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ABSTRACT

A methanol-from-wood waste facility having a capacity of 50 million
gal lons  per  year  requires  1 ,500 ovendry tons  (ODT) of  wood waste  per  day.
The yie ld  of  methanol  f rom wood is  about  38 percent ,  or  about  100 gal lons
per ODT of wood. T h i s  y i e l d  i s  b a s e d  o n  a l l  p r o c e s s  e n e r g y  r e q u i r e d
coming from the wood waste. At  a  wood waste  cos t  of  $15/ODT,  the  se l l ing
p r i c e  o f  m e t h a n o l  i s  e s t i m a t e d  a t  $ 0 . 7 7 / g a l ;  a t  $ 3 4 / O D T ,  t h e  s e l l i n g
p r i c e  i s  $ 0 . 9 6 / g a l .
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INTRODUCTION

T o  r e d u c e  p e t r o l e u m  c o n s u m p t i o n  i n  t h e  U n i t e d  S t a t e s ,  o n e  p r o p o s a l  i s  t o
b l e n d  1 0  t o  1 5  p e r c e n t  o f  m e t h y l  a l c o h o l  ( m e t h a n o l )  i n  g a s o l i n e  f o r

a u t o m o t i v e  u s e .2 / A t  a  c u r r e n t  c o n s u m p t i o n  r a t e  o f  1 1 0  b i l l i o n  g a l l o n s
p e r  y e a r  ( g p y ) , 1 1  b i l l i o n  g a l l o n s  o f  m e t h a n o l  w o u l d  b e  r e q u i r e d .  A t
p r e s e n t ,  m e t h a n o l  c a p a c i t y  i n  t h e  U n i t e d  S t a t e s  t o t a l s  1 . 2  b i l l i o n  g p y ,
o f  wh ich  99  pe r cen t  i s  pe t ro l eum-de r ived , e i t h e r  f r o m  n a t u r a l  g a s  o r
f r o m  r e f i n e r y  l i g h t - g a s  s t r e a m s . To increase  methanol  product ion,  recom-
m e n d a t i o n s  h a v e  b e e n  m a d e  t o  u s e  o t h e r  s o u r c e s  o f  c a r b o n  f o r  s y n t h e s i s
of  methanol . The  Fo re s t  Se rv i ce , i n  c o o p e r a t i o n  w i t h  t h e  N a t i o n a l
Science Foundat ion, and  t he  Fede ra l  Ene rgy  Admin i s t r a t i on ,  conduc t ed  a
t echn i ca l  and  economic  f ea s ib i l i t y  s t udy  fo r  p roduc ing  me thano l  f r om
wood waste.

Methanol Production Today

Methanol  is  produced synthet ical ly  f rom carbon monoxide (CO) and hydro-
g e n  ( H2). I n  a  c a t a l y s t - f i l l e d  c o n v e r t e r  o p e r a t i n g  a t  p r e s s u r e s  r a n g i n g

1/ Maintained at Madison, Wis., i n  c o o p e r a t i o n  w i t h  t h e  U n i v e r s i t y
of  Wisconsin .

2/ Reed, T. B., and R. M. Lerner. 1973. Methanol: A versatile
fue l  fo r  immed ia t e  u se . Sc i .  182  (4119) :1299-1304 . (Dec.  28 . )



f r o m  1 , 5 0 0  t o  4 , 0 0 0  p o u n d s  p e r  s q u a r e  i n c h  ( l b / i n .2 ) two volumes of hydrogen
to one volume of  carbon monoxide react  to  form a crude methanol  which is
r e f i n e d . I n  ' t o d a y ' s  m e t h a n o l  p l a n t s ,  n a t u r a l  g a s ,  c o n s i s t i n g  p r i m a r i l y
of  methane, i s  s t e a m - r e f o r m e d  c a t a l y t i c a l l y  i n t o  C O  a n d  H2 . A small

a m o u n t  o f  c a r b o n  d i o x i d e  i s  a d d e d  t o  t h e  m e t h a n e  t o  p e r m i t  p a r t  o f  t h e
h y d r o g e n  t o  f o r m  a d d i t i o n a l  C O  s o  t h a t  t h e  f i n a l  g a s  p r o d u c t  c o n t a i n s
two volumes of H

2 
to one volume of CO. T h e s e  r e a c t i o n s  a r e :

3CH4 + CO2 + 2H2O 8H2 + 4 CO

8 H2 + 4 CO 4 CH3 OH

Methanol From Wood Waste

A n y  c a r b o n a c e o u s  m a t e r i a l  s u c h  a s  c o a l ,  l i g n i t e ,  w o o d  w a s t e ,  a g r i c u l t u r a l
r e s i d u e , a n d  g a r b a g e  c a n  b e  u t i l i z e d  f o r  s y n t h e t i c  m e t h a n o l  p r o d u c t i o n .
However, i n  c o n t r a s t  t o  n a t u r a l  g a s , t h e s e  r a w  m a t e r i a l s  r e q u i r e  s e v e r a l
a d d i t i o n a l  p r o c e s s i n g  s t e p s  t o  r e f i n e  t h e  c r u d e  g a s  p r o d u c t  i n t o  a  f i n a l
c lean  gas  product  (syngas)  cons is t ing  of  two par ts  of  H2 t o  o n e  p a r t  o f  C O .

A s  a  r e s u l t , t h e  c o n v e r s i o n  o f  a  c a r b o n a c e o u s  m a t e r i a l  i s  c o n s i d e r a b l y  m o r e
e n e r g y - i n t e n s i v e  t h a n  t h a t  r e q u i r e d  b y  n a t u r a l  g a s . I t s  l o g i s t i c s  a r e
c o n s i d e r a b l y  g r e a t e r  ( s o l i d s  h a n d l i n g  v s .  p i p e l i n e ) . I t s  y i e l d  i s  l e s s .
A  s c h e m a t i c  d r a w i n g  o f  t h e  o v e r a l l  p r o c e s s  s t e p s  f o r  c o n v e r t i n g  w o o d  w a s t e
i n t o  m e t h a n o l  i s  s h o w n  i n  f i g u r e  1 .

GASIFIERS

F o r  a n y  s o l i d  c a r b o n a c e o u s  m a t e r i a l  t o  b e  c o n v e r t e d  i n t o  a  s y n g a s ,  i t  i s
f i r s t  n e c e s s a r y  t o  p a r t i a l l y  b u r n  o r  o x i d i z e  t h e  m a t e r i a l  t o  p r o d u c e  a  c r u d e
gas consisting primarily of H2 , CO, and CO

2
. I f  a i r  i s  u s e d  t o  o x i d i z e

t h e  f e e d  m a t e r i a l , t h e  c r u d e  g a s  c o n t a i n s  a b o u t  4 6  p e r c e n t  n i t r o g e n ,  w h i c h
can be removed by cryogenic means. I f  o x y g e n  i s  u s e d  i n s t e a d  o f  a i r ,  a
c ryogen ic  sy s t em i s  r equ i r ed f o r  i n i t i a l  s e p a r a t i o n  o f  a i r  i n t o  o x y g e n
a n d  n i t r o g e n .

S e v e r a l  t y p e s  o f  g a s i f i e r s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  p a r t i a l  o x i d a t i o n
of wood, wood waste, and garbage. T h e s e  a r e  d e s i g n e d  t o  o p e r a t e  a t  a t m o s -
p h e r i c  p r e s s u r e , i n  c o n t r a s t  t o  c o a l  g a s i f i e r s  w h i c h  c a n  o p e r a t e  a t  p r e s s u r e s

2
u p  t o  4 0 0  l b / i n . g . G a s i f i e r s  p r o d u c e  a  c r u d e  g a s  c o n s i s t i n g  p r i m a r i l y  o f
H2 , CO, and CO2 with minor amounts of heavier hydrocarbons. Also , about

2  p e r c e n t  o f  t h e  w o o d  ( d r y  b a s i s )  i s  c o n v e r t e d  t o  a n  o i l - t a r  f r a c t i o n .
A  c o m p a r i s o n  o f  t h e  c r u d e  g a s  f r o m  t w o  t y p e s  o f  g a s i f i e r s  i s  s h o w n  i n  t a b l e  1 .
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Process  S teps

1. P a r t i a l  o x i d a t i o n  o f
wood waste.

2. Clean and cool  crude gas .

2
3. Compress  to  100  lb / in .  g .

4 . Remove carbon dioxide.

5 . Remove res idual  carbon
d iox ide .

6. Remove nitrogen and
hydrocarbons .

7 .
2

Compress  to  400  lb / in .  g .

8 . S h i f t  g a s  t o  t w o  p a r t s
hydrogen and one par t
carbon monoxide.

9. Remove carbon dioxide
f o r m e d  i n  s h i f t .

2
10. C o m p r e s s  t o  2 , 5 0 0  l b / i n .  g .

11. Convert hydrogen and carbon
monoxide into  methanol .

12. Refine crude methanol  in to
s p e c i f i c a t i o n  g r a d e  p r o d u c t .

F i g u r e  1 . - -Methanol  synthesis  f rom wood waste .
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Table  l . - -Comparat ive  crude gas  composi t ions

Raw gas Moore-Canada UCC Purox
( d r y  b a s i s ) (wood waste) (garbage)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hydrogen

V o l .  i n  p c t V o l .  i n  p c t

18 .3 26 .0

Carbon monoxide 22.8 40 .0

Carbon dioxide 9 .2 23 .0

Methane 2 . 5 5 . 0

Hydrocarbon 0 . 9 5 . 0

Oxygen 0.5 0 . 5

N i t r o g e n 45.8 0 . 5

100.0 100.0
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A l t h o u g h  t h e  f e e d  m a t e r i a l  f o r  t h e  U C C  P u r o x  r e a c t o r  i s  g a r b a g e ,  i t  i s
e x p e c t e d  t h a t  t h e  c r u d e  g a s  c o m p o s i t i o n  w i l l  b e  e s s e n t i a l l y  t h e  s a m e  f o r
wood waste  because  garbage has  been found to  have pract ical ly  the  same
composi t ion with  regard to  carbon,  hydrogen,  and oxygen.

Purox

Under the name "Purox," U n i o n  C a r b i d e  h a s  d e v e l o p e d  a  p r o c e s s  f o r  t h e  p a r t i a l

o x i d a t i o n  o f  " a s - i s " g a r b a g e  u s i n g  o x y g e n3 /. The  r eac to r -ga s i f i e r  emp loys
a moving bed in  which oxygen is  passed countercurrent  to  the  downflowing
r e s i d u e . A s  t h e  m a t e r i a l  f l o w s  t h r o u g h  t h e  r e a c t o r ,  i t  p a s s e s  s u c c e s s i v e l y
t h r o u g h  s t a g e s  o f  d r y i n g ,  r e d u c t i o n ,  a n d  o x i d a t i o n ;  a t  t h e  b o t t o m ,  a s h
is  removed in  mol ten  form a t  a  tempera ture  of  about  3 ,000°  F . Crude gas
c o n t a i n i n g  a  l a r g e  a m o u n t  o f  m o i s t u r e  l e a v e s  t h e  t o p  a t  a  t e m p e r a t u r e  o f
about 200° F.

Development  work was  in i t ia ted  by Union Carbide  in  1970,  in  a  p i lo t  p lant
s ized for  a  feed ra te  of  2 .5  ODT/D (ovendry tons  per  day)  of  garbage.
I n  1 9 7 4 ,  a  d e m o n s t r a t i o n  p l a n t  u s i n g  a  l o - f o o t - d i a m e t e r  r e a c t o r ,  h a v i n g
a  capaci ty  of  150 ODT/D of  garbage ,  was  put  in to  opera t ion . Scaleup of
t h e  r e a c t o r  t o  t h i s  l e v e l  r e s u l t e d  i n  a  s i g n i f i c a n t  d e c r e a s e  o f  c o n v e r s i o n
e f f i c i e n c y , as  evidenced by an increase  in  carbon dioxide and hydrocarbon
l e v e l s  i n  t h e  r a w  g a s .

A n  i m p o r t a n t  f a c t o r  i n  t h e  p e r f o r m a n c e o f  any  mov ing  bed  r eac to r  i s  t he
s t a b i l i t y  o f  t h e  b e d . S t a b i l i t y  a p p a r e n t l y  d e c r e a s e s  w i t h  i n c r e a s i n g  d i a m e t e r .
T h e  d i a m e t e r  l i m i t a t i o n  h a s  b e e n  d e m o n s t r a t e d  i n  t h e  g a s i f i c a t i o n  o f  c o a l
b y  t h e  L u r g i  P r o c e s s . L u r g i  h a s  s u c c e e d e d  i n  o p e r a t i n g  a  r e a c t o r  1 1 . 7  f e e t
( f t )  i n  d i a m e t e r ,  b u t  f a i l e d  t o  p u t  i n t o  o p e r a t i o n  a  r e a c t o r  o f  1 3 . 7  f t .
T h i s  c a s t s  s o m e  d o u b t  o n  t h e  p o s s i b i l i t y  o f  f u r t h e r  s c a l e u p  o f  t h e  P u r o x
r e a c t o r  b e y o n d  1 2  f t , even i f  i t s  performance on wood waste  was demonstra ted
t o  b e  s u p e r i o r  t o  t h a t  o f  g a r b a g e .

M o o r e - C a n a d a

Moore-Canada of Richmond, B r i t i s h  C o l u m b i a  h a s  d e v e l o p e d ,  o v e r  t h e  p a s t
a  moving bed reactor  for  producing a  low Btu gas  f rom "as- is"two years ,

wood waste. I n  c o n t r a s t  t o  P u r o x , t h e  M o o r e  r e a c t o r  r e l i e s  o n  t h e  u s e
o f  a i r  a s  t he  ox id i z ing  med ium. B e c a u s e  o f  t h e  h i g h  n i t r o g e n  c o n t e n t ,
t h e  r a w  g a s  h a s  a  h e a t i n g  v a l u e  o f  a b o u t 180 Btu  per  s tandard  cubic  foot
( s c f ) ,  i n  c o n t r a s t  t o  t h a t  o f  t h e  h e a t i n g  v a l u e  o f  t h e  P u r o x  u n i t  o f  3 5 0  B t u /
s c f .

3/ Anderson, J. E. 1973. S o l i d  r e f u s e  d i s p o s a l  p r o c e s s  a n d
a p p a r a t u s . P a t e n t  N o .  3 , 7 2 9 , 2 9 8 .  A p r i l  2 4 .
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C u r r e n t l y  a  s e m i - w o r k s  u n i t  i s  i n  o p e r a t i o n . T h i s  u n i t  h a s  a  5 . 5 - f t - d i a m e t e r
gas i f ier  wi th  a  capaci ty  of  about  18 ODT/D of  wood waste .  A commercia l
i n s t a l l a t i o n  i s  b e i n g  p u t  i n t o  o p e r a t i o n  i n  m i d - 1 9 7 6 . T h i s  f a c i l i t y  u t i l i z e s
t w o  9 . 5 - f t - d i a m e t e r  r e a c t o r s , each capable of processing 60 ODT/D of hogged
wood waste.

O p e r a t i o n  o f  t h e  M o o r e  r e a c t o r  i s  s i m i l a r  t o  P u r o x  i n  t h a t  t h e  f e e d  m a t e r i a l
e n t e r s  a t  t h e  t o p  a n d  t h e  w o o d  a s h  i s  d i s c h a r g e d  f r o m  t h e  b o t t o m . However,
b e c a u s e  a i r  r a t h e r  t h a n  o x y g e n  i s  u s e d , the maximum temperature of the
o x i d a t i o n  ( l o w e r )  z o n e  i s  o n l y  a b o u t  2 , 2 0 0 °  F ;  w a s t e  i s  d i s c h a r g e d  a s  a
s o l i d  i n  a  g r a n u l a r  f o r m  r a t h e r  t h a n  a s  a  m o l t e n  s l a g . P r e s s u r e  a t  t h e

b a s e  o f  t h e  r e a c t o r  i s  a p p r o x i m a t e l y  6 - 8  l b / i n .2g and at the top 2-3 lb/in.
2

g.
T h e  r a w  g a s  l e a v e s  t h e  r e a c t o r  a t  a  t e m p e r a t u r e  o f  1 6 0 °  o r  1 8 0 °  F .  B y
a d d i n g  s t e a m  t o  t h e  a i r , t he  hyd rogen  con t en t  o f  t he  c rude  ga s  f rom the
M o o r e  r e a c t o r - g a s i f i e r  i s  i n c r e a s e d  f r o m  8 - 1 0  p e r c e n t  t o  1 8 - 2 2  p e r c e n t .

O t h e r  G a s i f i e r  D e s i g n s

B a t t e l l e . - - T h e  B a t t e l l e  P a c i f i c  N o r t h w e s t  L a b o r a t o r i e s  c a r r i e d  o u t  a  1 - y e a r
p i l o t  p l a n t  s t u d y  o n  t h e  p a r t i a l  o x i d a t i o n  o f  m u n i c i p a l  r e f u s e  i n  a  3 - f t

4 /( i n s i d e  d i a m e t e r )  m o v i n g  b e d  r e a c t o r  p i l o t  p l a n t  . T h i s  s t u d y  a l s o  i n c l u d e d
p a r t i a l  o x i d a t i o n  o f  w o o d  c h i p s  u s i n g  a i r  a n d  s t e a m ,  w i t h  r e s u l t s  t h a t
approximated those  repor ted  by Moore-Canada.

Thermex. - -A 50 ODT/D demonst ra t ion  p lant  for  the  gas i f ica t ion  of  wood waste
h a s  b e e n  p u t  i n t o  o p e r a t i o n  i n  E d m o n t o n ,  A l b e r t a ,  C a n a d a ,  b y  A l b e r t a  I n d u s t r i a l
Development ,  Ltd. U n d e r  i t s  p r e s e n t  m o d e  o f  o p e r a t i o n ,  i t  p r o d u c e s  a  c h a r
a n d  a  l o w - B t u  g a s ,  b u t  i t  i s  u n d e r s t o o d  t h a t  i t  c a n  b e  d e s i g n e d  t o  o p e r a t e
wi thou t  f o rming  cha r . T h e  g a s i f i e r  i s  a  f l u i d i z e d - b e d  t y p e  r e q u i r i n g  t h a t
t he  wood  was t e  f e ed  be  hammermi l l ed  t o  l e s s  t han  2 - i n .  pa r t i c l e  s i z e .
N o  d a t a  a r e  a v a i l a b l e  a t  t h i s  t i m e  r e g a r d i n g  g a s  c o m p o s i t i o n .

Copeland. - - T h e  C o p e l a n d  o r g a n i z a t i o n  h a s  b u i l t ,  o v e r  t h e  p a s t  1 5  y e a r s ,
a  n u m b e r  o f  f l u i d i z e d - b e d  r e a c t o r s  f o r  t h e  p u l p  i n d u s t r y  f o r  d i s p o s a l  o f
t h e  o r g a n i c  m a t t e r  i n  w a s t e  l i q u o r . S u c h  a  u n i t  w o u l d  b e  a b l e  t o  a c c e p t
" a s - i s " w o o d  w a s t e  a n d  s l u d g e ,  b u t  i t s  a p p l i c a b i l i t y  t o  p a r t i a l  o x i d a t i o n
f o r  s y n g a s  h a s  n o t  b e e n  i n v e s t i g a t e d .

a t  3 0 0 - 4 0 0  l b / i n .  g  . I t  c a n  h a n d l e  o n l y  n o n c a k i n g  t y p e  c o a l ,  u t i l i z i n g
a  p a r t i c l e  s i z e  r a n g e  f r o m  3 / 8  t o  2  i n . A t  t h i s  t i m e , no a t tempt  has  been
made to  process  wood waste  in  a  Lurgi  reactor . T h e  r e a c t o r  r e q u i r e s  r e l a t i v e l y
uniform par t ic le  s ize  and would not  be  expected to  handle  wood waste .

L u r g i . - - T h e  L u r g i  r e a c t o r  i s  d e s i g n e d  t o  g a s i f y  c o a l  w i t h  o x y g e n  a n d  s t e a m
2 5 /

4/ Hammond, V. L. 1972. P y r o l y s i s - i n c i n e r a t i o n  p r o c e s s  f o r  s o l i d
w a s t e  d i s p o s a l . B a t t e l l e  P a c i f i c  N o r t h w e s t  L a b o r a t o r i e s ,  R i c h l a n d ,  W a s h .
December.

5/ Maddox, R. N., ed. 1975. Energy Communications 1(5):433-494.
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W i n k l e r . - - T h e  W i n k l e r  u n i t  i s  a  f l u i d i z e d  b e d  c o a l  g a s i f i e r  o p e r a t i n g  a t
5 /o r  n e a r  a t m o s p h e r i c  p r e s s u r e  . T h e s e  g a s i f i e r s  a r e  t y p i c a l l y  1 8  f t  i n

d i a m e t e r  a n d  o p e r a t e  a t  a  t e m p e r a t u r e  o f  a b o u t  2 , 2 0 0 °  F . C o a l  f e d  t o  t h e
W i n k l e r  i s  g r o u n d  t o  l e s s  t h a n  1 / 4  i n . No attempt has been made to apply
the  Wink l e r  ga s i f i e r  t o  wood  was t e , n o r  d o e s  i t  a p p e a r  t o  o f f e r  p r o m i s e
i n  t h i s  a r e a  s i n c e  p a r t i c l e  s i z e  i s  l i m i t i n g .

Koppers-Totzek. - -These  uni ts  process  pulver ized coal  wi th  s team and oxygen
u n d e r  s l a g g i n g  c o n d i t i o n s  a t  a t m o s p h e r i c  p r e s s u r e  a t  t e m p e r a t u r e s  u p  t o

3 , 5 0 0 °  F5 /. A l t h o u g h  a b o u t  1 6  K o p p e r s - T o t z e k  i n s t a l l a t i o n s  h a v e  b e e n  b u i l t ,
e m p l o y i n g  a  t o t a l  o f  a b o u t  4 0  g a s i f i e r s , t h i s  t y p e  g a s i f i e r  i s  n o t  d e e m e d
p r a c t i c a l  f o r  t h e  h a n d l i n g  o f  w o o d  w a s t e  b e c a u s e  o f  r e q u i r e m e n t s  f o r  f i n e l y
ground feed.

O n  t h e  b a s i s  o f  c u r r e n t l y  a v a i l a b l e  d a t a , the  Moore-Canada gas i f ica t ion
system was judged to  be  the  most  promis ing and,  therefore ,  was  adopted
a s  t h e  b a s i s  f o r  t h i s  s t u d y . The mater ia l  balance for  the  Moore-Canada
i s  s h o w n  i n  t a b l e s  2  a n d  3 .

GAS PURIFICATION

C r u d e  g a s  f r o m  p a r t i a l  o x i d a t i o n  u n i t s is  processed to  remove water  vapor ,
t a r s , o r g a n i c s , hydrocarbons ,  n i t rogen,  and CO2 . T h e  c l e a n  g a s ,  c o n t a i n i n g

primarily H2  a n d  C O , i s  t h e n  p r o c e s s e d  i n  a  s h i f t  r e a c t o r  t o  r e a c t  p a r t

of  the  CO to  form addi t ional  H
2

,  s o  t h e  f i n a l  g a s  c o n t a i n s  t h e  p r o p e r  r a t i o

of 2:1 of H2 and CO. I n  t h e  s h i f t  r e a c t o r ,  a d d i t i o n a l  C O2 i s  f o r m e d ,  t h u s

m a k i n g  i t  n e c e s s a r y  t o  a g a i n s c r u b  t h e  g a s  b e f o r e  t h e  s y n t h e s i s  r e a c t o r .

C r u d e  g a s  f r o m  t h e  g a s i f i e r s  p a s s e s u p w a r d  i n  t h e  s i n g l e  c o o l e r - a b s o r b e r -
s c r u b b e r , cool ing the  gas  f rom about 1 8 0 °  t o  9 0 °  F  i n  t h r e e  s t a g e s  o f  c o n -
t a c t i n g  ( f i g .  1 ,  s t e p  2 ) . I n  t h e  l o w e r  t w o  s t a g e s ,  c o o l e d ,  r e c i r c u l a t e d
l i q u o r  s t r e a m s  c o n t a c t  t h e  c r u d e  g a s . In  t he  uppe r  s t age ,  r e c l a imed  wa te r
condensate  is  used to  complete  the  removal  of  organic  compounds such as
a c e t i c  a c i d .

Because the  mois ture  condensed from the crude gas  ( roughly equal  in  weight
t o  t h e  d r y  w o o d  s u b s t a n c e  e n t e r i n g  t h e  s y s t e m )  c o n t a i n s  a b o u t  2  p e r c e n t
o f  s o l u b l e  o r g a n i c s , i t  i s  n e c e s s a r y  t o  c l e a n  t h e  s t r e a m  f o r  e n v i r o n m e n t a l
r e a s o n s . O n e  t e c h n i q u e  f o r  o r g a n i c s  r e c o v e r y i s  w i t h  a  s u i t a b l e  s o l v e n t
such  a s  me thy l  e thy l  ke tone  i n  a l i q u i d - l i q u i d  m u l t i p l e - s t a g e  e x t r a c t i o n
o p e r a t i o n . T h e  e x t r a c t  o r  l i g h t  d e n s i t y  p h a s e  i s  p r o c e s s e d  i n  a n  e x t r a c t i o n
t o w e r  t o  r e c o v e r  t h e  s o l v e n t  o v e r h e a d  a n d  t h e  o r g a n i c - r i c h  m a t e r i a l  f r o m
the bot tom. T h e  h e a v y  d e n s i t y  r a f f i n a t e  p h a s e  i s  p r o c e s s e d  i n  a  r a f f i n a t e
s t r i p p e r t o  r e c o v e r t h a t  p o r t i o n  o f  t h e  s o l v e n t  d i s s o l v i n g  i n  t h e  w a t e r
phase . F r o m  t h e  b o t t o m  o f  t h e  r a f f i n a t e  s t r i p p e r , t h e  e f f l u e n t  i s  e s s e n t i a l l y
a water product of low biochemical oxygen demand (BOD). The organic  product
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T a b l e  2. - - M a t e r i a l  b a l a n c e ,  f e e d  t o  r e a c t o r - g a s i f i e r

Un i t Pounds per ovendry Pounds per hour
ton of wood

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wood waste

62.5 ODT/h
125 ,000  lb /h
1,500 ODT/D

Carbon 1 ,016 63,500

Hydrogen 126 7,880

Oxygen 796 49,740

N i t r o g e n 2 130

Ash 60 3,750

Mois ture 2,000 125,000
4 ,000 250,000

A i r

Oxygen 750 46,875

N i t r o g e n 2,475 154,570

Water 55 3,455
3,280 204,900

Steam

Water

T o t a l  I n

333 20,800

475,700
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Table  3 . - - M a t e r i a l  b a l a n c e ,  p r o d u c t s  f r o m  r e a c t o r - g a s i f i e r

MW Mol/h Lb/h
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C r u d e  g a s1 /

Hydrogen 2 2,662 5,324

Carbon monoxide 28 3,325 98,100

Carbon dioxide 44 1,237 54,430

Methane 16 363 5,810

Hydrocarbon--Average 41 131 5,370

N i t r o g e n 28 5,525 154,700

Oxygen 32 69 2,206

Mois ture 18 438 7,885
13,750 328,825

Ash

Condensa t e - -wa t e r  l aye r

Organic compounds

3,750

3,600

Water 139,525
143,125

Tota l  Out 475,700

1/ Following partial condensation and separation of condensate.
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f r o m  t h e  e x t r a c t i o n  t o w e r  m a y  b e  u s e d  a s  a  f u e l  i n  t h e  b o i l e r . A l t e r -
n a t i v e l y , i t  m a y  b e  e c o n o m i c a l l y  f e a s i b l e  t o  s e p a r a t e  t h e  s t r e a m  i n t o  i t s
components, m o s t l y  a c e t i c  a c i d , f o r  b y p r o d u c t  v a l u e .

T h e  c o o l e d  a n d  p a r t i a l l y  p u r i f i e d  g a s  i s  t h e n  c o m p r e s s e d  t o  a b o u t

1 0 0  l b / i n .2g (fig. 1 ,  s t e p  3 )  a n d  t r e a t e d  i n  a  t w o - s t a g e  s y s t e m  t o  r e m o v e
carbon dioxide. I n  t h e  f i r s t  s t a g e , a  h o t  p o t a s s i u m  c a r b o n a t e  s y s t e m  i s
used to reduce CO2 c o n t e n t  t o  a b o u t  3 0 0  p a r t s  p e r  m i l l i o n  ( p p m )  ( f i g .  1 ,

s t e p  4 ) . I n  t he  s econd  s t age , i t  i s  reduced to  about  50  ppm us ing
m o n o e t h a n o l a m i n e  a s  a  s c r u b b i n g  a g e n t  ( f i g .  1 ,  s t e p  5 ) . A  s i n g l e - s t a g e
system of monoethanolamine could be used, b u t  a t  t h e  e x p e n s e  o f  g r e a t l y
increased s team consumption.

T h e  c l e a n  c o m p r e s s e d  g a s  p a s s e s  t o  a  c r y o g e n i c  s y s t e m  ( f i g .  1 ,  s t e p  6 ) .
In  a  ser ies  of  swi tching exchangers ,  the  res idual  CO2 a n d  w a t e r  v a p o r  a r e

removed to  prevent  f reezeup in  the  downstream e x c h a n g e r s  a n d  d i s t i l l a t i o n
towers . Next, methane and hydrocarbons are removed. C r y o g e n i c  d i s t i l l a t i o n
is  used to  separa te  CO from ni t rogen; t h e  l i q u i d  n i t r o g e n  l e a v i n g  t h e  s y s t e m
i s  u s e d  t o  p r e c o o l  t h e  i n c o m i n g  g a s . T h e  p u r i f i e d  p r o d u c t  g a s  i s  a  m i x t u r e
of carbon monoxide and hydrogen. However, i t  r e q u i r e s  f u r t h e r  p r o c e s s i n g
b e c a u s e  i t  i s  n o t  i n  t h e  r a t i o  o f  2 : l  o f  H2 and CO required  for  syngas
to  produce methanol .

SHIFT REACTION

F o l l o w i n g  c r y o g e n i c  s e p a r a t i o n  o f  t h e  " i n e r t s "  t h e  g a s  i s  c o m p r e s s e d  t o

4 0 0  l b / i n .2g for shift conversion. A por t ion of  the  CO reacts  wi th  water
v a p o r  i n  t h e  p r e s e n c e  o f a n  i r o n  c a t a l y s t  t o  f o r m  a d d i t i o n a l  h y d r o g e n  ( f i g .  1 ,
s t e p  8 ) , t o  t h e  e x t e n t  t h a t  t h e  f i n a l  g a s  c o n t a i n s  t h e  r e q u i r e d  2  p a r t s
of  hydrogen to  1  par t  of  carbon monoxide. The  fo l l owing  r eac t i on  t akes
p l a c e  i n  t h e  s h i f t  r e a c t o r :

c a t a l y s t

CO + H2O H2 + CO2

Exothermic React ion

590 Btu/lb CO

B e c a u s e  t h e  s h i f t  r e a c t i o n  p r o d u c e s  c a r b o n  d i o x i d e ,  i t  i s  n e c e s s a r y  t o
u t i l i z e  t h e  h o t  p o t a s s i u m  c a r b o n a t e  a b s o r p t i o n  s y s t e m  ( f i g .  1 ,  s t e p  9 )
which removes  about  97 percent  of  the  carbon dioxide formed dur ing the
s h i f t  r e a c t i o n .
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The synthes is  gas  i s  now compressed  to  a  pressure  ranging f rom 1 ,500 to

4 , 0 0 0  l b / i n .
2 g  a n d  f e d  i n t o  t h e  m e t h a n o l  s y n t h e s i s  r e a c t o r . I n  t h e  r e a c t o r ,

a p p r o x i m a t e l y  9 5  p e r c e n t  o f  t h e  g a s  i s  c o n v e r t e d  t o  m e t h a n o l ,  t h e  b a l a n c e
T h e  r e a c t i o n  i s  a s  f o l l o w s :p a s s i n g  a s  i n e r t s  t o  t h e  b o i l e r .

c a t a l y s t

2H
2 

+ CO CH
3

OH

Exothermic React ion

1,200 Btu/lb CO

T w o  p r o c e s s e s  a r e  a v a i l a b l e  f o r  s y n t h e s i s  o f  m e t h a n o l ,  t h e  V u l c a n  p r o c e s s
u s i n g  a  z i n c - c h r o m e  c a t a l y s t  o p e r a t i n g  a t  p r e s s u r e s  r a n g i n g  f r o m  a b o u t

2 ,000  to  4 ,000  lb / in .2 g and the more recent I C I  c o p p e r  c a t a l y s t  p r o c e s s
2

o p e r a t i n g  a t  p r e s s u r e s  r a n g i n g  f r o m  1 , 0 0 0  t o  2 , 0 0 0  l b / i n .  g . A  key  f ac to r
i n  s e t t i n g  t h e  s y s t e m  p r e s s u r e  f o r  e i t h e r  p r o c e s s  i s  t h e  p u r i t y  o f  t h e
feed . W i t h  i n c r e a s i n g  a m o u n t s  o f  i m p u r i t i e s ,  t h e  s y s t e m  r e q u i r e s  h i g h e r
p r e s s u r e  t o  m i n i m i z e  " i n e r t s "  l e a v i n g  t h e  s y s t e m .

T h e  c r u d e  m e t h a n o l  p r o d u c t  f r o m  t h e  s y n t h e s i s  r e a c t o r  p a s s e s  t o  a  d i s t i l l a -
t i o n  t r a i n  f o r  s e p a r a t i o n  o f  t h e  l i g h t  e n d s  a n d  h i g h e r  a l c o h o l s  f r o m  t h e
methanol  product . T h e  m i x t u r e  o f  l i g h t  e n d s  a n d  h i g h e r  a l c o h o l s  i s  u s e d
a s  a  f u e l  i n  t h e  b o i l e r . C a t a l y s t  l i f e  i s  e x p e c t e d  t o  b e  6  y e a r s  f o r  m e t h a n o l
s y n t h e s i s  a n d  2  t o  3  y e a r s  f o r  t h e  s h i f t  r e a c t o r .

PLANT SIZE

I n  a  c h e m i c a l  p r o c e s s i n g  f a c i l i t y , p r o d u c t i o n  c o s t  d e p e n d s  m a i n l y  o n  c a p i t a l
i n v e s t m e n t  a n d  r a w  m a t e r i a l  c o s t . The most common means for reducing unit
c o s t s  i s  t o  b u i l d  a  h i g h - c a p a c i t y  f a c i l i t y  b e c a u s e  i n v e s t m e n t  f o r  s c a l e u p
g e n e r a l l y  i n c r e a s e s  a s  p r o d u c t i o n  i n c r e a s e s  b y  a  0 . 6  f a c t o r . I n  r e c e n t
y e a r s ,  t h e  t r e n d  i n  t h e  s y n t h e t i c  m e t h a n o l  i n d u s t r y  h a s  b e e n  t o  i n c r e a s e
p l a n t  s i z e s  f r o m  a b o u t  5 0  m i l l i o n  g p y  t o  2 0 0  m i l l i o n  g p y . Twelve  plants
i n  t h e  U . S . c a n  p r o d u c e  1 . 2  b i l l i o n  g p y  o f  m e t h a n o l ,  a s  s h o w n  i n  t a b l e  4 .

Fo r  t he  Fo re s t  Se rv i ce  eng inee r ing  s t udy , i t  was  dec ided  t o  s i z e  t he  me thano l
f r o m  w o o d - w a s t e  p l a n t  a t  a  c a p a c i t y  o f  5 0  m i l l i o n  g p y ,  c o m p a r a b l e  t o  t h e
s m a l l  s i z e  p l a n t s  m a k i n g  m e t h a n o l  f r o m  n a t u r a l  g a s . T h e  i n v e s t m e n t  f o r
t h i s  s i z e  f a c i l i t y  c a n  b e  s c a l e d  u p  i n  a c c o r d a n c e  w i t h  s t a n d a r d  p r o c e d u r e s
u s e d  b y  e n g i n e e r i n g  o r g a n i z a t i o n s  f o r  c h e m i c a l  p r o c e s s i n g  p l a n t s .

T h e  F o r e s t  S e r v i c e  h a s  e s t i m a t e d  t h a t  t h e  c o s t  o f  c o l l e c t i n g  a n d  t r a n s p o r t i n g
wood waste  to  a  centra l  locat ion for  process ing would range between $15
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Table  4 . - -Methanol  product ion

C a p a c i t y Number plants T o t a l
(mil l ion gpy) (mil l ion gpy)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

22 1 22

50 3 150

80 1 80

100 4 400

160 1 160

200 1 200

230 1 230

T o t a l  U . S .  c a p a c i t y 1,242

T a b l e  5 . - - C o m p a r i s o n  o f  f u e l  v a l u e s

G r o s s  h e a t i n g  v a l u e Combustion Fue l  va lue
e f f i c i e n c y

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pc t

Wood waste 18 million Btu/ODT
1 /

6 6 $24.00/ODT

Coal 24 million Btu/ODT 80 $38.40/ODT

O i l 6  m i l l i o n  B t u / b b l 85 $10 .20 /bb l

N a t u r a l  g a s 1 mil l ion Btu/mcf 87 $ 1.75/mcf

1/ Based on "as-is" or about 50 percent moisture by weight.
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and $34/ODT. For comparison, t he  cu r r en t  de l i ve r ed  p r i ce  fo r  pu lpwood
ranges between $40 and $60/ODT. A s i d e  f r o m  i t s  v a l u e  a s  a  p o t e n t i a l  s o u r c e
of  methanol ,  wood waste  may be used as  a  source of  fuel . Its minimum value
w o u l d  t h u s  s e e m  t o  b e  i t s  f u e l  v a l u e  r e l a t i v e  t o  m o r e  c o n v e n t i o n a l  f u e l s .
In  the  1975 fuel  market ,  wood waste  can compete  wi th  other  fuels  when i ts
pr ice  i s  be low $24/ODT,  so  tha t  th is  would  se t  the  minimum cost  for  waste
wood  u t i l i z ed  i n  a  chemica l  p roces s . A comparison of wood waste with conven-
t i o n a l  f u e l s , a s s u m i n g  a  v a l u e  o f  $ 2 / m i l l i o n  B t u  o f  n e t  h e a t  r e c o v e r e d
i s  s h o w n  i n  t a b l e  5 .

ECONOMICS

A n  e s t i m a t e  o f  i n v e s t m e n t  a n d  o p e r a t i n g  c o s t s  f o r  a  5 0  m i l l i o n  g p y  s y n t h e t i c
methanol  plant  f rom wood waste  has  been developed. To  de t e rmine  t he  e f f ec t
o f  s c a l e u p  o n  c o s t , a n  e s t i m a t e  h a s  a l s o  b e e n  p r e p a r e d  f o r  a  f a c i l i t y  c a p a b l e
of  producing 200 mil l ion gpy. These  es t imates  are  compared wi th  es t imates
o f  i n v e s t m e n t  a n d  o p e r a t i n g  c o s t s  f o r  f a c i l i t i e s  u s i n g  n a t u r a l  g a s  a n d
c o a l  a s  r a w  m a t e r i a l s . A l l  o f  t h e s e  i n v e s t m e n t s  a r e  b a s e d  o n  f a c i l i t i e s
u t i l i z i n g  b o i l e r s  t o  p r o d u c e  s t e a m  t o  g e n e r a t e  e l e c t r i c i t y  a n d  t o  d r i v e
t u r b i n e s  r e q u i r e d  f o r  c o m p r e s s i o n . The re fo re , t h e s e  p l a n t s  a r e  s e l f -
s u f f i c i e n t , r e q u i r i n g  n o  o u t s i d e  u t i l i t i e s  o t h e r  t h a n  c o o l i n g  w a t e r  m a k e u p .

Investment

The investment  es t imate  requirement  for  a  50 mil l ion gpy methanol  p lant
u s i n g  w o o d  w a s t e  t o t a l s  $ 6 4 . 0  m i l l i o n  ( 1 9 7 5  d o l l a r s ) . A breakdown of this
e s t i m a t e  i n t o  k e y  s e c t i o n s  i s  g i v e n  i n  t a b l e  6 .

T h i s  e s t i m a t e  c o v e r s  a  c o m p l e t e  " g r a s s  r o o t s "  f a c i l i t y ,  i n c l u d i n g  o f f - s i t e
u t i l i t i e s , w o o d  y a r d  h a n d l i n g  f a c i l i t i e s ,  f i n i s h e d  p r o d u c t  s t o r a g e ,  a n d
o f f i c e  a n d  l a b o r a t o r y  b u i l d i n g s . I t  i nc ludes  a  con t ingency  o f  25  pe rcen t
a n d  w o r k i n g  c a p i t a l  o f  5  p e r c e n t . No provis ion has  been made for  expected
e s c a l a t i o n  i n  c o s t  o f  e q u i p m e n t  a n d  c o n s t r u c t i o n  l a b o r .

Opera t ing  Cos ts

A n  e s t i m a t e  o f  o p e r a t i n g  c o s t s  f o r  t h e  5 0  m i l l i o n  g p y  m e t h a n o l  p l a n t  i s
l i s t e d  i n  t a b l e  7 . P r o d u c t i o n  c o s t s  i n c l u d e  f i x e d  c o s t s ,  r a w  m a t e r i a l ,
l a b o r ,  a n d  o v e r h e a d . Fixed costs  are  based on an a l lowance of  8  percent
f o r  d e p r e c i a t i o n ,  4  p e r c e n t  f o r  m a i n t e n a n c e  ( i n c l u d i n g  l a b o r  a n d  m a t e r i a l )
a n d  2  p e r c e n t  f o r  l o c a l  t a x e s  a n d  i n s u r a n c e . P r o f i t  i s  b a s e d  o n  a  n o m i n a l
r e t u r n  o f  3 0  p e r c e n t  o n  i n v e s t m e n t , e q u a l  t o  1 5  p e r c e n t  a f t e r  F e d e r a l  i n c o m e
t a x .
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T a b l e  6 . - - Investment es t imate  for  wood waste  methanol
p l a n t  o f  5 0  m i l l i o n  g p y .

D e s c r i p t i o n Investment

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wood yard
G a s i f i e r
Cool ing/scrubbing
Organic  recovery
Primary compress ion
CO2 removal

Cryogenic
MeOH synthesis

O f f s i t e s
Steam generat ion
E l e c t r i c a l  g e n e r a t i o n
W a t e r  t r e a t i n g
Cooling tower
Storage  and shipping
F i r e  p r o t e c t i o n

D i s t r i b u t i o n
Steam
Water
E l e c t r i c

B u i l d i n g s / s t r u c t u r e
A d m i n i s t r a t i o n
Labora tory
Maintenance
Control  house
Compressor  bui ld ing
U t i l i t y  b u i l d i n g

Site  development
C l e a r i n g ,  g r a d i n g
Roadway, parking
Fencing
R a i l r o a d  s i d i n g
S e w e r  f a c i l i t i e s

Eng inee r ing  and  l i c ense
E s t i m a t e  s u b t o t a l
Cont ingency--25 percent

$ 3,010,000
4 ,000 ,000

802,000
2,256,000
1,597,000
1,704,000

4 ,000 ,000
7,330,000

$7,200,000
1,587,000

840,000
1,727,000
1 ,152 ,000

250,000
12,756,000

$ 832,000
1 ,360 ,000

875 ,000
3,067,000

$ 362,000
106,000
348,000
104,000
105,000
300,000

1,370,000

$ 75,000
276,000

36,000
80,000
40,000

507,000
f e e $6,360,000

$48,759,000
12,191,000

$60,950,000

W o r k i n g  c a p i t a l - - 5  p e r c e n t 3,050,000

Total investment $64,000,000
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Table 7 . - - P r o d u c t i o n  c o s t  e s t i m a t e  a n d  p r o d u c t  p r i c e ,  w o o d
w a s t e  m e t h a n o l  p l a n t  o f  5 0  m i l l i o n  g p y

Annual
$  mi l l i on

$ / G a l  P e r c e n t

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F i x e d  c o s t s

D e p r e c i a t i o n  8  p c t  i n v e s t m e n t
Maintenance 4  pct  investment
Taxes  and insurance  2  pct  inves tment

Raw material

Wood waste--1,500 T/D at $34/ODT 17.36 0.347 36.2

Labor

O p e r a t o r s - - 1 0  s t a t i o n s  a t  $ 8 0 , 0 0 0 / y r
Foremen-- 3 s t a t i o n s  a t  $ 1 0 0 , 0 0 0 / y r
Management--at $100,000/yr

$5.12
2.56
1.28

$  8 . 9 6  $ 0 . 1 7 9 18.7

0 .80
0 .30
0.10

1 .20 0.024 2.5

Overhead--100 pc t  labor 1 .20 0.024 2.5

P r o f i t - - 3 0  p c t  o f  i n v e s t m e n t  b e f o r e  t a x e s 19.20 0.384 40.1

T o t a l $47.92 $0.958 100.0

- 1 5 -



At a  wood waste  cos t  of  $34/ODT,  the  se l l ing  pr ice  of  methanol  i s  es t imated
a t  $ 0 . 9 6 / g a l . At  a  wood waste  cos t  of  $15/ODT,  the  del ivered pr ice  i s
$ 0 . 7 7 / g a l . The  1975 pr ice  of  methanol  was  $0 .38/ga l ,  Gul f  Coas t ,  t ank
c a r  l o t s .

Comparison With Natural Gas and Coal

B e c a u s e  o f  t h e  s i m p l i c i t y  o f  t h e  c o n v e r s i o n  o f  n a t u r a l  g a s  t o  m e t h a n o l ,
t h e  i n v e s t m e n t  c o s t s  f o r  s u c h  a  p l a n t  i s  a b o u t  o n e - t h i r d  t h a t  o f  a  c o m p a r a b l e
wood  was t e  f ac i l i t y . A l s o ,  c o n v e r s i o n  e f f i c i e n c y  o f  n a t u r a l  g a s  t o  m e t h a n o l

i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  w o o d  w a s t e . I t  t a k e s  1 5 0  f t3 of
n a t u r a l  g a s  ( c o n t a i n i n g  m o r e  t h a n  9 5  p e r c e n t  m e t h a n e )  o r  4 . 9  l b  t o  m a k e
1 gal lon of  methanol . A  c o m p a r i s o n  o f  e f f i c i e n c y  o f  c o n v e r s i o n  o f  n a t u r a l
g a s ,  c o a l ,  a n d  w o o d  w a s t e  i s  s h o w n  i n  f i g u r e  2 .

Convers ion of  coal  to  methanol , wh i l e  cons ide rab ly  more  e f f i c i en t  t han
that  of  waste  wood, i n v o l v e s  m o r e  p r o c e s s i n g  f a c i l i t i e s  b e c a u s e  o f  t h e
g r e a t e r  a m o u n t  o f  a s h  a n d  s u l f u r  ( w o o d  h a s  n o  s u l f u r ) .  C o a l  c o n v e r s i o n
t o  s y n g a s  i s  m o r e  e f f i c i e n t  b e c a u s e  i t  h a s  a  h i g h e r  c a r b o n  c o n t e n t  a n d
less  oxygen than wood. Compar ison of  inves tment  requirements  for  a  50
a n d  2 0 0  m i l l i o n  g p y  m e t h a n o l  f a c i l i t y  f o r  e a c h  o f  t h e s e  r a w  m a t e r i a l s
i s  s h o w n  i n  f i g u r e  3 .

T h e  r a w  m a t e r i a l  i n p u t  f o r  t h r e e  t y p e s  o f  m e t h a n o l  s y n t h e s i s  p l a n t s  i s
s h o w n  i n  t a b l e  8 .

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  5 0  m i l l i o n  g p y  f a c i l i t y  u t i l i z i n g  1 5 0 0
ODT/D wood waste is comparable to a pulp mill  producing about 800 T/D
o f  f i n i s h e d  p u l p . The 200 mil l ion gpy faci l i ty  would be  comparable  to
3 ,300  T/D product ion  of  pu lp .

M e t h a n o l  s e l l i n g  p r i c e  w a s  c a l c u l a t e d  o n  a  b a s i s  o f  3 0  p e r c e n t  a n n u a l
p r o f i t  o n  i n v e s t m e n t ,  1 5  p e r c e n t  a f t e r  F e d e r a l  i n c o m e  t a x . P r o d u c t i o n
c o s t s , g r o s s  p r o f i t , a n d  n e t  p r o f i t  f o r  e a c h  t y p e  o f  f a c i l i t y  i s  s h o w n
i n  t a b l e  9 .

A  c o m p a r i s o n  o f  t h e  d e l i v e r e d  p r i c e  o f  m e t h a n o l  a s  a  f u n c t i o n  o f  t h e  r a w
m a t e r i a l  c o s t s  a n d  p l a n t  s i z e  f o r  t h e s e  t h r e e  m e t h a n o l  f a c i l i t i e s  i s  s h o w n
i n  f i g u r e  4 .
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Hea t ing  va lue : M 145 165

N a t u r a l  g a s - - 1 , 0 0 0  B t u / c u b i c  f o o t
Coal ,  New Mexico coal  wi th  19 percent  ash

c o n t e n t - - 8 ,600  Btu / lb
Wood waste, Douglas-Fi r  wi th  25  percent  bark

c o n t e n t - - 9 ,000  Btu / lb

E f f i c i e n c y :

P roces s  e f f i c i ency - -Hea t i ng  va lue  o f  me thano l
a s  a  p e r c e n t  o f  h e a t i n g  v a l u e  o f  p r o c e s s  f e e d .

P l an t  e f f i c i ency - -Hea t  va lue  o f  me thano l  a s  a
p e r c e n t  o f  t o t a l  e n e r g y  i n p u t  i n t o  p l a n t .

F i g u r e  2 . - -Methanol  Synthesis  Convers ion Eff ic iency for
Natural Gas, Coal,  and Wood Waste
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M 145 164 Inves tment  Est imate

Based on 1975 costs
Includes  25% cont ingency
No  e sca l a t i on  i nc luded

F i g u r e  3 . - - M e t h a n o l  S y n t h e s i s  P l a n t  I n v e s t m e n t  f o r  P l a n t s
o f  5 0  a n d  2 0 0  M i l l i o n  G a l l o n s   Y e a r  F a c i l i t i e s  ( A d d i -
t i o n a l  c o s t  f o r  c o a l  v s .  w o o d  d u e  t o  p r e s s u r i z e d  s y s t e m ,
i n c r e a s e d  s t e a m  r e q u i r e m e n t s ,  a n d  d e s u l f u r i z a t i o n
equipment . )
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Table  8 . - - R a w  m a t e r i a l  i n p u t  f o r  m e t h a n o l  p l a n t s

50 mi l l ion  gpy 200 mi l l ion  gpy

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N a t u r a l  g a s 1 6 . 3  m i l l i o n  c f d 6 5 . 2  m i l l i o n  c f d

Coal 1,380 ODT/D 5,520 ODT/D

Wood waste 1,500 ODT/D 6,000 ODT/D

Table  9 . - - M e t h a n o l  s e l l i n g  p r i c e

C e n t s  p e r  g a l l o n

P r o d u c t i o n Gross Net S e l l i n g
c o s t p r o f i t p r o f i t p r i c e

50 mi l l ion  gpy

N a t u r a l  a t  $ 1 . 7 5 / m c fgas 32.0 14.0 7 . 0 46 .0
C o a l  a t  $ 3 8 / t o n 53.4 44.6 22.3 98.0
Wood waste at $34/ODT 59.6 38.4 19 .2 98 .0

200 mi l l ion  gpy

Natural gas  at  $1.75/mcf 25.8 9 .2 4 . 6 35.0
C o a l  a t  $ 3 8 / t o n 41 .4 26 .6 13.3 78.0
Wood waste at $34/ODT 57.8 25.2 12.6 83 .0
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M 145 163

Product ion  Costs P e r c e n t  I n v e s t .

D e p r e c i a t i o n 8
Maintenance 4
Taxes  and insurance 2

P r o f i t  b e f o r e  t a x e s
A f t e r  t a x e s

30
15

F i g u r e  4 . - -Methanol 1975 Sel l ing  Pr ices  From Natura l  Gas ,  Coal ,  and
Wood Waste With Plant Capacities of  50  and 200 Mil l ion  Gal lons
Per  Year .
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CONCLUSIONS AND RECOMMENDATIONS

I t  i s  t e c h n i c a l l y  f e a s i b l e  b u t  n o t  e c o n o m i c a l l y  a t t r a c t i v e  t o  p r o d u c e
methanol from wood waste. I f  t h e  u s e  o f  n a t u r a l  g a s  i s  p r o h i b i t e d  f o r
t h e  p r o d u c t i o n  o f  m e t h a n o l ,  a  p o s s i b l e  s o u r c e  f o r  s y n g a s  w o u l d  b e
a d d i t i o n a l  r e f i n e r y  l i g h t - g a s  s t r e a m s . I f  t h i s  l a t t e r  s o u r c e  i s  i n s u f f i -
c i e n t , t hen  coa l  wou ld  o f f e r  t he  mos t  l i ke ly  sou rce  o f  r aw  ma te r i a l ,
p a r t i c u l a r l y  f o r  a  m e t h a n o l  p l a n t  l o c a t e d  n e a r  o r  a d j a c e n t  t o  a  m i n i n g
o p e r a t i o n .

In  ca r ry ing  ou t  t he  Fo re s t  Se rv i ce  t e chn i ca l  s t udy  on  me thano l - f rom-wood
was t e , known technology was used. A  key  to  improv ing  the  e f f i c i ency
o f  t h e  p r o c e s s  l i e s  i n  i m p r o v i n g  t h e  e f f i c i e n c y  o f  t h e  r e a c t o r - g a s i f i e r s
t o  i n c r e a s e  C O  a n d  H2  contents  and thereby reduce CO2 and hydrocarbons.

T h e  m o s t  p r o m i s i n g  r e a c t o r - g a s i f i e r s  f o r  w o o d  g a s i f i c a t i o n  a r e  t h e  M o o r e -
Canada and the  Union Carbide  Purox uni t . An experimental development
program is  recommended for  the  Moore-Canada uni t  to  a t tempt  to  improve
i t s  e f f i c i e n c y . I t  i s  a l so  r ecommended  t ha t  expe r imen ta l  work  be  ca r r i ed
out  on the  Purox uni t  us ing wood waste . P r e s s u r e  p a r t i a l  o x i d a t i o n  s h o u l d
b e  i n v e s t i g a t e d  t o  d e t e r m i n e  i t s  p r a c t i c a b i l i t y  a n d  e f f i c i e n c y .

A methanol-f rom-wood waste  faci l i ty  having a  capaci ty  of  50 mil l ion gpy
requires 1,500 ODT/D of wood waste. T h i s  i s  a b o u t  t h e  s a m e  q u a n t i t y  o f
wood requi red  for  a  kraf t  pulp  mi l l  producing 800 T/D of  pulp . In  v iew
o f  t h e  p u l p  i n d u s t r y ' s  p r o g r e s s  i n  u t i l i z i n g  l o w e r  a n d  l o w e r  g r a d e  f e e d
mater ia ls  such as  sawdust  and some bark ,  wood waste  might  be  u t i l ized
i n  t h e  n e a r  f u t u r e  t o  p r o d u c e  p u l p . Pulp  would have a  product  value  about
t h r e e  t i m e s  t h a t  o f  w o o d  w a s t e  c o n v e r t e d  t o  m e t h a n o l .

Upon examining methanol  synthes is , o n e  f i n d s  t h a t  t h e  e n e r g y  y i e l d s  a r e
r e l a t i v e l y  p o o r ; e v e n  i n  t h e  c a s e  o f  n a t u r a l  g a s  a n d  c o a l ,  t h e  f i n a l  m e t h a n o l
p r o d u c t  f r o m  n a t u r a l  g a s  c o n t a i n s  a b o u t  6 0  p e r c e n t  o f  t h e  t o t a l  e n e r g y
i n p u t  i n t o  t h e  p l a n t  ( f i g u r e  2 ) . F o r  a  w o o d  w a s t e  f a c i l i t y ,  t h e  y i e l d
i s  a b o u t  3 8  p e r c e n t . T h a t  i s ,  t h e  t o t a l  e n e r g y  i n p u t  f o r  a  5 0  m i l l i o n
gpy methanol  uni t  u t i l iz ing  1 ,500 ODT/D amounts  to  1 ,125 mi l l ion  Btu/h
a n d  t h e  f i n a l  m e t h a n o l  p r o d u c t  h a s  a  h e a t  v a l u e  o f  4 2 7  m i l l i o n  B t u / h  ( g r o s s
basis).


