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ABSTRACT 

The u t i l i t y  o f  p r o c e s s  c o n c e p t s  i n  g u i d i n g  r e s e a r c h  i s  rev iewed .  The comparison o f  e x i s t i n g
techno logy  w i t h  t h e  d e v e l o p i n g  p r o c e s s e s  under  i n v e s t i g a t i o n  i s  a n  i m p o r t a n t  d e t e r m i n a n t  of 
r e s e a r c h  d i r e c t i o n .  Al though t h i s  i s  a g e n e r a l l y  r e c o g n i z e d  g u i d e ,  i t  i s  f r e q u e n t l y  i g n o r e d
because  t h e  n e c e s s a r y  i n f o r m a t i o n  i s  n o t  r e a d i l y  a v a i l a b l e .  The t r e n d  toward compute r i zed  
p r o c e s s  s i m u l a t i o n ,  t h e  accomplishments  and needs  are  rev iewed .  

F r a n c i s  Bacon’s s t a t e m e n t  t h a t  “The lame i n  t h e  a c t u a l  p r o d u c t  l o s s  where i t  c a n  be  d e t e r -
p a t h  o u t s t r i p  t h e  s w i f t  who wander from i t , ”  mined. Because  o f  t h e  r e l a t i o n s h i p  between 
a p t l y  a p p l i e s  t o  what f o l l o w s ,  f o r  what q u a l i t y  and y i e l d  it i s  n o t  p o s s i b l e  t o  g i v e  
f o l l o w s  i s  a d i s c u s s i o n  o f  t h e  u s e  o f  p r o c e s s  a s imple  f i g u r e  � o r  p u l p i n g .  The l o s s  f i g u r e s  
concep t s  t o  o r i e n t  and j u s t i f y  p u l p i n g  r e s e a r c h .  g i v e n  i n  column 4 i n d i c a t e  t h e  a c t u a l  l o s s  o f  
I t  t a c i t l y  assumes t h a t  such  r e s e a r c h  i s  wood s u b s t a n c e  ( i n c l u d i n g  b a r k )  based  on t h e  
mot iva ted  by t h e  d e s i r e  t o  d e v e l o p  a s u p e r i o r  t o t a l  i n p u t  t o  t h e  p l a n t ,  i . e .  m a t e r i a l  n o t  
p u l p i n g  p rocess  and i n  t h i s  s e n s e  d i f f e r s  a v a i l a b l e  f o r  e i t h e r  f u e l  o r  p r o d u c t .  Of t h e  
from b a s i c  r e s e a r c h  which i s  o f t e n  d e f i n e d  as t o t a l  wood ( i n c l u d i n g  b a r k )  b r o u g h t  t o  t h e  
noncommitted. T h i s  d o e s  n o t  i n f e r  t h a t  b a s i c  m i l l  a b o u t  3 9 %  ends  up as  f i n i s h e d  p r o d u c t ,  
r e s e a r c h  i s  o f  lesser  impor tance  b u t  r a t h e r  5 5 %  a s  f u e l ,  and 5 . 6 %  i s  n o t  u t i l i z e d ,  t h e  
t h a t  committed or deve lopmenta l  r e s e a r c h  shou ld  p r i n c i p a l  l o s s e s  b e i n g  i n  wood p r e p a r a t i o n
be done w i t h  g o a l s  i n  mind and a s e t  o f  and b l e a c h i n g .  I t  c o u l d  be  s a i d  t h a t  o v e r a l l  
p r i o r i t i e s  t o  mark t h e  p a t h .  u t i l i z a t i o n  i s  q u i t e  h i g h  b u t ,  o f  c o u r s e ,  

p r o d u c t  y i e l d  i s  low. 
The k r a f t  p r o c e s s  i s  f i r m l y  e n t r e n c h e d  as t h e  
major chemica l  p u l p i n g  p r o c e s s ,  and i t  must I n  terms o f  n a t i o n a l  c o s t s ,  assuming t h e  p e r 

be assumed reached  t h i s  p o s i t i o n  because  o f  c a p i t a  consumption of  c e l l u l o s e  f i b e r  i s  

i t s  s u p e r i o r i t y .  Speak ing  o f  a “new p u l p i n g  around 6 0 0  l b / c a p i t a  a n n u a l l y ,  it r e q u i r e s 

process”  i t  is i n f e r r e d  t h a t  s u c h  a p r o c e s s  a t h i r d  o f  a n  acre p e r  c a p i t a  f o r  a c o n t i n u i n g  

will have t h e  p o t e n t i a l  o f  r e p l a c i n g  t h e  k r a f t  s u p p l y  v i a  t h e  k r a f t  p r o c e s s .  T h i s  compares  

p r o c e s s ;  i t  i s  t h e  p r o c e s s  w e  p l a n  t o  r e p l a c e  t o  3 -5 acres p e r  c a p i t a  f o r  t h e  food  s u p p l y ,  

o r  modify ,  and t h u s  w e  may w e l l  a s k  “What’s and o r d e r  o f  magn i tude  d i f f e r e n c e .  

wrong w i t h  t h e  k r a f t  p r o c e s s ? ”  The o b j e c t i v e  

h e r e  i s  t o  t a k e  a l o o k  a t  t h e  modern m i l l ,  a The p u l p  and p a p e r  i n d u s t r y  i s  o f t e n  c h a r a c t e r -

f u l l y  b l e a c h e d  k r a f t  m i l l  d e s i g n e d  u s i n g  i z e d  a s  e n e r g y - i n t e n s i v e ,  and t h i s  may b e  

proven t e c h n o l o g y ,  e v a l u a t e  i t s  i m p o r t a n t  b u t  i f  s o  i t  c e r t a i n l y  c a n n o t  be  a t t r i b u t e d  

f a c e t s ,  and t r y  t o  i n f e r  what may b e  t h e  impact  t o  t h e  k r a f t  p r o c e s s .  T a b l e  1 1  g i v e s  t h e  

of t h e  l i n e s  o f  r e s e a r c h  now i n  p r o g r e s s .  A t  ene rgy  f i g u r e s  f o r  a r e l a t i v e l y  modern mill 

p r e s e n t ,  such  an  a n a l y s i s  can  o n l y  b e  done i n  which b u r n s  b a r k  and g e n e r a t e s  i t s  e n t i r e  

a c r u d e ,  incomple te  manner w i t h  c o n s i d e r a b l e  e l e c t r i c a l  n e e d s ,  r e s u l t i n g  i n  i t s  b e i n g  7 2 %  

d i f f i c u l t y .  However, t h i s  seems t o  be changing.  s e l f - s u f f i c i e n t .  Today, u s i n g  s u b s t a n t i a l l y  

Thus t h e  d i s c u s s i o n  is ended by i n d i c a t i n g  p roven  t e c h n o l o g y  i t  a p p e a r s  p o s s i b l e  t o  b u i l d  

what i s  happening i n  p r o c e s s  r e s e a r c h ,  and m i l l s  need ing  no e x t e r n a l  e n e r g y .  The 25% 

how i t s  t e c h n i q u e s  might  be  more r e a d i l y  d e f i c i t  o f  T a b l e  I I  c a l c u l a t e s  t o  a f u e l  c o n -

a v a i l a b l e  t o  f u t u r e  workers .  sumpt ion o f  1 2 . 6  g a l / y r / c a p i t a  f o r  t h e  600  l b / 


c a p i t a  consumption assumed. T h i s  i s  i n s i g n i f i -
The p r o c e s s  f e a t u r e s  which seem t o  b e  o f  most c a n t  i n  terms o f  o t h e r  f u e l  e x p e n d i t u r e s ,
impor tance  from a n  economic and s o c i a l  v iew- p a r t i c u l a r l y  when i t  a p p e a r s  p o s s i b l e  t o  r e d u c e  
p o i n t  a re :  r e s o u r c e  u t i l i z a t i o n ,  p o l l u t i o n  t h i s  t o  z e r o .  Some Scandanav ian  mills a re  
l i a b i l i t y ,  e n e r g y  consumpt ion ,  c a p i t a l  i n v e s t - c u r r e n t l y  o p e r a t i n g  a t  8 8 %  s e l f - s u f f i c i e n c y  1 

ment, and p r o d u c t i o n  c o s t s .  Data f o r  t h e  k r a f t  which would r e d u c e  t h e  p e r  c a p i t a  consumption 
p r o c e s s  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e s ,  t o  5 . 4  g a l / y r .
t h e  f i r s t  of  which (Tab le  I )  d e a l s  w i t h  
u t i l i z a t i o n  of t h e  raw mate r i a l .  The y i e l d  The h i g h l y  o f f e n s i v e  odor  o f  t h e  mercap tans  
v a l u e s  i n  column 1 a re  t h e  p e r c e n t a g e  r a t i o s  produced d u r i n g  t h e  k r a f t  cook,  and t h e  
o f  p r o d u c t  t o  i n p u t  f o r  e a c h  o f  t h e  o p e r a t i o n s .  p r e v i o u s  a b u s e s  o f  t h e  w a t e r  s u p p l y ,  h a s  
The second column, f i b e r  l o s s ,  i n d i c a t e s  t h e  ga ined  t h e  i n d u s t r y ,  p e r h a p s  d e s e r v e d l y ,  t h e  
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r e p u t a t i o n  o f  a l e a d i n g  p o l l u t e r .  T h i s ,  c o u r s e ,  would be  o f f s e t  by any i n c r e a s e d  c o s t  
however, i s  n o t  a n e c e s s i t y ,  b u t  a q u e s t i o n  i n  chemica l  u s a g e ,  d i g e s t e r  s i z e ,  e t c .  I t  i s  
of  economics .  I t  h a s  been demons t ra ted  
t h a t ,  f o r  a p r i c e ,  t h e  modern m i l l  can  be 
des igned  t o  meet a l l  e x i s t i n g  s t a n d a r d s  f o r  
a i r  and water q u a l i t y  2 , 3 . The c o s t  i s  shown 
i n  Tab le  111. Here i t  h a s  been assumed t h a t  
a l l  odor  s o u r c e s  a r e  e n c l o s e d ,  c o n d e n s a t e  
s t r i p p i n g  i s  used ,  arid a l l  o d o r i f e r o u s  g a s e s  
a re  f e d  t o  t h e  r e c o v e r y  b o i l e r ,  t h e  a u x i l i a r y
b o i l e r ,  o r  t h e  l ime  k i l n .  These  t h r e e  s t a c k s  
a r e  t h u s  t h e  o n l y  a i r  e m i s s i o n  s o u r c e s .  
P r imary  and s e c o n d a r y  t r e a t m e n t  of t h e  
e f f l u e n t s  h a s  been assumed w i t h  s u i t a b l e  
t e r t i a r y  t r e a t m e n t  o f  some s t r e a m s  f o r  c o l o r  
removal.  The c o s t s  f o r  t h e s e  t r e a t m e n t s  
amounts t o  a p p r o x i m a t e l y  5% of  t h e  p r o d u c t  
c o s t .  I n  terms of  consumer c o s t  t h i s  i s  l e s s  
t h a n  $ 3 . 0 0 / y r / c a p i t a  t o  r e d u c e  t h e  p o l l u t i o n
l e v e l  t o  c u r r e n t  r e q u i r e m e n t s .  

The c a p i t a l  i n v e s t m e n t  f o r  t h e  modern m i l l  i s  
v e r y  h i g h .  T a b l e  I V  shows t h e  d i s t r i b u t i o n  
of c o s t s  f o r  a 1 , 0 0 0  t o n / d a y  p l a n t .  The 
t o t a l  p r i c e  o f  $105 x 10 6 i s  e q u i v a l e n t  t o  a 
p e r  c a p i t a  i n v e s t m e n t  o f  around $ 9 0  assuming
consumption o f  600  l b / c a p i t a / a n n u m .  The 
c o s t  o f  $300 /annua l  t o n  o f  p r o d u c t i o n  p u t s  t h e  
p u l p m i l l  i n  t h e  c a t e g o r y  o f  c h e m i c a l  p l a n t s .
The f i n a n c i a l  e f f e c t  i s  r e f l e c t e d  i n  Tab le  V 
which shows t h a t  n e a r l y  30% of t h e  p r o d u c t i o n  
c o s t  r e s u l t s  from d e p r e c i a t i o n  and o t h e r  c o s t s  
d i r e c t l y  r e l a t e d  t o  t h e  c a p i t a l  i n v e s t m e n t .  

Re tu rn ing  t o  t h e  o r i g i n a l  q u e s t i o n ,  "What 's  
wrong w i t h  t h e  k r a f t  p r o c e s s ?" The major
d i s a d v a n t a g e s  a r e  t h e  low y i e l d  and h i g h  p l a n t
inves tment .  The c o s t s  f o r  wood and p l a n t  
account  f o r  a t o t a l  o f  64% of t h e  p r o d u c t i o n  
c o s t .  P o l l u t i o n  aba tement  c o s t s ,  a s  shown 
i n  Tab le  III, a r e  s i g n i f i c a n t  b u t  n o t  
e x o r b i t a n t  and t h e  e x t e r n a l  e n e r g y  consumption
i s  low. O t h e r  well-known a d v a n t a g e s  o f  t h e  
p r o c e s s  a r e  t h e  i n s e n s i t i v i t y  t o  wood s p e c i e s ,
t h e  h i g h  q u a l i t y  o f  p r o d u c t  and a b i l i t y  t o  
c o o r d i n a t e  w i t h  o t h e r  p r o c e s s e s ,  i n  p a r t i c u l a r  
t h e  NSSC p r o c e s s .  A s  t o  s o c i e t a l  c o s t s ,  con
s i d e r i n g  t h e  p o s i t i o n  of p a p e r  i n  o u r  c u l t u r e ,  
i t  can be  s a i d  t h a t  t h e  k r a f t  p r o c e s s  makes 
on ly  modest  demands on o u r  r e s o u r c e s .  I t  
u s e s  o n l y  a t e n t h  o f  t h e  l and  a r e a  r e q u i r e d  
t o  s u p p l y  u s  w i t h  f o o d ,  u t i l i z i n g  t h e  r e s o u r c e  
e f f e c t i v e l y ,  consumes l i t t l e  ene rgy  and d o e s  
n o t  i m p a i r  o u r  ecosys tem s i g n i f i c a n t l y .  The 
p r o d u c t i o n  c o s t  o f  $57 /annum/cap i t a  and t h e  
c a p i t a l  i n v e s t m e n t  a r e  s i g n i f i c a n t  b u t  c e r 
t a i n l y  f a r  below t h a t  expended on t h i n g s  o f  
lesser impor tance .  The p redomina te  p o s i t i o n  
assumed by t h e  p r o c e s s  a p p e a r s  t o  be w e l l  
d e s e r v e d .  

The f i g u r e s  from t h e  p r e c e e d i n g  t a b l e s  can  be 
used t o  e s t i m a t e  t h e  p o t e n t i a l  g a i n s  t h a t  
cou ld  r e s u l t  from any p a r t i c u l a r  r e s e a r c h  
e f f o r t .  C o n s i d e r ,  f o r  example,  t h e  oxygen-
sodium c a r b o n a t e  method t h a t  h a s  been 
d i s c u s s e d .  I t  i s  c o n c e i v a b l e  t h a t  such  a 
sys tem might  r e s u l t  i n  c o m p l e t e l y  e l i m i n a t i n g
t h e  odor  p rob lem,  a l l o w  t h e  s u b s t i t u t i o n  o f  
a c o n s i d e r a b l y  c h e a p e r  r e c o v e r y  f u r n a c e ,  and 
make t h e  r e c a u s t i c i z i n g  s e c t i o n  u n n e c e s s a r y .  
The r e d u c t i o n  i n  p o l l u t i o n  c o n t r o l  c o s t s  
would amount t o  around 25% o r  $ 2 . 7  x 10 6. 
These s a v i n g s  w i t h  t h e  a d d i t i o n a l  s a v i n g  i n  
f u e l  t o  t h e  lime k i l n  r e d u c e  t h e  p r o d u c t  
c o s t  by a p p r o x i m a t e l y  6 % .  T h i s  g a i n ,  of 

i m p o r t a n t  t o  n o t e  t h a t  t h e  l a r g e s t  ( 8 5 % )  p a r t
of t h i s  c o s t  r e d u c t i o n  comes n o t  from p o l l u t i
abatement  b u t  from s a v i n g s  i n  t h e  r e c o v e r y  
sys tem.  

Pe rhaps  t h e  g r e a t e s t  g a i n  t h a t  c o u l d  r e s u l t  
from p u l p i n g  r e s e a r c h  would be  t h e  d i s c o v e r y
o f  a sys tem t h a t  would y i e l d  a more e a s i l y
b l e a c h a b l e  p u l p  a l l o w i n g  t h e  u s e  of a c h l o r i n e -
f r e e  sys tem.  I t  i s  n o t  news t h a t  t h e  b l e a c h i n g  
o p e r a t i o n  i s  v e r y  c o s t l y .  The f i g u r e s  above 
i n d i c a t e  t h a t  t h e  b l e a c h i n g  c o s t  amounts t o  
more t h a n  t w o - t h i r d ' s  o f  t h a t  f o r  d i g e s t i o n
( i n c l u d i n g  chemica l  r e c o v e r y ,  b u t  e x c l u d i n g
wood). With c r e d i t  g i v e n  t o  t h e  r e c o v e r y
c y c l e  f o r  h e a t  r e c o v e r y ,  t h e  c o s t  o f  d i g e s t i o n
and b l e a c h i n g  a re  n e a r l y  e q u a l .  Al though 
n o t  a c o n t r i b u t o r  t o  t h e  odor  p rob lem,  t h e  
b l e a c h  p l a n t  i s  t h e  ma jo r  c o n t r i b u t o r  t o  t h e  
t o t a l  p o l l u t i o n  l o a d .  Thus ,  t h e  improved
b l e a c h a b i l i t y  o f  oxygen p u l p s  i s  an  i m p o r t a n t  
p r o p e r t y ,  p e r h a p s  t h e  m o s t  i m p o r t a n t  asset  
o f  t h e  sys tem.  

R e i t e r a t i n g ,  t h e  i m p o r t a n t  p o i n t  i s  t h a t  t h e  
p o l l u t i o n  problems o f  t h e  k r a f t  p r o c e s s  a r e  
n o t  g o i n g  t o  p u t  i t  o u t  o f  b u s i n e s s  and any 
new method w i l l  have t o  come up w i t h  p u l p  o f  
comparable  q u a l i t y ,  i n  i n c r e a s e d  y i e l d s
a n d / o r  d e c r e a s e d  c o s t s .  These  d e c r e a s e d  c o s t s  
w i l l  r e s u l t  e i t h e r  from changes  i n  t h e  
r e c o v e r y  sys tem,  t h e  b l e a c h i n g  o p e r a t i o n ,  o r  
i n c r e a s e d  y i e l d s .  I n  o t h e r  words ,  it s t i l l  
i s  a q u e s t i o n  o f  q u a l i t y  and p r i c e .  

The d e c r e a s e  i n  p r o d u c t i o n  c o s t  r e s u l t i n g
from an i n c r e a s e  i n  y i e l d  c a n  be  o b t a i n e d  by 
add ing  c r e d i t  f o r  r e d u c e d  wood consumption
and c a p i t a l  i n v e s t m e n t  (wood room, r e c o v e r y
f u r n a c e ,  and e f f l u e n t  t r e a t m e n t )  t o  t h e  d e b i t  
f o r  ene rgy  and i n c r e a s e d  i n v e s t m e n t  i n  t h e  
a u x i l i a r y  b o i l e r .  The n e t  r e s u l t  o f  a 1 0 %  
i n c r e a s e  i n  y i e l d  i s  3 .75% r e d u c t i o n  i n  p r o 
d u c t i o n  c o s t  o r  a b o u t  $ 7 / t o n .  Recogn iz ing
t h a t  t h i s  i s  r o u g h l y  t h e  c o s t  o f  t h e  d i g e s t i o n
o p e r a t i o n  i s  i s  a p p a r e n t  t h a t  t h e  i n t r o d u c t i o n  
of a t w o - s t a g e  o p e r a t i o n  must r e s u l t  i n  a 
s u b s t a n t i a l  y i e l d  i n c r e a s e  t o  b e  economica l .  

I t  seems t o  be  o f  v a l u e ,  c e r t a i n l y  o f  
i n t e r e s t ,  t o  c o n s i d e r  deve lopmenta l  r e s e a r c h  
e f f o r t s  i n  t h e  framework of t h e  e n t i r e  p r o c e s s
and t o  a p p r a i s e  a p r o j e c t  a s  t o  i t s  e f f e c t  
on v a r i o u s  t h i n g s  such  a s  ene rgy  consumption
and p o l l u t i o n  l o a d .  The t y p e  o f  i n f o r m a t i o n  
g i v e n  i n  t h e  p r e c e e d i n g  t a b l e s  can  be u s e d ,  
f a i r l y  e f f e c t i v e l y ,  t o  make s u c h  a p p r a i s a l s
bu t  i t  has  s e r i o u s  s h o r t c o m i n g s .  S i n c e  i t  i s  
assembled p i e c e - m e a l  from a l l  t y p e s  and s i z e s  
of p l a n t s  i n  v a r i o u s  l o c a t i o n s ,  t h e  r e s u l t i n g
f i g u r e s  a r e  o n l y  c r u d e  a p p r o x i m a t i o n s .  R u t ,  
more i m p o r t a n t ,  t h e  i n t e r a c t i o n  o f  t h e  
v a r i o u s  p r o c e s s  components c a n n o t  be i n f e r r e d  
from t h i s  d a t a .  For  i n s t a n c e ,  i f  one 
assumes a y i e l d  i n c r e a s e  i t  i s  n o t  p o s s i b l e  
t o  o b t a i n  d i r e c t l y  t h e  r e s u l t i n g  change i n  
c a p i t a l  inves tment  f o r  t h e  r e c o v e r y  and 
a u x i l i a r y  f u r n a c e s .  T h i s  i s  a s e r i o u s  s h o r t 
coming and c e r t a i n l y  a f o r m i d a b l e  one f o r  a 
chemis t  w i t h  o n l y  a p a s s i n g  knowledge of t h e  
e n g i n e e r i n g  d e t a i l s  o f  t h e  p r o c e s s .  However, 
t h e  t ime seems t o  be coming when t h e  p r o c e s s
e n g i n e e r i n g  d a t a  w i l l  be more r e a d i l y  a v a i l 
a b l e  and I ' d  l i k e  t o  c l o s e  t h i s  d i s c u s s i o n  
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w i t h  a b r i e f  d e s c r i p t i o n  o f  what Seems t o  be 
e v o l v i n g  i n  t h e  p r o c e s s  e n g i n e e r i n g  a r e a .  

The p u l p i n g  p r o c e s s  c a n  be  viewed a b s t r a c t l y  
a s  a group o f  s u b p r o c e s s e s  o r  s u b s e c t i o n s  
as shown i n  f i g .  1. The pe r fo rmance  o f  each  
s u b s e c t i o n  can be s i m u l a t e d  by a ma themat ica l  
model which e s t a b l i s h e s  t h e  r e l a t i o n  between 
i n p u t  and o u t p u t ,  e n e r g y  consumpt ion ,  e q u i p 
ment s i z e ,  and so  f o r t h .  Each s u b s e c t i o n  can  
be  conce ived  as  an  independen t  c e l l  r e c e i v i n g
i n p u t s  e i t h e r  from o t h e r  u n i t  c e l l s  o r  from 
an  e x t e r n a l  s t r e a m ,  i . e .  a p l a n t  f e e d  stream. 
S i m i l a r l y ,  i t s  o u t p u t  i s  connec ted  to o t h e r  
c e l l s  o r  i s  a p r o d u c t  stream. Each s u b s e c t i o n  
i s  modeled t o  be removable  and r e p l a c e a b l e
and i n p u t  and o u t p u t  s t r e a m s  can  be  r e a d i l y  
connec ted  so t h a t  many v a r i a t i o n s  i n  p l a n t
o p e r a t i o n  can  be s i m u l a t e d .  

To i l l u s t r a t e ,  f i g .  2 shows t h e  p o s s i b l e  con
s t r u c t i o n  o f  a u n i t  p r o c e s s  f o r  wood p r e p a r a 
t i o n .  Modeled as  shown i n  t h e  f i g u r e ,  i t  i s  
p o s s i b l e  t o  make c o n n e c t i o n s  t o  s u p p l y  t h e  
d i g e s t e r  w i t h  b a r k - f r e e  washed c h i p s  from 
roundwood, debarked  washed l o g s  t o  groundwood
p u l p i n g ,  a washed b a r k - c h i p  m i x t u r e  from 
roundwood, o r  c h i p s  a s  r e c e i v e d .  

The i n p u t  d a t a  r e q u i r e d  would i n c l u d e :  

1 .  S p e c i e s
2. Form - l o g  o r  c h i p s  
3 .  	 Q u a l i t y  - s i z e ,  e x t e n t  o f  d e c a y ,  d i r t  

c o n t e n t ,  and sodium c h l o r i d e  c o n t e n t  
4.  Q u a n t i t y  

The o u t p u t  d a t a  t h a t  s h o u l d  be a v a i l a b l e :  

1. Power 
2 .  Steam - q u a n t i t y ,  q u a l i t y
3 .  Water - q u a n t i t y ,  q u a l i t y ,  t e m p e r a t u r e
4. 	 Bark - q u a n t i t y ,  m o i s t u r e  c o n t e n t ,  a s h  

( i n c l u d i n g  S i  and NaCl),  h e a t i n g  v a l u e  
5. 	 Chips  - q u a n t i t y ,  q u a l i t y  ( b a r k ,  d i r t ,  

N a C l ,  S i ,  c a r b o h y d r a t e ,  and l i g n i n )
6 .  	 E f f l u e n t  - q u a n t i t y ,  t e m p e r a t u r e ,  TSS, 

TDS, and f i b e r  c o n t e n t  
7 .  	 Cos t  d a t a  - main tenance  and c a p i t a l  

c o s t ,  l a b o r  r e q u i r e m e n t s  

Data s t o r e d  pe rmanen t ly  i n  t h e  program would 
r e l a t e  y i e l d ,  c o m p o s i t i o n ,  power r e q u i r e m e n t s ,  
e t c .  t o  s p e c i e s .  

The d e g r e e  o f  s o p h i s t i c a t i o n  i n  model ing e a c h  
s u b s e c t i o n  c a n  r a n g e  from s i m p l e  t a b u l a t i o n s  
o f  pe r fo rmance  d a t a  w i t h  ma te r i a l  and e n e r g y
b a l a n c e s  up t o  i n t r o d u c i n g  t h e  p h y s i c a l  and 
chemica l  p r i n c i p l e s  d e s c r i b i n g  t h e  dynamics
of t h e  p r o c e s s .  S o p h i s t i c a t e d  s i m u l a t i o n  
s t u d i e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  i n c l u d e  
t h e  c o n t i n u o u s  d i g e s t e r  4 , wash ings ,  r e c o v e r y
f u r n a c e 6, and t h e  e v a p o r a t o r s 7. Br ing ing  
t h e s e  t o g e t h e r  i n t o  a program t o  s i m u l a t e  t h e  
e n t i r e  p r o c e s s  w i l l  be  a major  t a s k  b u t  it 
does  seem a l o g i c a l  e x t e n s i o n .  Model d e s i g n  
must be  such  as  t o  a l l o w  m o d i f i c a t i o n  and 
improvement a s  d a t a  become a v a i l a b l e .  Deve
lopment o f  t h e  s i m u l a t e d  p l a n t  can  b e  viewed 
a s  a sequence of  t h e  o p e r a t i o n s  i n d i c a t e d  i n  
f i g .  1. 

1. 	 A v a i l a b l e  d a t a  from l a b o r a t o r y ,  p l a n t ,
and market  a r e  c o l l e c t e d .  

2. 	 A p r e l i m i n a r y  m a t h e m a t i c a l  model i s  
c o n s t r u c t e d  u s i n g  t h i s  i n f o r m a t i o n .  

3. 	 R e s u l t s  from model m a n i p u l a t i o n  a re  
compared w i t h  t h e  r e a l  wor ld  t o  s u g g e s t  
a r e a s  o f  c r i t i c a l  e x p e r i m e n t a t i o n  o r  
d a t a  g a t h e r i n g .  

4 .  	 Data  from No. 3 i s  used  t o  improve
model;  Nos. 3 and 4 a r e  r e p e a t e d  a s  
n e c e s s a r y .  

5 .  	 The model c a n  be  u s e d  t o  o p t i m i z e
e x i s t i n g  p l a n t s ,  which o p e r a t e  i n  
chang ing  s i t u a t i o n s ,  t o  d e s i g n  new 
p l a n t s ,  and t o  s u g g e s t  t h e  areas  of 
g r e a t e s t  r e s e a r c h  i n t e r e s t .  I t  would 
a l l o w  t h e  f u t u r e  p u l p i n g  c h e m i s t  t o  
r e a d i l y  o b t a i n  a r e a l i s t i c  e v a l u a t i o n  
o f  w h e r e  h i s  r e s e a r c h  is l e a d i n g  and 
h e l p  t o  keep him on t h e  p a t h .  
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T a b l e  I .  Resource  u t i l i z a t i o n  

Table II. Energy consumption 
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Table 111. Pollution abatement costs for a modern mill 
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