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CLEAN-CHAR PROCESS 
BY 

K .  A .  Schowal te r  and E .  F. P e t r a s  

U. S.  S t e e l  c u r r e n t l y  u s e s  a b o u t  25 m i l l i o n  t o n s  of  c o a l  per  

year  f o r  productio-n of  t h e  coke f o r  o u r  b l a s t - f u r n a c e  o p e r a t i o n s .  In  

a d d i t i o n ,  w e ' a r e  one of  t h e  n a t i o n ' s  l e a d i n g  h o l d e r s  of c o a l  r e s e r v e s .  

Accord ingly ,  we have had a s u s t a i n e d  i n t e r e s t  i n  r e s e a r c h  and develop-  

ment work i n  c o a l ,  cokemaking, and coal u t i l i z a t i o n  o v e r  t h e  y e a r s .  

T h i s  i n t e r e s t  w a s  fo rma l i zed  i n  1950 w i t h  t h e  e s t a b l i s h m e n t  

of a coal and coke r e s e a r c h  and development g roup  i n  U. S. S t e e l ' s  

Research  Labora to ry .  The a c t i v i t i e s  of t h a t  g roup  have inc luded  

t h e  development of improved mining  t e c h n i q u e s ,  the  development of new 

and improved c o a l  and coke  t e s t i n g  methods,  t h e  development and 

c a l i b r a t i o n  of expe r imen ta l  coke ovens  t h a t  would s i m u l a t e  t h e  pe r -  

formance of commercial ovens  w i t h  r e f e r e n c e  t o  t h e  q u a l i t y  of  coke 

produced, s t u d i e s  on c o a l  b e n e f i c i a t i o n  and t h e  development of improved 

coking  b l ends  and p r o c e d u r e s ,  t h e  development of  p e t r o g r a p h i c  pro- 

c e d u r e s  f o r  c h a r a c t e r i z i n g  c o a l s  and c a l c u l a t i n g  suitable coking b l ends  

from t h e s e  c o a l s , a n d  the- i n v e s t i g a t i o n  of  methods f o r  more e f f e c t i v e  

u t i l i z a t i o n  of ou r  c o a l  r e s e r v e s .  
\ 

With r e g a r d  t o  t h i s  l a t t e r  a r e a  of a c t i v i t y ,  i n  t h e  e a r l y  '~O'S, 

o u r  management charged  u s  w i t h  t h e  r e s p o n s i b i l i t y  f o r  deve lop ing  a means 

f o r  u t i l i z i n g  U. S. S t e e l ' s  e x t e n s i v e  I l l i n o i s  c o a l  r e s e r v e s .  These 

c o a l  r e s e r v e s  a r e  h i g h  i n  s u l f u r  and a s h  c o n t e n t  and a r e  normal ly  n o t  

cons ide red  s u i t a b l e  f o r  making coke by t h e  coke-oven p rocedure .  A 

number o f  coa l - conve r s ion  p r o c e s s e s  w e r e  e x p l o r e d .  However, t h e  



n 

program made l i t t l e  p r o g r e s s  because  of t h e  u n a t t r a c t i v e  economics 

a s s o c i a t e d  w i t h  coa l - conve r s ion  p r o c e s s e s  a t  t h a t  t i m e .  I t  was n o t  

u n t i l  t h e  l a t e  '60's t h a t  t h e  impending ene rgy  crisis w a s  beginning  

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

t h e  c o s t  o f  coke produced  i n  coke  ovens .  A s  a r e s u l t  of t h e s e  t w o  

deve lopments ,  i n t e r e s t  w a s  renewed i n  c o n v e r s i o n  of t h e  I l l i n o i s  c o a l  

t o  coke  by a method which would have economic and e c o l o g i c a l  advan- 

t a g e s  o v e r  t h e  coke-oven r o u t e .  Accord ing ly ,  t h e  Clean-Coke P r o c e s s  

w a s  deve loped  and e v a l u a t e d  i n  bench-sca le  equipment.  T h i s  e v a l u a t i o n  

i n d i c a t e d  t h a t  t h e  P r o c e s s  would be t e c h n i c a l l y  and economica l ly  

f e a s i b l e .  Because t h e  p r o j e c t  o f f e r e d  promise of i n t e r e s t  t o  t h e  

chemica l  i n d u s t r y  as  w e l l  as t h e  steel i n d u s t r y  a s  a whole and had 

a t t r a c t i v e  e c o l o g i c a l  and  ene rgy  and r e s o u r c e  c o n s e r v a t i o n  f e a t u r e s ,  

it appea red  t h a t  Government s u p p o r t  w a s  war ran ted .  Accord ingly ,  a n  

u n s o l i c i t e d  p roposa l  w a s  p repa red  and submi t t ed  t o  t h e  O f f i c e  of 

Coal Research. The program w a s  accep ted  by OCR and i s  now i n  i t s  

second yea r  of development.  T h i s  program w a s  r e p o r t e d  i n  d e t a i l  a t  

t h e  P h i l a d e l p h i a  AIChE mee t ing  l a s t  November and t h e r e f o r e  w i l l  o n l y  

be b r i e f l y  d i s c u s s e d  t o d a y  t o  p r o v i d e  s u i t a b l e  background for t h e  sub- 

j e c t  o f  t h e  c u r r e n t  p a p e r ,  

B a s i c a l l y ,  t h e  P r o c e s s  p r o v i d e s  f o r  o b t a i n i n g  a b o u t  34 p e r c e n t  

of t h e  c o a l  f e d  t o  t h e  p r o c e s s  as m e t a l l u r g i c a l  coke  p e l l e t s - a  f a i r l y  

h igh-va lue  carbonaceous  p r o d u c t ,  g e n e r a l l y  c o n s i d e r e d  t o  be  worth about  

$35 t o $ 4 0 / t o n  o r  $1.40 t o  $1.60 p e r  m i l l i o n  Btu.  

amount of h igh-carbon-conta in ing  p roduc t  t hen  r e s u l t s  i n  a much more 

The removal of t h i s  
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f a v o r a b l e  hydrogen-to-carbon r a t i o  i n  t h e  remain ing  mater ia l ,  such  

t h a t  a b o u t  18 p e r c e n t  of t h e  c o a l  i s  r e c o v e r e d  as c h e m i c a l  f e e d s t o c k s  

va lued  a t  an  a v e r a g e  of  $120/tor1. 

The Process ( F i g u r e  1) i s  most  s imply  c h a r a c t e r i z e d  a s  a unique 

combina t ion  of low-temperature  c a r b o n i z a t i o n  and hydrogenat ion  p r o c e s s e s ,  

i n t e g r a t e d  i n  a manner t h a t  p e r m i t s  optimum u t i l i z a t i o n  of e n e r g y  and 

m a t e r i a l s .  The coal  f e d  t o  t h e  P r o c e s s ,  a f t e r  b e n e f i c i a t i o n  and S 

i n  a c o a l - p r e p a r a t i o n  p l a n t ,  i s  s p l i t  i n t o  two f r a c t i o n s .  P a r t  o f  

c o a l  i s  processed  through a c a r b o n i z a t i o n  u n i t  where i t  i s  d e v o l a t  

z ing  

t h e  

l i z e l  

an6 p a r t i a l l y  d e s u l f u r i z e d  t o  produce t h e  c h a r  t h a t  serves as t h e  b a s e  

m a t e r i a l  f o r  p r o d u c t i o n  of t h e  m e t a l l u r g i c a l  coke .  The second p o r t i o n  

of t h e  c o a l  i s  s l u r r i e d  w i t h  a process-der ived  carrier o i l  and i s  

hydrogenat-ed t o  c o n v e r t  most of t h e  c o a l  t o  l i q u i d s .  L i q u i d  p r o d u c t s  

from Loth c a r b o n i z a t i o n  and hydrogenat jon  a r e  composi ted  and processed  

through a c e n t r a l  l i q u i d s - t r e a t m e n t  u n i t .  I n  t h i s  u n i t ,  t h e  l i q u i d s  

are  processed  i n t o  lowysul fur  l i q u i d  f u e l s ,  chemica l  f e e d s t o c k s ,  and 

t h r e e  o i l  f r a c t i o n s  t h a t  a re  r e c y c l e d  t o  o t h e r  a r e a s  of t h e  p r o c e s s .  

O n e  of t hese  recycle  f r a c t i o n s  i s  used p r i m a r i l y  as a carr ier  o i l  f o r  

t h e  hydrogenat ion  r e a c t i o n .  A second r e c y c l e  o i l  i s  s e n t  t o  t h e  

c a r b o n i z e r  where i t  is conver ted  t o  p i t c h  c o k e .  The p i t c h  coke  and 

c h a r  m i x t u r e  is blended w i t h  t h e  t h i r d  r e c y c l e  o i l  t h a t  s e r v e s  as a 

b i n d e r ,  and t h e  m i x t u r e  i s  formed i n t o  p e l l e t s  i n  t h e  c o k e - p r e p a r a t i o n  

u n i t .  These p e l l e t s  are s u b s e q u e n t l y  baked t o  produce  a formed 

‘ i  
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m e t a l l u r g i c a l  coke w i t h  s t r e n g t h  p r o p e r t i e s  e q u i v a l e n t  t o  b l a s t - f u r n a c e  

coke made by a c o n v e n t i o n a l  coking  o p e r a t i o n .  The coke-prepara t ion  

c y c l e ,  from c h a r  p r o d u c t i o n  t o  f i n a l  coke ,  i s  c a r r i e d  o u t  i n  a c losed  

system wi th  t h e  o f f - v a p o r s  c o l l e c t e d  and r e t u r n e d  t o  t h e  p rocess .  Thus,  

no s i g n i f i c a n t  e m i s s i o n s  of  v o l a t i l e  m a t t e r  occu r  d u r i n g  t h e s e  opera-  

t i o n s ,  and a tmosphe r i c  p o l l u t i o n  i s  p r a c t i c a l l y  n o n e x i s t e n t .  Gaseous 

p r o d u c t s  from a l l  o p e r a t i o n s  are processed  th rough  a common system t o  

p rov ide  chemical f e e d s t o c k s ,  l ow-su l fu r  gaseous  f u e l s , a n d  hydrogen f o r  

recycle t o  hydrogenat ion  and l i q u i d s  t r e a t m e n t .  

The o b j e c t i v e  of  t h e  c u r r e n t  Clean-Coke Program i s  t o  develop  

/ 

/ 

d e s i g n  in fy rma t ion  f o r  a p i l o t  p l a n t  t h a t  w i l l  p r o c e s s  up  t o  10  t o n s  

of c o a l  pe r  hour .  
i 

I n  view of  t h e  r e c e n t  h i g h  l e v e l  of  i n t e r e s t  on c l e a n  

ene rgy ,  and e s p e c i a l l y  on c l e a n  power-plant and i n d u s t r i a l  f u e l s ,  

t h e  t echno logy  of t h e  Clean-Coke P rocess  w a s  s t u d i e d  t o  de termine  

whether i t  might be a p p l i c a b l e  t o  t h e  i n d u s t r i a l  f u e l  

problem. The Envi ronmenta l  P r o t e c t i o n  Agency has  sugges t ed  a s  a 

g u i d e l i n e  t h a t  c o a l  c o n t a i n i n g  t h e  e q u i v a l e n t  of 0 . 6  l b  of s u l f u r  per  

m i l l j o n  Btu be u t i l i z e d  t o  a c h i e v e  t h e  1 9 7 5  ambient  a i r  c r i t e r i a .  T h i s  

1s e q u i v a l e n t  to  0.1 p e r c e n t  s u l f u r  i n  coal having  a h e a t i n g  v a l u e  of 

12 ,000  Btu / lb ,  and would mean o n l y  the Western c o a l s  and some l i m i t e d  

tonnages  of West V i r g i n i a ,  Kentucky, and Alabama c o a l s  would be s u i t a b l e  

f o r  u s e .  I n  view of  t h e  f a c t  t h a t  the c a r b o n i z a t i o n - d e s u l f u r i z a t i o n  

p o r t i o n  of t h e  Clean-Coke Process c o n v e r t s  2 . 0  p e r c e n t  s u l f u r  c o a l  

I 
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i n t o  c h a r  c o n t a i n i n g  0 . 4 t o  0 . 6  p e r c e n t  s u l f u r ,  it i s  a p p a r e n t  t h a t  

t h i s  o p e r a t i o n  could  be u t i l i z e d  f o r  p r o d u c t i o n  of a n  e c o l o g i c a l l y  

a c c e p t a b l e  b o i l e r  f u e l .  Accord ingly ,  t h i s  approach-ca l led  t h e  
I 

/ 

/ "Clear.-Char" Process-was f u r t h e r  s t u d i e d  f o r  t e c h n i c a l  and economical  

f e a s i b i l i t y  . I 

The proposed Clean-Char P r o c e s s  i s  i l l u s t r a t e d  i n  F i g u r e  2 .  
. ,  

t 
I I n  t h i s  p r o c e s s ,  t h e  c a r b o n i z e r  f e e d  c o a l ,  a f t e r  p u l v e r i z a t i o n  and s i z i n g  

. t o  minus 1 /8  i n c h  by p l u s  1 0 0  mesh, i s  f i r s t  f e d  t o  a f l u i d - b e d  p r e h e a t e r  

where it i s  d r i e d  and p r e h e a t e q  t o  a b o u t  400 F ,  u t i l i z i n g  s t a c k  g a s e s  

from t h e  main c a r b o n i z e r  h e a t e r  which are boos ted  i n  t e m p e r a t u r e  by 

p a s s i n g  them t h r o u g h  an  a d d i t i o n a l  f u r n a c e .  The o f f - g a s e s  from t h e  

p r e h e a t e r , .  a f t e r  removal  of  p a r t i c u l a t e  matter i n  a c y c l o n e ,  go t o  a 

s t a c k .  The p r e h e a t e d  coal t h e n  e n t e r s  t h e  f l u i d - b e d  c a r b o n i z e r  where 

i t  i s  h e a t e d  by t h e  f l u i d i z i n g  g a s  and c a r b o n i z e d  a t  t e m p e r a t u r e s  from 

1 2 0 0  F t o  1 4 0 0  F a t  a b o u t  9 0 t o 1 0 0  p s i  p r e s s u r e .  By m a i n t a i n i n g  t h e  

hydrogen c o n t e n t  a t  a b o u t  3 3  p e r c e n t  a n d ' t h e  s u l f u r  c o n t e n t  a t  a l o w  

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

f u r i z e  t h e  c o a l  f e d  t o  t h e  c a r b o n i z e r .  A f t e r  s e p a r a t i o n  o f  p a r t i c u l a t e s ,  

t h e  c a r b o n i z e r  o f f - g a s  i s  c o o l e d  i n  t h r e e  s ' t eps  a n d ' d e s u l f u r i z e d  t o  

provide  t h e  g a s  f o r  r e c y c l e  t o  t h e  c a r b o n i z e r  and t h e  s u r p l u s  g a s  which 

i s  s u i t a b l e  for  u s e  as a l o w - s u l f u r ,  medium Btu ( a b o u t  6 3 6  Btu/SCF) f u e l  

g a s .  The condensed t a r s  and m o i s t u r e  are s e p a r a t e d  from t h e  system and 

t h e  water s e n t  t o  a w a s t e - t r e a t m e n t  u n i t .  The tar  c o n t a i n s  about  1 . 0  

t o  1 . 2  p e r c e n t  s u l f u r  and t h e r e f o r e  would n o t  be s u i t a b l e  f o r  

f u e l ,  i n  view of the 0.7 p e r c e n t  s u l f u r  l i m i t a t i o n .  However, t h e r e  

a r e  t h r e e  p o s s i b i l i t i e s  f o r  i t s  u s e :  (1) It c o u l d  b e  s o l d  t o  a r e f i n e r y  

I 



6 

f o r  p r o c e s s i n g ;  ( 2 )  it c o u l d  b e  burned a l o n g  wi th  t h e  char. (Because 

t h e  w e i g h t  of  t h e  c h a r  amounts  t o  a b o u t  3 .5  t i m e s  t h a t  o f  t h e  t a r ,  t h e  

b lend  o f  0 .5  p e r c e n t  s u l f u r  c h a r  and 1 . 2  p e r c e n t  s u l f u r  t a r  would have a 

s u l f u r  c o n t e n t  of  o n l y  0.66 p e r c e n t )  ,and ( 3 )  it c o u l d  b e  r e c y c l e d  t o  t h e  

c a r b o n i z e r  and t h u s  be c o n v e r t e d  t o  f l u i d  coke and  g a s .  The material 

b a l a n c e  i n f o r m a t i o n  i s  summarized i n  F i g u r e  3. P r o p e r t i e s  o f  t h e  coal 

and c h a r  are g iven  i n  T a b l e  I and t h e  composi t ion  and c a l c u l a t e d  

h e a t i n g  v a l u e  of  t h e  g a s a r e g i v e n  i n  Table  11. 

An economic e v a l u a t i o n  of  t h e  process w a s  t h e n  made to  e n a b l e  

t h e  c o s t  o f  t h e  Clean  Char t o  b e  compared w i t h  o t h e r  a l t e r n a t i v e s .  I n  

t h e  e v a l u a t i o n ,  c a p i t a l  and  , o p e r a t i n g  costs have been developed  for a 

p l a n t  t o  supply  a 1000 megawatt (Em) power plant  w i t h  a 60 p e r c e n t  l o a d  

f a c t o r .  T h i s  would r e q u i r e  38,970,000 m i l l i o n  (MM) Btu (or  1 ,457 ,041  

t o n s )  of c h a r  p l u s  14 ,100 ,000  MM Btu (or 416,713 t o n s )  of tar .  Thus, 

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

F i g u r e  3. Economics have  been e v a l u a t e d  u s i n g  "The O f f i c e  o f  Coal  

Research T e n t a t i v e  S t a n d a r d  f o r  C o s t  E s t i m a t i n g  of Investor-Owned P l a n t s  

for  Producing  P i p e l i n e  G a s  from Coal," ( June  4 ,  1 9 6 5 ) .  

T a b l e  I11 p r e s e n t s  a summary o f  the e s t i m a t e d  i t e m s  compris ing 

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

l i m i t s ,  u t i l i t i e s ,  o f f s i t e s ,  and c o n s t r u c t i o n  l o a n  i n t e r e s t  is $90.3 

m i l l i o n .  The a d d i t i o n  of $5.6 m i l l i o n  working c a p i t a l  r e s u l t s  i n  a t o t a l  

c a p i t a l  inves tment  o f  $95.9 m i l l i o n .  

T a b l e  IV shows e s t i m a t e d  annuhl  o p e r a t i n g  expenses .  By- 

p r o d u c t  c r e d i t s  of $10.3 m i l l i o n  i n c l u d e  a $9.35 m i l l i o n  f u e l  



gas c r e d i t , ' a n  $835,000 s u l f u r  c r e d i t ,  a $97,000 steam c r e d i t ,  and 

I 

a $21,200 ammonia c r e d i t .  These c r e d i t s  r educe  o p e r a t i n g  expenses  

t O  a n e t  $27.86 m i l l i o n .  

Table  V p r e s e n t s  a n  economic summary. The OCR s t a n d a r d  

i w l u d e s  p r o v i s i o n  f o r  c o n s t r u c t i o n  loan  and working c a p i t a l ,  20-year 

, s t r a i g h t l i n e  d e p r e c i a t i o n ,  and a 65-35 d e b t - t o - e q u i t y  r a t i o .  The 

s t anda rd  g u a r a n t e e s  a g r o s s  r e t u r n  of  7 p e r c e n t  of t h e  ra te  base  

( t o t a l  f i x e d  inves tmen t  d e c l i n i n g  on a 20-year b a s i s  p l u s  working 

c a p i t . a l ) .  T o t a l  revenue  i s  c a l c u l a t e d  by adding  n e t  o p e r a t i n g  expenses  

( i n c l u d i n g  5 p e r c e n t  i n t e r e s t  on unpaid  d e b t ) ,  g r o s s  r e t u r n ,  and income 

t a x .  The 65 p e r c e n t  d e b t  p o r t i o n  of t h e  inves tmen t  i s  p a i d  o f f  i n  

e q u a l  i n s t a l l m e n t s  o v e r  a 20-year p e r i o d .  S e l l i n g  p r i c e ,  which i s  

t o t a l  revenue d i v i d e d  by  annua l  th rough-put ,  v a r i e s  from y e a r  t.o 

yea r .  The ave rage  p r i c e  f o r  a 20-year p e r i o d  i s  t h e  r e p o r t e d  v a l u e .  

Applying t h e  OCR s t a n d a r d ,  t h e  revenue r equ i r emen t  f o r  c h a r  and tar  

f u e l s  is $ 0 . 6 3  per  MM Btu.  

Coal c o s t  i s  t h e  major  cost e l emen t .  F i g u r e  4 shows t h e  

e f f e c t  of c o a l  c o s t  on f u e l  s e l l i n g  p r i c e .  A $2.00/ ton  i n c r e a s e  i n  

c o a l  c o s t  i n c r e a s e s  s o l i d  and l i q u i d  f u e l  p r i c e  by a b o u t  $0.107 per  

MM Btu ( i n c l u d i n g  o p e r a t i n g - c o s t  c o n t i n g e n c y ) .  

I n  view of  t h e  f a c t  t h a t  t h e r e  a r e  l i m i t e d  s u p p l i e s  of low- 

s u l f u r  c o a l s  i n  t h e  c e n t r a l  and e a s t e r n  Uni ted  S t a t e s  and t h a t  low-sul fur  

o i l  i s  becoming scarce and expens ive ,  many u t i l i t i e s  and i n d u s t r i a l  

p l a n t s  a r e  c o n s i d e r i n g  s t ack -gas  sc rubb ing  t o  e n a b l e  them t o  u s e  h i g h e r  

s u l f u r  c o a l s  and s t i l l  comply w i t h  emis s ion  s t a n d a r d s .  I t  i s  our  

t 
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under s t and ing  t h a t  t h e r e  i s  no commercial s t a c k - g a s  sc rubb ing  u n i t  

o p e r a t i n g  s a t i s f a c t o r i l y  and t h a t  r e c e n t  c o s t s  for s t a c k - g a s  sc rubb ing  

have been e s t i m a t e d  a t  $50 t o  $90 c a p i t a l  p e r  KW and $0.80 t o  $0.95 pe r  

MM Btu t o t a l  f u e l  cost ( c o a l  c o s t  p l u s  sc rubb ing  c o s t ) .  I t  would 

therefore  appear  t h a t  t h e  Clean-Char Process w i t h  i t s  $90 p e r  KW 

c a p i t a l  p l a n t  i nves tmen t  and $0 .63  p e r  MM Btu t o t a l  f u e l  cost should  

be of i n t e r e s t .  



\ 
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Table I 

P r o p e r t i e s  of Cog1 and Char 

Elemental Analys is  

Carbon 

Hydrogen 

Nitrogen 

0xyge.n 

Sul fur  

Heating v a l u e ,  Btu/ lb 

Percent by Weight 
Char Coal 

8.51 -- 
5.17 6.57 

- - 

68.77 

4.79 

1.24 

9.73 

1.79 

86.73 

2.47 

1.48 

2.28 

0.47 

13,373 

I 
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Table I1 

P r o p e r t i e s  of Fuel  G a s  

Composition, percent  by V o l u m e  

Hydrogen 33.52 

Methane 37.06 

Ethylene 12.95 

Ethane 2 .87  

C3 and C4 1 . 6 0  

Carbon Monoxide 10.66 

Carbon Dioxide . E 5  

Moisture . 4 9  

100.00 

Heating Value 636 Btu/SCF 
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Tab le  I11 

Inves tment  Summary 

S e c t i o n  T i t l e  

10 0 C a r b o n i z a t i o n  

200 Gas Cleaning  

300 C laus  

1 

\ 

4 0 0  Ta r  Handl ing  

500 U t i l i t i e s  and Waste Water 

6 0 0  Off s i te  f a c i l i t i e s  

S u b t o t a l  

C o n t r a c t o r ' s  Overhead and  P r o f i t  

S u b t o t a l  

I n t e r e s t  During C o n s t r u c t i o n  
(5% o f  ( i ) )  

TOTAL FIXED INVESTMENT 

cost ,  SMM 

52.7 (a )  

12.4 (b)  

2.0 (c) 

1 .3  (d)  

4.2 (e) 

7 . 3  (f) 

79.9 ( g )  

6 . 1  ( h )  

86.0 (i) 

- 

- 

Working C a p i t a l  - 
30 d a y s  coal  i n v e n t o r y  2.0 (1) 

3 0  d a y s  c a t a l y s t ,  e t c . ,  i n v e n t o r y  - (m) 

3.6 ( n )  

T o t a l  working c a p i t a l  5.6 (0) 

Accounts receivable - 

TOTAL CAPITAL INVESTMENT 95.9  (p)  

t 
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T a b l e  I V  

O p e r a t i n g  Expense 

Raw Material (Coal )  @ $8.00/ton 

U t i l i t i e s  

Direct Opera t ing  Labor  @ $5.75/hr 

Maintenance (3% of (9)) 

S u p p l i e s  (15% of (D)) 

S u p e r v i s i o n  (10% of (C))  

P a y r o l l  Overhead (10% of ( C )  + (F)) 

Genera l  Overhead (50% of (C)+ (F) + (D) + (E) ) 

P l a n t  O p e r a t i n g  Expenses  S u b t o t a l  

D e p r e c i a t i o n  (5% of TOTAL FIXED INVESTMENT) 

L o c a l  Taxes and  I n s u r a n c e  
(3% of TOTAL FIXED INVESTMENT) 

S u b t o t a l  

C o n t i n g e n c i e s  ( 2 %  of ( L ) )  

TOTAL OPERATING EXPENSE 

By-Product Cred i t s  

NET OPERATING EXPENSE 

$/Year 

22,372,300 (A) 

2,124,700 (B) 

891,500 (C) 

2 , 397 , 000 ( D )  

359,600 (E) 

89,200 (F)  

98,100 ( G )  

1,868,700 (H) 

30,201,100 ( I )  

4,515,000 (J) 

2,709,000 (K) 

37,425,100 (L) 

748,500 ( M )  

38,173,600 (N) 

10,311,600 

27,862,000 

I 
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Table V 

Economic Summary') 

Annual P r o d u c t i o n  38,971,000 MM Btu Char  
14 ,099 ,000  MM Btu L i q u i d s  

53,070,000 MM Btu T o t a l  

P l a n t  Inves tmen t ,  2 ,  MM$ 
Working C a p i t a l ,  MM$ 

Total  C a p i t a l ,  MM$ 

Costs,  SMM Btu 

Gross Raw Materials 
By-product C r e d i t s 3 )  

0.4216 
0.1943 

N e t  Raw Materials 

U t i  1 it ies 0.0400 
Labor 0.0203 
Maintenance and S u p p l i e s  0.0520 
Genera l  Overhead 0.0352 
D e p r e c i a t i o n ,  Taxes,  I n s u r a n c e  0.1360 
Con t ingenc ie s  0.0141 

N e t  Opera t ing  Expense 

4 )  0.1060 P r o f i t ,  Taxes ,  I n t e r e s t  

SELLING P R I C E ,  $/MM Btu 

90.3 
5.6 

95.9 

- 

0.2273 

0.2976 

0.1060 

0.6309 

"February 1973 dollars. 

. 2 )  I n c l u d e s  c o n s t r u c t i o n  l o a d  i n t e r e s t .  

3 ) I n c l u d e s  9,358,000 MM Btu of g a s  c r e d i t e d  a t  $l.OO/MM Btu 

4 ) ~ n t e r e s t  a t  5 p e r c e n t  annua l  rate. 

c 

I 
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CLEAN CHAR PROCESS 

Figure 2 .  
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