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The demand f o r  f e r t i l i z e r  w i l l  s t e a d i l y  inc rease as the  w o r l d  p o p u l a t i o n  cont inues  
t o  grow a t  a r a p i d  r a t e .  A lmost  a l l  n i t r o g e n  f e r t i l i z e r  i s  d e r i v e d  from ammonia. Natu- 
r a l  gas i s  t he  raw m a t e r i a l  used t o  produce a lmost  a l l  the  ammonia i n  the  U n i t e d  Sta tes ,  
b u t  i t s  a v a i l a b i l i t y  f o r  i n d u s t r i a l  use w i l l  decrease s i g n i f i c a n t l y  i n  the  f u t u r e .  Domes- 
t i c  consumption o f  n a t u r a l  gas w i l l  have t o p  p r i o r i t y  e s p e c i a l l y  d u r i n g  the  w i n t e r  months. 
By 1990 the  present  a d m i n i s t r a t i o n s  p lans  t o  phase o u t  n a t u r a l  gas f o r  i n d u s t r i a l  use. 
There fore ,  a s u b s t i t u t e  raw m a t e r i a l  f o r  ammonia p r o d u c t i o n  w i l l  be needed t o  supplement 
and e v e n t u a l l y  rep lace  n a t u r a l  gas. Coal, o u r  r i c h e s t  f o s s i l  energy resource, w i l l  make 
a s t r o n g  b i d  t o  r e p l a c e  n a t u r a l  gas. 

d e r i v e d  n i t r o g e n ,  based on a 1,000-ton-per-day c a p a c i t y ,  i s  presented. 
g a s i f i c a t i o n  systems f o r  p roduc ing  t h e  hydrogen requ i rement  a r e  compared--one t h a t  oper-  
a tes  a t  30 atmospheres,2 and t h e  o t h e r ,  Koppers-Totzek, a commerc ia l l y  a v a i l a b l e  system, 
t h a t  opera tes  a t  a s l i g h t l y  h i g h e r  than atmospher ic pressure.  
No. 6 and Montana subbi tuminous--were cons idered f o r  each system. 
on January 1977 c o s t  indexes. Average s e l l i n g  p r i c e s  o f  t he  ammonia were determined by  
u s i n g  d iscounted  cash f l o w  (DCF) r a t e s  o f  12, 15, 20 percent  a t  v a r i o u s  coa l  cos ts .  No 
i n f l a t i o n  f a c t o r s  a re  i n c l u d e d  d u r i n g  t h e  l i f e  o f  t h e  p l a n t .  P o l l u t i o n  abatement consid- 
e r a t i o n s  have been i n c o r p o r a t e d .  Some o f  t h e  economic and techn ica l  d e t a i l s  a re  inc luded 
f o r  t h e  two systems. 

ENTRAINED GASIFICATION AT 30 ATMOSPHERES 

I n  t h e  system, hydrogen r e q u i r e d  i n  the  ammonia s y n t h e s i s  w i t h  n i t r o g e n  i s  p re -  

1. 

2. 

3. 

4. 

An economic eva lua t i on ,  o f  ammonia p r o d u c t i o n  f rom c o a l - d e r i v e d  hydrogen and a i r -  
Two coa l  e n t r a i n e d  

Two d i f f e r e n t  c o a l s - - I l l i n o i s  
The es t imates  are  based 

pared f rom synthes is  gas produced b y  coa l  e n t r a i n e d  g a s i f i c a t i o n  a t  30 atmospheres. (1) (2 )  
F i g u r e  1, a f l ow  diagram o f  t h e  process, i n c l u d e s  t h e  f o l l o w i n g  s teps :  

mine coa l  t o  70 percent  th rough 200-mesh. 

p e r a t u r e .  The s y n t h e s i s  gas i s  coo led  t o  750" F by  water  i n j e c t i o n .  

separa tors  fo l lowed by e l e c t r o s t a t i c  p r e c i p i t a t o r s  f o r  r e s i d u a l  d u s t  removal .  

i n  t h e  presence o f  a s u l f u r - r e s i s t a n t  c a t a l y s t .  
q u i r e d  i n  the  p u r i f i c a t i o n  u n i t  i s  produced i n  the  f i r s t  h e a t  recovery  system. 

5. 
duce t h e  C02 conten t  t o  2.0 p e r c e n t  and remove e s s e n t i a l l y  a l l  o f  t he  H2S and COS. (3 )  
Char towers are p r o v i d e d  f o r  removal o f  r e s i d u a l  s u l f u r  compounds. 

6. 
t o  281.5: l  i n  t h e  presence o f  a low-temperature c a t a l y s t .  A d d i t i o n a l  50 p s i g  s a t u r a t e d  
steam i s  produced i n  t h e  second waste heat  recovery  u n i t .  

7 .  
f i c a t i o n  u n i t  w6ich i s  s i m i l a r  t o  t h e  f i r s t  stage p u r i f i c a t i o n  u n i t .  

8. 
e l  c a t a l y s t .  The produc t  gas i s  c o o l e d  t o  100" F and then mixed w i t h  s u f f i c i e n t  

Coal p r e p a r a t i o n ,  wh ich  i n c l u d e s  c rush ing ,  screening, and s i z i n g  o f  the  r u n - o f -  

Ent ra ined oxygen-coal  g a s i f i c a t i o n  a t  30 atmospheres w i t h  a 2,200' F o u t l e t  tem- 

A dus t  removal u n i t  removes e n t r a i n e d  d u s t  f rom the  s y n t h e s i s  gas w i t h  cyc lone 

F i r s t  stage s h i f t  convers ion  o f  t h e  c l e a n  s y n t h e s i s  gas t o  a H2:CO r a t i o  o f  2.3:l 

F i r s t  stage p u r i f i c a t i o n  u n i t  u t i l i z e s  a h o t  potassium carbonate s o l u t i o n  t o  r e -  

Second stage s h i f t  convers ion  u n i t  inc reases  t h e  H2:CO r a t i o  o f  t h e  s y n t h e s i s  gas 

The CO c o n t e n t  o f  t h e  s h i f t e d  gas i s  reduced t o  0.1 percent  i n  the  second p u r i -  

The remaining carbon o x i d e s  a r e  conver ted  t o  methane i n  the  presence o f  a n i ck -  

P a r t  o f  t h e  50 p s i g  s a t u r a t e d  steam r e -  

1Mr.  Y i m  has res igned f rom t h e  Department o f  Energy, and i s  l oca ted  w i t h  Bechte l  Corpo- 

zBased on U.S. Bureau of Mines r e s e a r c h  i n  the  1950 's  w i t h  f u l l  commercial development 
r a t i o n ,  50 Beale S t r e e t ,  San Franc isco ,  CA 94119. 

incomplete.  
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n i t r o g e n  from t h e  oxygen p l a n t  t o  y i e l d  a syn thes is  gas h a v i n g  a H2:Nz r a t i o  o f  3: l  
which i s  compressed t o  2,000 ps ig .  

The makeup gas mixes w i t h  coo led  recyc le .  gas and i s  then coo led  t o  0' F i n  
a r e f r i g e r a t i o n - t y p e  condenser t o  reduce t h e  NH3 c o n t e n t  t o  1.5 percent .  
densed ammonia removes t h e  l a s t  t r a c e s  o f  water.  

E i g h t y - f i v e  p e r c e n t  o f  t h e  gas stream i s  heated  t o  706" F by  p r o d u c t  gas i n  
a heat  exchanger l o c a t e d  below t h e  c a t a l y s t  bed p r i o r  t o  e n t e r i n g  the  c a t a l y s t  bed. 
The remain ing  15 percent  i s  d i v i d e d  i n t o  th ree  quench streams f o r  c o n t r o l  o f  c a t a l y s t  
temperature. 

11. The produc t  gas i s  coo led  t o  47" F i n  a s e r i e s  o f  h e a t  exchangers. The gas 
stream i s  separated f r o m  the  condensed ammonia, recompressed t o  2,000 ps ig ,  and then 
r e c y c l e d  t o  mix w i t h  t h e  makeup stream. 

A smal l  p o r t i o n  o f  t h e  r e c y c l e  stream i s  purged from the  system t o  p revent  
b u i l d u p  o f  methane. To inc rease t h e  ammonia y i e l d ,  t h e  purge stream i s  coo led  t o  
-12" F be fore  b e i n g  vented. 

The l i q d i d  ammonia produc t  i s  coo led  t o  -12" F, and then t h e  pressure  i s  
reduced t o  200 p s i g  t o  remove t h e  d i s s o l v e d  gases. The produc t  i s  s t o r e d  i n  low 
temperature atmospher ic p ressure  s t  r ge tanks. 

I t  i s  assumed t h a t  15 percent  948 o f  t he  t o t a l  H2 and N2 e n t e r i n g  the  c o n v e r t e r  
i s  synthesized t o  ammonia. 
on a gas space o f  20,000 s c f  s y n t h e s i s  g a s / f t 3  c a t a l y s t / h r .  
o f  t h e  o v e r a l l  p l a n t  i s  31.4 percent ,  based on gross h e a t i n g  values i n  B t u  p e r  pound 
o f  10,700, 9,800 and 3,990 f o r  coa l ,  ammonia, and s u l f u r ,  r e s p e c t i v e l y .  

9. 
The con- 

10. 

12. 

13. 

The des ign  o f  t he  ammonia s y n t h e s i s  vesse ls  was based 
The thermal e f f i c i e n c y  

KOPPERS-TOTZEK ENTRAINED GASIFICATION 

Hydrogen r e q u i r e d  i n  t h i s  system i s  prepared f rom s y n t h e s i s  gas produced by 
coal  e n t r  ' n  d g a s i f i c a t i o n  i n  Koppers-Totzek u n i t s  which opera te  a t  0.5 atmo- 
sphere. (Ej 76) F igure  2 i s  a f l o w  diagram o f  t he  process and i n c l u d e s  the  f o l l o w -  
i n g  s teps :  

1. Coal p r e p a r a t i o n  i s  t h e  same t ype  o f  u n i t  descr ibed i n  t h e  e n t r a i n e d  gas i -  
f i c a t i o n  system a t  30 atmospheres. 

2. 
l e t  temperature.  Pa r t  
o f  t he  800 p s i g  steam used i n  t h e  steam t u r b i n e s  i s  produced i n  t h e  h e a t  recovery  
u n i t .  

o r i f i c e  washers f o l l o w e d  by a d j u s t a b l e  o r i f i c e  washers f o r  removal o f  f i n e s .  The 
dedusted gas i s  then compressed t o  355 ps ig .  

Ent ra ined oxygen-coal g a s i f i c a t i o n  a t  0.5 atmosphere w i t h  a 2,732' F ou t -  
The s y n t h e s i s  gas i s  coo led  t o  2,100' F b y  water i n j e c t i o n .  

3. A d u s t  removal u n i t  removed t h e  e n t r a i n e d  ash and unburned carbon w i t h  f i x e d -  

The remain ing  s teps  a re  t h e  same as those f o r  t h e  o t h e r  system. 

CAPITAL INVESTMENT 

The t o t a l  inves tment  i s  es t imated  t o  be $196 m i l l i o n  f o r  the  e n t r a i n e d  g a s i f i -  
c a t i o n  system o p e r a t i n g  a t  30 atmospheres o f  $49.5 m i l l i o n  lower  than the  inves tment  
f o r  the  Koppers-Totzek g a s i f i c a t i o n  system, u s i n g  an I l l i n o i s  No. 6 c o a l .  
Montana subbituminous coa l ,  t he  t o t a l  inves tment  i s  reduced 12 p e r c e n t  t o  $173 m i l -  
l i o n ,  and 9 percent  t o  $223 m i l l i o n  f o r  t he  p r e s s u r i z e d  e n t r a i n e d  and Koppers-Totzek 
systems r e s p e c t i v e l y .  

Table 1 i s  a c a p i t a l  requirement comparison o f  t h e  two systems, and f i g u r e  3 
shows the  d i s t r i b u t i o n  o f  c a p i t a l  requ i rement  f o r  ma jor  processes. D e t a i l e d  cos t  
summaries o f  t he  major p rocess ing  u n i t s  a r e  n o t  inc luded,  b u t  the  c o s t s  o f  t h e  i n d i -  
v idua l  u n i t s  a re  l i s t e d .  General f a c i l i t i e s  i nc lude  a d m i n i s t r a t i v e  b u i l d i n g s ,  shops, 
warehouses, r a i l r o a d  spurs,  r o l l i n g  s tock ,  roads, waste water  t rea tment ,  and fences. 
The cos ts  o f  steam and power d i s t r i b u t i o n ,  c o o l i n g  water  towers, p l a n t  and ins t rument  
a i r ,  f i r e  p r o t e c t i o n ,  and s a n i t a r y  water  a r e  i n c l u d e d  i n  p l a n t  u t i l i t i e s .  

Using a 
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OPERATING COST 

Table 2 presents the estimated operating cos t  comparison f o r  the two entrained 
gas i f i ca t ion  systems. An assumed 90-percent operating f ac to r  allows 35 days f o r  
downtime, two 10-day shutdowns f o r  equipment inspection and maintenance and 15 days 
f o r  unscheduled opera t iona l  i n t e r rup t ions .  With  labor a t  $7.50 per hour, payroll 
overhead a t  35 percent of  payro l l ,  and deprec ia t ion  a t  5 percent of the subto ta l  for  
deprec ia t ion ,  allowing c r e d i t  f o r  s u l f u r  recovered a t  $40 per ton,  and w i t h  t he  cost  
of coal a s  a var iab le ,  the  following opera t ing  cos t s  a r e  derived: 

Annual operating c o s t ,  do l l a r s  per ton of ammonia 
~~ 

Cost of  I l l i n o i s  No. b c o a l  
coal ,  Entrained Koppers- 

per ton a t  30 atm. Totzek 
817 $146.97 I $ 173.41 

Cost of Montana subbituminous 

per ton a t  30 atm. Totzek 
coa l ,  Entrained Koppers- 

$7 $113.21 I B 138.04 
20 
23 

155.96 182.91 9 120.74 145.72 
164.95 192.40 11 128.27 153.39 

6 

Cost o f  12-percent DCF 
coal ,  Entrained Koppers- 

per  ton a t  30 A t m .  Totzek 
$1 7 $249.46 $300.37 

20 258.45 309.87 
23 267.74 319.37 

The OCF computer program takes in to  account the  cap i t a l  expenditure p r io r  t o  
a r tup  so t h a t  i n t e r e s t  during cons t ruc t ion  i s  de le ted  from the cap i t a l  requirement. 

UNIT COST SUMMARY 

15-percent DCF 20-percent DCF 
Entrained Koppers- Entrained Koppers- 
a t  30 A t m .  Totzek a t  30 A t m .  Totzek 

$284.54 $344.15 $349.53 $425.16 
292.53 353.64 358.51 434.65 
302.51 363.14 367.50 444.15 

The se l l i ng  p r i ce  used t o  determine the high-cost elements in the process was 
based on a 15-percent OCF f o r  a 20-year l i f e ,  with coal a t  $20 f o r  the  I l l i n o i s  No. 
6 and $9 f o r  the Montana subbituminous. 
two systems i s  shown in t ab le  3 and p lo t ted  i n  f igure  5. 

A breakdown of the cos t  elements f o r  the 

SUMMARY O F  COMPARISON 

As shown i n  t a b l e  1 ,  the t o t a l  investment f o r  the  pressurized en t ra ined  gas i -  
f i ca t ion  system, u s i n g  I l l i n o i s  No. 6 c o a l ,  i s  $196 mi l l i on ,  or about 80 percent 
of the Koppers-Totzek investment. About 45 percent of t he  d i f fe rence  i s  due t o  
the additional compressor investment required f o r  processing the raw gas product 
leaving the gas i f i ca t ion  u n i t  a t  e s s e n t i a l l y  atmospheric conditions.  The Koppers- 
Totzek system a l s o  r equ i r e s  a more complex and expensive gas i f i ca t ion ,  an ex t r a  heat 

cost of 
coal,  

pe r  t o n  
$7 

9 
11 
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12-percent DCF 15-percent DCF 20-percent DCF 
Entrained Koppers- Entrained Koppers- Entrained Koppers- 
a t  30 A t m .  Totzek a t  30 A t m .  Totzek a t  30 Atm.  Totzek 

$201.62 $252.27 $232.27 $291.52 $289.03 $364.72 
209.16 259.69 ' 239.80 299.20 296.56 372.39 
216.69 267.36 i 247.33 306.87 304.10 380.07 



recovery  u n i t ,  and a wet  d u s t  removal system t h a t  i s  more expensive than t h e  d r y  
System used i n  t h e  p r e s s u r i z e d  system. The c a p i t a l  inves tment  f o r  t h e  p r e s s u r i z e d  
e n t r a i n e d  g a s i f i c a t i o n  system i s  reduced about 12 p e r c e n t  when a Montana subb i tumi -  
nous coa l  i s  used. About 7 0 ' p e r c e n t  o f  t h e  r e d u c t i o n  i s  due t o  t h e  e l i m i n a t i o n  o f  
t h e  f l u e  gas process ing  u n i t .  D i f f e r e n c e s  i n  c a p i t a l  cos ts  f o r  t h e  two systems a re  
shown i n  f i g u r e  3. 

I l l i n o i s  No. 6 coa l  i s  $48.5 m i l l i o n ,  o r  about  85 p e r c e n t  o f  t he  Koppers-Totzek cos t ,  
as shown i n  t a b l e  2. Inc reases  i n  maintenance, overhead, and i n d i r e c t  and f i x e d  
cos ts ,  which a re  d i r e c t l y  r e l a t e d  t o  the  c a p i t a l  investment,  r e p r e s e n t  t h e  main d i f -  
fe rence.  
p r e s s u r i z e d  system i s  reduced about 25 percent .  The cheaper western  coa l  accounts 
f o r  about 75 percent  o f  t h e  r e d u c t i o n .  

f o r  I l l i n o i s  No. 6 c o a l ,  t he  s e l l i n g  p r i c e  f o r  t he  ammonia f rom t h e  p r e s s u r i z e d  
e n t r a i n e d  g a s i f i c a t i o n  system i s  $249.50 t o  $367.50 per  ton  o r  $51 t o  $77 pe r  t o n  
l e s s  than from t h e  Koppers-Totzek system. Th is  represents  about a 20-percent  de- 
crease. When a Montana subbi tuminous coa l  i s  used i n  p lace  o f  I l l i n o i s  No. 6 coa l ,  
i n  t h e  p r e s s u r i z e d  system, t h e  s e l l i n g  p r i c e  i s  a l s o  reduced about 20 percent .  About 
the  same percent  r e d u c t i o n  i n  s e l l i n g  p r i c e  i s  o b t a i n e d  by  s u b s t i t u t i n g  western  coa l  
i n  t h e  Koppers-Totzek system. 

CONCLUSION 

The o p e r a t i n g  c o s t  f o r  t he  p r e s s u r i z e d  e n t r a i n e d  g a s i f i c a t i o n  system u s i n g  

By s u b s t i t u t i n g  a Montana subbi tuminous coa l ,  t he  o p e r a t i n g  c o s t  o f  t he  

Over the  12 t o  20 percent  OCF range a t  v a r y i n g  coa l  p r i c e s  ($17 t o  23 p e r  t o n )  

Resu l ts  o f  t h i s  s tudy  show t h a t  t he  p r e s s u r i z e d  e n t r a i n e d  g a s i f i c a t i o n  system 
i s  more economical t h a n  the  Koppers-Totzek system f o r  p r o d u c t i o n  o f  ammonia f rom 
c o a l .  The s e l l i n g  p r i c e  o f  t h e  ammonia can be reduced about 20 percent  by  s u b s t i -  
t u t i n g  a western subbi tuminous coa l  f o r  an e a s t e r n  b i tuminous  coa l  f o r  bo th  o f  t h e  
systems. Al though t h e  s e l l i n g  p r i c e  i s  $20 t o  $100 pe r  ton  h i g h e r  than t h e  c u r r e n t  
p r i c e  o f  ammonia a t  t h e  l o w e s t  percent  DCF, a s u b s t i t u t e  f o r  n a t u r a l  gas, p resent -  
l y  used as the  raw m a t e r i a l ,  w i l l  be r e q u i r e d  i n  t h e  near f u t u r e  as gas reserves  a r e  
dep le ted .  F u r t h e r  research  on these coa l  g a s i f i c a t i o n  processes w i l l  be r e q u i r e d  t o  
reduce the  manufac tur ing  c o s t  o f  t he  ammonia produc t .  
as the  L u r g i ,  Wink le r ,  and Texaco g a s i f i c a t i o n  systems ,should be cons idered as a1 t e r -  
na t i ves . 

Various o t h e r  processes such 
' 
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TABLE 

4,224 
3,455 

623 

1,287 
2,713 

11,919 
735 

1,186 
5,143 

1. - Capital requirements: Comparison of pressurized 
entrained gasif icat ion system w i t h  Koppers-Totzek system 

(91,000) 

4,970 
3,672 

710 

1,473 
2,691 

12,967 
735 

1,186 
5,143 

Item 

-92 

-1,280 -1 ,466 
-1,075 

-22,080 

Coal preparation ......... 
Gasification ............. 
Heat recovery No. l . . . . . .  
Dust removal ............. 
Compression No. 1 ........ 
Shi f t  conversion No. l . . .  
Heat recovery No. Z . . . . . .  

' Purif icat ion No. 1 ....... 
Shi f t  conversion No. Z . . .  
Heat recovery No. 3 . . . . . .  
Purif icat ion No. 2 ....... 

Methanation .............. 
Compression No. 2 ........ 
Ammonia synthesis ........ 
Flue gas processing.. .... 
Sulfur recovery plant .... 
Oxygen plant ............. 
Steam and power plant .... 
Plant faci  1 i t ies . .  ....... 
Plant u t i l i t i e s  .......... 

Total construction..  

I n i t i a l  catalyst  
requirement.. . 

Total plant cost . .  .. 

construction ........... 
In t e re s t  during 

Subtotal f o r  
depreciation.. . . . .  

Working capital  .......... 

+379 

-1% 1 
-1,374 

-23,300 

Total investment . . . .  

4,316 
4,735 
1,466 
1,698 

1,305 
7,001 

13,949 
688 
592 

4,293 

22,080 

'ressurized entrained 

4,591 
4,519 
1,317 
2,084 

23,300 

975 
9,329 

15,071 
729 
592 

4,293 
+594 
+850 

+29 
-599 

-1,998 0 

0 

+594 

+850 1: 
+29 

-599 

-90 

1,467 
15,625 
33,656 

Koppers-Totzek 

1,467 
15,625 
33,656 

coal I coal 

1,438 
16,224 
33,656 
18,350 

900 

1,438 
16,224 
33,656 

650 
16,352 

900 

11,170 
19,700 
9,762 

13,992 

153,909 

1,002 

154,911 

23,237 

178,148 

17,815 

195.963 

560 

11,946 
19,850 
8,749 

12,540 

137,940 

1,038 

138,978 

20,847 

159,825 

12,786 

172,611 

Difference 
PE-KT PE-KT 

12,000 
19,809 
12,338 
16,450 

193,288 

802 

12,200 
19,979 
11,322 
16,227 

178,496 

780 

-4,288 -6,638 
-2.030 -18 I -2,104 

-830 
-1 09 

-2,576 
-2,458 

-39,379 

+zoo 
-39,179 

-5,877 

-45,056 

-4,505 

-49,561 

.+47 I +6 

-254 

-2:;;; T 

I 

I 
-46,342 I 

-3,687 

-40,556 

+258 

-40,298 

-6,044 

-3,708- 

-50,050 
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TABLE 2. - Annual operat ing cost :  Comparison o f  pressur ized 
ent ra ined g a s i f i c a t i o n  system w i t h  Koppers-Totzek system 

($1,000) 

1,435 

2,880 

576 

4,320 

7,776 

Cost i tem 

1,285 

2,574 

51 5 

3,861 

6,950 

D i r e c t  cost :  
Coal I . .  ................. 
Raw water ............... 
Ca ta l ys t  and chemicals.. 
Methane ................. 

Subtotal ............. 
D i r e c t  labor  ............ 
D i r e c t  labor  superv is ior  

Subtotal ............. 
Maintenance labo r  . . . . . . .  
Maintenance labo r  

superv is ion ........... 
Maintenance ma te r ia l  

and contracts  ......... 
Subtotal . ............ 

Pay ro l l  overhead ........ 

To ta l  d i r e c t  cost..  

I n d i r e c t  cost..  ........... 
Fixed cos t :  

Operating suppl ies. .  .... 

Taxes and insurance ..... 
Depreciat ion ............ 

Tota l ,  before c r e d i t .  

S u l f u r  c r e d i t  . . ........... 

Tota l ,  a f t e r  c r e d i t  

1,587 

3,600 

720 

5,400 

9,720 

Pressurized ent ra ined 

703 

1,435 

3,312 

662 

4,968 

8,942 

1,248 1,117 
187 1 168 

1,468 
1,555 

1,312 
1,390 

1,772 
1,944 

31,007 20,520 

5,383 4,812 

4,647 4,169 
8,908 7,991 

49,945 37,492 -1 __-. -1,444 -133 

48,501 37,359 

1,623 
1,789 

Koppers-Totzek 
s stem 

I l l i n o i s  Montana 

17,759 a ,865 

790 

20,072 10,112 

35,095 

6,625 

5,823 
11,160 

58,703 

-1,447 

57,256 

1,380 1,248 
207 1 187 

23,901 

6,083 

5,378 
10,309 

45,671 

-117 

45,554 
' I l l i n o i s  No. 6 coal  @ $17/ton; Montana subbituminous coal  @ $7/ton. 
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D i  

PE-KT 
Illinoir 
No. 6 
coa l  

-952 
-256 

-4 
-87 

-1,299 

-1 32 
-20 

-1 52 

-720 

-1 44 

-1,080 

-1,944 

-304 
-389 

-4,088 

-1,242 

-1,176 
-2,252 

-8,758 

+3 

-8,755 

- 

ference 
PELKT 

rfon tana- 
subbituminous 

coal 

-164 
-471 
+ l o 6  

-529 

-131 
-1 9 

-1 50 

-738 

. -147 

-1,107 

-1,992 

-31 1 
-399 

-3,381 

-1,271 

-1 ,209 
-2,318 

-8,179 

-16 

-8,195 



TABLE 3. - U n i t  c o s t  comparison 

U n i t  

Coal p repara t ion . .  ............ 
G a s i f i c a t i o n  .................. 
Oust removal .................. 
Compression No. 1 ............. 
S h i f t  conversion 110. 1 ........ 
P u r i f i c a t i o n  No. 1 ............ 
S h i f t  conversion No. 2 ........ 
P u r i f i c a t i o n  No. 2 ............ 
Methanat ion ................... 
Compression No. 2 ............. 
Ammonia syn thes is  ............. 
Flue gas processing..  ......... 
S u l f u r  recovery. .  ............. 

Cost pe r  ton  o f  p r  
Pressur ized  e n t r a i n e d  

system 
I l l i n o i s  Montana 

coa l  coa l  

$13.26 $13.21 
77.83 61.11 

1.01 1.09 

7.46 7.95 
29.34 28.96 
11.10 10.08 
11.92 10.90 
3.15 3.05 

48.07 44.02 
59.70 57.43 
30.15 

.54 2.00 
293.53 239.80 

No. 6 subbi tuminous 

l uc t  a t  15 p e r c e n t  OCF 
Koppers-Totzek 

I l l i n o i s  Montana 

$12.55 $13.10 
71.28 54. a7 

43.03 42.46 
26.00 24.94 
33.70 32.51 
10.67 

59.37 
35.05 

.76 
353.64 

9.29 10.08 
3.13 1 3.36 

44.75 42.72 
57.60 

2.52 
299.20 

NOTE:--Coal cos t ,  d o l l a r s  per  t o n - - I l l i n o i s  No. 6 i s  $20 and Montana subbituminous i s  
$9. 
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Power. steam SULFUR 
RECOVERY PLANT STACK GAS CLEANUP 

- Sulfur Steam 37.200 I b l h r  ( 1 )  
41.000 I b l h r  (H) 

H2S. C02 

Elo1rture zss 
7.1 tph ( 1 )  

16.6 tph (M) OXYGEN PLANT 

I 

2.6 tph ( 1 )  
0.4 tph ( M I  

I 
4 

Ash, unburned coal  
AEPlONlA SYNTHESIS 

FIGURE I .  - Plant  b lock d iagram-entra ined coal gas i f i ca t i on  

( I )  - I l l i n o i s  NO. 6 coal. 
(M) - Montana subbituminous coal. 

41.7 tph ( I  & H)  

Steam, power t o  process 

Sulfur 2.5 tph ( I )  
0.4 tph ( M )  

co2 

Purge I 
Ash, unburned carbon 

FIGURE 2. - Plant  b lock diagram-Koppers-Totzek coal gas i f i ca t i on  

( I )  - I l l i n o i s  NO. 6 coal .  
(M) - Uontana subbituminous coal  41.67 tph 

( 1  6 U) 

5 9  
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FIGURE 5. - SELLING FRICE OF AFlMONIA AND ITS DISTRIBUTION BASED ON 
UNIT COST PROCEDURE AT 15 PERCENT DCF 
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