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1. INTRODUCTION 

A previous paper (1)  gave a b r i e f  overview of the  s t a t u s  of c o a l  l i q u e f a c t i o n  i n  
t h e  U.S. as of February 1979. S ince  then ,  a number of s i g n i f j c a n t  changes have 
taken  place.  World o i l  p r i c e s  have doubled,  most of t h e  i n c r e a s e  occurr ing  i n  
1979-1980, but  the  v i a b i l i t y  of commercial l i q u e f a c t i o n  v e n t u r e s  s t i l l  appears  t o  
depend on some form of governqent  suppor t .  The 1980 Energy S e c u r i t y  A c t  proposed 
ambi t ious  goa ls  f o r  s y n t h e t i c  f u e l s  product ion  and e s t a b l i s h e d  the  United States 
S y n t h e t i c  Fuels  Corpora t ion  (SFC) t o  h e l p  i n  t h e  f i n a n c i n g  of p r i v a t e - s e c t o r  ven- 
t u r e s  to  meet these  goa ls .  However, as a r e s u l t  of h i g h e r  p r i c e s  and a worldwide 
r e c e s s i o n  i n  economic a c t i v i t y ,  a marked s o f t e n i n g  i n  t h e  o i l  market  occur red ,  and 
w i t h  t h e  change i n  U.S. a d m i n i s t r a t i o n  i n  1981, Federal ly-funded r e s e a r c h  and develop- 
ment e f f o r t s  have been reduced and r e d i r e c t e d ,  p l a c i n g  g r e a t e r  r e s p o n s i b i l i t y  f o r  
short-range development and commerc ia l iza t ion  on the  p r i v a t e  s e c t o r .  Two l a r g e  
l i q u e f a c t i o n  p i l o t  p l a n t s ,  the  H-Coal p l a n t  a t  C a t l e t t s b u r g ,  Kentucky and the EDS 
p l a n t  at Raytown, Texas, have been p laced  i n  s e r v i c e  and have accumulated con- 
s i d e r a h l e  o p e r a t i n g  exper ience .  A number of proposed commercial p r o j e c t s  have 
a p p l i e d  t o  the  SFC f o r  f i n a n c i a l  a s s i s t a n c e ,  and p r e l i m i n a r y  s e l e c t i o n  of p r o j e c t s  
f o r  f u r t h e r  c o n s i d e r a t i o n  has  taken p lace .  
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In the  succeeding s e c t i o n s ,  these  developments are d iscussed  i n  g r e a t e r  d e t a i l .  

2. COAL LIQUEFACTION PROCESSES 

2.1 C l a s s i f i c a t i o n  of Processes  

For  purposes  of d i s c u s s i o n ,  we d i v i d e  c o a l  l i q u e f a c t i o n  processes  i n t o  four  
c a t e g o r i e s .  These are (1) i n d i r e c t  l i q u e f a c t i o n ,  such as Fischer-Tropsch and metha- 
n o l  s y n t h e s i s ,  i n  which c o a l  is f i r s t  g a s i f i e d  t o  produce a s y n t h e s i s  gas  which is 
t h e n  recombined t o  produce l i q u i d s ;  ( 2 )  d i r e c t  l i q u e f a c t i o n  processes ,  t y p i f i e d  by 
SRC-I and 11, H-Coal, and Exxon Donor Solvent  (EDS), i n  which a s l u r r y  of c o a l  and 
s o l v e n t  is s u b j e c t e d  to  high s e v e r i t y  l i q u e f a c t i o n  c o n d i t i o n s ,  e i t h e r  wi th  o r  
w i t h o u t  added c a t a l y s t ;  (3)  two-stage l i q u e f a c t i o n ,  such as Conoco's CSF process ,  i n  
which an i n i t i a l  d i s s o l u t i o n  a t  mi ld  c o n d i t i o n s  is fol lowed by a more severe  c a t a l y -  
t i c  hydrogenat ion-hydrocracking s t e p ;  o r  the  s h o r t  c o n t a c t  t i m e  two-stage l i q u e f a c -  
t i o n  processes  be ing  developed c u r r e n t l y  by DOE/FE and EPRI; and (4)  p y r o l y s i s  and 
h y d r o p y r o l y s i s  processes ,  such as COED and Cities Service-Rockwell, i n  which c o a l  i s  
carbonized  t o  produce l i q u i d s ,  gases ,  and char .  The o r d e r  i n  which we have l i s t e d  
t h e s e  c a t e g o r i e s  and processes  is n o t  meant t o  imply any t e c h n o l o g i c a l  o r  economic 
preference .  

I n  our  ear l ier  paper  we inc luded  s i m p l i f i e d  f low diagrams and b r i e f  descr ip-  
t i o n s  of var ious  processes .  In t h i s  paper ,  because of space and t i m e  l i m i t a t i o n s ,  
we  w i l l  proceed d i r e c t l y  t o  the s t a t u s  of development of some of the major 
processes .  

*Research sponsored by t h e  F o s s i l  Energy O f f i c e ,  U.S. Department of Energy, under 
- 

c o n t r a c t  W-7405-eng-26 wi th  the Union Carbide Corpora t ion .  
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2.2 S t a t u s  of Development 

2.2.1 I n d i r e c t  l i q u e f a c t i o n  

Commercially a v a i l a b l e  technology exis ts  f o r  s e v e r a l  i n d i r e c t  l i q u e f a c t i o n  
c o n f i g u r a t i o n s ,  and s e v e r a l  v a r i a n t s  of t h i s  technology a r e  being cons idered  as 
commercial v e n t u r e s  wi th  suppor t  r e q u e s t e d  from the  S y n t h e t i c  F u e l s  Corporat ion.  

The major  contenders  i n  i n d i r e c t  l i q u e f a c t i o n  are Fischer-Tropsch,  methanol ,  
and Mobil KTG. Major i n t e r e s t  c e n t e r s  around t h e  development of g a s i f i e r s  and 
a p p l i c a t i o n  of n e w  r e a c t o r  concepts .  Among the  l a t t e r  are the Kolbel-type s l u r r y  
phase s y n t h e s i s  r e a c t o r  and the Lurg i  t u b u l a r  r e a c t o r  ( a l r e a d y  commercial) i n  which 
a c o o l a n t  such as  b o i l i n g  water o r  mol ten  salt c i r c u l a t e s  around c a t a l y s t - f i l l e d  
tubes .  (2)  

The Lurgi  g a s i f i e r  has  a proven commercial record  f o r  process ing  low rank 
c o a l s ,  and recent  t e s t s  i n  South Africa proved the commercial Mark I V  g a s i f i e r  can 
process  caking bituminous c o a l s ,  a l b e i t  w i t h  reduced throughput  and i n c r e a s e d  oxygen 
and steam requirements .  The Koppers-Totzek g a s i f i e r  is commercially a v a i l a b l e  f o r  
process ing  v i r t u a l l y  a l l  c o a l s .  G a s i f i e r s  under development inc lude  the  Texaco w e t  
s l u r r y  feed,  the S h e l l  d ry  f e e d ,  the  Westinghouse f l u i d i z e d  bed, t h e  B r i t i s h  Gas 
Corpora t ion  s l a g g i n g  Lurgi ,  the  I(Bw, and t h e  S a a r b e r g - O t t o  molten s l a g  b a t h  type. 
The Texaco g a s i f i e r  has k e n  demonstrated a t  a scale of 150 TPD a t  Oberhausen- 
Hol ten ,  FRG, and has  been i n s t a l l e d  a t  a 200-TPD scale a t  TVA's  coal-to-ammonia 
f a c i l i t y  a t  Muscle Shoals ,  Alabama. Dow i s  o p e r a t i n g  p i l o t - s c a l e  Texaco g a s i f i e r s  
i n  Freepor t ,  TX, and Plaquemine, LA w i t h  l i g n i t e  feed ,  and Tennessee Eastman has a 
commercial-scale Texaco g a s i f i e r  under  c o n s t r u c t i o n  i n  Kingspor t ,  TN, t o  process  
bi tuminous c o a l .  A 1000-TPD g a s i f i e r  i s  planned a t  the  Cool Water combined cyc le  
f a c i l i t y  near Barstow, C a l i f o r n i a .  The S h e l l  d ry  c o a l  feed  en t ra ined- f low g a s i f i e r  
h a s  been demonstrated i n  a 150-TPD p i l o t  p l a n t  a t  Harberg,  FRG and p lans  are under 
c o n s i d e r a t i o n  f o r  a 1000 TPD u n i t  in n o r t h e r n  Germany. A Westinghouse f lu id ized-bed  
g a s i f i e r  is being i n s t a l l e d  a t  the S a s o l  p l a n t  f o r  t e s t i n g ,  and Westinghouse and 
S a s o l  have r e c e n t l y  announced t h e i r  i n t e n t i o n  t o  demonst ra te  and l i c e n s e  t h i s  
concept .  The B r i t i s h  Gas Corpora t ion  s l a g g i n g  L u r g i  has  been d e c l a r e d  ready f o r  
commercial use and is being o f f e r e d  by BGC wi th  commercial guarantees .  BGC has  
announced a d e c i s i o n  t o  c o n s t r u c t  and t e s t  a l a r g e r  d iameter  u n i t  a t  W e s t f i e l d .  The 
Koppers-Totzek g a s i f i e r  is being  combined wi th  a B&W water-wal l  steam g e n e r a t o r  f o r  
improved recovery of high p r e s s u r e  steam; t h e  concept  i s  o f f e r e d  by KBW. A 130-TPD 
Saarberg-Otto g a s i f i e r  is  c u r r e n t l y  be ing  t e s t e d  a t  Furstenhausen,  FRG. 

A major event  in  i n d i r e c t  l i q u e f a c t i o n  technology was the commissioning in 1980 
of t h e  SASOL-I1 p l a n t  i n  South Africa. T h i s  Fischer-Tropsch p l a n t  u s e s  36 Lurgi  
Mark I V  dry-ash g a s i f i e r s ,  of which 6 a r e  s p a r e s ,  t o  g a s i f y  about 28,000 tons  of 
c o a l  per day. T o t a l  c o a l  feed  rate t o  the f a c i l i t y  is about  40,000 TPD; about  
12,000 TPD goes t o  the b o i l e r  p l a n t .  SASOL-111, which w i l l  be completed i n  1982, is  
e s s e n t i a l l y  a d u p l i c a t e  of SASOL-11. The two f a c i l i t i e s  t o g e t h e r  w i l l  c o s t  about  $7 
b i l l i o n  and w i l l  produce about  120,000 bbl /day of l i q u i d  f u e l s .  

The fixed-bed v e r s i o n  of Mobil ' s  methanol- to-gasol ine (MTG) process  is  sche- 
du led  f o r  commerc ia l iza t ion  i n  a 13,000 bbl /day ( g a s o l i n e )  p l a n t  i n  New Zealand. 
Feeds tock  f o r  the methanol p l a n t  w i l l  be n a t u r a l  gas  from the Maui f i e l d .  
f lu id ized-bed  vers ion  w i l l  be t e s t e d  i n  a p i l o t  p l a n t  which i s  under c o n s t r u c t i o n  i n  
Germany. 

The 
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2 . 2 . 2  Direct l i q u e f a c t i o n  

The s ingle-s tage  v e r s i o n  of the SRC-I process  has  been opera ted  i n  a 6-TPD 
p i l o t  p l a n t  a t  W i l s o n v i l l e ,  Alabama, and i n  a 50-TPD p i l o t  p l a n t  a t  F o r t  Lewis, 
Washington. The F o r t  L e w i s  p l a n t  has  a l s o  opera ted  i n  t h e  SRC-I1 mode, i n  which 
c a s e  i t s  throughput is reduced t o  about  30 TPD. The F o r t  Lewis p l a n t ,  which was t h e  
l a r g e s t  o p e r a t i o n a l  c o a l  l i q u e f a c t i o n  p l a n t  i n  the  U . S .  i n  1979, has  now s h u t  down- 

Design, planning,  and exper imenta l  s t u d i e s  are c o n t i n u i n g  f o r  the  6,000 ton/day 
two-stage SRC-I demonst ra t ion  p l a n t  a t  Newman, Kentucky. Under the  cos t - shar ing  
agreement reached i n  1980, funding  f o r  the  c o n s t r u c t i o n  and o p e r a t i o n  of the  p l a n t  
W i l l  be l a r g e l y  by DOE, wi th  I n t e r n a t i o n a l  Coal Ref in ing  Corpora t ion  supply ing  $90 
m i l l i o n  and the s ta te  of Kentucky supply ing  $30 m i l l i o n .  The t o t a l  net c o s t  of the  
p r o j e c t  ( inc luding  des ign ,  c o n s t r u c t i o n ,  and o p e r a t i o n )  has  been e s t i m a t e d  a t  $1.77 
b i l l i o n ,  based on the d i f f e r e n c e  between p r o j e c t e d  e x p e n d i t u r e s  of $4.57 b i l l i o n  and 
p r o j e c t e d  revenues of $2 .8  b i l l i o n .  

The SRC-I process  concept  has undergone some m o d i f i c a t i o n  s i n c e  1979. I n  the 
c u r r e n t  vers ion  of the  process ,  a second s t a g e  has  been added t o  conver t  the  heavy 
f i r s t - s t a g e  product i n t o  l i g h t e r  m a t e r i a l s  by c a t a l y t i c  hydrocracking  i n  an 
expanded-bed r e a c t o r .  The use of f i l t r a t i o n  f o r  s o l i d - l i q u i d  s e p a r a t i o n  is no 
longer  contemplated and has  been rep laced  by Kerr-McGee c r i t i c a l  s o l v e n t  deashing.  
The d a t a  base f o r  the la t ter  process  has  been c o n s i d e r a b l y  s t rengthened .  

P r e s e n t l y  a v a i l a b l e  funding  from DOE f o r  the  SRC-I demonst ra t ion  p l a n t  is suf-  
f i c i e n t  t o  complete t h e  d e s i g n  and c o s t  e s t i m a t e  f o r  e s t a b l i s h i n g  the  p r o j e c t  
b a s e l i n e ;  I n t e r n a t i o n a l  Coal Ref in ing  Company ( I C R C )  p l a n s  to  d e l i v e r  b a s e l i n e  docu- 
menta t ion  a t  the end of March 1982. A d d i t i o n a l  ME funding  t o  suppor t  the  demon- 
s t r a t i o n  p l a n t  p r o j e c t  is p r e s e n t l y  cons idered  t o  be u n l i k e l y .  ICRC is e v a l u a t i n g  
t h e  p o s s i b i l i t y  of s u b m i t t i n g  a proposa l  t o  the  SFC d u r i n g  the c u r r e n t  second round 
s o l i c i t a t i o n ,  but no d e c i s i o n  on t h i s  has  been announced. C o n s t r u c t i o n  of t h e  pro- 
ject is u n l i k e l y  t o  proceed wi thout  some form of government a s s i s t a n c e .  

The SRC-I1 demonst ra t ion  p l a n t  p r o j e c t  has been d i s c o n t i n u e d  and t h e r e  are no DOE 
p l a n s  f o r  f u r t h e r  development of t h e  process .  The d e c i s i o n  to  halt work on the  p r o j e c t  
w a s  reached in mid-1981 f o l l o w i n g  d i s c u s s i o n s  i n  Bonn among r e p r e s e n t a t i v e s  of DOE, 
Japan ,  and FRG. P r o j e c t e d  c o s t  i n c r e a s e s  appeared t o  be t h e  major  p o i n t  of concern.  

Opera t ion  of the 11-Coal and Exxon Donor Solvent  p i l o t  p l a n t s  w i l l  be d i s c u s s e d  
i n  a subsequent  s e c t i o n  of t h i s  paper. 

2 . 2 . 3  Two-stage l i q u e f a c t i o n  

Some i n t e r e s t i n g  developments i n  two-stage d i r e c t  l i q u e f a c t i o n  have occurred.  
Both WE and EPRI are s u p p o r t i n g  a c t i v e  bench-scale and PnU development of two-stage 
l i q u e f a c t i o n  concepts .  The W i l s o n v i l l e  f a c i l i t y  has  been s u c c e s s f u l l y  opera ted  w i t h  
a second s t a g e  H - O i l  hydrocracker  and wi th  reduced d i s s o l v e r  s e v e r i t y .  A s  mentioned 
ear l ie r ,  the  SRC-I demonst ra t ion  p l a n t  concept  has  been modi f ied  t o  inc lude  
expanded-bed c a t a l y t i c  hydrocracking  of the e x t r a c t .  T h i s  i n  e f f e c t  changes the  
o r i g i n a l  SRC-I concept  t o  a two-stage process .  The LC-Fining process  (C-E Lummus 
and Ci t ies  S e r v i c e )  has  been a p r i n c i p a l  candida te  f o r  use as  t h e  second-stage 
hydrocracker .  Process  development d a t a  f o r  t h i s  process  combinat ion have been 
obta ined  under TX)E sponsorsh ip .  ( 3 )  
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2.2.4 P y r o l y s i s  p r o c e s s e s  

I n t e r e s t  i n  the  development of p y r o l y s i s  and hydropyrolys is  processes  appears  
t o  be cont inuing  a t  a r e l a t i v e l y  low l e v e l  i n  comparison wi th  d i r e c t  and i n d i r e c t  
l i q u e f a c t i o n .  DOE funding  of pyro lys i s -hydropyrolys is  development has  been g r e a t l y  
c u r t a i l e d .  The C i t i e s  Service-Rockwell  s h o r t  r e s i d e n c e  time hydropyrolys is  develop- 
ment u n i t  is c u r r e n t l y  i n a c t i v e .  

However, commercial-scale a p p l i c a t i o n  of low-pressure p y r o l y s i s  is being a c t i -  
v e l y  i n v e s t i g a t e d  by Utah Power and L i g h t  Company.(4) I n  t h e i r  concept ,  the  car-  
boniza t ion  tars and o i l s  would be upgraded t o  d i s t i l l a t e  products ,  while r e s i d u a l  
tar  would be burned a long  w i t h  the  c h a r  f o r  power g e n e r a t i o n .  UP and L is pursuing 
two p o s s i b l e  c a r b o n i z a t i o n  t e c h n o l o g i e s  - L u r g i  Ruhrgas and Toscoal .  Based on 
f a v o r a b l e  economic s t u d i e s  conducted t o  d a t e ,  l a r g e  p i l o t  p l a n t  c a r b o n i z a t i o n  runs 
a r e  planned. A d e c i s i o n  as t o  whether  t o  proceed wi th  t h e  commercial p l a n t  (20.000 
TPD) i s  expected by 1985. 

3. PILOT PLANT OPERATING EXPERIENCE 

The H-Coal p i l o t  p l a n t  a t  C a t l e t t s b u r g  s t a r t e d  up on o i l  feed  i n  February 
1980 and went t o  c o a l  feed  i n  May 1980 us ing  Kentucky No. 11 c o a l  i n  the  syncrude 
mode. I n i t i a l  o p e r a t i o n s  were hampered by v a r i o u s  mechanical  problems, p r i n c i p a l l y  
i n c l u d i n g  f a i l u r e s  of the h igh  p r e s s u r e  s e p a r a t o r  s l u r r y  letdown va lve  and i t s  asso-  
c i a t e d  block va lves  and of the  s l u r r y  charge pump packing. The p l a n t  was s h u t  down 
i n  November 1980 f o r  maintenance and resumed o p e r a t i o n  i n  February 1981 on I l l i n o i s  
No. 6 coa l  i n  syncrude mode. A s u c c e s s f u l  run of 45 days d u r a t i o n  w a s  achieved from 
February  17 t o  A p r i l  3. P r e v i o u s l y ,  t h e  maximum cont inuous  c o a l  feeding  run time 
had been about 5 days. Coal feed  rate dur ing  the  45-day n m  was about  85% of 
d e s i g n ;  t h e  run was te rmina ted  by f a i l u r e  of a low-pressure flow c o n t r o l  valve i n  
hydroclone feed  s e r v i c e .  By May 1981 t h e  p l a n t  had logged over 1500 hours  pro- 
c e s s i n g  e a s t e r n  U.S. bituminous c o a l  a t  200 TPD.(5) Another long run on I l l i n o i s  
No. 6 coa l  was made from August 1981 to  December 1981, f e e d i n g  a t o t a l  of over 
17,000 tons of c o a l  a t  des ign  c a p a c i t y .  Opera t ions  on subbi tuminous c o a l  have s i n c e  
been i n i t i a t e d .  DOE suppor t  f o r  o p e r a t i o n  is scheduled to end i n  1982. There has  
been some d i s c u s s i o n  of p o s s i b l e  c o n t i n u a t i o n  beyond 1982 under p r i v a t e  sponsorship.  

The 250 TPD Exxon Donor Solvent  p i l o t  p l a n t  w a s  completed i n  May 1980 and 
s t a r t e d  up i n  June of t h a t  year .  Shakedown runs  and o p e r a t i o n  on bituminous coa l  
( I l l i n o i s  No. 6) were completed by J u l y  1981. The p l a n t  was then modif ied t o  
r e c y c l e  bottoms m a t e r i a l  from the  f r a c t i o n a t o r  back t o  the  r e a c t o r ,  and o p e r a t i o n  on 
sub-bituminous c o a l  (Wyodak) w a s  s t a r t e d .  These runs were completed e a r l y  i n  1982. 
The p l a n t  is c u r r e n t l y  running wi th  t h e  bottoms r e c y c l e  o p e r a t i o n  on I l l i n o i s  No. 6 
c o a l .  The bottoms r e c y c l e  o p e r a t i o n  had keen t e s t e d  previous ly  on smal le r -sca le  
equipment and has been shown t o  g i v e  an improved o v e r a l l  product  y i e l d  s t r u c t u r e ,  
c o n s i d e r a b l y  i n c r e a s i n g  the y i e l d s  of naphtha and l i g h t e r  products  while  reducing o r  
e l i m i n a t i n g  850 F+ f u e l  o i l ,  and g i v i n g  improved o p e r a b i l i t y  r e s u l t i n g  from 
decreased  v i s c o s i t y  of the r e s u l t i n g  vacuum bottoms. ( 6 )  

During e a r l y  1981 the EDS p i l o t  p l a n t  achieved a run of 36 days on stream a t  
d e s i g n  c a p a c i t y  wi th  I l l i n o i s  No. 6 bi tuminous c o a l  i n  the o r i g i n a l  once through 
c o n f i g u r a t i o n .  Fol lowing a turnaround i n  which vacuum bottoms r e c y c l e  c a p a b i l i t y  
w a s  i n s t a l l e d ,  the p l a n t  ach ieved  a run of 58 days on stream with Wyodak sub- 
bi tuminous c o a l  i n  the  bottoms r e c y c l e  c o n f i g u r a t i o n  dur ing  the per iod  
July-September 1981. 
s u s t a i n e d  mn with I l l i n o i s  No. 6 c o a l  i n  t h e  bottoms r e c y c l e  mode. 

During l a t e  1981 and e a r l y  1982 t h e  p l a n t  achieved a 
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During these  o p e r a t i o n s  most t e c h n o l o g i c a l  o b j e c t i v e s  were a t t a i n e d  and t h r e e  
S l u r r y  letdown valve and block va lve  performance des ign  Poin ts  were demonstrated.  

h a s  been s a t i s f a c t o r y .  
u n s a t i s f a c t o r y ,  bu t  s u b s t a n t i a l  improvement has been r e a l i z e d  through use of 
improved materials and des igns .  S e v e r a l  s h o r t  runs were te rmina ted  due t o  v a r i o u s  
problems i n c l u d i n g  plugging of the  vacuum bottoms r e c y c l e  l i n e ,  plugging of t h e  
heavy vacuum gas o i l  c i r c u i t ,  f a i l u r e  of purge tub ing ,  and s l u r r y  t r a n s f e r  l i n e  
e r o s i o n .  Two process  concerns have been i d e n t i f i e d  through extended o p e r a t i o n  a t  
l a r g e  sca le .  Coke d e p o s i t i o n  in the  f i r e d  s l u r r y  h e a t e r  has been high and y i e l d s  
have been d i f f e r e n t  from e x p e c t a t i o n s ,  a p p a r e n t l y  because s l u r r y  res idence  time i n  
t h e  r e a c t o r  was less than  expected.  

I n i t i a l  exper ience  wi th  packing seals on s l u r r y  pumps w a s  

4 .  PROBLEM AREAS 

4.1 General  

P i l o t  p l a n t  o p e r a t i o n s  have d i s c l o s e d  var ious  problem a r e a s .  A l l  c o a l  
l i q u e f a c t i o n  processes  p l a c e  severe  demands on c e r t a i n  c r i t i c a l  items of process  
equipment i n c l u d i n g  va lves ,  pumps, compressors ,  and h e a t  exchangers .  Recent work a t  
Morgantown Energy Technology Center  has l e d  t o  s u b s t a n t i a l  improvement i n  l o c k  
hopper valve performance, and exper ience  with the EDS and H-Coa l  p i l o t  p l a n t s  have 
evidenced s u b s t a n t i a l  improvement i n  the  performance of h igh  p r e s s u r e  letdown and 
b lock  va lves  f o r  s l u r r y  s e r v i c e .  Packing l i f e  and check-valve performance wi th  
s l u r r y  charge pumps remains less than  d e s i r a b l e ,  but  improvements i n  m a t e r i a l s  and 
des ign  have been noted.  Large compressors f o r  oxygen supply t o  g a s i f i e r s  and f o r  
hydrogen and/or s y n t h e s i s  gas  r e c y c l e  o r  compression have o f t e n  proven troublesome. 
The s u c c e s s f u l  test of a high c a p a c i t y  t h i r d  s t a g e  c a s i n g  of a DEMAG c e n t r i f u g a l  
oxygen compressor w i l l  p e r m i t  more economic and e f f i c i e n t  des igns .  Concerns with 
seals and valves  of hydrogen and s y n t h e s i s  gas  compressors  c e n t e r  p r i m a r i l y  on 
r e l i a b l e  gas  clean-up. Commercial performance appears  t o  be s a t i s f a c t o r y ,  but per- 
formance with smaller p i l o t  p l a n t s  cont inues  t o  r e f l e c t  imperfec t  p r a c t i c e .  F i r e d  
h e a t e r s  f o r  s l u r r y  s e r v i c e  and h e a t  exchangers  f o r  s l u r r y  o r  d i r t y  gas  s e r v i c e  have 
been a r e a s  of t e c h n i c a l  concern.  F i r e d  heater tests a t  F o r t  L e w i s  and Baytown have 
provided g r e a t e r  confidence i n  des ign ,  but exper ience  wi th  coking remains a s e r i o u s  
concern. D i r t y  gas  h e a t  exchangers  have not  performed uni formly  w e l l ,  but t h e  u n i t  
designed by Ruhrkohle AG f o r  t h e  Texaco g a s i f i e r  a t  Oberhausen a p p a r e n t l y  has  per- 
formed w e l l .  

\ 

The c o r r o s i v e  and a b r a s i v e  environment c h a r a c t e r i s t i c  of a l l  c o a l  l i q u e f a c t i o n  
processes  p r e s e n t s  s e v e r e  c h a l l e n g e s  to the m a t e r i a l s  of c o n s t r u c t i o n .  S a t i s f a c t o r y  
performance has g e n e r a l l y  been observed,  but  s e v e r a l  s p e c i f i c  problems have a r i s e n .  
Cons iderable  t e c h n o l o g i c a l  progress  i n  m i t i g a t i n g  t h e s e  problems has  been made. 

Concerns wi th  the  r e f r a c t o r y  l i f e  i n  en t ra ined- f low g a s i f i e r s  have been satis- 
f a c t o r i l y  addressed through r e f r a c t o r y  s e l e c t i o n ,  t h i c k n e s s ,  and/or  cool ing .  
Eros ion  problems i n  handl ing  s l u r r i e s  are g e n e r i c ;  e s p e c i a l l y  severe  e r o s i o n  has  
been noted under severe  s e r v i c e  c o n d i t i o n s ,  but  i n  each i n s t a n c e  these  problems have 
been m i t i g a t e d  by improved d e s i g n  and materials s e l e c t i o n .  

4.2 S l u r r y  Prehea t  

Economic des ign  r e q u i r e s  s l u r r y  make-up a t  the h i g h e s t  temperature  c o n s i s t e n t  
wi th  r e l i a b l e  opera t ion .  Recent  work at F t .  L e w i s  and ORNL has  i n d i c a t e d  t h a t  
mixing can be performed at tempera tures  exceeding  350°F and l i k e l y  as high as 420'F 
without  unacceptab le  v i s c o s i t y  i n c r e a s e .  Q u e s t i o n s  remain, however, regard ing  
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p o s s i b l e  problems of vapor e v o l u t i o n  a t  high mix tank tempera tures .  Design uncer- 
t a i n t i e s  a l s o  remain wi th  regard  t o  the  maximum p r a c t i c a b l e  make down r a t e  of coa l  
of a given s i z e  c o n s i s t  i n t o  a s l u r r y  of given temperature .  

To  our knowledge, none of t h e  o p e r a t i n g  U.S.  l i q u e f a c t i o n  p l a n t s  have 
demonstrated feed s l u r r y  h e a t  exchange wi th  r e a c t o r  e f f l u e n t  s t reams.  Such h e a t  
exchange may o f f e r  cos t  and e f f i c i e n c y  advantages i n  commercial p l a n t s  and is  
inc luded  i n  t h e  d e s i g n  f o r  t h e  SRC-I demonst ra t ion  p l a n t .  We unders tand  t h a t  the 
German p i l o t  p l a n t  a t  B o t t r o p  i n c l u d e s  h e a t  exchange between t h e  feed  s l u r r y  and 
t h e  condensate  from the  vapor- l iqu id  s e p a r a t o r  on the r e a c t o r  e f f l u e n t .  

The f i n a l  p r e h e a t  of s l u r r y  feed  to  the  r e a c t o r  is accomplished i n  a f i r e d  
h e a t e r ;  t e c h n i c a l  u n c e r t a i n t i e s  r e g a r d i n g  the d e s i g n  and o p e r a t i o n  of f i r e d  s l u r r y  
p r e h e a t e r s  has t e e n  recognized  as one of the g e n e r i c  t e c h n i c a l  c h a l l e n g e s  t o  d i r e c t  
l i q u e f a c t i o n .  Recent tests at F t .  Lewis provided d a t a  f o r  d e s i g n  of the  f i r e d  
s l u r r y  p r e h e a t e r s  in the  SRC-I and SRC-11 Demonstrat ion P l a n t s ;  s e r v i c e  c o n d i t i o n s  
d u r i n g  the  F t .  Lewis t e s t s  approached c o n d i t i o n s  of commercial i n t e r e s t  without  
impor tan t  problems. S i g n i f i c a n t l y ,  coke d e p o s i t i o n  ranged from l i g h t  to  moderate. 
U n c e r t a i n t i e s  remain i n  p r e d i c t i n g  the f low regime, p r e s s u r e  drop,  and i n s i d e  heat 
t r a n s f e r  c h a r a c t e r i s t i c s  of l a r g e  s c a l e  f i r e d  s l u r r y  p r e h e a t e r s .  ICRC has  proposed 
l a r g e  s c a l e  flow tests wi th  model f l u i d s ,  but  even i f  t h e s e  tests confirm predic-  
t i o n s  of c o r r e l a t i o n s ,  u n c e r t a i n t i e s  w i l l  remain u n t i l  f u l l  scale p r e h e a t e r s  have 
o p e r a t e d  with c o a l  l i q u e f a c t i o n  feed  s l u r r i e s .  

The EDS p i l o t  p l a n t  u t i l i z e s  v e r t i c a l  h a i r p i n  tubes  in the  h e a t e r  while H-Coal 
and Ft .  Lewis u t i l i z e  n e a r - h o r i z o n t a l  h e l i c a l  and/or  rounded-rectangular  tubes.  
The c o n f i g u r a t i o n  in the  Bot t rop  p l a n t  is not  known, but t h e  earlier German p l a n t s  
employed v e r t i c a l  h a i r p i n  tuhes.  

kaong the r e s u l t s  r e p o r t e d  t o  d a t e  only the  EDS u n i t  has exper ienced  s e r i o u s  
d i f f i c u l t i e s  wi th  coke d e p o s i t i o n  in t h e  f i r e d  p r e h e a t e r .  Opera t ing  c o n d i t i o n s  i n  
t h e  EDS p r e h e a t e r  have been planned to  determine the  l i m i t s  of commercial opera- 
b i l i t y ,  and, thus ,  i n  some i n s t a n c e s  have been more s e v e r e  than  i n  t h e  f i r e d  pre- 
h e a t e r s  of o t h e r  p l a n t s .  N e v e r t h e l e s s ,  t h e r e  are i n d i c a t i o n s  t h a t  coking d i f f i c u l t i e s  
may depend on s o l v e n t  p r o p e r t i e s  and o t h e r  process  parameters  and may occur even 
when p r e h e a t e r s  o p e r a t i n g  c o n d i t i o n s  (skin temperature ,  h e a t  f l u x ,  e t c . )  a r e  not 
s e v e r e .  

4 . 3  Reactors  

I n  d i r e c t  l i q u e f a c t i o n  p r o c e s s e s  opera ted  a t  a l a r g e  s c a l e  t o  d a t e  (wi th  the 
s i n g l e  except ion  of the  H-Coal p r o c e s s ) ,  the l i q u e f a c t t o n  r e a c t o r  c o n s i s t s  of one o r  
more open h b b l e  column r e a c t o r s .  Because the k i n e t i c s  of c o a l  l i q u e f a c t i o n  is  not 
w e l l  understood,  because the p h y s i c a l  p r o p e r t i e s  of c o a l  l i q u e f a c t i o n  s l u r r i e s  a r e  
n o t  w e l l  known, and because t h e  f l u i d  dynamic performance of l a r g e  open bubble  
columns is u n c e r t a i n ;  performance of l a r g e - s c a l e  d i r e c t  l i q u e f a c t i o n  r e n c t n r s  cannot  
he prc,!icted w i t h  confii!encr. The a in  af the i:!)S prnce?;s t o  approac'i pl.111: flow 
c o n d i t i o n s  tllraii?'i a s e r i e s  of l i i z h  L/ l l  r e a c t o r s ;  r e d i s t r f h u t i o n  t r a y s  :*re o r i c i -  
n a l l y  i n s t a l l e d  i.n the ?i . lot  p l a n t  !mt ' e r e  removed a f t e r  e a r l y  operatin!: 
d i f f i c u l t i e s .  The %C-I rjeslgn al.so a i m  f o r  some pl.up flow c h a r a c t e r ,  and two 
v e s s e l s  in  s e r i e s  are p lanned .  p r i o r  ?ernan o p e r a t i o n s  were w i t h  Four or  Eive hack- 
mixed r e a c t o r s  i n  series, an4 i t  t s  presunerl the  Vottrop p l a n t  follows t h i s  
approac!,. In c o n t r a s t ,  t o  pronote  t k m a l  mixin? i n  the r e a c t o r  an.! therehy  l e s s e n  
t h e  demands on the f i r e d  s l u r r y  p r e h e a t e r ,  t l v  S!<C-IZ demonst ra t ion  p l a n t  esployed a 
p a r a l l e l  arran1:emnt  of two o r  f o u r  r e a c t o r s .  
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1 S l u r r y  res idence  t i m e  and mixing s t u d i e s  in the  F t .  Lewis d i s s o l v e r  ( r e a c t o r )  
have i n d i c a t e d  a high degree of a x i a l  mixing and phase holdups as p r e d i c t e d  from 
c o r r e l a t i o n s .  
s u b s t a n t i a l l y  less than expec ted  s l u r r y  r e s i d e n c e  t i m e .  

S i m i l a r  s t u d i e s  in the  EDS p i l o t  p l a n t  may have g iven  i n d i c a t i o n s  of 

There have been o b s e r v a t i o n s  of s o l i d s  bui ldup  in the  EDS, W i l s o n v i l l e ,  and Ft. 
\ 

L e w i s  r e a c t o r s .  Such bui ldup  may provide b e n e f i c i a l  c a t a l y t i c  a c t i o n ;  a t  the  same 
t i m e ,  by occuping volume, s o l i d s  build-up p r e s e n t s  a concern f o r  the  s t a b l e  long 
term o p e r a t i o n  of commercial r e a c t o r s .  Thus, so l ids  withdrawal  systems have been 
t e s t e d  in Wilsonvi l le  and Ft .  L e w i s  and a r e  inc luded  in demonst ra t ion  p l a n t  designs.  
O p e r a b i l i t y  of such systems on l a rge-sca le  r e a c t o r s  remains u n c e r t a i n .  Opera t ion  of 
a s i m i l a r  system f o r  c a t a l y s t  withdrawal  from the  H-Coal r e a c t o r  has been g e n e r a l l y  
s a t i s f a c t o r y ,  but the system has  plugged a t  least once. 

I 

The des ign  of the  6000 ton/day d i s s o l v e r  f o r  the SRC-I demonst ra t ion  p l a n t  w i l l  
be based on s c a l e - u p  of d a t a  from the  d i s s o l v e r s  a t  t h e  W i l s o n v i l l e  and Ft .  Lewis 
p i l o t  p lan ts .  Accumulation of minera l - r ich  s o l i d s  in the W i l s o n v i l l e  d i s s o l v e r  has  
been observed f o r  s e v e r a l  years .  The mechanism of t h i s  accumulat ion is  not  c l e a r l y  
understood but seems t o  be due t o  the  growth and agglomera t ion  of s o l i d  p a r t i c l e s .  
It is not c l e a r  whether s o l i d s  w i l l  accumulate in the  la rge-sca le  demonstrat ion 
p l a n t  d i s s o l v e r ,  in view of the  h igher  gas and s l u r r y  v e l o c i t i e s .  The accumulated 
s o l i d s  in the W i l s o n v i l l e  d i s s o l v e r  have been observed t o  c a t a l y z e  the  d i s s o l u t i o n  
r e a c t i o n s ,  so a l i m i t e d  amount of s o l i d s  accumulat ion is  not  n e c e s s a r i l y  d e t r i m e n t a l .  

4 . 4  Vapor- l iquid S e p a r a t o r s  and F r a c t i o n a t i o n  

Economics and e f f i c i e n c y  are favored by o p e r a t i n g  the  r e a c t o r  e f f l u e n t  vapor- 
l i q u i d  s e p a r a t o r  a t  o r  on ly  s l i g h t l y  below r e a c t o r  tempera ture  wi th  minimal s l u r r y  
hold  up c o n s i s t e n t  wi th  l e v e l  c o n t r o l .  The H-Coal p i l o t  p l a n t  has  experienced 
repea ted ,  s e r i o u s  d i f f i c u l t i e s  wi th  t h e  bui ld-up  of massive d e p o s i t s  of coke-l ike 
m a t e r i a l  in the  s e p a r a t o r .  A hydrogen sparge  in the  s e p a r a t o r  which c o o l s  the  
s l u r r y  by about  100 F, m a i n t a i n s  a high hydrogen o v e r p r e s s u r e ,  and a g i t a t e s  the 
s l u r r y .  The problems observed in the  H-Coal s e p a r a t o r  may be due in p a r t  t o  
e x c e s s i v e  res idence  t i m e ,  s i n c e  t h e  v e s s e l  was designed f o r  the  h igher  throughput  
b o i l e r  f u e l  opera t ion .  

5. ENVIRONMENTAL AND HEALTH CONSIDERATIONS 

The p r i n c i p a l  a r e a s  of envi ronmenta l  and h e a l t h  concern f o r  c o a l  l i q u e f a c t i o n  
inc lude  h e a l t h  and envi ronmenta l  e f f e c t s  of a a t e r i a l s  produced d u r i n g  l i q u e f a c t i o n ,  
i n d u s t r i a l  hygiene and o c c u p a t i o n a l  h e a l t h ,  e f f l u e n t  c o n t r o l  and waste management 
technology,  and assessment  of envi ronmenta l  impacts and h e a l t h  risks. Raw l i q u i d s  
produced by the d i r e c t  l i q u e f a c t i o n  of c o a l  c o n t a i n  a p p r e c i a b l e  q u a n t i t i e s  of 
phenols ,  p o l y c y c l i c  m i n e s ,  and polynuclear  a romat ics  which may pose problems in 
t r a n s p o r t a t i o n  o r  end use.  G e n e r a l l y ,  t h e s e  concerns appear  t o  be t r a c t a b l e ,  and 
exper ience  dur ing  the  r e c e n t  o p e r a t i o n  of l a r g e  p i l o t  p l a n t s  and des ign  of 
demonstrat ion and commercial p l a n t s  provides  confidence t h a t  a c o a l  l i q u e f a c t i o n  
i n d u s t r y  can be a c c e p t a b l e  from an environmental  and h e a l t h  p o i n t  of view. 

However, t h i s  hopefu l  c o n t e n t i o n  remains t o  be demonstrated.  R e s u l t s  of p r e l i -  
minary scoping r e s e a r c h  on h e a l t h  and envi ronmenta l  e f f e c t s  must be confirmed by 
long term t e s t i n g  and l a r g e  s c a l e  demonstrat ion.  Likewise,  t h e  e f f e c t i v e n e s s  of 
i n d u s t r i a l  hygiene p r a c t i c e s  can only  be c o n f i n e d  by e x p e r i e n c e ;  improved moni- 
t o r i n g  c a p a b i l i t y  i s  needed. The performance of wastewater  t rea tment  schemes and 
s o l i d  waste management approaches must be confirmed through t h e  long term opera t ion  
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of  la rge  f a c i l i t i e s .  F i n a l l y ,  t h e  d a t a  base and methodologies  f o r  a s s e s s i n g  the 
e n v i r o w e n t a l  impacts  and h e a l t h  r i s k s  of c o a l  l i q u e f a c t i o n  p l a n t s  r e q u i r e  hprove-  
ment and v a l i d a t i o n  so t h a t  sound d e c i s i o n s  can be made. 

The Environmental  Impact S t a t e m e n t s  of DOE'S planned c o a l  convers ion  demonstra- 
t i o n  p l a n t s  provide a thorough assessment  of the  s t a t e  of unders tanding  of environ- 
menta l  and h e a l t h  concerns a s s o c i a t e d  wi th  c o a l  l i q u e f a c t i o n  and g a s i f i c a t i o n  p l a n t s  
as w e l l  a s  means f o r  m i t i g a t i n g  t h e s e  concerns.  S i m i l a r l y ,  D r a f t  P o l l u t i o n  Control  
Guidance Documents f o r  i n d i r e c t  and d i r e c t  l i q u e f a c t i o n  by t h e  EPA and comments 
t h e r e o n  embody t h e  bes t  a v a i l a b l e  s c i e n t i f i c  and t e c h n i c a l  da ta .  S u b s t a n t i a l  uncer- 
t a i n t i e s  remain however in u n d e r s t a n d i n g  and d e a l i n g  w i t h  p o t e n t i  h e a l t h  and 
envi ronmenta l  r i s k s  of producing and u t i l i z i n g  c o a l  l i q u i d s .  A g% d e a l  of work 
has  been completed i n  these  a r e a s ,  hut  much a l s o  remains t o  be done. Likewise,  the 
t r a n s p o r t  and f a t e  of t r a c e  c o n s t i t u e n t s  from s p e c i f i c  c o a l s  i n  s p e c i f i c  processes  
is s u b s t a n t i a l l y  unknown. 

Technologies  f o r  t r e a t i n g  and d i s p o s i n g  of gaseous,  aqueous, and s o l i d  wastes 
from coal  l i q u e f a c t i o n  p l a n t s  have g e n e r a l l y  opera ted  i n  compliance wi th  e x i s t i n g  
r e g u l a t i o n s ;  however, these  r e g u l a t i o n s  do not address  many of t h e  p o t e n t i a l  pol lu-  
t a n t s  where u n c e r t a i n t i e s  and concerns  are the g r e a t e s t .  Key areas of concern 
appear  to  be the assured  performance of waste water t rea tment  technologies  f o r  near- 
t o t a l  recyc le  or  f o r  e f f l u e n t  release; s a f e  d i s p o s a l  of o i l y  wastes, s ludges ,  and 
b r i n e s  from wastewater t r e a t m e n t ;  and l a n d f i l l  d e s i g n  f o r  s o l i d  waste d i s p o s a l .  I n  
a commercial p l a n t ,  the  a r e a  r e q u i r e d  f o r  s o l i d  waste d i s p o s a l  can be a major p a r t  
of the t o t a l  p r o j e c t  land requi rement .  

A grea t  d e a l  of p r o g r e s s  has  been nade in upgrading  d i s t i l l a t e  products  from 
d i r e c t  l i q u e f a c t i o n  processes .  Exper imenta l  s t u d i e s  by UOP, Chevron, Exxon, and 
o t h e r s  have been c a r r i e d  out  under  DOE sponsorsh ip  and have e s t a b l i s h e d  t h a t  
d i s t i l l a t e  f r a c t i o n s  from SRC-I and -11, H-Coal, and EDS processes  can be success-  
f u l l y  upgraded by processes  such as h y d r o t r e a t i n g ,  hydrocracking ,  and c a t a l y t i c  
re forming .  

6. ECONOMICS AND COMMERCIALIZATION 

6 . 1  Recent  Economic S t u d i e s  

Most of the  economic s t u d i e s  r e p o r t e d  i n  1978-1979 i n d i c a t e d  a product ion  c o s t  
f o r  l i q u i d  f u e l s  from c o a l  of about  $25-$35/bbl i n  1979 d o l l a r s .  Economic s t u d i e s  
s i n c e  t h a t  time i n d i c a t e  t h a t  c o s t s  have r i s e n  s u b s t a n t i a l l y .  A s  noted previous ly ,  
such c a l c u l a t e d  product  c o s t s  are s u b j e c t  t o  wide v a r i a t i o n  depending on the  type of 
f i n a n c i n g  and o t h e r  economic assumpt ions ,  on the completeness  and realism of the  
d e s i g n ,  and on the  conserva t i sm used in e s t i m a t i n g  c o s t s .  

The economics and s t a t u s  of commerc ia l iza t ion  of the  H-Coal process  were 
reviewed by HRI i n  1981. 
DOE cont rac t . (7)  Energy c o s t s  r e p o r t e d  were $3.30 per m i l l i o n  Btu f o r  the f u e l  o i l  
mode and $3.58 per m i l l i o n  Btu f o r  t h e  syncrude mode. The same s tudy  showed c o s t s  
of  $3.62/mil l ion Btu f o r  SRC-11, $3 .96/mi l l ion  Btu f o r  EDS, $4 .37/mi l l ion  Btu f o r  
methanol ,  and $4.89/mil l ion Btu f o r  Mobil-MTG. The $3.58/mil l ion Btu f o r  the  H-coal 
syncrude mode corresponds t o  about  $21.50/bbl us ing  an approximate convers ion  f a c t o r  
of  6 m i l l i o n  Btu/bbl .  

Economics were based on a 1979 ESCOE s t u d y  performed under 

A l a rge-sca le  commercial p l a n t  u s i n g  t h e  H-Coal process  has  been proposed f o r  
Breckinr idge  County, Kentucky. The Breckinr idge  p r o j e c t  has  a p p l i e d  f o r  SFC suppor t  
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and i s  one of the  f i v e  p r o j e c t s  t h a t  have e n t e r e d  t h e  second s t a g e  of SFC's se lec-  
t i o n  procedure. 
run-of-mine I l l i n o i s  No. 6 c o a l  t o  produce a nominal 50,300 bbl /day of l i q u i d  pro- 
d u c t s  and about 25 million SCF/day of SNG. 
b b l  per ton of run-of-mine c o a l ,  or about  30% by weight. 

The proposed p l a n t  would be designed to run  about  22,500 TPD of 

T o t a l  l i q u i d  product  corresponds t o  2-24 

An ORNL s tudy  in 1981 r e p o r t e d  on the  economics of producing gasol ine  from 
wes tern  U.S. c o a l  u s i n g  Lurgi  g a s i f i c a t i o n ,  I C 1  methanol  s y n t h e s i s ,  and Mobil-MTG 
convers ion  t o  g a s o l i n e . ( 8 )  Coal feed  rate on an as - rece ived  b a s i s  was about  30,000 
TPD. The p l a n t  was s e l f - s u f f i c i e n t  i n  steam and power and had a c a p i t a l  investment  
of  $2.8 b i l l i o n  i n  1979 d o l l a r s .  A g a s o l i n e  c o s t  of $1 .59/ga l  in 1979 d o l l a r s  was 
c a l c u l a t e d  using 100% e q u i t y  f i n a n c i n g  wi th  15% annual  a f t e r - t a x  r e t u r n  on e q u i t y .  
I n  t h i s  case ,  methane produced by the  Lurg i  g a s i f i e r s  was reformed t o  s y n t h e s i s  gas  
in order  t o  maximize g a s o l i n e  product ion  and minimize t h e  product ion  of SNG. Over- 
a l l  thermal  e f f i c i e n c y  was 50% and s p e c i f i c  investment  was $57,600 per d a i l y  b a r r e l  
of product. 

A Fluor  s tudy done f o r  EPRI i n  1981 r e p o r t e d  on the economics of producing 
methanol from I l l i n o i s  No. 6 c o a l  us ing  Texaco g a s i f i c a t i o n  and I C 1  methanol 
synthes is . (9)  The conceptua l  p l a n t  c a p a c i t y  was 16,234 TPD ( a s  rece ived)  and metha- 
n o l  product ion r a t e  was 10,930 TPD, g iv ing  an o v e r a l l  thermal  e f f i c i e n c y  of about 
58%. T o t a l  investment  was $1.45 b i l l i o n  in 1979 d o l l a r s .  The f i r s t - y e a r  product ion 
c o s t  of methanol us ing  EPRI's economic bases was about $0.30 g a l  o r  $4.71/mil l ion 
Btu. This  assumes product  c o s t  i n f l a t i o n  of 6% per year .  S p e c i f i c  investment  was 
$42,800 per d a i l y  b a r r e l  of f u e l  oil e q u i v a l e n t  product .  

The same r e p o r t  a l s o  mentions ear l ier  s t u d i e s  by F l u o r  of d i s t i l l a t e  f u e l  pro- 
d u c t i o n  from I l l i n o i s  No. 6 c o a l  by the  11-Coal process .  Using a p l a n t  of the  same 
throughput  and the same economic assumptions,  H-Coal d i s t i l l a t e s  were e s t i m a t e d  t o  
have a f i r s t - y e a r  c o s t  of $4 .06 /mi l l i on  Btu i n  1979 d o l l a r s .  O v e r a l l  thermal  e f f i -  
c iency was es t imated  a t  70.7%. T o t a l  c a p i t a l  investment  was $1.27 b i l l i o n  i n  1979 
d o l l a r s .  S p e c i f i c  investment  was $32,500 per d a i l y  b a r r e l  of f u e l  o i l  e q u i v a l e n t  
product .  

Exxon's r e v i s i o n  of t h e i r  1975-1976 s tudy  des ign  f o r  the Exxon Donor Solvent  
process  w a s  i s sued  in 1981.(10) Two des igns  were presented ,  a base case and a 
market f l e x i b i l i t y  s tudy.  Both cases used I l l i n o i s  No. 6 c o a l ;  they d i f f e r e d  pr in-  
c i p a l l y  i n  the method used f o r  producing hydrogen, r e s u l t i n g  i n  s u b s t a n t i a l  produc- 
t i o n  of high-Btu gas and C3 LPG i n  the  market f l e x i b i l i t y  case. 
showed cons iderably  h igher  c a p i t a l  investment  than the 1975-1976 design.  Reducing 
a l l  e s t i m a t e s  t o  a common t i m e  frame (1985-1986 s t a r t u p )  t o  e l i m i n a t e  i n f l a t i o n a r y  
d i f f e r e n c e s ,  t o t a l  e r e c t e d  c o s t s  f o r  the updated des igns  (30,000 TPD) were $3.9 
b i l l i o n  f o r  the base case and $3.7 b i l l i o n  f o r  the  market f l e x i b i l i t y  case whereas 
t h e  1975-1976 des ign  (24,000 TPD) showed a c o s t  of $2.2 b i l l i o n .  P a r t  of the  
i n c r e a s e  i n  c o s t  can be a t t r i b u t e d  t o  the increased  c o a l  feed  ra te ,  but the major 
p o r t i o n  of the  i n c r e a s e  was due t o  d i f f e r e n c e s  in d e s i g n  and c o s t  e s t i m a t i o n .  
Product  c o s t  ( r e q u i r e d  i n i t i a l  s e l l i n g  p r i c e )  f o r  the updated cases were $61.20/bbl 
f o r  t h e  base case and $48.60/bbl f o r  the market  f l e x i b i l i t y  case. These c o s t s  were 
based on 100% e q u i t y  f i n a n c i n g  wi th  a 15% annual  a f t e r - t a x  rate of r e t u r n  and 6% 
annual  e s c a l a t i o n  of a l l  c o s t s  and product  p r i c e s .  The c a p i t a l  c o s t s  f o r  the  
updated cases correspond t o  about  $71,100 and $65,300 per d a i l y  b a r r e l  of product ;  
t h e s e  are as-spent  d o l l a r s  based on 1985-1986 s t a r t u p .  

The updated designs 

D e f l a t i n g  the r e q u i r e d  i n i t i a l  s e l l i n g  p r i c e s  from 1985 t o  1982 a t  a rate of 6% 
g i v e s  $51 and $41/bbl  i n  1982 d o l l a r s  f o r  the base case and market  f l e x i b i l i t y  case 
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r e s p e c t i v e l y .  I n  c o n t r a s t ,  t h e  r e q u i r e d  i n i t i a l  s e l l i n g  p r i c e  p r o j e c t e d  under the 
sane  economic ground r u l e s  i n  the 1975-1976 s tudy  was $29/bbl  i n  1978 d o l l a r s  or  
about  $44/bbl  i n  1985-1986 d o l l a r s ,  and the c a p i t a l  c o s t  was about  $41,000 per  d a i l y  
b a r r e l  of product  i n  as-spent  d o l l a r s  based on 1985-86 s t a r t u p .  

The 1981 s tudy  d e s i g n  update  does  not  i n c l u d e  any e v a l u a t i o n  of the  bottoms 
r e c y c l e  opera t ion .  Exxon has  i n d i c a t e d  t h e i r  i n t e n t i o n  t o  !make such an eva lua t ion  
i n  t h e  near  f u t u r e .  

Costs  of upgrading SRC-I1 l i q u i d s  t o  d i s t i l l a t e  f u e l s  have been e s t i m a t e d  by 
Chevron Research i n  a WE-sponsored s tudy .  (11)  E s t i m a t e s  were based on experimental  
upgrading  of whole SRC-I1 syncrude i n  Chevron's p i l o t  p l a n t  f a c i l i t i e s .  Commercial 
petroleum r e f i n i n g  technology,  i n c l u d i n g  h y d r o t r e a t i n g  and hydrocracking,  was used 
t o  produce g a s o l i n e ,  kerosene j e t  f u e l ,  d i e s e l  f u e l ,  and No. 2 h e a t i n g  o i l .  
R e f i n i n g  c o s t s  t o  conver t  SRC-I1 syncrude t o  t r a n s p o r t a t i o n  f u e l s  were es t imated  t o  
be $14 per b a r r e l  of product  f o r  a product  s la te  of motor g a s o l i n e  and j e t  f u e l  or  
$16 per b a r r e l  t o  produce motor g a s o l i n e  only.  Cost of producing No. 2 h e a t i n g  o i l  
on ly  was es t imated  t o  be about  $lO/bbl .  These c o s t s  i n c l u d e  the c o s t  of producing 
t h e  hydrogen used i n  p r o c e s s i n g  and are based on s e l f - s u f f i c i e n t  g r a s s  r o o t s  r e f i -  
n e r i e s  of 50,000 bbl /day c a p a c i t y .  L iquid  v o l m e  y i e l d s  were e s t i m a t e d  a t  88-91% of 
syncrude Eeed. P l a n t  c a p i t a l  inves tments  f o r  the  upgrading r e f i n e r i e s  ranged from 
$443 t o  $708 m i l l i o n .  A l l  t h e s e  c o s t s  a r e  i n  f i r s t  q u a r t e r  1980 d o l l a r s .  An annual 
c a p i t a l  f i x e d  charge r a t e  of 30% w a s  used,  which is  e q u i v a l e n t  to  about  15% annual 
a f t e r - t a x  r e t u r n  on e q u i t y .  S i g n i f i c a n t  sav ings  were found when the  upgrading fac i -  
l ities were l o c a t e d  a t  the same s i te  as the  c o a l  l i q u e f a c t i o n  f a c i l i t y .  

5.3. Commerc ia l iza t ion  

P r o s p e c t s  f o r  commerc ia l iza t ion  of l i q u i d  f u e l s  from c o a l  i n  the  U.S. have been 
a f f e c t e d  by a number of major developments s i n c e  1979. Some of these  have been 
f a v o r a b l e  and some have t e e n  adverse .  

The p r i c e  of world o i l  i n  e a r l y  1979 was about  $15-17/bbl, and the p r o j e c t e d  
c o s t  of l i q u i d  f u e l s  from c o a l ,  a s  no ted  earlier,  was about  $25-$35/bbl i n  1979 
d o l l a r s .  From 1979 t o  1980 t h e  p r i c e  of o i l  doubled, r i s i n g  t o  $34-$37/bbl. 

Spurred by the  r a p i d  i n c r e a s e s  i n  world o i l  p r i c e  and the r e c o g n i t i o n  of the 
i n s e c u r i t y  of Middle East oil s u p p l i e s ,  t h e  U . S .  i n  1980 passed t h e  Energy S e c u r i t y  
A c t .  This  A c t  e s t a h l i s h e d  n a t i o n a l  product ion  g o a l s  f o r  s y n t h e t t c  f u e l s ,  provided 
a n  i n i t i a l  $20 b i l l i o n  i n  f i n a n c i a l  a s s i s t a n c e  t o  accelerate s y n f u e l s  product ion ,  
and c r e a t e d  t h e  United S t a t e s  S y n t h e t i c  Fuels  Corpora t ion  t o  he lp  the p r i v a t e  s e c t o r  
b u i l d  the  necessary  p r o d u c t i v e  c a p a c i t y .  The n a t i o n a l  s y n f u e l  product ion  g o a l s  were 
s t a t e d  a s  500,000 bbl /day o i l  e q u i v a l e n t  by 1987 and 2 m i l l i o n  bbl /day o i l  equiva- 
l e n t  by 1992. 
f i n a n c i a l  a s s i s t a n c e  t o  p r i v a t e - s e c t o r  p r o j e c t s ,  i n  the  form of purchase agreements, 
p r i c e  guarantees ,  loan g u a r a n t e e s ,  l o a n s ,  and j o i n t  ventures .  

The p r i n c i p a l  r o l e  of t h e  S y n t h e t i c  Fuels  Corpora t ion  is t o  give 

M i l i t a t i n g  a g a i n s t  the commercial p roduct ion  of s y n f u e l s  i n  the  U.S., however, 
is the  f a c t  t h a t  i n  the l a s t  two y e a r s  t h e r e  has been a s o f t e n i n g  of demand, a 
d r a s t i c  reduct ion  i n  U.S. o i l  impor ts  and t o t a l  oil consumption, and a weakening of 
o i l  p r i c e  in i n t e r n a t i o n a l  markets. The h igh  c o s t  of o i l  has  caused a s u b s t a n t i a l  
s h i f t  t o  cheaper  s u p p l i e s  of energy  such  as c o a l .  The t r e n d  toward s m a l l e r  automo- 
b i l e s  has  c o n t r i b u t e d  a p p r e c i a b l y  t o  t h e  r e d u c t i o n  i n  g a s o l i n e  demand. 
n a t i o n s  have reduced t h e i r  p roduct ion  i n  an a t tempt  t o  o f f s e t  t h e  tendency toward an 
o i l  g l u t  and p r i c e  compet i t ion  among t h e  c a r t e l  members. 
of  U.S. o i l  consumption and impor ts  s i n c e  1974. The r e d u c t i o n  in o i l  demand and o i l  
p r i c e s  obvious ly  d iminish  t h e  immediate p r o s p e c t s  f o r  s y n f u e l  commerc ia l iza t ion ,  

The OPEC 

F i g .  1 shows t h e  h i s t o r y  
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s i n c e  the economic f e a s i b i l i t y  of s y n f u e l s  v e n t u r e s  depends t o  a l a r g e  e x t e n t  on 
f u t u r e  i n c r e a s e s  i n  the  p r i c e  of oil k y o n d  the  g e n e r a l  rate of i n f l a t i o n .  I f  t h i s  
p r o j e c t i o n  appears  t o  be q u e s t i o n a b l e ,  s y n f u e l s  p r o j e c t s  l o s e  much of t h e i r  a t t r a c -  
t i v e n e s s  as p r i v a t e  commercial ventures .  

The f u t u r e  g o a l s  and p o l i c i e s  of SFC have not  been def ined  i n  p r e c i s e  terms. 
This  may be due i n  part t o  the  somewhat ambiguous d e f i n i t i o n  of the  SFC's mandate 
under the Energy S e c u r i t y  A c t .  Two g o a l s  were e s t a h l i s h e d  t h a t  are t o  some degree 
c o n t r a d i c t o r y :  a r a p i d  build-up of product ion  c a p a c i t y  on t h e  one hand and the  use 
of a range of d i v e r s e  t e c h n o l o g i e s  and resources  on t h e  o t h e r .  There a r e  r e c e n t  
i n d i c a t i o n s  t h a t  a g r e a t e r  emphasis will be p laced  on d i v e r s i t y  than  on q u a n t i t a t i v e  
product ion  goa ls .  Ilnder t h i s  p o l i c y  t h e r e  could be a tendency t o  use SFC's resources  
t o  promote the  demonst ra t ion  of a wide range of technologies  r a t h e r  than  t o  maximize  
the  rate of bu i ldup  of product ion  c a p a b i l i t y .  Such a p o l i c y  d e c i s i o n ,  I f  made, w i l l  
have s i g n i f i c a n t  consequences f o r  the  U.S. s y n f u e l s  program. I f  e a r l y  bui ldup  of 
product ive  c a p a c i t y  were the main goa l ,  the  use of a l r e a d y  demonstrated commercial 
technology would be a l o g i c a l  course  of a c t i o n .  But i f  d i v e r s i t y  of approach is 
judged t o  be a more impor tan t  o b j e c t i v e ,  the  demonst ra t ion  of a wide range of near-  
commercial t e c h n o l o g i e s  may become a primary a c t i v i t y  of the  program. Thus t h e r e  
a r e  a number of q u e s t i o n s  about  the p r e c i s e  d e t a i l s  of SFC's commerc ia l iza t ion  
pol icy .  The Outcome of such q u e s t i o n s  w i l l  be awaited wi th  g r e a t  i n t e r e s t  by t h e  
s y n f u e l s  community. 
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