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INTRODUCTION 
For t h e  p a s t  t h r e e  y e a r s  a group headed by t h e  C e n t e r  f o r  Applied 
Energy Research  of  t h e  U n i v e r s i t y  of Kentucky has  been 
i n v e s t i g a t i n g ,  under  DOE s p o n s o r s h i p ,  t h e  u s e  of Advanced Concepts  
f o r  improving t h e  I n t e g r a t e d  Two S t a g e  L i q u e f a c t i o n  p r o c e s s  
p r a c t i c e d  a t  t h e  W i l s o n v i l l e ,  Alabama p i l o t  p l a n t ( 1 ) .  Among t h e  
c o n c e p t s  t e s t e d  a t  t h e  b a t c h  s c a l e  l e v e l  were :  (1) e x t r a c t i o n ,  
dewaxing and h y d r o t r e a t i n g  of t h e  d i s t i l l a t e  r e c y c l e  s o l v e n t  t o  
improve c o a l  c o n v e r s i o n ,  ( 2 )  o i l  agglomera t ion  of t h e  f e e d  c o a l  t o  
l i q u e f a c t i o n  t o  r e d u c e  i t s  a s h  c o n t e n t  and improve suppor ted  
c a t a l y s t  l i f e ,  and ( 3 )  p r e p a r a t i o n  and use  of a l t e r n a t e  d i s p e r s e d  
and p a r t i c u l a t e  c a t a l y s t s  t o  improve p r o c e s s  performance a n d / o r  
r e d u c e  d i s p e r s e d  c a t a l y s t  c o s t .  
BASE CASE ASSESSMENT - WILSONVILLE RUN# 2635 
W i l s o n v i l l e  p i l o t  p l a n t  o p e r a t i o n  w i t h  Black Thunder subbi tuminous 
c o a l  w a s  chosen  a s  t h e  b a s i s  f o r  d e f i n i n g  s t a t e - o f - t h e  a r t  TSL 
t e c h n o l o g y .  During W i l s o n v i l l e  Runs #262 h 263,  t h e  p i l o t  p l a n t  
u n i t  w a s  o p e r a t e d  i n  t h e  s o - c a l l e d  h y b r i d  mode w i t h  d i s p e r s e d  i r o n  
and molybdenum c a t a l y s t s  used  i n  t h e  f i r s t  r e a c t i o n  s t a g e  and a 
s u p p o r t e d  nickel-moly c a t a l y s t  used  i n  t h e  second s t a g e  e b u l l a t e d  
bed r e a c t o r .  M a t e r i a l  b a l a n c e  p e r i o d  #263J was chosen a s  t h e  
b a s i s  f o r  d e v e l o p i n g  a b a s e l i n e  c o n c e p t u a l  commercial p l a n t  c a s e  
a g a i n s t  which t h e  r e s u l t s  of t h i s  program c o u l d  be c o m p a r e d ( 2 ) .  
An a l l - d i s t i l l a t e  product  Base Case w a s  f o r m u l a t e d  i n  which res id  
e x t i n c t i o n  was a c h i e v e d  i n  t h e  sys tem v i a  a r e d u c t i o n  i n  r e a c t o r  
s p a c e  v e l o c i t i e s  as p r e d i c t e d  by f i r s t  o r d e r  r e a o t i o n  k i n e t i c s .  
A l l  l i q u e f a c t i o n  d i s t i l l a t e s  a r e  assumed to be upgraded t o  a 
oommon b a s i s  ( a l l - g a s o l i n e  f i n i s h e d  p r o d u c t )  s o  t h a t  c o n s i s t e n t  
oomparisons a r e  a s s u r e d  ( 3 ) .  The Base Case c o n c e p t u a l  commercial 
p l a n t  i s  a n  a l l - c o a l  f a c i l i t y  l o c a t e d  a t  a mine-mouth Wyoming 
l o c a t i o n .  The hydrogen needed f o r  l i q u e f a c t i o n  i s  g e n e r a t e d  by 
water  s l u r r y  g a s i f i c a t i o n  of a s h  c o n c e n t r a t e  from t h e  ROSE u n i t  
and c o a l .  L i g h t  hydrocarbon g a s e s  produced i n  l i q u e f a c t i o n  and 
upgrading  a r e  used  t o  c l o s e  t h e  f u e l  g a s  b a l a n c e .  Any e x c e s s  g a s  
i s  u s e d  t o  g e n e r a t e  hydrogen v i a  t h e  s team reforming  p r o c e s s .  I t  
i s  assumed t h a t  t h e  e l e c t r i c i t y  needed t o  h e l p  o p e r a t e  t h e  p l a n t  
is purchased  from a nearby  u t i l i t y  power p l a n t .  A s i m p l i f i e d  
b lock  flow d iagram of t h e  c o n c e p t u a l  commercial p l a n t  i s  shown i n  
F i g u r e  1 .  The p l a n t  c o n v e r t s  17,929 T / D  of Black Thunder c o a l  (MF 
b a s i s )  f e d  t o  l i q u e f a c t i o n  i n t o  68,100 barrels per  day(BPSD) of 
g a s o l i n e  p r o d u c t .  An a d d i t i o n a l  5 ,204  TID of Black Thunder must 
b e  g a s i f i e d  i n  o r d e r  t o  meet t h e  p l a n t s  hydrogen r e q u i r e m e n t s .  
O v e r a l l  MAF c o a l  c o n v e r s i o n  f o r  t h e  Base Case i s  92%. A h igh  
process  s o l v e n t  t o  c o a l  r a t i o  of 2 . 3 3  i s  employed s i n c e  
s i g n i f i c a n t  q u a n t i t i e s  of b o t h  IOM and a s h  a r e  r e c i r c u l a t e d  v i a  
the  a s h y  r e c y c l e  t e c h n i q u e .  Recycled a s h  i s  approximate ly  3 . 3  
t imes t h e  q u a n t i t y  of a s h  r e j e c t e d  from t h e  p r o c e s s  v i a  t h e  a s h  
c o n c e n t r a t e .  A s  a r e s u l t ,  t h e  e f f e c t i v e  c o n c e n t r a t i o n  of  moly on 
c o a l  t o  l i q u e f a c t i o n  i s  a p p r o x i m a t e l y  430 ppm a t  t h e  Base Case 
f r e s h  a d d i t i o n  l e v e l  of  1 0 0  ppm. Four l i q u e f a c t i o n  r e a c t o r  t r a i n s  
i n  p a r a l l e l  a r e  r e q u i r e d  t o  p r o c e s s  t h e  17 ,929  T/D of c o a l  t o  
l i q u e f a c t i o n .  Reac tor  g a s  r a t e s  were de te rmined  based on t h e  
e s t i m a t e d  a v e r a g e  r e a c t o r  p a r t i a l  p r e s s u r e s  which e x i s t e d  d u r i n g  
W i l s o n v i l l e  Run #263J and t h e  r e c y c l e  hydrogen g a s  p u r i t y .  
r e a c t o r  r e s i d e n c e  t i m e s  and s p a c e  v e l o c i t i e s  were a l s o  b a s e d  on 
e s t i m a t e d  WR#263J o p e r a t i o n  w i t h  a p p r o p r i a t e  c o r r e c t i o n s  f o r  t h e  
r e q u i r e d  r e s i d  p l u s  IOM c o n v e r s i o n  l e v e l .  Organic  r e j e c t i o n  ( i . e .  
resid,IOM b DAS) from t h e  l i q u e f a c t i o n  p r o c e s s  amounts t o  1 4 . 5 %  on 
a n  MF c o a l  b a s i s .  

ADVANCED CONCEPTS CASE 
Three main p r o c e s s  v a r i a t i o n s  from t h e  Base Case are  i n c o r p o r a t e d  
i n  t h e  ACC. They a r e :  
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1. Coal impregnat ion  w i t h  moly s a l t  v i a  i n c i p i e n t  wetness .  
2 .  O i l  agglomera t ion  of t h e  f e e d  c o a l  a t  low pH, and 
3 .  D i s t i l l a t e  s o l v e n t  q u a l i t y  improvement v i a  s o l v e n t  
e x t r a c t i o n ,  s o l v e n t  dewaxing and h y d r o t r e a t i n g .  U s e d  t o g e t h e r  
these  t h r e e  t e c h n i q u e s  s e e k  t o  s i g n i f i c a n t l y  i n c r e a s e  p r o d u c t  
Yie ld  per  u n i t  of c o a l  f e e d  w h i l e  r e d u o i n g  s o l v e n t  r e c y c l e  r a t e  
and l i q u e f a c t i o n  sys tem a d d i t i v e  c o s t s .  

The c o s t  of d i s p e r s e d  i r o n  and moly c a t a l y s t s  i n  t h e  Base Case 
aocounts  f o r  a lmost  $ 3 / B b l . o f  g a s o l i n e  product  s e l l i n g  p r i o e .  A 
s i g n i f i c a n t  p o r t i o n  of t h i s  c o s t  r e s u l t s  from t h e  u s e  of a n  
expens ive  moly s o u r c e ,  t h e  o i l  s o l u b l e  Molyvan L .  A s i g n i f i c a n t  
r e d u c t i o n  i n  moly c o s t  i s  a c h i e v e d  when a much cheaper  moly s a l t  
such  a s  Ammonium Octomolybdate i s  u s e d .  Even when p r o c e s s i n g  
Costs  f o r  p r e p a r i n g  t h e  s a l t  s o l u t i o n  , impregnat ing  a small 
p o r t i o n  of t h e  f e e d  c o a l  t o  l i q u e f a c t i o n  and d r i v i n g  o f f  t h e  extra  
water  added t o  t h e  c o a l  are  added,  t h e  c o s t  of t h e  impregnated 
moly i s  s t i l l  o n l y  about  25% of t h e  c o s t  of u s i n g  Molyvan L .  
Experimental  r e s u l t s  i n d i c a t e  t h a t  performance w i t h  moly 
impregnated c o a l s  i s  approximate ly  e q u i v a l e n t  t o  t h e  performance 
w i t h  Molyvan L. The c o s t  of u s i n g  moly f o r  t h e  ACC d r o p s  below 
t h e  c o s t  of u s i n g  p a r t i c u l a t e  i r o n  o x i d e  a t  t h e  1 w t . %  on MF c o a l  
dosage l e v e l  of t h e  Base Case.  Therefore ,  t h e  u s e  of i r o n  i s  
q u e s t i o n a b l e  and has  not  been i n c l u d e d  i n  t h e  ACC. 

Oil Agglomeration at Low pH 
R e s u l t s  i n d i c a t e  t h a t  t h e  u s e  of oil agglomera t ion  a t  low pH can 
remove approximate ly  50% of t h e  a s h  i n  Black thunder  c o a l .  Ash 
r e d u c t i o n  a t  t h e  f r o n t  end of t h e  l i q u e f a c t i o n  prooess  reduces  
o r g a n i c  r e j e c t i o n  a t  t h e  back end of t h e  p r o c e s s ,  t h e r e b y  
i n c r e a s i n g  product  y i e l d .  I t  a l s o  reduces  t h e  a s h  r e c i r c u l a t i o n  
r a t e  w i t h i n  t h e  p r o c e s s  w h i l e  s t i l l  m a i n t a i n i n g  t h e  same c a t a l y s t  
r e c y c l e  enhancement f a c t o r  a s  i n  t h e  Base Case .  A t  low pH, 
p o t e n t i a l  s u p p o r t e d  c a t a l y s t  p o i s o n s ,  s u c h  a s  ca lc ium,  sodium, 
magnesium and potass ium a r e  a l s o  removed. For t h e  ACC i t  has  been 
assumed t h a t  t h e  second s t a g e  r e a c t o r  s u p p o r t e d  c a t a l y s t  
replacement  r a t e  can b e  reduced  by 30%. T e s t s  have i n d i c a t e d  t h a t  
impregnated i r o n  and moly are  r e t a i n e d  on t h e  c o a l  d u r i n g  
a g g l o m e r a t i o n .  The o i l  agglomera t ion  p r o c e s s  i s  w e l l  s u i t e d  f o r  
l i q u e f a c t i o n .  D i s t i l l a t e  r e c y c l e  s o l v e n t  can be used a s  t h e  
agglomera t ing  a g e n t .  Sour water can  be used  a s  makeup water  t o  
t h e  system a n d  t h e  s l u r r y  r e j e c t  of s o l i d s  and d i s s o l v e d  s a l t s  can 
be u t i l i z e d  i n  t h e  g a s i f i c a t i o n  s l u r r y  mixing sys tems.  I n  f a c t ,  
t h e  d i s s o l v e d  s a l t s  may even act  as a c a t a l y s t  i n  t h e  g a s i f i c a t i o n  
p r o c e s s .  A s i g n i f i c a n t  amount of s u l f u r i c  a c i d  i s  consumed i n  t h e  
o i l  agglomera t ion  u n i t  
= Distillate Solvent Quality Improvement 
For t h e  ACC, t h r e e  p r o c e s s  s t e p s  a r e  used t o  t r e a t  t h e  waxy 
d i s t i l l a t e  r e c y c l e  s o l v e n t  used  i n  t h e  Base Case.  These p r o c e s s e s  
a r e  S o l v e n t  E x t r a c t i o n ,  S o l v e n t  Dewaxing and H y d r o t r e a t i n g .  I n  
combinat ion t h e s e  p r o c e s s e s  e f f e c t i v e l y  remove and r e c o v e r  t h e  
waxy m a t e r i a l  from t h e  d i s t i l l a t e  s o l v e n t  and enhance i t s  donor 
s o l v e n t  c a p a b i l i t i e s  ( s e e  F i g u r e  3)) Both s o l v e n t  e x t r a c t i o n  and 
s o l v e n t  dewaxing a r e  commercial p r o c e s s e s  used i n  t h e  pe t ro leum 
r e f i n i n g  i n d u s t r y .  
The b e n e f i t  o f  a p p l y i n g  t h e s e  t h r e e  p r o c e s s e s  a re :  
1. Reduct ion of d i s t i l l a t e  s o l v e n t  r e c y c l e  w h i l e  improving q u a l i t y  
2 .  Recovery of  a v a l u a b l e  byproduct  wax 
3 .  I n c r e a s e d  product  y i e l d  v i a  c o a l  convers ion  improvement. 
I t  i s  e s t i m a t e d  t h a t  t h e  wax y i e l d  on MAF c o a l  i s  4 w t . % .  
However, t h i s  wax b u i l d s  up i n  t h e  d i s t i l l a t e  r e c y c l e  s o l v e n t  
u n t i l  i t s  c r a c k i n g  r a t e  e q u a l s  p r o d u c t i o n  r a t e .  Based on 
W i l s o n v i l l e  Run#263J d a t a  t h e  wax c o n c e n t r a t i o n  i n  t h e  d i s t i l l a t e  
r e c y c l e  s o l v e n t  i s  e s t i m a t e d  t o  be approximate ly  24 w t . % .  Removal 
of a s u b s t a n t i a l  p o r t i o n  of t h e  w a x ,  s i g n i f i c a n t l y  reduces  t h e  
d i s t i l l a t e  s o l v e n t  r e c y c l e  r a t e .  The wax t h a t  i s  removed and 
recovered  i s  a v a l u a b l e  m a t e r i a l  w i t h  a n  e s t i m a t e d  s e l l i n g  p r i c e  
( 3 4 C I l b . )  more t h a n  double  t h a t  of g a s o l i n e .  The s o l v e n t  
e x t r a c t i o n  p r o c e s s  i s  used  ups t ream of t h e  s o l v e n t  dewaxing 
process  a s  a means of s i g n i f i c a n t l y  r e d u c i n g  t h e  f e e d r a t e  and t h e  
c o s t  of t h e  much more expens ive  s o l v e n t  dewaxing p r o c e s s ,  I n  t h e  
s o l v e n t  e x t r a c t i o n  p r o c e s s ,  a s o l v e n t  such  a s  N-Methyl-2- 
p y r r o l i d o n e  i s  used  t o  a b s o r b  a r o m a t i c s  from t h e  feed  s t r e a m .  The 
p a r a f f i n i c  wax is not  absorbed  and p a s s e s  t h r u  t h e  u n i t .  For t h e  
ACC approximate ly  70% of t h e  d i s t i l l a t e  s o l v e n t  feed  t o  t h e  
e x t r a c t i o n  u n i t  i s  absorbed ,  thereby  reducing  t h e  s o l v e n t  dewaxing 
u n i t  f e e d r a t e  by a f a c t o r  of 3 .  I n  t h e  s o l v e n t  dewaxing p r o o e s s  , 
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t h e  p a r a f f i n i c  wax i s  s e p a r a t e d  from t h e  f e e d  stream by c h i l l i n g ,  
p r e c i p i t a t i o n  and f i l t r a t i o n  i n  t h e  p r e s e n c e  of a s u i t a b l e  s o l v e n t  
such a s  methyl  e t h y l  k e t o n e  ( M E K ) .  When wax p r o d u c t i o n  i s  
d e s i r e d ,  a s  i n  t h e  ACC, a t h r e e  s t a g e  f i l t r a t i o n  system i s  used 
a l o n g  w i t h  a wax f i n i s h i n g  s t e p .  Convent iona l  f i x e d  bed 
h y d r o t r e a t i n g  i s  used  t o  make t h e  f i n a l  improvement i n  d i s t i l l a t e  
s o l v e n t  q u a l i t y .  For t h e  ACC, a s i n g l e  t r a i n  system o p e r a t i n g  a t  
c o n d i t i o n s  f a v o r a b l e  t o  a r o m a t i c s  hydrogenat ion  (650 t o  7500F 6 
1 , 8 0 0  p s i g )  i s  u s e d .  
The a v e r a g e  MAF c o a l  c o n v e r s i o n  improved 2 . 4  p e r c e n t a g e  p o i n t s  
when t h e  d i s t i l l a t e  r e c y c l e  s o l v e n t  was f u l l y  dewaxed and 
h y d r o t r e a t e d  as compared t o  u s i n g  t h e  as-is d i s t i l l a t e  s o l v e n t .  
Hydrogen u p t a k e  i n  t h e  s m a l l  s c a l e  h y d r o t r e a t i n g  r u n s  was l e s s  
than  h a l f  of what w a s  e x p e c t e d  based on Exxon EDS o p e r a t i o n .  For  
t h e  ACC i t  i s  assumed t h a t  t h e  f u l l  dewaxing and h y d r o t r e a t i n g  of 
t h e  d i s t i l l a t e  r e c y c l e  s o l v e n t  w i l l  improve MAF c o a l  c o n v e r s i o n  
by 3 p e r c e n t a g e  p o i n t s ( 9 5 %  v s  92% i n  Base C a s e ) .  This  improvement 
f u r t h e r  i n c r e a s e s  product  y i e l d  and r e d u c e s  t h e  IOM r e c y c l e  r a t e .  

COMPARATIVE RESULTS 
A s i m p l i f i e d  b lock  f l o w  d iagram of t h e  ACC i s , s h o w n  i n  F i g u r e  2 .  
At t h e  same c o a l  f e e d r a t e  t o  l i q u e f a c t i o n ,  g a s o l i n e  p r o d u c t i o n  
i n c r e a s e s  by 4 . 5 %  w h i l e  a s i g n i f i c a n t  q u a n t i t y  of t h e  v a l u a b l e  wax 
byproduct  i s  a l s o  r e c o v e r e d .  T h i s  i n c r e a s e  i n  product  y i e l d  i s  
d i r e c t l y  r e l a t e d  t o  t h e  r e d u c t i o n  i n  Rose u n i t  o r g a n i c  r e j e c t i o n  
by 6 . 0 %  on MF c o a l .  A t  t h e  s a m e  t i m e ,  r e c y c l e  s o l v e n t  ra te  i s  
reduoed by 20% because of wax removal ,  lower f e e d  a s h  and h i g h e r  
c o a l  c o n v e r s i o n .  Moly c a t a l y s t  r e c i r c u l a t i o n  enhancement remains 
c o n s t a n t .  I n  o r d e r  t o  a c h i e v e  h i g h e r  product  y i e l d ,  t h e  r e q u i r e d  
per  pass  r e s i d  p l u s  IOM c o n v e r s i o n  i n c r e a s e s  i n  both  r e a c t i o n  
s t a g e s .  This  i n c r e a s e d  c o n v e r s i o n  i s  a c h i e v e d  by a space  v e l o c i t y  
r e d u c t i o n  ( p r e d i c t e d  by  f i r s t  o r d e r  k i n e t i c s )  of approximate ly  15% 
v e r s u s  t h e  Base C a s e .  Al though r e a c t o r  s p a c e  v e l o c i t i e s  a r e  
lower,  r e a c t o r  weights  a r e  o n l y  s l i g h t l y  h i g h e r  due t o  t h e  
o f f s e t t i n g  e f f e c t  of lower r e c y c l e  s o l v e n t  r a t e s .  Hydrogen 
consumption i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  i n c r e a s e d  product  r a t e .  
With t h e  s i g n i f i c a n t  dec.rease i n  o r g a n i c  r e j e c t i o n ,  a d d i t i o n a l  
g a s i f i c a t i o n  of c o a l  i s  r e q u i r e d  t o  c l o s e  t h e  hydrogen b a l a n c e .  
The t o t a l  e l e c t r i c a l  power requi rement  f o r  t h e  ACC i n c r e a s e s  by 
approximate ly  12% due t o  i n c r e a s e d  g a s i f i c a t i o n  q u a n t i t i e s  and t h e  
requi rements  of t h e  added u n i t s .  
T h e  c a p i t a l  and o p e r a t i n g  c o s t  e s t i m a t e s  f o r  t h e  Base Case were 
developed u s i n g  t h e  r e l e v a n t  p o r t i o n s  of p r e v i o u s  l i q u e f a c t i o n  
p l a n t  s t u d i e s ,  as w e l l  a s  in-house i n f o r m a t i o n  ( 4 , 5 , 6 ) .  
Comparative p r o c e s s  u n i t s  c a p i t a l  c o s t s  f o r  t h e  ACC a r e  shown i n  
Table  1. Process  u n i t s  inves tment  i n c r e a s e s  by $452 m i l l i o n  due 
t o  t h e  added u n i t s  and t h e  i n c r e a s e d  g a s i f i c a t i o n  r e q u i r e m e n t s .  
I n t e r e s t i n g l y ,  l i q u e f a c t i o n  sys tem c a p i t a l  c o s t  d e c r e a s e s  d e s p i t e  
t h e  h i g h e r  d i s t i l l a t e  p r o d u c t i o n  r a t e .  A s  shown i n  T a b l e  2 ,  t h e  
t o t a l  c a p i t a l  r e q u i r e d  i n c r e a s e s  by $ 522 m i l l i o n  over  t h e  Base 
Case.  However, a s  shown i n  T a b l e  3 n e t  o p e r a t i n g  c o s t s  d r o p  by 
approximate ly  $6 .94  p e r  b a r r e l  of g a s o l i n e  product  due t o  t h e  
lower l i q u e f a c t i o n  sys tem a d d i t i v e  c o s t s  and t h e  s i g n i f i c a n t  
impact of byproduct  wax r e v e n u e .  A t  a 15% c a p i t a l  charge  f a c t o r ,  
t h e  r e q u i r e d  g a s o l i n e  product  s e l l i n g  p r i c e  f o r  t h e  ACC i s  
54 .641Bbl . lower  t h a n  t h a t  f o r  t h e  Base Case .  
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TABLE 1 
BLACK THUNDER COAL STUDY 

ADVANCED CONCEPTS CASE vs BASE CASE 
DIFFERENCES IN PROCESS UNIT INVESTMENT 

UNlT 
OIL AGGLOMERATION + 60 

Millions of Mid '94 t:Wvomina Location 

COAL SLURRY PREPARATION &DRYING - 6  
FIRST STAGE REACTION SYSTEM - 23 
SECOND STAGE REACTION SYSTEM - 4  
LETDOWN SYSTEM - 3  
VACUUM FRACTIONATION - 14 
ROSE UNIT - 7  
DISTILLATE SOLVENT EXTRACTION + 74 
DISTILLATE SOLVENT DEWAXING + 207 
DISTILLATE SOLVENT HYDROTREATING + 95 
GAS PLANT HYDROGEN RECOVERY & RECYCLE Same 
ASH CONCENTRATE & COAL GASIFICATION + 49 
OXYGEN PLANT + 17 
STEAM REFORMER - 8  
MAKEUP HYDROGEN COMPRESSION Same 

+ 15 UPGRADING UNITS - -  
Difference in Process Unit Investment .= + 452 

TABLE 2 
BLACK THUNDER COAL STUDY 

ADVANCED CONCEPTS CASE vs BASE CASE 
E 

Millions of Mid '94 $ : Wvomina Location 
PROCESS UNITS + 452 
OFFSITE UNITS + 5 4  
WORKING CAPITAL Same 
START-UP COSTS + 8  
INITIAL CATALYSTS & CHEMICALS u 

Difference in Total Capital Required = + 522 

TABLE 3 
BLACK THUNDER COAL STUDY 

ADVANCED CONCEPTS CASE vs BASE CASE 

I 

I '  

DIFFERENCES IN ANNUAL OPERATING COST 
SIBbl. of Gasoline 

TOTAL MF COAL: @ $7.14/T + 0.152 
PURCHASED ELECTRICAL POWER, @ 461 Kw-hr. 
LIQUEFACTION SYSTEM ADDITIVES : 

- Iron Oxide @ 126llb. & H2S @ 7.5WIb. - Moly Impregnating/ Dispersed Catalyst 
- Supported Ni-Moly @ $3!lb. 

MAKEUP DEASHING UNIT SOLVENT 
OTHER LIQ'N CATALYSTS & CHEMICALS 
UPGRADING UNITS CATALYSTS & CHEM. 
RAW WATER @ $2.50/1,000 Gallons 
ASH DISPOSAL @ $5/Ton 
OPERATING LABOR 
ADMINISTRATION & OPERATIONS SUPPORT 
MAINTENANCE @ 1.5% of TIC + ICC 
INSURANCE & LOCAL TAXES @ 1% of TPC + ICC 
BYPRODUCT CREDITS: 

*Ammonia, Sulfur & Phenols 
Fully Refined Paraffin Wax 

+ 0.364 

- 0.802 - 1.582 

- 0.222 
+ 0.577 

Same 
+ 0.035 - 0.007 
+ 0.075 
+ 0.013 
+ 0.233 
+ 0.156 

- 0.019 
- 5 .13 

- 0.782 

Difference in  Annual Operating Cost = - 6.942 

Diff. in Annualized Capital Cost (15% Cap'l Charge Factor)= + 2.302 

ADVANCED CONCEPTS CASE ADVANTAGE = - 4,640 
523 



FIGURE 1 
BLACK THUNDER LIOUEFACTION STUDV. HYBRID MODE 

BASE CASE ISOrFw. A.h. Wllsonlill. Run 8 Z8Yl 
SIMPLIFIED BLOCK FLOW DIAGRAM. CONCEPTUAL COYMERCUL PLANT 

FIGURE 1 
BLACK THUNDER LIOUEFACTION S l V D Y .  HYBRID MODE 

SIMPLIFIED BLOCK FLOW DIAGRAM. CONCEPTUAL COUMERCUL PLANT 
ADVANCED CONCEPTS CASE 1Sh.Frn  Ash. Wrlll. Run I 16u) 


