rs  i n  B tu /h r -  

f t 2 - O F  

CCHAR - char f rom t h e  cyclone, a1 so c a l l e d  CYCLONE SOLIDS 

DRY MOL WT - molecular  weight o f  t h e  d r y  product  gas 

FCHAR - char f rom t h e  f i l t e r ;  a l s o  c a l l e d  FILTER SOLIDS 

METHANOL # / #  WOOD - t o t a l  poss ib l e  y i e l d  i n  1  b  methanol /l b d r y  wood i f  (1) 

a1 1 H2+CO were conver ted and (2 )  i f  a1 1 H2+CO+CH4 were 

conver ted 

N2-02 FREE MW - molecular  weight of dry,  02-N2 f r e e  product  gas 

RECYCLE - r e f e r s  t o  t h e  r e c y c l e  gas stream 

HEATS OF COMBUSTION - standard heat  o f  combustion i n  B t u / l b  

STEAM - r e f e r s  t o  steam from generator ;  heated t o  r e a c t o r  i n l e t  

temperature i n  t h e  gas preheater  

TAR - t a r s  f rom t h e  demister 

TOC-DEMISTER (PPM) - t o t a l  o rgan ic  carbon i n  t h e  demister l i q u i d  (aqueous) i n  

ppm by weight 
k WET MOL WT - molecular  weight o f  product  gas sa tu ra ted  w i t h  water 

(used t o  c a l c u l a t e  f l o w  r a t e )  

8 
WT FRAC CAT-CCHAR - weight  f r a c t i o n  o f  c a t a l y s t  i n  t h e  cyc lone char 

WT FRAC CAT-FCHAR - weight f r a c t i o n  o f  c a t a l y s t  i n  t h e  f i l t e r  char 

YH20 - mole f r a c t i o n  o f  water determined by assuming s a t u r a t i o n  

i n  t he  gas stream 



INST SCF/# DRY FEED - instantaneous gas p roduc t ion  based on c u r r e n t  gas 

f l o w  (s tandard  f t 3 per 1b o f  d r y  feedstock)  

AVG SCF/# DRY FEED - i n t e g r a t e d  average gas p roduc t ion  (over  t h e  e n t i r e  

r u n )  

TOTAL FLOW (SCF) - t o t a l  d r y  gas p roduc t ion  (s tandard  cub i c  f e e t )  

TOTAL BAGASSE FED - t o t a l  bagasse i n  pounds 

THEORETICAL ASH I N  CHAR - % Ash i n  t h e  char i f  a l l  t h e  ash i n  t h e  bagasse 

g a s i f i e d  s tays  i n  t h e  char 

# CAT LOSS THIS RUN - Pounds of  c a t a l y s t  en t ra i ned  ou t  o f  t h e  g a s i f i e r  

STEAM BAGASSE RATIO - I b l h r  of steam d i v i d e d  by l b / h r  o f  d r y  bagasse 

ELECTRIC INPUT (KWHRIHR) - r a t e  of e l e c t r i c  i n p u t  t o  t h e  c a r t r i d g e  hea te rs  

KWHRILB DRY BAGASSE - e l e c t r i c  heat  r e q u i r e d  t o  g a s i f y  1 1b t o  d r y  

bagasse 

ELECTRIC BTuILB DRY - convers ion o f  above 

HEAT GASIHEAT BAGASSE - conversion e f f i c i e n c y  (no t  i n c l u d i n g  heat  i n p u t )  

GAS BTUILB BAGASSE - e f f i c i e n c y  (as above) 



RUN#: B1 T I M E :  16.30 
D A T E  : 1 2 f 3 3 8 2  T O T A L  R U N  T I M E ( H R S )  :3.75 
FEEDSTOCC::: EIAGASSE P E L L E T S  C A T A L Y S T :  N i  on A 1 2 0 3 ( F I N E )  

**PRODUCT G A S  C O M P O S I T I O N S * *  
( M O L E  F R A C S )  

N 2 , 0 2  F R E E  
4 H 2 .562 .566 

C o z  . 240 . 742 - 
C 2 H 4  (:).(~I:)I:) O. I>o(> 
C Z H 6  (1. t:)(:)(j 0 . (1) 0 
02 . (3(j4 0 . (:)c:)O 

4 
N 2 . 00.3 (1) . (:)(j0 
C H 4  .04  1 .04 1 
CO . 15iJ . I51  
C 3 H 6  0. (:)(:,(j 0. ( j t j 1 1  

C S H B  Cr . (:)(:I(:) (:I. (j00 
Y H 2 0  .o17 .017 

REACTOR I N L E T  751 
C A T G L Y S T  B E D  749 
REACTOR O U T L E T  693 
STEAM 127 
CARTRIDGE HTRS a28 
FHODUCT METER 16 
DEM I S T E R  -7 L c' 

PRODUCT 9.1 I N  H 2 0  
STEAM 20 I N  H 2 O  
R E C Y C L E  O I N  H 2 0  

* $ O R I F I C E  S I Z E S  AND CONSTANTS**  

O R I F I C E  C: SIZE  -------------------- 
PRODUCT 1 l ( 3 . 7  . 515 
STEAM Z 2 . 0  . 30 
RECYCLE 1 16.0 . 50 

.c STEAM 25 
D E M I S T E R  25 
REACTOR 20 
PRODUCT .5 



t X SOL IDS t t 
** COMPOSITIONS 8 8  

............................................................... 
CARBON HYDROGEN OXYGEN ASH NO I STURE 

EAGAS .445 . (359 .441 . (355 . 1 r : ) ~  
CCHAR .450 . (1) 1 0 . 040 . St:)(> . 050 
FCHAR . 45() . 0 1 0 . 140 . 4C)O . (1) (1) 5 
BED . 82~:) . r:).3(3 . 1 3:) . (:)2(:1 (1) . (>c)(:) 

TAR . 840 . 030 . . 08 1 (1) . (](:I(:) 

BAGASSE 85(3(:) 
CYCLONE CHAR 6900 
FILTER CHAR 6900 
BED 1 (313(](3 
TFiK 15000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d l r f  INPUT STREAMS t * X  
* * * X * * * * * * * * * t * * * * * * * * * * * * * * * * *  

TOTAL CARBON HYDROGEN OXYGEN ASH 

FEED (DRY) 
FEED MOISTURE 
STEAM ............................................................................ 
TOTAL I NPUTS 67.59 13.62 5.92 46.37 1.68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t X *  OUTPUT STREAMS t X t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN ASH 

DRYGASES -7c .>..I. 91 11.23 2 . 8 0 22.16 (1) . (:I (3 
MOISTURE I N  PRODUCT .69 (1) . (30 . 08 .61 (:I . (3 (1) 
CYCLONE SOLIDS 2.80 1.21 . (1) .: .ll 1-33 
FILTER SOLIDS 1 . 2~:) . 94 . C) 1 .17 .48 
BED BUILDUP (1) . (:)(I) (3 . (:I(:) (1 . (:)(:) (3 . (30 (1) . (:I(:) 
DEMISTER L IQUIDS 24. 80 . (:)(:) 2.76 22. 04 (3. (10 
DEMISTER TAR 0 . 00 (3 . (1) (1) (1 . (:I(:> (2 . c)(:) (11 . (3) 
BURNER TRAP 1 . 1 ( )  . (:)(:) .12 .98 (1) . (30  ............................................................................ 
TOTAL OUTPUTS 66.50 12.98 9.79 46. 07 1.83 



t t t t t t t t t t t t ta * tmt txxxt tx t * t t t  
X I  PRODUCT GAS ( N 2 - 0 2  FREE)  t t  
t t t t t t t t t t t t t t t t t t * * t t t * t t t m t t  

SCFM (DRY) 13.71 
L R  GAS/LB DRY FEED 1.17 

4 Ih IST SCF/#  DRY FEED 26. 70 
AVG SCF /#  DRY FEED 29.35 

TOTAL FLOW (SCF)  3212. .T& 

4 
TOTAL BAGASSE FED 109.44 
YH20  AT PRODUCT .02 
YH20  AT REACTOR OUT .41 
RTU/SCF 272.31 

t t X t X * X t X * * * * X t t * t t t t t * t ~  
t t M I S C E L L A N E O U S  T I D B I T S I X  
t t t t * t t a t t * t * t t t * t t t x t t t t  

WT FRAC CAT-CCHAR . 04 
WT FRAC CAT-FCHAR 0. 00 
#CAT LOSS T H I S  RUN . l l  

STEAM/RAGASSE R A T I O  1. 10 

DRY MOL WT 16.75 
WET MOL WT 16.77 
N2-02  FREE MW 16.66 

ELEC INPUT(EWH/HR)  31.58 
(based on 7 elements) 
CI::WHR/LU DRY BAGASS 1 . (11.3 
ELECTRIC  RTU/LR DRY 3523.09 

HEAT GAS/HEAT BAGASS .86 

CARBON CONVERSION * ----------------- 
TO GAS(%)  82.45 
TO SOLID( :O 12.86 
TO L I Q U I D ( % )  .01 

% SUM CONVERSIONS 95.32 

METHANOL #/#BAGASSE .592335426662 TO .669273478406 
THEORETICAL ASH I N  CHAR(%) 49.54 

t t D E S I G N  I N F O R M A T I O N t t  
BED GAS VELOCITY  .91 
CART HEAT COEFF 137.97 



RUN#: C1 TIME: (:)1.3(:, 
DATE: 1 2 0 6 8 2  TOTAL RUN TIME(HRS) : 7 . 9  
FEEDSTOCK: BAGASSE PELLETS CATALYST: GOOD NI-CU-MO 

88PRODUCT G4S COMPOSITIONS** 
(MOLE FRACS) 

NZ, 02 FREE 
H2 .556 .560 
1102 . I96  . I98 
C2H4 . (j1:)2 . 1j(:)2 
C2H6 . 1302 . 0(32 
C) 2 . 005 I:) . (300 
Na . (j(33 (5 . 13 013 
CH4 . 0 2 ?  .(I29 
co . 21:18 . 2 1 0  
C3H6 o. oo(3 (3 . 000 
C.TH8 (3 . (:)I:)(] (3. 01j(] 
YH2O . (:)(I6 .006 

REACTOR I N L E T  745 
CATALYST BED 7 7 5  
REACTOR OUTLET 7 1 5  
STEAM 12.3 
CARTRIDGE HTRS 845 
PRODUCT METER (3 
DEN I STER 13 

PRODUCT 4 I N  H 2 0  
STEAM 1 6  I N  H 2 0  
RECYCLE (3 I N  H 2 0  

# * O R I F I C E  S I Z E S  AND CONSTANTS*$ 

O R I F I C E  E S I Z E  

PRODUCT 1 10.9 . 50 
STEAM 32. 0 . .z I) 
RECYCLE 1 16.0 . 5C) 

STEAM 15.2 
DEMISTER 1 4  
REACTOR 1 4  
PRODUCT O 



1 $ SOL IDS X X 
t*  COMPOSITIONS t X  

............................................................... 
CARBON HYDROGEN OXYGEN ASH MO I STURE 

a 
BAGAS .445 .05? .441 .055 . 1 (3f:) 
CCHAR .450 . 1 (:I13 . 040 . 501:) . 050 
FCHAR . 450 . 1 (:)(:) . 140 . 400 . (jt35 
BED . 8 2 ~ )  . (j.30 . 1.30 . (:)2(:1 (:I . (:I (3 (1 

't TAR . 840 . (331) . 130 . 00 1 (3 . (:)(:)(:I 

BAGASSE 8500 
CYCLONE CHAR 69(:)(3 
FILTER CHAR 6900 
BED 1 f)(](:)() 
TAR 15000 

* * * * * t * t * * * t t t * * * * * n * t t m x t * m x * *  
t t t  INPUT STREAMS K t X  
* * * * * * * * * * * * * * * * * * * * * * * * * * X * * * *  

TOTAL CARBON HYDROGEN OXYGEN ASH ............................................................................ 
FEED (DRY) 22.50 1 0. 0 1 1.33 9.32 1.24 
FEED MOISTURE - L. 50 U. 0(3 .28 2.22 (1) . (:I (1) 
STEAM 26.213 0 . 0 13 2.91 L.>. 29 (3 . (:)(:I .-,-.. 

TOTAL INPUTS 5 1 .20 1 (3 . 0 1 4.52 . ~ d .  44 1.24 7= 

********t**t***tt************** 
d X X  OUTPUT STREAMS X l X  
* * X * X * * * * * * * * * * * * * X * * * * * * t * * * * *  

TOTAL CARBON HYDROGEN OXYGEN ASH ............................................................................ 
DRYGASES 24. (35 7.87 1.85 14.56 0. 00 
MOISTURE I N  FRODUCT .16 (:I . <:I(:) . t:r2 .14 (:I . (>(:I 

I CYCLONE SOLIDS 2. 00 .82 .18 . 07 .91 
FILTER SOLIDS . St:) -2.3 . 05 . 07 . 3:) 
BED BUILDUP . 07 . (35 . 00 . (31 . (1) 1 
DEMISTER L I W I D S  21.60 . 02 2.40 19. 20 (3. (j(:) 
DEMISTER TAR (3.00 0 .  (>() (3. 00 C) . (:I(:) 0 . (30 
BURNER TRAP 1 . 00 . (30 .11 .8? (:I . (3~1 ............................................................................ 
TOTAL OUTPUTS 49.38 8.98 4.62 34.94 1.12 



X t X t * * t X * l t X X X t X X * * X X a X t t * * * t t  
X t  PRODUCT GAS ( N 2 - 0 2  FREE)  XX 
* * * t * t t X t X * X X * t * X * * ~ * * X X X * X * t X  

SCFM !DRY 9.41 
L B  GAS/LB  DRY FEED 1 . 07 
I N S T  SCF /#  DRY FEED 24.92 
AVG SCF/'# DRY FEED 22.74 

TOTAL FLOW (SCF)  3749. 10 

TOTAL BAGASSE FED 164.88 
YH20 AT FRODUCT . (1) 1 
YH20 AT REACTOR OUT .46 
ETU/SCF  282.42 

WT FRAC CAT-CCHAR . 09 
WT FRAC CAT-FCHAR 0. 00 
#CAT LOSS T H I S  RUN .18 

STEAM/EAGASSE R A T I O  1.16 

DRY MOL WT 16.36 
WET MOL WT 16.37 
N 2 - 0 2  FREE MW 16.25 

ELEC I N P U T  (EWH/HR) 20. 22 
(based on 7 elements) 
K.WHR/LB DRY EAGASS . 90 
E L E C T R I C  B T U / L B  DRY 3068.39 

XXCONVERSIONS B BALANCESXX 

HEAT GAS/HEAT BAGASS .83 

GAS B T U S / L B  BAGASS 7039 

CARBON CONVERSION ----------------- 
TO GAS(%)  78.56 
TO S O L I D ( % )  lc). 93 
TO L I Q U I D ( % )  .18 
SUM CONVERSIONS 89.68 

METHANOL #/#BAGASSE .492709 170432 TO 
THECJRETICAL ASH I N  CHAR(%)  40.55 

XXDESIGN INFORMATIONXX 
BED GAS VELOCITY  .88 
CART HEAT COEFF 99.71 



RUN#: C2 TIME: 154(1 
DATE: 120782 TOTAL RUN TIME(HRS) : 6 . 5  
FEEDSTOCK: BAGASSE PELLETS CATALYST: NI-CU-MO 2ND RUN 

4 XXFRODUCT GAS CONPOSITIONSXX 
(MOLE FRACS) 

N2,02 FREE 
HZ .50? .512 
c02 -22 1 -223 4 

J C2H4 . (1 It1 . i' 1 (2 
C2H6 . (104 . 004 
02 . (305 0. l20(1 
N2 . (](:12 (:I . (3(31) 
CH4 . 07 1 . (172 
CO . 178 .17? 
C3H6 . (:113(:) ,000 
C.7~8 (:).(:I(](] 0. (3(:10 
YH20 . 008 .Q08 

*XTEMPERATURES*t 
(DEG C) 

REACTOR INLET 730 
CATALYST BED 780 
REACTOR OUTLET 725 
STEAM 150 
CARTRIDGE HTRS 850 
PRODUCT METER 4 
DEM I STEK 7 0 

PRODUCT 2.5 IN H20 
STEAM 20 IN H 2 0  
RECYCLE (2 IN H20 

XXORIFICE SIZES AND CONSTANTS** 

OR IF ICE K SIZE 

PRODUCT 1 10.7 . 50 
STEAM 32. (2 .30 
RECYCLE 1 16.0 .90 

STEAM 16 
DEMISTER 16 
REACTOR 16 
PRODUCT 1 



t l: SOL IDS at ** COMPOSITIONS X X  

............................................................... 
CARBON HYDROGEN OXYGEN ASH MOISTURE ............................................................... 

BAGAS .445 .059 .441 .055 . 1 O(3 
CCHAR .450 . . 1 00 . (34~) . 5~1(3 . 0543 
FCH AR .450 . 100 . I40  . 400 . 005 
BED .820 . (:)st> . 13rJ .(j2rJ O .  (3cjO 
TAR .840 . (j30 . 1313 . (30 1 0. (300 

BAGASSE 8500 
CYCLONE CHAR 6900 
FILTER CHAR 6900 
BED 1 (:)(:)(:I() 
TAR 15000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t t X  INPUT STREAMS X 0 X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN GSH ............................................................................ 
FEED (DRY ) 26.28 11.69 1.95 11.59 1.45 
FEED MOISTURE 2.92 (1) . (11 (1 . .-a 7 L .-? 2. &(:I (3 . !:)(:I 
STEAM 29.43 (3. 00 3.27 26.16 (1) . (1) (3 

TOTAL INPUTS 58.63 11.69 5.14 40.34 1.45 

*****************************Q$ 
tt* OUTPUT STREAMS X t l  
............................... 

TOTAL CARBON HYDROGEN OXYGEN ASH ............................................................................ 
DRYGGSES 20. 19 7. 00 1 .60 11.78 (3. ( j t j  

MOISTURE IN PRODUCT . 16 0. O(:) . (:I 2 .14 (1) . (1) (1) 
CYCLONE SOLIDS 2. 20 .89 . 20 . 08 .99 
FILTER SOLIDS . St:) - 3 3  . (I5 . 07 . 2(:) 
BED BUILDUP 0. C)O (3. 00 5,. 00 (3. 00 (:I . (:I(:) 
DEMISTER LIC!UIDS 28. 10 . 08 3.13 24.98 (1) . (:)O 
DEMISTER TAR . 10 . 08 . c j ( j  . (31 0. o(:, 
BURNER TRAP 2.00 . (1) 1 22 1.70 (3 . (1) (:I ............................................................................ 
TOTAL OUTPUTS 53.25 8.29 5.21 38.8.3 1.19 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * *  PRODUCT GAS (N2 -02  FREE)  X t  
~ ~ * t t t t * t ~ ~ t t ~ ~ ~ m ~ ~ y : x t t t t t * ~ ~ t  

SCFM (DRY 7.37 
L B  GAS/LB  DRY FEED .77 
I N S T  S C F / #  DRY FEED 16.74 
AVG SCF /#  DRY FEED 16.67 

TOTAL FLOW ( SCF)  2851.25 

TOTAL BAGASSE FED 17 1 . (90 
YH20 AT FRODUCT . (11 i 
YH20  AT REACTOR OUT . S 9  
BTU/SCF 318.43 

WT FRAC CAT-CCHAR . 1 0 
WT FRAC CAT-FCHAR 0 .  00 
#CAT LOSS T H I S  RUN -22 

STEAM/BAGASSE R A T I O  1.12 

DRY NOL WT 17.49 
WET MOL WT 17.49 
N2 -02  FREE MW 17.40 

ELEC IRIPUT(KWH/HR) 22.79 
(based on 7 elements) 
KWHR/LR DRY BAGASS .87 
E L E C T R I C  B T U / L B  DRY 2961.25 

HEAT GAS/HEAT BAGASS .63 

GAS BTUS/LB  BAGASS 5390 

CARBON CONVERSION ----------------- 
TO G A S ( % )  99.84 
TO S O L I D ( % )  3.54 
TO L I Q U I D ( % )  1.49 
SUM CONVERSIONS 70.87 

METHANOL #/#BAGASSE .324421334896 TO .40019962865 
THEORETICAL ASH I N  CHAR(%) 21.64 

#*DESIGN INFORMATION** 
BED GAS VELOCITY  .93 
CART HEAT COEFF 112.40 



RUN#: El-A TIME: 09: 1 7  
DATE: 0 1 1 4 8 3  TOTAL RUN TIME(HRS) : 2  
FEEDSTOCK: BAGASSE CATALYST: NI ON AL203 

#$PRODUCT GAS COMFOSITIONSXt 
(MOLE FRACS) 

N 2 , 0 2  FREE 
H 2 .550 . 5 6 1  
C02 .214 . 2 1 8  
C2H4 (~.(:)oo 0 .  0(3(3 
C2H6 o.c:~c:)n (3 . (j (:I (1) 
02 . 004 (3. (j(j(] 
N 2  . 0 1 5  0 .  ( 3 3 0  
CH4 . O X 7  . ( 3 3 8  
CO . 1 7 9  . I 8 3  
C3H6 (3. 000 (3. 000 
C 3 H 8  (3. (:)(j(j (3. UO(3 
Y H20 . 006 . O O 6  

REACTOR INLET 740 
CATALYST BED 740 
REACTOR OUTLET 7(3(3 
STEAM 1 3 2  
CARTRIDGE HTRS 850 
PRODUCT METER O 
DEMI STER 22 

StDIFFERENTIAL PRESSURESXX 

PRODUCT 1 2  IN H20 
STEAM 22 IN H20 
RECYCLE (1 IN H20 

tXORIFICE SIZES AND CONSTANTStX 

ORIFICE K SIZE 

PRODUCT 1 1 0 .  9 . 50 
STEAM 32. (3 . 30 
RECYCLE 1 1 6 . 0  . 50 

STEAM 1 0 
DEM I STER I(:) 
REACTOR 8 
PRODUCT 1 



5 1 SOL IDS at 
a x  C O N F ~ ~ I T I O N S  ax 

............................................................... 
CARBON HYDROGEN OXYGEN ASH NO I STURE ............................................................... 

0 
BAGAS .445 .059 .441 .05S . 1 (50 
CCXAR .250 . 1 (I(:) . 040 . 700 . 050 
FCH AR "C - . A J-) . 100 . 140 . 700 . 005 
BED .820 . (330 , 136 . 020 t:) . (>I](:) 

I TAR .840 . 03) . 130 . 00 1 0 . (3 (3 

BAGASSE 8500 
CYCLONE CHAR 4000 
FILTER CHAR 4000 
RED 1 (>(:I(>(:) 

TAR 15000 

t * * * * a * * * * * * * * * * * * * * * * a * * * t * * * *  
t t l r  INPUT STREAMS XX(d 
* * * * * * * * * * t * * * * * * * * * * * a * * * * * * * *  

TOTAL CARBON HYDROGEN OXYGEN ASH ............................................................................ 
FEED (DRY) TCI 

. - r ~ .  04 14.26 1.89 14.13 1.76 
FEED MOISTURE 3.56 0. 00 . 40 . A .  16 Cr. (30 T 

STEAM 27.96 8. (30 .a. i 1 24.86 0.00 T 

TOTAL INPUTS 63-56 14.26 5.39 42.15 1.76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X X S  OUTPUT STREAMS t t Y  
* a * * X * * * * * * * * * * * * * ~ * * * * * * * * * * * ~  

TOTAL CARBON HYDROGEN OXYGEN ASH 

DRY GASES 
MOISTURE IN PRODUCT 
CYCLONE SOLIDS 
FILTER SOLIDS 
BED BUILDUP 
DEMISTER LIQUIDS 
DEMISTER TAR 
BURNER TRAP ............................................................................ 
TOTAL OUTPUTS 63.42 14.62 5.38 39.82 2. 70 



********t*$******************* 
Xt PRODUCT GAS (N2-02 FREE) *X 
X * * * * * * * * * * * * * * X * * * t * * * * * * * X * *  

SCFM i DRY ) 
LB GAS/LB DRY FEED 
INST SCF/'# DRY FEED 
AVG SCF/# DRY FEED 

TOTAL FLOW (SCF) 

TOTAL BAGASSE FED 
YHZO AT PRODUCT 
YH20 AT REACTOR OUT 
BTU/SCF 

WT FRAC CAT-CCHAR .30 
WT FCAC CAT-FCHAR . 30 
#CAT LOSS THIS RUN 1.65 

STEAM/BAGASSE RATIO .87 

DRY MOL WT 16.69 
WET MOL WT 16.70 
N2-02 FREE MW 16.45 

ELEC INFUT(EWH/HR) 29.75 
(based on 7 elements) 
k::WHR/LB DRY BAGASS .99 
ELECTRIC BTU/LB DRY 3169.99 

HEAT GAS/HEAT BAGASS 1 . (10 

GAS BTUS/LB EAGASS 8511 

CARBON CONVERSION ----------------- 
TO GAS(%) 95.80 
TO SOLID(%) 6.75 
TO LIQUID(%) .O1 
SUN CONVERSIONS 102.56 

METHANOL # /  #BAGASSE .55692 18 14298 TO .62 10 16 1550 14 
THEORETICAL ASH IN CHAR(%) 

**DESIGN INFORMATION** 
BED GAS VELOCITY 1.15 
CART HEAT COEFF 93.35 



RUN#: B2-0 TIME: 15: 00 
DATE: 0 1 1583 TOTAL RUN TIME (HRS) : 4 
FEEDSTOCK: BAGASSE CATALYST: NI ON AL203 

0 
XXPRODUCT GAS COMPOSITIONSX* 

(MOLE FRACS) 
N2,02 FREE 

H2 .J59 .568 
C02 . 199 .203 
C2H4 . 002 . (3(:)2 
CZH6 . O(3 1 . (30 1 
02 . 00.3 0. OOr) 
NZ . 6 1 3 0.00(3 
CH4 .02 1 .02 1 
CO . 2 (1) 1 .205 
C3H6 (1. 000 0.000 
C3H8 0. 000 (:) . (1) (3 0 
YH20 .008 . 008 

REACTOR INLET 740 
CATALYST BED 740 
REACTOR OUTLET 700 
STEAM 122 
CARTRIDGE HTRS 850 
PRODUCT METER 5 
DEN ISTER 25 

PRODUCT 1 1  IN H20 
STEAM 30 IN H20 
RECYCLE (3 IN H20 

**ORIFICE SIZES AND CONSTANTS*X 

ORIFICE K SIZE 

PRODUCT 1 10.9 .50 

1 
STEAM 32. (3 .30 
RECYCLE 1 16.0 . 50 

STEAM 10 
DEMISTER 10 
REACTOR 8 
PRODUCT 1 



X t  SOL IDS  41 * 
t*  COMPOSITIONS $ 8  

CARBON HYDROGEN OXYGEN ASH MOISTURE ............................................................... 

BAGAS .445 .059 .441 .055 . 100 
CCH AR . ,350 . 1 (11 (:I .040 . 60(:) . (:)sf> 
FCHAR .350 . 100 . 040 . 60(3 . 009 
BED .a20 . 1330 . 130 . 1321:, (1) . ()(:)(3 
TAR -840 . 030 . 130 . 00 1 0. 00(? 

BAGASSE 8500 
CYCLONE CHAR 6900 
FILTER CHAR 6900 
BED l(3000 
TAR 15000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
888  INPUT STREAMS X X t 
* * * * * a * * * * * * * * * * * * * * * * * * * * * * * * *  

. I  ' 
TOTAL CARBON HYDROGEN OXYGEN &SH ............................................................................ 

FEED (DRY ) -7 
;)A. 04 14.26 1.89 14.13 1.76 

FEED MOISTURE 3.56 0. 00 . 40 3.16 I:) . OCI 
STEAM 32.65 0 . 00 3.63 29. 0.3 (1) . 00 ............................................................................ 
TOTAL INPUTS 68.25 14.26 5.91 46.32 1.76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X X t  OUTPUT STREAMS X t l :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN ASH 

DRYGCISES 40.24 12.95 
MOISTURE I N  PRODUCT . .37 (1. (30 
CYCLONE SOLIDS 6. ( 3 0  1.68 
FILTER SOLIDS . 50 .16 
BED BUILDUP 0.00 0. 00 
DENISTER L IQUIDS 18. (30 . 00 
DEMISTER TAR 0. 00 0.00 
BURNER TRAP 1 . (30 . (>(:I ................................................ 
TOTAL OUTPUTS 66.11 14.79 



t * * X * * * X t t X t X X t X * * X t X t t X X * t * X X  
* X  PRODUCT GAS (N2-02 FREE) X X  
t * * * X X X * t * t * * * * t t * t * X * * t * t X * X X  

SCFN (DRY 15.92 
LB GAS/LB DRY FEED 1.26 
INST SCF/# DRY FEED 29. .35 
AVG SCF/# DRY FEED 23.64 

TOTAL FLOW (SCF) 3(j64. .33 

TOTAL BAGASSE FED 129.60 
YH20 AT PRODUCT . (3 I 
YH20 AT REACTOR OUT .31 
BTU/SCF 275.36 

WT FRAC CAT-CCHAR . 3 1  
WT FRAC CAT-FCHAR . 
#CAT LOSS THIS RUN 1.25 

TOC-DEMISTER (PPM) 1 00 . (30 

STEAM/BAGASSE RATIO 1.02 

DRY MOL WT 16.42 
WET MOL WT 16.43 
N2-02 FREE MW 16.22 

ELEC INPUT (KWH/HR) 25.96 
(based on 7 elements) 
K:WHR/LB DRY FAGASS .81 
ELECTRIC BTU/LB DRY 2765.97 

XXCONVERSIONS t BALANCEStt 

HEAT GAS/HEAT BAGASS .95 

GAS BTUS/LB BAGASS 8082 

CARBON CONVERSION ----------------- 
TO GAS(%) 90.86 
TO SOLID(%) 12.89 
TO LIQUID(%) .01 
SUM CONVERSIONS 103.76 

METHANOL #/#BAGASSE . 3 14 194796426 TO .546230382963 
THEORETICAL ASH IN CHAR(%) 95.11 

XXDESIGN INFORMATIONXX 
BED GAS VELOCITY 1.35 
CART HEAT COEFF 81.45 



RUN#: C-3 TIME: 05: 00 
DATE : 06 16836 TOTAL RUN TIME(HRS) :7.8 
FEEDSTOCK : BAGASSE W /  1 U%K2C03 CAT4LYST: NONE 

ttPRODUCT GAS COMFOSITIONStt 
(MOLE FRACS) 

N2,02 FREE 
H2 .525 .545 
C02 .231 . 240 
CZH4 . 005 . 006 
C2Hb .003 . 003 
0 2 . 003 0 . 000 
N2 ,033 0. 000 
CH4 .(I35 .036 
CO .I63 . 170 
C3H6 .00 1 . (30 1 
C3H8 . 00() . 000 
YH2O .016 .016 

REACTOR INLET 734 
CATALYST BED 760 
REACTOR OUTLET 721 
STEAM 116 
CARTRIDGE HTRS 845 
PRODUCT METER 15 
DEN I STER -7 

L.2 

F'RODUCT 7 IN H20 
STEAM 25 IN H20 
RECYCLE O IN HZ0 

*%ORIFICE SIZES AND CONSTANTSXt 

ORIFICE K SIZE 

PRODUCT 1 10.9 . SO 
STEAM 32. (:I . 30 
RECYCLE 1 16.0 . 50 

STEAM 1 O 
DEM I STER 10 
REACTOR 5 
PRODUCT 1 



d t SOL IDS Y I 
i t  COMPOSITIONS 8 8  

CARBON HYDROGEN OXYGEN ASH MOISTURE ............................................................... 

BAGAS .389 . 05 1 .427 . 133 . 100 
CCHAR .446 . (3 10 .036 .508 (3 . (I(:) (3 
FCHAR . 470 . 0 1 0 ,012 .508 (3. (>(>(] 
BED . 401:) . (3 10 .090 . 50(3 (1) . (3 (1) (1) 
TAR -840 . (330 . 13(:) . (:)(I 1 13 . (I(] (3 

BAGASSE 7050 
CYCLONE CHAR 3530 
FILTER CHAR 3550 
FED TCC .ddd(3 
TAR 150OO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l r X d  INPUT STREAMS J t *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN fiSH 

FEED (DRY ) 31.50 12-25 1.61 13.45 4.19 
FEED MOISTURE 3.50 (:I . (](> -59 3.11 (1) . (:lo 

STEAM 30. 04 (3. (10 3.34 26. 70 0 .  ............................................................................ 
TOTAL INPUTS 65.04 12-25 .A . .is.Ir 43.26 4.19 C 77 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t lr t OUTPUT STREAMS t t *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN fiSH ............................................................................ 
DRYGASES 31.45 10. 17 2-33 19.13 (3 . (](:I 
MOISTURE I N  PRODUCT -55 (3 . (:)(:I . (36 .49 (:) . 00 
CYCLONE SOLIDS 5. (30 2.23 . (35 .18 2.54 
FILTER SOLIDS 1 . 013 .47 . (1) 1 . 0 1 .51 
BED BUILDUP 0. 00 0 .  (:)() 0. 00 (1 . (:)(:I (1 . O(3 
DEMISTER LIQUIDS 25. 00 . 02 2.78 22.22 n. oo 
DEMISTER TAR 0. 00 0. 00 0. 00 0 . 00 0 . (30 
BURNER TRAP . 50 . (30 . 06 .44 (3 . (1) 0 ............................................................................ 
TOTAL OUTPUTS 6.5. 50 12.90 5.29 42.48 3. (:15 



* * * * * * * * * * ~ * * * * * * * Y * * * * * * * * * * *  * *  PRODUCT GAS ( N 2 - 0 2  F R E E )  XX 
t**********************t****** 

SCFM ( D R Y )  11.91 
L B  G A S / L B  DRY F E E D  1 . 00 
I N S T  S C F / #  DRY F E E D  21.9.3 
AVG S C F / #  DRY F E E D  24.60 

T O T A L  FLOW ( S C F  ) 5224.25 

T O T A L  B A G A S S E  F E D  212.40 
Y H 2 0  A T  PRODUCT . (32 
Y H 2 0  A T  REACTOR OUT .45 
B T U / S C F  282.25 

WT F R A C  CAT- CCHAR 0 . 
WT F R A C  CAT- FCHAR (3. 
# C A T  L O S S  T H I S  RUN (1) . (:I(:) 

S T E A M / E A G A S S E  R A T I O  .95 

DRY N O L  WT 
WET H O L  WT 
N 2 - 0 2  F R E E  MW 

E L E C  I N P U T  (KWH/HR) 24.98 
( b a s e d  on 7 e l e m e n t s )  
t:::WHR/LE DRY BAGASS .77 
E L E C T R I C  B T U / L B  DRY 2707.21 

H E A T  G A S / H E A T  BAGASS .88 

G A S  B T U S / L B  B69GASS 6191 

CARBON C O N V E R S I O N  ----------------- 
TO G A S ( % )  8.7,. (:)3 
TE! S O L I D ( % )  22. (53 
TO L I Q U I D ( % )  .19 
SUM C O N V E R S I O N S  105. 26 

METHANOL # / # B A G A S S E  .494715121242 TO .551236766597 
T H E O R E T I C A L  A S H  I N  C H A R ( % )  51.24 

* * D E S I G N  I N F O R M A T I O N * *  
B E D  GAS V E L O C I T Y  1.46 
CART H E A T  C O E F F  101.43 



RUN#: C-3B T IME :  10:00 
DATE: 0617/83 TOTAL RUN T I M E  (HRS) : 2.333 
FEEDSTOCK: BAGASSE CATALYST : 1 OXK2C09  

C 
XtPRODUCT GAS COMPOSITIONStX 

(MOLE FRACS) 
NZ, 02 FREE 

H2 .548 .553 
C 0 2  .243 ,345 - 
C2H4  . 006 . 006 
C2H6  . (:lo4 . 004 
02 . (304 0. 000 
N 2 . 004 (3. 000 
CH4  .040 .040 
CO . 150 . I51 
C3H6  .(I01 . 00 1 
CZH8 . (:)I>() . 000 
YH20  .016 .016 

XXTEMPERATURESXX 
(DEG C )  

REACTOR I N L E T  754 
CAT4LYST  RED 760 
REACTOR OUTLET 721 
STEAM 116 
CARTRIDGE HTRS 845 
PRODUCT METER 15 
DER I S T E R  23 

PRODUCT 12 I N  H Z 0  
STEAM 25 I N  H 2 0  
RECYCLE O I N  H 2 0  

# * O R I F I C E  S I Z E S  AND CONSTANTStX 

O R I F I C E  K S f  Z E  .................... 
PRODUCT 1 10.9 . 50 
STEAM 7.- 

.J . (3 . ,211 
RECYCLE 1 16.0 . 50 

STEAM 1 (3 
DEN I S T E R  I(:) 
REACTOR 5 
PRODUCT 1 



d t SOL IDS  X X 
X X  COMPOSITIONS X t  

............................................................... 
CARBON HYDROGEN OXYGEN ASH MO I STURE ............................................................... 

BAGAS . 389 .05 1 .427 . 155 . 1 (30 
CCHAR .446 . 0 1 (3 . (136 .SO8 (1) . (3(:)(3 
FCHAR .470 .010 .012 .508 0. 00lj 
BED . 40(3 . 0 I(:) . (390 . 5(:)(j (11. (j(:)(3 
TAR . 840 . (1.70 . 133 . 00 1 (3 . (300 

*#HEATS OF COMBUSTIONXX 

BAGASSE 7050 
CYCLONE CHAR 3550 
FILTER CHAR 3533 
BED TCts .Wd(3 
TAR 15000 

* * * X * * * * * * * * * * t * * * * * * * * * * * * * * * *  
t X t  INPUT STREAMS 1 * ((11 

* * * * * * * * * X * * * X t * f * * * * * X * * * * * * * *  

TOTAL CARBON HYDROGEN qXYGEN GSH 

FEED (DRY) 
FEED MOISTURE 
STEAM ............................................................................ 
TOTAL INPUTS 78.04 16.80 6. 07 49.41 5.75 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t l r t  OUTPUT STREAMS X $ t 
X t * * * * * * * * * * * * * t * * * * * * * * * * * * * * *  

TOTAL CARBON HYDROGEN OXYGEN CISH ............................................................................ 
DRYGASES 42.54 13.72 3.29 25.84 0. 013 
MOISTURE I N  PRODUCT .72 0 . 00 . 08 .64 (1) . t:) (11 
CYCLONE SOLIDS 7 . 00 3.12 . 07 .2S 3.56 
FILTER SOL IDS 1 . (313 .47 . (11 1 . 0 1 .51 
BED BUILDUP 0. (30 0. 00 (:). (j(j 0. 00 (3. 00 
DEMISTER L IQUIDS 25.00 . 01 2.78 22-22 (3. OCI 
DEMISTER TAR 0. 00 (3. (30 0. 00 I:) . (30 (3. 00 
BURNER TRAP . 50 . OC) . (36 .44 0. OQ ............................................................................ 
TOTAL OUTPUTS 76.76 17.32 6.29 49.42 4.06 



* X * * * * * * * * * * * * * * * * * * * * t * * * * * X *  **  PRODUCT GAS (N2-02 FREE) 8 8  
* * X S * * * * * * * t * * ~ * * * t * * * * * * * X * * *  

SCFM (DRY 15.85 
LE GAS/LB DRY FEED .98 
INST SCF/# DRY FEED 21.85 * AVG SCF/# DRY FEED 20.48 

TOTAL FLOW (SCF 208.3. 22 

TOTAL BAGASSE FED 101.70 
YH20 AT PRODUCT . (32 
YH20 &T REACTOR OUT . 37 
BTU/SCF 286.24 

t * t * * X t t X * * t t X X * t t * t x * a t 1 :  
XXMISCELLANEOUS TIDBITS** 
* * * * * * * * * * * * * X * * t X * t * * * * *  

WT FRAC CAT-CCHAR 11 . (1) (:I 
WT FRAC CAT-FCHAR (3 . 043 
#CAT LOSS THIS RUN 4:). 045 

STEAM/BAGASSE RATIO . 70 
DRY MOL WT 17.18 
WET MOL WT 17.20 
N2-02 FREE NW 17.08 

ELEC INPUT(KWH/HR) 24.50 
(based on 7 elements) 
C:WHR/LB DRY EAGASS -57 
ELECTRIC BTU/LB DRY 1936.46 

GAS BTUS/LB BAGASS 6254 

CARBON CONVERSION ----------------- 
TO GAS(%) 81.66 
TO SOLID(%) 21.Z7 
TO LIQUID(%) .05 
SUM CONVERSIONS 10.3. 08 

METHANOL #/#BAGASSE .405809562544 TO .458190673589 
THEORETICAL ASH IN CHAR(%) 47.40 

*#DESIGN INFORMATIONX* 
BED GAS VELOCITY 1.46 
CART HEAT COEFF 99.50 



RUN#: C- 4A T IME:  19: 00 
DATE: 0618/83 TOTAL RUN T I M E  (HRS) : 5 
FEEDSTOCK: BAGASSE CATALYST: l(SWT%E2COS 

8XPRODUCT GAS COMPOSITIONSXX 
(MOLE FRACS) 

NZ, 02 FREE 
H2 .511 -514 
E D 2  .24 1 .- 342 
C2H4  . 007 . 007 
C2H6  . (1) (:I 4 . (304 
02 . O(3.Z 0. 000 
N 2 . O ~ J S  0.000 
CH4 . (3.3(] ,030 
CO . 20(j .202 
C3H6  . (100 . O(30 
C3H8  . 000 . 000 
YH20  .049 .049 

XXTEMPERATURESX* 
(DEG C)  

REACTOR I N L E T  759 
CATALYST BED 750 
REACTOR OUTLET 711 
STEAM 123 
CARTRIDGE HTRS 850 
PRODUCT METER 34 
DEM I STER 39 

PRODUCT 22 I N  H 2 0  
STEAM 26 I N  HZ0 
RECYCLE O I N  H 2 0  

t X O R I F I C E  S I Z E S  AND CONSTANTS** 

O R I F I C E  K S I Z E  .................... 
PRODUCT 1 10.7 .50 
STEAM 32.0 . 3(:1 
RECYCLE 1 16.0 .50 

XXPRESSURESXX 
( P S I  G 

STEAM 15 
DEMISTER 15 
REACTOR 10 
PRODUCT 1 



X X SOL IDS X X 
X X  COMPOSITIONS X *  

............................................................... 
CARBON HYDROGEN OXYGEN ASH MO I STURE ............................................................... 

a 
BAGGS .389 ,051 .427 . I33  . 1(30 
CCHAR .446 . 0 1 1:) .026 .SO8 13. (3(3(:1 
FCH AR .470 .010 .012 .508 (3 . 1300 
BED .400 .010 . CJ9(3 .500 (3 . 000 
TAR .840 . 030 .I30 . (I(:) 1 (1. O(]O 

XXHEATS OF COMBUSTIONXX 

BAGASSE 7050 
CYCLONE CHAR 5550 
FILTER CHAR 3550 
RED 3550 
TAR 15000 

* * * X * * t * t * t * * * l * X t * * * * * * * * * * * * *  
X X X  INPUT STREAMS tlt 
* * * * t * * t t * * X * * X * * * * * * * * X * * * * * * *  

TOTAL CARBON HYDROGEN OXYGEN ASH 

FEED (DRY) 
FEED MOISTURE 
STEAM ............................................................................ 
TOTAL INPUTS 93.29 21.01 7.12 57.98 7.18 

t * ~ X t t * t * t X t t t X t X X t * x 1 : * 1 : a t t t x * x  
tXX OUTPUT STREAMS ttb 
~ * X X X X * X * * * * * * X t * X X * * * X * t * * * * * t  

TOTAL CARBON HYDROGEN OXYGEN ASH ............................................................................ 
DRYGASES 55.77 18.36 3.71 34. 0l3 I:) . (3 13 
MOISTURE IN PRODUCT 2.88 0 . 00 ..'i2 2.56 (1) . (:)(:I 
CYCLONE SOLIDS 7.00 3.12 . 07 .25 3.56 
FILTER SOLIDS 1.5(3 .71 . (32 . 112 .76 
BED BUILDUP (3. 013 (3 . (30 O. (j(] 11. ( J I ~  (3. 
DEMISTER LIQUIDS 25. 00 .12 2.78 22-22 (3. (30 
DEMISTER TAR 0.00 0.00 0 . (3C) (3 . ()0 0 .  00 
RURNER TRAP . 50 . 00 . 06 .44 (3) . ~:)(j ............................................................................ 
TOTGL OUTPUTS 92.65 22 .  .z 1 6.94 59. 50 4.52 



~ X X X X X ~ * X X * X ~ ~ ~ ~ X X * X X X X X X X X * * ~  
t Y  PRODUCT GAS (N2 -02  FREE)  *X 
* ~ * ~ * * * * * * * * * t * * * * * * * * * * * * * * * X  

SCFM (DRY 19.51 
Lb GAS/LB  DRY FEED 1 . 0.: 
I N S T  SCF /#  DRY FEED 21.56 
AVG SCF /#  DRY FEED 22.18 

TOTAL FLOW ( SCF)  4989.8 1 

TOTAL BAGASSE FED 225. 00 
v H 2 0  A T  PRODUCT . 05 
YHZO AT REACTOR OUT .34 
BTU/SCF 280. 70 

WT FRAC CAT-CCHAR 0. (30 
WT FRAC CAT-FCHAR (1. 00 
#CAT LOSS T H I S  RUN 0. ~ ( j  

STEAM/BAGASSE R A T I O  .62 

DRY MOL WT 18.23 
WET MOL WT 18.21 
N 2 - 0 2  FREE WW 18.15 

ELEC INPUT(KWH/HR)  25-20 
(based on 7 e l e m e n t s )  
C::WHR/LB DRY BAGASS . 4 7  
E L E C T R I C  B T U / L B  DRY 1593.20 

**CONVERSIONS & RALANCESXX 

HEAT GAS/HEAT BAGASS .86 

GAS B T U S / L B  BAGASS 6052 

CARBON CONVERSION 

TO GAS(%)  87.59 
TO S O L I D ( % )  18.22 
TO L I Q U I D ( % )  .58 
SUM CONVERSIONS 106. 18 

METHANOL #/#BAGASSE .446902332038 TO .48949600977 1 
THEORETICAL ASH I N  CHAR(%) 613.91 

#*DESIGN INFORMATIONXX 
BED GAS VELOCITY  1.25 
CART HEAT COEFF -rCI 

IL. 4 8  



RUN#: C- 5 TIME: 13: 11 
DATE: 07/ 18/83: T TOTAL RUN TIME(HRS) :J.O 
FEEDSTOCK: BAGASSE W/E2C03 CATALYST: 10% K2CO.3 IMFREG 

XXFRODUCT GAS COMPOSITIONSXX 
(MOLE FRACS) 

N2, (32 FREE 
HZ .46.3 . 4 6 8  
C02 . 2 4 5  . 2 4 8  
C2H4 . (309 . 009 
C2H6 . 0C37 . 007 
02 . o(3.3 0. O(3O 
N2 . (X37 0. 000 
CH4 .038 .039 
co - 2 2 4  -226 
CSH6 . 003 . 003 
CSH8 . (:)O 1 .001 
YH20 .044 .044 

XXTEMPERATURESXX 
(DEG C) 

REACTOR I N L E T  712 
CATALYST BED 720 
REACTOR OUTLET 698 
STEAM 129 
CARTRIDGE HTRS 815 
PRODUCT METER 32 
DEN ISTER 4 (3 

X ID IFFERENTIAL  PRESSURES*# 

FRODUCT 2 4  I N  H 2 0  
STEAM 30 I N  H 2 0  
RECYCLE 1 I N  HZ0 

* * O R I F I C E  S I Z E S  AND CONSTANTS** 

O R I F I C E  K S I Z E  .................... 
PRODUCT 1 10.9 . 3 3  
STEAM 7- * 3L.  0 . .so 
RECYCLE 1 16.0 . 50 

STEAM 2 1 
DEMISTER 21 
REACTOR 17 
PRODUCT 1 



1( 1 SOL IDS ;K t 
* X  COMPOSITIONS $t 

............................................................... 
CARBON HYDROGEN OXYGEN ASH NO I STURE ............................................................... 

BAGAS .403 .051 .410 . I36  .07  1 
CCHAR .425 . 0 1 0 . 080 .485 (:I. (j()() 
FCHAR .SO7 . 0 1 (5 .095 .388 0 .  000 
BED . 400 . 0 1 0 . 09(3 . 500 0.  (j(jr3 
TAR . a40 . 030 . I30  . 00 1 (3. 000 

BAGASSE 7050 
CYCLONE CHAR 3550 
FILTER CHAR 3550 
BED 3550 
TAR 15000 

............................... 
ttt INPUT STREAMS t lr t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CARBON HYDROGEN OXYGEN ASH 
w ............................................................................ 

FEED (DRY ) 
FEED MOISTURE 
STEAM 

TOTAL INPUTS 111.41 27.14 8.33 66.78 9 .16 

* * * * * * * * * * X * * * * * * * * * * * * * * * Y * * * *  
tlrX OUTPUT STREAMS t lc X 
............................... 

TOTAL CARBON HYDROGEN OXYGEN ASH 

DRYGASES 
MOISTURE IN PRODUCT 
CYCLONE SOLIDS 
FILTER SOLIDS 
BED BUILDUP 
DEMISTER LIQUIDS 
DEMISTER TAR 
BURNER TRAP 

TOTAL OUTPUTS 106. 51 27. 20 7.42 66.08 6 .55 



~ ~ ~ t t a t t t t t t * * * ~ t t t x * ~ * t t t t ~ x t  
X X  PRODUCT GAS (N2 -02  FREE)  t* 
* * * * * * * * * * * * * * * * * * * * * * * * * * t * X t  

SCFM (DRY 19 . 90 
L B  GAS/LB DRY FEED . 90 
I N S T  SCF /#  DRY FEED 17.55 

Ir AVG SCF /#  DRY FEED 15.67 

TOTAL FLOW (SCF  ) 3166.44 

TOTAL BAGASSE FED 292. 06 
YH20  AT PRODUCT . (14 
YH20  AT REACTOR OUT .37 
ETU/SCF 297.02 

WT FRAC CAT-CCHAR (:I . 00 
WT FRAC CAT-FCHAH 0.00 
#CAT LOSS T H I S  RUN (:) . 130 

TOC-DEMISTER(PPM) 6840. 00 

STEAM/EAGASSE R A T I O  .58 

DRY MOL WT 19.50 
WET MOL WT 19.43 
N 2 - 0 2  FREE MW 19.40 

ELEC INPUT(EWH/HR)  32.67 
(based on 7 e l e m e n t s )  
k:WHR/LB DRY EAGASS .49 
E L E C T R I C  B T U i L B  DRY 1655.83 

HEAT GAS/HERT BAGASS .74 

GAS BTUS/LB  BAGASS 5214 

CARBON CONVERSION 

9 
----------------- 
TO GAS(%)  76.51 
TO S O L I D ( % )  22.97 
TO L I Q U I D ( % )  .74 

1 
SUM CONVERSIONS 100. 22 

METHANOL #/#BAGASSE .306129945273 TO .344792804934 
THEORETICAL ASH I N  CHAR(%) 37. ()(:I 

* *DESIGN INFORMATIONX* 
BED GAS VELOCITY  1.67 
CkRT  HEAT COEFF 118.69 
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APPENDIX B 

ECONOMIC EVALUATION 

F igures  B.l and B.2 p resen t  t h e  r e s u l t s  o f  t h e  economic eva lua t i on  i n  

0 graph ica l  form. A1 so i nc l uded  i s  an example o f  t h e  o u t p u t  from t h e  economic 
eva lua t i on  program. 

$/TON BAGASSE 

FIGURE 0.1. Required Methanol S e l l i n g  P r i c e  f o r  a P l a n t  Feeding 
800 ton/day Dry Bagasse F i b r e  
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$/TON BAGASSE 

FIGURE B.2. Required Methanol Sel l ing Price f o r  a Plant  Feeding 
200 ton/day Dry Bagasse Fibre 



M T P O  BAGASSE TO NEW TOTAL PLHNT-DIRECT COST S U W  CE PLftNT COST INDEX FOR PRESWT ?NTH 115.9 
NWPDRT ORECON M 'G LE CDNSTRUCTIUN IIiEX = 2ia.Z -- 

COM ECRIPTION SUBCONTRFrCT DIRECT HIRE W 
G R W  DIR W . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  . . . . . . . . . .  TOTFL M'L ISATERIAL.. LABOR.. GFWH) IIAN HRS WITE TOTAL 
ti'I006 TOTAL $ 3 l'lFVl HRS M T E  TOT 3 TOTAL I 

BWSSE STOWHTWQERRTION 
mSE DRYIffi 
~ I F I C H T I O N  
SHIFT LONVERSION 
KID GAS REimL 
r n S I 0 N  
FtEOH SfN &DISTILLATION 
WRGE I;A5 REFWWIK 
#ASTE BITER TREATING 
RALl WATER M T  a CLNG WTR 
BOILERS a BFY SYSIE# 
N I X .  UTILITY SKTEHS 
STR 8 LDC-PROD 6 UTILITIES 

TOTAL 6616% 23324 18742 36. S2 l B 5  31803 589 42 6469 

TOT% I fRINTEMW =. 078uOIR CDST 5155. blW U!PRCITY FAT10 = 4 LE EBP I;.: 1 1 8 3 %  i E  LBR Ii; 

EWIPPIENT 
DIRECT i'NCkR3 INTERIAL -5821 72 
SUGCWiTWICT MATERIM. 18742 i 9  

LmX 2 2 6 . 8 2 I M  GW. a6 
DIRECT HIRE LHBOR 5 8 9 . 4 Z M  8468.079 

L 'T  DIRECT EQUIP COSTS iD. E C) 
FIELD INDIRECTS B 23; D. E C. 
PRO-SERVIC.ES 
OTHER 

% TIC - 
b. 0 

26.49 
19. L 
11 40 
8. 69 
'a. 9 
G. aaTWP iR 
14.24 
16.26 
La 
0. 00 
8. 8e 

10.0% 
9. M 
9.00 

189.0a 



TOTAL CWITAL REQUIRED 

TOTHL INSTAUED C S T  (T I. C. 
RJMS M I H G  COF(STRUCTI0N 

1.T. I.C. * 1m * as, 
5TRRT-W COSTS 

1.20;; TOT ANN CROSS OP COSTS> 
WORKING CWITHL 

1 4  Dfi RFbl MIL INVENTORV 
I 4 A T W R  @ 9;: T. I. C 
tin RCJBU @ U 2 4  MN PSdW 

TOTAL W I T A L  EM 

iWBL UIRECT OPERATING COSTS 

COST C019POEUIT 

Rfw MHTERIAL 
BiwlSsE 
UTILITIES 
MTER 
ELECTRICITY 
DIESEL RIEL 

UTAL'I'STS & LHEHICALS 
MSIF IER CHTALYST 
SHIFT CATALYST 
u UlARD CRTfll'lrr 
S GUHRD CATALYST 
ECH M I T A L i T  
REFORPER CATRLYST 

LRBOR 
PRomS UPERATItiG 
 IN^^ @ t;@X TOT MIN 
SUPE~ISION e &a;: P. UPW 

HDnINISTRRTI'K I OYERHEAD 
e ax OF TOT& rn 

' j u R I E S  
O P ~ T I N G  e ;at. PR OP LRBR 
M I N T  @ 492 TOT M I N T  CST 

T W  HHD 1- 
e r in OF T. I. c. 

RWN U S  UNITS - - 
iw w TON 

TOT% GROSS W COSISI'W? 2f1626 

ETHANOL SELLING PRICE 
S i N  f /W. 

UTILITY FINHNCIK SEED!!!! 0 . 3  
PRIWTE F I W I N G  1 2 2  

W f R  EQUITY E 8 T  UEPREC GEPREC FED TRX 
RETURN INT i: i: 'M 

;i1@&3 15 10 . B 20 4 8  
IL 48 
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