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TABLE 5.6-6 SUMMARY DATA FOR 150 PSIG AIR BLOWN LURGI GAS PRODUCER 

i. Raw Gas Gross Heating Value: 
Dry Basis, Btu/scf 

2. Thermal Efficiency, Cold, Percent 

3. Thermal Efficiency, Hot, Percent 

Mass Flows Per lO0 lb Coal - As Fired 

4. Dry, Raw Gas Produced, scf 

5. Steam Required~ lb 

6. Air Required, scf 

Mass Flows Per MMBtu in Dry, Raw Gas 

7. Steam Required, lb 

8. Air Required, ib 

9. Coal Required, lb 

158 

80.5 

91.0 

7,200 

9o 

4,050 

81 

279 

90.1 

i0. Steam Decomposition, Percent 

ii. Capacity, MM scfh 

12. Coal Input at Capacity, ton/hr as fired 

69.5 

1.23 

8.58 
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SUMMARY OF QUOTATIONS OBTAINED FOR EVALUATION 
OF GASIFICATION SYSTEMS 

. 

. 

. 

. 

. 

Internationai Furnace Equipment Co. Ltd., Brierley Hill, England 

134,00 pounds sterling for two lO ft 0 in. ID two-stage 
gas producers, with accessories, erected and installed 
in England. 

Lurgi Gesellschaft fur Warmetechnik, mbH, Frankfurt, Germany 

DM 50.3million for 8 gasifiers, each 3.7 meter ID, plus 
accessory equipment including a Rectisol gas purifica- 
tionplant, at North Sea port crated for export. 

DM 6.3 million for equipment to remove phenols from the 
gas concentrate of the 8 gasifiers, also at North Sea port 
crated for export. 

Dr. C. Otto & Camp., Bochum, Germany 

DM 66.3million for 6 gasifiers, waste heat boilers, coal 
feeding and ash discharging equipment, etc., for a com- 
plete Rummel modified gasification plant, erected and 
installed in Germauy. 

McDowell-Wellman Engineering Company, Cleveland, Ohio 

$80,000 for one lOft O in. IDWellman-Galusha gas 
producer with dust cyclone f.o.b. Cleveland. 

$350,000 for three lO ft 0 in. ID gas producers erected 
in a building. 

$100,000 for accessory coal conveying and charging equip- 
ment for above three producers, installed. 

$9_15,000 for gas cooling and cleaning equipment for above 
three producers, installed. 

American Air Liquide, New York, New York 

$1,460,000 for the low temperature equipment, structure 
to house and support it, and insul~tion, CIF New York, 
for 500 tons per day of 98 percent oxygen, plus $175,000 
erection cost. 

$2,228,000 for lO00 tons per day as above, plus $250,000 
erection cost. 
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$4,256,000 for 2000 tons per day as above, plus $450,000 
erection cost. 

Appendix 6.1 

. Lotepro Corporation, New York, New York 

$2,150,000 for 1OOO tons per day of 98 percent oxygen, 
plus $150,OOO erection cost. 

. General Electric Company, Pittsburgh, Pa. (Local Sales Office) 

(a) Motors - 1200 rpm unity power factor synchronous 
motors and exciters, f.o.b, point of manufacture. 

2,000hp 2,300 v $ 2-1,500 
4,000 hp 4,000 v $ 36,500 
8,000 hp 4,000 v $ 65,500 

16,OOOhp 6,60Ov $128,500 
32,500 hp 6,600 v $259,500 

(b) Steam Turbines - 600 psig, 750 F steam 
absolute pressure, including sole plate and 
system, f.o.b, point of manufacture. 

to 4 in. Hg 
lubrication 

2,000 hp 9,400 rpm $ 69,000 
4,000hp 7,000 rpm $ 87,000 
8,000 hp 4,800 rpm $156,000 

16,000 hp 3,600 rpm $260,000 
32,000 hp 2,400 rpm $458,.000 

As above, but l~OO psig, lO00 F steam to 550 psig back 
pressure. 

2,000 hp 9,400 rpm $130,000 
4,000hp 7,000r~m $172,000 
8,000 hp 4,800 rpm $264,000 

16,000 hp 3,600 rpm $425,000 
32,000 hp 2,400 rpm $691,000 

As above, but 1400 psig, iOO0 F steam to ~ in. Hg absolute 
pressure. 

2,ooo hp 9,4OO rpm $]_1.8,000 
8,000 hp 4,800 rpm $201,0OO 

8. Allied Chemical Company, New York, New York 

Cost of 98 percent oxygen gas at atmospheric pressure on an 
"Over-the-Fence" supply basis, with steam cost of 30 cents 
per M lb at 6OOpsig, 750 F. 

500 tons/day 
1,O00 tons/day 
3,000 tons/day 

$8.50 per ton 
$7.50 per ton 
$5.50 per ton 
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9. Foster ~eeler Corporation, Pittsburgh, Pa. (Local Sales Office) 

$3,300,000 for major equipment and controls for generating 
325,000 lb per hour of 1400 psig, 950 F steam in 2 boilers, 
delivered and erected. 
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lO. Riley-Stoker Corporation, Pittsburgh, Pa.. (Local Sales Office) 

$5,000,000 for approximate erected cost of major equipment 
and controls to produce 1,O00,O00 lb per hour of 600 psig, 
750 F steam. 

1. Selas Corporation of America, Dresher, Pennsylvania 

$200,000 for shift reactors to shift 40,000,000 scfh of dry 
gas with 41 percent H2, 2.2 H2/CO ratio, to a 3/i ratio, at 
450 psig, 750 F inlet7 

$600,000 for shift reactors to shift 50,000,000 scfh of dry 
gas with 31 percent H2, 0.6 H2/CO ratio, to a 3/1 ratio, at 
450 psig, 750 F inlet. 

12. Gesellschaft fur Lindes Eismachinen AG, Munich, Germany 

$35,000,000 for the complete erected cost of acid gas 
removal using the Rectisol process for lO00 MM scfd of 
raw gas (dry basis) with the H2S supplied in a stream 
suitable for a Firma Socaty sulfur plant. 

13. Allis Chalmers Manufacturing Company, Milwaukee, Wisconsin 

Axial flow air compressors with steam-turbine drive, base 
plate, and lubricating system, f.o.b, point of manufacture. 

Discharge pressure 50 psig. 

25,000 cfm 3,500 hp $ 250,000 
50,000 elm 7,000 hp $ 355,000 
80,000 cfm ll,200hp $ 470,000 

120,000 cfm 16,800 hp ~ 620,000 
200,000 cfm 28,OOOhp ~ 930,000 
300,000 cfm 42,000 hp $1,350,000 

14. Western Gear Corporation, Pittsburgh, Pa. (Local Sales Office) 

2,000 hp 1,200 rpm in/9,400 rpm out $ 9,850 
4,000 hp 1,200 rpm in/7,000 rpm out $13,000 
8,000 hp 1,200 rpm in/4,800 rpm out $18,200 

16,000 hp 1,200 rpm in/3,600 rpm out $30,300 
32,500 hp 1,200 rpm in/2,400 rpm out $45,700 

Gear prices for synchronous motor/rotary compressor applications, 
f.o.b, point of manufacture. 
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15. Clark Compressor Division of Dresser Ind., Pittsburgh, Pa. 
(Local Sales Office) 

Air compressors and lubricating system, and intercoolers, 
f.o.b. Olean, New York, inlet pressure 14.14 psia, com- 
pression ratio 5.45. 

43,000 scfm 8,050 hp $226,500 
85,000 scfm 15,360 hp $453,000 

165,000 scfm 29,700 hp $846,000 

Oxygen compressors and lubricating system, f.o.b., inlet 
pressure 15.2 psia, compression ratio 30.6. 

8,450 cfm 3,150 hp $218,000 
16,900 cfm 5,850 hp $286,000 
33,800 cfm ll,700hp $572,000 

Appendix 6.1 
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APPENDIX 6.2 

MATERIAL BAIANCES, HEAT BALANCES, OVERALL MATERIAL BALANCES 
SUMMARIES OF PROCESS DATA~ AND SIMPLIFIED PROCESS SCHEMES 
FOR 250 MM SCFD PIPELINE GAS PLANTS 

l 

# 



TABLE 6.2-1 
Mater ia l  Balance 

Lurgi Dry-ash Gasifier 

- D, 

I N P U T  

C O A L  

e 8 % o ~  

S T E A M  

JACKET STM 

ADD'L M01~ 

Li~5. 

I o o o ,  o 

C H 

~/73.0  54-.0 

5oz.q 

1 8 1 S . o  20[.7 

?_85,0 51.7 

3(o.r~ 4-.I  

TOTAL IN  3 , (o39 .3  77,3.0 ~ 9 1 . 5  

O U T P U T  

0 

(o3.0 

4-9 Z,7 

S 

Z 5.0  

N 
. . , , .  

t 4 . o  

1 o . o  

ASH 

CO 2 

CO 

H~, 

C H4. 

CNH M 

H~6 

T A R / O I L  

PHE NOLS 

Nil 3 

H t O  

TOTAL OUT 

74-.9 5.1 0.z~ 

I"258.0 3Z~3.o 

5"74.0 P-4 G,O 

I~13.3 

2 5 3 . : 3  

A S H  

"71.o 

5.5 

11.9 

1 358.0 

3,~59.3 

5h3 43 ,2  

A.Z 

773.0 

1.G 

4 . 7  

0.4- 

Z.1 

'150.9 

291 .5  

q~.G 

14.'Z 

88,1 55.1 

I~8.0 12G.O 42 .0  
, , ,  , , ,  

8.8 7.5 1.5 

528.0 

3.4 

0.~ 

9.S 

12o7. I 

2,¢5&.~ 25.0 24.0 

2 5 , 0  

14.?_ 

~/1.0 

8A, SED ON IOOO POUNDS OF" C O A L ,  INCLUDING 1.9.,?/o MOISTURE.  
F I G U R E S  A R E  TO S L I D E  R U L E  A C C U R A C Y .  

3 2 , 5  

2~¢S4.8 ?_5.0 2~.0 71.0 

0.4 q i .0  

9t5.O 
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TABLE 6.2-2 
H e a t  Balance 

Lurgi Dry -ash  Gasi f ier  

INPUT 

OUTPUT 

COAL HEATING V A L U E  

COAL SENSIBLE HEAT... 

COAL MOISTURE SENSIBLE HEAT 

OXYGEN S E N S I B L E  HEAT 

S T E A M  TOTAL  E N T H A L P Y  

JACKE"r" W A T E R  S E N S I B L E  H E A T  

8 O L I D  R E C Y C L E  S E N S I B L E  H E A T  

LIQUID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

ASH S E N S I B L E  H E A T  

ASH COMBUSTIBLES HEATING VALUE. 

HOT R A W  GAS H E A T I N G  VALUE. 

HOT RAW GAS S E N S I B L E  HEAT. 

~ ' ~ T E R  VAPOR TOTAL E N T H A L P Y .  

E N T R A I N E D  SOLIDS SENSIBLE HEAT. 

J A C K E T  S T E A M  TOTAL  ENTHALPY..  

H E A l "  L O S S  A N D  O T H E R S  

T O T A L .  O UT. 

B A S E D  ON t ; 0 0 0  POUNDS OF COAL, INCLUDING 1.2°/. 
B A S E  T E M P E R A T U R E ,  3 2 ° F ,  ([0 o C . )  

BTU 

137 9907000 

20 ~4.o0 

Z~500 

24 ~I00 

Z, 4roo.~ooo 

42 ~000 

tG ~ 53~, ~00o 

~000 

15 ~2G3 ~000 

1 ~ I 0 5 yO00 

2,140 ~000 

22~000 

1G ~ 5 3 8 ~ 0 0 0  

M O I S T U R E .  
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TABLE 6.2-3 
Overall Material Balance 

Pipeline Gas Production Based on the 
Lurgi Dry-ash Gasifier 

I N P U T  

COAL ( 4 . 7 %  M O I S T U R E ) ,  

To N s/DAY 

11 ;780 

O X Y G E N  ( .98  % )  

B O I L E R  P E E D  W A T E R  M / ~ K E U P  

L I M E  

T O T A L  IN 

5~700 

31 ~700 

i i i i i l l l  

~ 9 ~ t B 0  

O U T P U T  

P I P E L I N E  G A S _ _  

C A R B O N  D I O X I D E  

H Y D R O G E N  S U L F I D E  

P R O C E S S  E F F L U E N T  W A T E R  ~ 

A M M O N I A  

GAS LOSSES~TAR ~ P H E N O L S  

AsH (o~ sLAG) 

T O T A L  O U T  

5 ~ 4 4 0  

1~ , 0 5 0  

3 0 0  

"24 ~ 4-70 

14-O 

t 7930 

8 50 

49  ~ 1~O 

INCLUDES 3 0 0 0  T /D  W A T E R  V A P O R  V E N T E D  
FROM B y  PRODUCT R E C O V E R Y  P L A N T S .  
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TABLE 6.2-4 
Summary of Process Data 

250 MM scfd Pipeline Gas from Coal Based on the 
Lurgi Dry-ash Gasifier 

!. COAL R E Q U I R E M E N T 5  (AS M I N E D )  

O.) P R O C E S S  C O A L  
IP) B O I L E R  C O A L  

T O T A L  

2 . O X Y G E N  R E Q U I R E M E N T ( 5 8 ~ ' . )  

3 . F A T E  R R E Q U I R E M E N T S  

~I.)COOLING WATER(3OOF. RISE) 

1D) COOLING WATER M A K E U P  
(3) B O i L E ~  FEED M A K E U P  

I I ~78o 

t ,080 

I 2 ,~GO 

4. S T E A M  P R O D U C T I O N  

5~7OO 

"2G3 0oo 
1 3 ~ooo 

5 ~ 300 

a )  F I R E D  B O I L E R  
lp) WASTE HEAT B01LEI::~ 

TO TA, L 

5. S H I F T  C O N V E R S I O N  
O.) TOTAL DRY GAS TO S H I F T  
b) "CO" TO BE S H I F T E D  _ _ _ _  

G. M E T H A N A T I O N  
M E T H A N E  S Y N T H E S I Z E D  

"7. A C I D  G A S  R E M O V A L  
CARBON DIOX|DE ABSORBED_,  

8. WASTE T R E A T M E N T  
EFFLUENT TO TREATMEN' I "  

1 ~ 4.70 ) OOO 
3 ~ZE~5 ~000 
4-~ 7~,5 ~OOO 

310 
3~ 

133 

__32.1 

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  
C R U S H ~  AND SCREEN TO 1;~" BY 

t0. B Y P R O D U C T  C H A R  
NON E: T O N S / D A Y  AT 

I t . T H E R M A L  E F F I C I E N C I E S  

(3,) OVERALL~ COAL TO PIPELINE GAS 
b) GASIFICATIONIPROCESS COALTO COLD RAW GAS 

C O A L  - 
1 . S i z e  

TON S/DAY 
TONS/DAY 

TONS/DAY 

TON S/DAY 

O P M  
G P M  
G P M  

LBS. /HR.  
L S./HR. 
LBS./HR. 

M M SCFD 
MM SCFD 

MM SCFD 

M M L B S . / D A Y  

'2400 G P M  

B T U / T O N  

84..5°/= 
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Using the Lurgl Dry-ash Gas|tier (Process !1)  

Bit~m|nous Coal Resnrch, Inc. 8006GI5! 
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INPUT LBS. 

C O A L  

98% 0 z 

:STEAM 

L I M E  

KSH RECYCLE 

ADO'L MOIST. 

C 

I 0 0 0 . 0  

G4G.7 

463.0 

77.0 

1(o0.0 

75.0 

6.0 

775.0 

H 

54.0 

51.4 

O 

G3.0 

~,33.8 

4 1 t , G  

A S H  

71.0 

77,O 

t GO-O 

BASED ON I o o o  LBS. OF COAL • Ik lCI . .UDING |.~ o~ 
F I G U I ~ E S  A R E  TO S L I D E  R U L E  A C C U R A C Y  

"225.0 25.3 qO2.7 

FATTY AC tDS 1 . 8, 0.7 O, "& O. 0 

TOTAL OUT 773.0 I09,5 I~140.9 25.0 26.9 305.0 

N H ~  

H z O  

9.~3153.3 

PHENOL5 

TAR/O I L 

TABLE 6.2-5 
Material Balance 

Lurgi Slagging Gasifier 

H 2 s  

N-  z 

7.O 

1 7 . 8  

2G.G 1.G 

4,5,8 39.4 4.1 2 .3  

3.7 ?.9 0.2 0.~o 

11.0 1.9 

75.0 

! ,0  

I ~59.7 51.7 138,0 

I 393 .7  597.3 "/96.4 

50.'2 50.2 

I OO.O CH 4. 

C N H M  

30•.0 3 0 5 . 0  

H~ 

S N 

'a5.o 14,.o 

1'2.9 

17.~ 

?.5,0 

9.1 

M O I S T U R E .  

CO 

COz 

ASH 

3&.r~ 4.1 3'2.5 

TOTAL IN 'Z,':583.3 '773.0 1019.5 ! ~40.9  9_5.0 2G.9 50B.O 

OUTPUT 
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TABLE 6.2-6 
Heat Balance 

Lurgi Slagging Gasifier 

INPUT 

OUTPUT 

COAL 

COAL 

COAL 

H E A T I N G  V A L U E  

S E N S I B L E  HEAT.  

M O I S T U R E  S E N S I B L E  H E A T  

O X Y G E N  SF__I, I S | B L E  H E A T  

S T E A M  "TOTAL E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

6 O L I D  R E C Y C L E  S E P I S I B L E  H E A l "  

LI@UID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  I.N 

A S H  S ¢ ' N ~ ; I B L E  H E A T  

ASH C O M B U S T I B L E S  HEAT ING V / ~ L U E  

HOT R A W  G A S  H E A T I N G  V A L U E  

HOT R A W  G A S  S E N S I B L E  H E A T  

W A T E R  V A P O R  TOTAL E N T H A L P Y  

E N T R A I N E D  S O L I D S  S E N S I B L E  H E A T  

J A C K E T  S T E A M  T O T A L  E H T H A L P Y .  

H E A T  LOSS AND O T H E R S  

" T O T A L  0 U T  

BTU 

13~ 990~000 

20 ~400 

275OO 

31 ~OOO 

G277000 

4- ~ 80o 

14~ rot 5~7oo 

ZS~, 500 

12 ~4-8~5 ~OOO 

775~000 

3GO ~00o 

790 7 ~OO,, 

14 ?~,7 5 7700 

B A S E D  ON t , 0 0 0  POUNDS OF CO~L, INCLUDING t.2 °A M O I S T U R E .  
BASI l :  T E M P E R A T U R E ,  3 2 " F .  ( 0  ° C.~) 
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TABLE 6.2-7 
Overall Material Balance 

Pipeline Gas Production Based on 
Lurgi Slagging Gasifier 

the 

I N P U T  
,TON S/OAY 

C O A L  (4.7% M O I S T U R E )  

O X Y G E N  ( 8 8 % )  

B O I L E R  PEED Wh.TER M A K E U P  

L I M E  

T O T A L  IN 

I 2~900 

8 ~OSO 

9GO 
II i i i i  III 

4 B  ~ 3GO 

O U T P U T  

P I P E L I N E  

C A R B O N  

G A S  

D I O X I D E  

H Y D R O G E N  S U L F I D E  

P R O C E S S  E F F L U E N T  WATER,  "~ 

A M M O N  I A  

GAS LOSSES~TAR &. PHENOLS 

AsH (oR 

T O T A L  O U T ,  

5 ~ 4-4-0 

'1,5 ~ SOD 

3 3 0  

17 ~3f50 

14-0 

I ~ 7 2 0  

t ~BSO 
1 

45 ~ 3 6 0  

I N C L U D E S  1BOO T / D  W A T E R  V A P O R  V E N T E D  
F R O M  B Y P R O D U C T  R E C O V E R Y  P L A N T S .  
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TABLE 6.2-8 
Summary of Process Data 

250 M M  scfd Pipeline Gas from Coal Based on the 
Lurgl Slagging Gasifier 

I. COAL REQ.UIREMENT:5 ( A S  M I N E D )  
0..) PROCESS COAL 1 ~ 9 O O  
b) B O I L E R  CO,~L 510 

T O T A L  13,4-10 

TONS/DAY 
"TONS/DAY 
TO N S/DAY 

?..OXYGEN R E Q U I R E M E N T  (~8  ~/-) 

3 .WATE R REQUIREMENTS 

a)COOLI G WA'reR(SO°  ". Ris ) 
b)COOLING WATER MAKEUP 
C) BOILER FEED MAKEUP 

4.. STEAM PRODUCTION 

0.) FIRED B O I L E R  
b) WASTE HEAT BOILERS 

TOTA L l 

8 ~050  

3SG ~ooO 
1"7 ~5oo  

3 ~)OO 

G93 ~OOO 
'2 t4. 10 tODD 
3 , 1 0 3 , 0 0 0  

TONS/DAY 

OPM 
GPM 
GPM 

LBS./HR.  
LBS./HR. 

5. SHIFT CONVERSION 
O,) TOTAL DRY GAS TO SHIFT 
b) " c o "  To BE SHIFTED 

G. M ETHANATION 
METHAHE SYNTHESIZED 

7. ACID GAS REMOVAL 
CARBOH DIOXIDE ABSORBED 33.0 

8. WASTE TREATMENT 
EFFLUENT TO TREATMENT 

9 . T Y P E  OF PREPARATION FOR P R O C E S S  C O A L -  
CRUSH ~ ANT:) SCREEN TO I~4" EY ~" ,SIZE 

10. BYPRODUGT C H A R  
HONE TONS~DAY AT 

¶1.THERMAL E F F I C I E N C I E S  

"7~5 
~BO 

1(0~o 

M M SCFD 
MM SCFD 

MM 5CFO 

MM LSS/0A  

1~500 G P M  

e TU/TON 

(~) 0VERALL~ COAL TO PIPELINE G A S _  ~,4.1 o/o 
b) GASIFICATION I PROCESS COALTO COLD RAW G A S - -  80.?_ I/o 
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NITROGEN STE~kM. 
G~0 PS~G-'/50"V 

' I . . . . . . .  I 9 ~  Ox."(GEN AT 

3 "  ~ ~TEAM 
STEArYI , &O0 PSIG -7500F - (~OO PSIG-7,SO'F STFTAH 

(~00 PS IG-'/..RO'F. 
, ~ -r/D LOCK ~A5 TO 

I 
4BOO GPM " ~  

=J0 PSIG 
STEAl-" I 

~OX0D¢I ~ I ~dA 

39OO GPI'I 

STEAM 
&O0 P$1G-7~"F 

~k 

CO,TO A'TM. ~_~ 
STEAM 

MA~E-UP WAT~ 
~1,400 GPM 

17, .e,00 G PM 

LOCK 

:~_r-T~ 

trot01 
:D GAS 

EHOVa 

F- 

, 

R E T U R N  " I " to' .  E.E.R.S I 

~o  PSIG 
STEAH STECAM - 

L6oo ps~ro 86°F. c. 'w.  
S A T  D SUPPL." {  

"2,~:) PI Wl SCFO OF" 
PIPE LII, JE GAS 
AT IOOO PSIC~ 

:~/. 11r S T E A M  • I 
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TABLE 6.2-9 
M a t e r i a l  Balance 

Hydrocarbon Research Gasifier 

285. 

| i 

INPUT 

C O A L  

e 8 % o ~  

5T E AM 

LiSS. C H 

1OOO.0 773.0 54.0 

542.0 

150o.o  I~7.0 

0 

G3 .o 

531. o 

1333.o 

S 

25.O 

TOTAL IN 30¢z.o 773.0 2"Zl .o ~9 ?-7.0 55.0 

O U T P U T  

ASH 

CO 2 

CO 

N 

H?. 

CH 4. 

CNHM 

N~ 

H?.=J 

TA R / o ,  L 

PH E NOLS 

NN 3 

I Zl,..O 

I I  . 0  

A S H  

7 1 . 0  

(25.0 '71.0 

101.0 30.o 7 t .0 

990.0  ?..70.0 3 2 0 . 0  

7 to3.0 527.0  

75.0 

194.0 14&.o 

e5.O 

43ro .o  

'771 .o 

9 27.0 77~.o 

H tO  8~,7.4- 

TOTAL OUT 304?,. 0 

2 5 . 0  

2 5 . 0  

7 5 . 0  

4.8.0 

9&.4 

2 S . 0  

?-5.0 ?_2I .O 71.0 

B A S E D  ON IOOO P O U N D S  OF" C O A L ,  I N C L U D I N G  1 . ? . %  MOISTURE;-  
F I G U R E S  A R E  TO S L I D E  R U L E  A C C U R A C Y .  



TABLE 6.2-1 0 
Heat Balance 

Hydrocarbon Research Gasifier 

INPUT 

OUTPUT 

COAL 

C O A L  

COAL 

H EATI  N G V A L U  E, 

S E N S I B L E  HEAT, , ,  

M O I S T U R E  S E N S I B L E  H E A T  

O X Y G E N  S E N S I B L E  H E A T  

S T E A M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

SO)LID 

L IQUID 

R E C Y C L E  S E N S I B L E "  H E A T  

R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

A S H  S ¢ ' N ~ I B L E  H E A T  

ASH C O M B U S T I B L E S  H E A T I N G  V A L U E ' ,  

H O T  R A W  G A S  H E A T I N G  V A L U E  

H O T  R A W  G A S  S E N S I B L E  H E A T  

W A T E R  V A P O R  T O T A L  E N T H A L P Y  

E N T R A I N E D  S O L I D S  SEN S I B L E  HEAT,  

J A C K E T  S T E A M  T O T A L  E N T H A L P Y  

H E A T '  L O S S  A N D  O T H E R S  

"TOTAl_  C) U T  

BTU 

1.3 ~ 9~o~oDo 

29o70o0 

12G ~000 

2 ~ ?.EO~O00 

IG .~G,8, G ~ 000  

4.0 ~, 000  

4 2 0  ~000 

f2~ B30~O00 

I ~ G?_O ~000 

I ) 5 3 5 ~ 0 0 0  

'Z~ I 1,00o 

1G~GSG~,O00 

B A S E D  O N  t ~ 0 0 0  P O U N D S  OF COALp I N C L U D I N G  1.2°/e M O I S ~ L J R E .  
B A S E  T E M P E R A T U R E ,  3 2 e F ,  (~0 ° C . )  



287. 

TABLE 6.2-11 
Overal l  Mater ia l  Balance 

Pipeline Gas Production Based on the 
Hydrocarbon Research Gasifier 

I N P U T  
To N s/oAY 

COAL ( 4 . 7 %  MOISTURE) ,  

O X Y G E N  ( 9 8 % )  

s o j t . ~ R  r ' E E o  W ~ , T E R  M A K E U P  

L I M E  

TOTAL  I N 

1 1 ~3o 

5 ~87.0 

~0~ zoo 

~7 ~ 3 0 0  

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D E  

H Y D R O G E N  S U L F I D E  

PROCESS EFFLUENT WATER 

A M M O N I A  

GAs L0SSES,TAR ~ PHENOLS 

A s .  (o4  sL~Q) 
o 

T O T A L  O U T  

~ 4-4-0 

15~Go0 

~o 

I ~130 

I ~I00 

37 ~ 5oo 
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TABLE 6.2-12 
Summary of Process Data 

250 MM scfd Pipeline Gas from Coal Based on the 
Hydrocarbon Research Gasifier 

!. COAL R E Q U I R E M E N T S  ( A S  M I N E D )  

o,) PROCESS C O A L  
b) B O I L E R  C O A L  (INCLUDES PI~EHEAT C O A L ~ ~  

T O T A L  

~ .OXYOEN R E Q U I R E M E N T ( ~ 8 ~ / . )  

3 .  WATE R REQU I REMEN-TS 

(gL)COOLING WATER(30°F.  RISE) 

b)COOLING WATER MAKEUP 

C) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

el,) F I R E D  B O I L E R  
b) WASTE HEAT B01LER~ 3 tz4 

TOTA L 

5. SH IFT  C O N V E R S I O N  
O,~ TOTAL DRY GAS TO SHIFT  
b) " c o "  TO BE SHIFTED 

~. M ETHANATION 
M E T H A N E  S Y N T H E S I Z E D  

7. A C I D  GAS R E M O V A L  
CARBON DIOXIDE ABSORBED 

8. WASTE T R E A T M E N T  
EFFLUENT TO TREATMEN' r  

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  
CRUSH ~ GRIND AND DRY TO ~/32 BY O 

10. BYPRODUGT C H A R  
NON E TONS/DAY AT 

1 1 . T H E R M A L  E F F I C I E N C I E S  

O,) 0VERALL~ COAL TO PIPELINE GAS 

.I t }230 
1 ~050 

5 ~ 870 

241 ~OOO 

| 2 7000 
3 ~4.oo 

49 39000 

tZ47 ~ 000 

3 ~ 740 ~ 000 

GO6 
89 

126 

3L'2 

TON 5 /DAY 
TONS/DAY 

TO N S/DAY 

TON S/DAY 

O P M  

G P M  

G P M  

LBS. /HR.  
L B 3 . / H R .  
LBS./I-IR. 

M M SCFD 
MM SCFD 

MM 5CFO 

MM LBS/DAY 

HONE G P M  
C O A L  - 

SIZE 

b) OASIFICATIONp PROCESS COALTO COLD RAW GAS 

B T U / T O N  

70. I o/~ 

-Io 
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TABLE 6.2-13 
Material Balance 

Bamag-Winkler Atmospheric Gasifier 

291. 

INPUT 

COAL. 

9s%o~ 

ST E A M  

T O T A L  IN 

O U T P U T  

A S H  

C O ,  z 

CO 

HZ 

. CH 4. 

CNHM 

N~ 

H,Z~ 

T A R / O I L  

P H E N O L S  

NN~ 

HtO 

TOTAL OU T 
i i i 

LB5. C H O 

&3,o 

S N 

1 4 . 0  I000.0 "773.0 5ZL,O ?.5.0 

Co3~,8 (o?-7.0 i 2 . 8  

5Z9.o $9.o z~7o.o 

E 

773.0 1 't ~0.o eS.0 11:5.O 2(~.8 

ASH 

71 .o  

~71.0 

299.3 200.2 Z,&~ 9-0 |3.9 2.G 71.0 

5~5,0 14-3.0 36~.0 

954,0 4-09.0 5~5.0 

74,9 74,9 

Z7.& ~0.8 (~- 8 
, ,, ,,, , 

z¢.z z4.z 

11.% 0.'7 11.1 

28.0 

I " 

Z 5 2 . o  ?.?_4.0 

~5.0 773.0 "ZG.8 171 ~0.0 1 1 3 . o  "71. o 

B/~.SED ON IOOO P O U N D S  OF" COAt-, ,  I N C L U D I N G  I.'?. °,/o MOISTURE, .  
F I G U R E S  A R E ' T O  S L I D E  R U L E  A C C U R A C Y .  
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TABLE 6.2-14 
Heat  Balance 

B a m a g - W i n k l e r  Atmospheric Gasif ier  

INPUT 

OUTPUT 

COAL H E A T I N G  V A L U F  

COAL S E N S I B L E  HEAT. 

COAL M O I S T U R E  S E N S I B L E  HEAT. 

O X Y G E N  

S T E A M  

J A C K E T  

8 0 L I D  

L IQUID 

S E N S I B L E  HEAT.  

T O T A L  E N T H A L P Y  

W A T E R  S E N S I B L E  

R E C Y C L E  S E N S I B L E  H E A T  

R E C Y C L E  S E N S I B L E  HEAT.  

T O T A L  IN 

H EAT, 

i l l |  1 

14 

BTU 

13~990~000 

?.0 ~000 

317000  

G&5 ~000 

 ooo 
7 

A S H  

ASH 

HOT 

S I ~ N ~ I B L £  H E A T  

C O M B U S T I B L E S  HEATING V A L U E .  

R A W  GAS H E A T I N G  V A L U E ,  

1 ¢ 5  ,j o o o  

3 ~0~0 ~000 

9 ~ 475~000 

HOT R A W  G A S  S E N S I B L E  HEAT, 

W A T E R  V A P O R  T O T A L  E N T H A L P Y ,  

E N T R A I N E D  S O L I D S  S E N S I B L E  H E A T  

. J A C K E T  S T E A M  T O T A L  E N T H A L P Y  

H E A T  L O S S  A N D  O T H E R S  

" t O T A L  O U T  

I ~ 470 ~ooo 

54~ ~ooo 

471000 

14~ 70G ~000 

A S E D  ON 1;000 POUNDS OF" COAL, I N C L U D I N G  1.2e/e M O I S ~ J R E .  
ASl i :  T E M P E R A T U R E ,  3 2 e F .  COOC.~ 
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TABLE 6.2-15 
Overall Material Balance 

Pipeline Gas Production Based on the 
Bamag-Winkler Atmospheric Gasifier 

I N P U T  
" r o N s / O A Y  

C O A L  C4..7 % M O I S T U R E "  

O X Y G E N  ( 9 8 % )  

B O I L E R  P'EED W A T E R  MAKEUP 

L I M E  

T O T A L  I N 

1 G ~ Z 6 0  

1 o ~0oo 

25  ~ 7 'oo 

5 t ~ 9 8 o  

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D IO~X I D E  

H Y D R O G E N  S U L F I D E  l 

P R O C E S S  E F F L U E N T  W A T E R  

A M M O N I A  

GAS LOSSES~TAR F~. PHENOLS 

ASH C0R SLAG') 

T O T A L  O U T  

s ~ 4.4-o 

4~ ~ IOO 

1So 

2.1 ~ S o o  

6 5 O  

4 -7700  

5 t  ~:D6o 
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TABLE 6.2-16 
Summary  of Process Data 

250 M M  scfd Pipeline Gas from Coal Based on the 
Bamag-Wink le r  Atmospheric Gasifier 

I. COAL REQtUIREMENT:5  

0L) PROCESS C O A L  
b) B O I L E R  C O A L  

( AS M I N E D )  

T O T A L  

2 .OXYGEN R E Q U I R E M E N T ( ~ 8 ~ / . )  

3 . W A T E  R R E Q U I R E M E N T S  

dL)COOLING WATER(3OOF. RISE) 

b) C00LING WATER MAKEUP 
C) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

0.) F I R E D  . B O I L E R  
b) WASTE HEAT BOILEI:L~ 

TOTA L 

5. SH IFT  C O N V E R S I O N  
e,) TOTAL DRY <;AS TO SHIFT  
b) " c o "  TO BE 3H IFTED 

G. M E THANATIOhi  
M E T H A N E  -~,'~:"NTH E S I Z E D  

7. A C I D  GAS R E M , ; V A L  
CARBON DI0)<,',DE ABSORBED 

8. WASTE T R E A T M E N T  
EFFLUENT TO TREATMENT 

9 . T Y P E  OF P R E P A R A T I O N  F O R  

.1 67 28o 

i 

4ro~280 

10 ~000 

411 ~OOo 

21 ,OOO 
4 ~ 3 0 0  

i ~G50 ~ 00o 
Z ~G~O ?000 
4 ~ 340~00o 

1 ~030 
t B7 

205 

3B.2 

CRUSH ~ GRIND AND DRy TO 1/3~ 

t0. BYPRODUCT C H A R  
it 8S0 TONS/DAY A'l 

I t . T H E R M A L  E F F I C I E N C I E $  

(:1,) OVERALL~ COAL TO PIPELINE GAS 
El) GASIFICATIONIPROCESS C0ALTO COLD RAW G A S ~  

TON 5 /DAY 
TONS/DAY 

TO N S/DAY 

TON S/DAY 

G P M  
G P M  
G P M  

LBS. /HR.  
LBS. /HR.  
LBS. /HR.  

M M SCFD 
MM SCFD 

MM SCFD 

M M LBS/DAY 

NONE GPM 
P R O C E S S  COAL- 

BY 0 51ZE 

ZO x IO G B TU/TON 

57.7 °/o 
 s.s -/. 
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Rummel 

TABLE 6.2-17 
Material Balance 

Single-shaft Pressurized Gasifier 

297. 

IN P U T  

C O A L  

.~ "%0~ 

5 T  E A M  

T O T A L  IN 

O U T P U T  

A S H  

CO,  z 

C O  

H?, 

C H 4 

CNH M 

N~ 

H ~  

 AR/O,L 
P H E  N O L S  

N H ~  

H~O 

TOTAL OUT 
i i 

LI~S. 

looo.o 

850.0 

621.0 

C 

q75.o 

H 

54,0 

(09.0 

~,4"71.0 "773,0 ~73.0 

73.0 

690,0 

1358 .0  

9%O 

~,0 

?.9.O 

ZT,0 

,191.o 

18, 8.0 

582,0 

99.0 

3.0 1.0 

2.0 

~l .O 

?~4qI .O 

O 

fo3.O 

833.O 

55~.0 

1~448.0 

S 

25,0 

~5.0 

N 

1,4..O 

17.0 

3~.0 

A S H  

71.0 

71.0  

2.0 71,0 

502.0 

77(~.0 

I '70.0 

'~ 5.o 773,0 

, I 

'z9.o 

~5.0 

| ~3.0 I~4 4 8.o 

S/W, S E D  ON I 0 0 0  P O U N D S  O F ' C O A L ~  I N C L U D I N Q  1 
F I G U R I E S  A R E  1"0 S L I D E  R U L E  A C C U R A C Y .  

31.0 
i, 

71.0 

• 'Z % M O I S T U R E ; .  
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Rummel  

TABLE 6.2-18 
Heat  Balance 

Single-shaft  Pressurized Gasif ier 

INPUT 

OUTPUT 

COAL H E A T I N G  V A L U E .  

COAL SENSIBLE H E A T  

COAL MOISTURE SENSIBLE H E A T  

O ~ Y G E H  S E N S I B L E  H E A T  

S T E A M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  

6 0 L I D  RECYCLE"  

LIQUID R E C Y C L E  

S E h l S I B L E  HEAT.  

S E P I S I B L E  H E A T  

S E N S I B L E  H E A T  

T O T A L  IN 

A S H  S E N S I B L E :  H E A T .  

ASH COMBUSTIBLES HEATING V A L U E  

HOT R A W  GAS H E A T I N G  V A L U E  

HOT R A W  G A S  S E N S I B L E  HEAT, 

W A T E R  V A P O R  TOTAL E N T H A L P Y  

E N T R A I N E D  SOLIDS S E N S I B L E  H E A T  

,JACKET S T E A M  T O T A L  E N T H A L P Y  

HEAT"  L O S S  A N D  O T H E R S  

"TOTAL 0 U T  

B A S E D  ON t~000 POUNDS OF" COAL, I N C L U D I N G  1.2 °A 
BASLE T [ M P c ' R A T U R E ~  3 2  eF. (~0 ° c - ' )  

BTU 

1 3 ~ 9 o 2 o o O  

207000 

41 ~ooo 

841 ~000 

24 ~ooo 

1 4 ~ I G  ,OOO 

(o0~000 

I"2~ 3'20~OOO 

?_ ~ o '2.O 7ooo 

4- 14-~ 0oo 

102 ~OCX) 

14-}~ I G ~o00 

MOIS' I"U R K .  
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TABLE 6.2-19 
O v e r a l l  M a t e r i a l  Balance 

Pipel ine Gas Production Based on the  
Rummel  Single-shaf t  Pressurized Gasi f ier  

I N P U T  

COAL (~4.7 % M O I S T U R E )  

O X Y G E N  ( 9 8 % )  

BOILER F E E D  W A T E R  M A K E U P  

L I M E  

T O T A L  I N 

"TO N E, /O/kY 

1 3 ~ o G o  

10 ~7oo  

2 3  ~ 5 0 0  

1 

4-7 ,~260 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D F  

H Y D R O G E N  S U L F t D E  

P R O C E S S  E F F L U E N T  W A T E R  

A M M O N I A  

GAS LOSSES, TAR ~ PHENOLS 

A s .  (oR SLy6)  

T O T A L  OUT.  

5 ~4.,¢o 

?_1 ~'7oo 

34.O 

1 "7 :~ 4.GO 

t ~ zl.oo 

9 2 0  

• t-'7~ '2Go 
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TABLE 6.2-20 
S u m m a r y  of Process Data  

250  M M  scfd Pipel ine Gas f rom Coal Based on the 
Rummel  Single-shaft  Pressurized Gasif ier  

1. COAL R E Q U I R E M E N T S  

(1) PROCESS C O A L  
b)  B O I L E R  C O A L  

( AS M I N E D )  

T O T A L  

19..~G50 
S50 

13 ~GOO 

2 . O X Y O E N  R E Q U I R E M E N T ( S 8 ~ ' . )  

5 . W A T E R  R E Q U I R E M E N T S  

dL~COOLING WATER(30°F .  RISE) 

b) COOLING WATER MAKEUP 

C) BOILER FEED MAKEUP 

4. STEAM P R O D U C T I O N  

~ ) F I R E D  B O I L E R  
b) WASTE HEAT B01LERS 

TOT~  L 

5. S H I F T  C O N V E R S I O N  
(~) TOTAL DRY GAS TO S H I F T  
b) " c o "  TO BE S H I F T E D  

G. M E T H A N A T I O H  
M E T H A N E  S Y N T H E S I Z E D  

7. A C I D  GAS R E M O V A L  
CARBON DIOXIDE A B S O R B E D  

8. WASTE T R E A T M E N T  
EFFLUENT TO T R E A T M E N T  

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  
C R U S H  ~GRIND AND DRY TO 1/8" BY 

10. B Y P R O D U C T  C H A R  
NONE T O N S / D A Y  AT 

1 1 . T H E R M A L  E F F I C I E N C I E 5  

0.) OVERALL~ COAt  TO PIPELINE GAS 

.9 ~ 8 0  

3G2 ~oo0 

1 8~ooo 
3 ~9oo 

t ~ 1 0 2  ~000 
3 1 7 ~ 5  ~ ooo 
4-~890 ~o00 

74~ 
273 

139.5 

40.8  

COAL - 
o SIZE 

b) OASIFICATION ~ PROCESS COALTO COLD RAW GAS - -  

TON S/DAY 
ToNs/oAY 
TO N S/DAY 

TONS/DAY 

G P M  

G P M  

G P M  

L B S . / H R .  

LB ./HR. 

M M SCFD 
M M  SCFD 

M M  SCFD 

MM LB /OAY 

NONE G P M  

_ BTU/TON 

G 3 . Z  o,/~ 
v s . o  - / .  



NITROGEN 

t 

~ 1 0 ~ . ' 7 0 0  T/D OF 

I I I ~0 * OF LOCKGA$ 
6 - - - ' r - - - J  I TO ACiD gAS 

/ IISO P,51G , 
B T E A ~  (5TEAM i BTEAM ~,oo P~o I 

"/50"F. 

J r _ j  ~'"%g°~? t 
~:~-i $TuEi ~ J stm. 
i " % o ~  ,g' 

.°-- 

~p.A:5 H ,____j ~00 P,SI~ 

3 9 0 0  GF>M 

1310" F. 

5TEAM 
GO0 PStG 

750"1~. 

80% o~" L0¢l~ G~.~L . .__ .  
/ 

1 

1' 

STEAM STEAM 
600 PSIG STEA, tA 30 PSIG 5~T'O 30 PGIG 

l t z0"l. or 

~ ~ C o A ~  / / / LOCKtGA 5 1 

r I SHIFT I " 1  HEAT [ - - ~ 1  WATER ~ ] R I  

BFW FoR, ~FW I BOILERS ~ ' ~  
GAS COOLIN~ I 

STEAM ¢ 
¢=00 PSIG 

6AT 'D  

5TF.J~M 
150 PSlG 

i 

~ ' ~  ~ ASSUMED 

STEAM 
;00 PSIG 
"tSO'R 

415C 
"EAN 
RESIf  
~IVE 

MAKEUP WA~T~. 

t l5  ¢1". ¢.W, 
KE.Tu R~ j TOv 

I ~ ~ 0 ~  

301 • 

$ 
8SOF. 
C. W, 

5TE'AIA .SUPPLY 
CO TO ATHOS 600 PsIG . • 5AT'D 5TEAM 

I' ~ 30 PsIG 
t ~ TE~,~ / 
• ¢ = o o  P ~ I G  | / 

I 7 5 i ° F .  I 

' - - ' ' . . . . . .  ' ' . . . .  'OF PIPELINF" IO GAS IB B~I~METHANE ~ WASTE ~ flNPtL ! 
MOVALI ~ ISYNTHESISl " I H E A T  J - 'v I GAS IGhSAT IO00FSI~ 

I I I I I | ! 
I 8~w B ~  1 ~Tb,, I 

GOO PStG I I I ~5o-r. 

I _ _ _ _ _  I 
I t . . . . . . . . .  . .J~o.o ~ . ~  
I EFFLUENT 

I 
I BOILER BLOWDOWN BOO 6PM 

I 
L __J~2.TZ2 o__F ..~ 

SULFUR.  

Figure 6.2-5 Simplified Process 5cheme for Pipeline Gas Productloh Using the 
Rummei 5ingle-shaft  Pressurized Gasifier (Process 61) 

Biluminous Coal Reseirch, Inc. 8006G155 
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TABLE 6.2-21 
Material Balance 

Modified Single-shaft Pressurized Gasifier 

303. 

INPUT 

C O A L  

98%o~ 

5 T E A M  

"TOTAL I N 

O U T P U T  

ASH 

CO 2 

CO 

H~. 

CH 4 

CNHM 

Nt  

H,zS 

TAR/OIL 

PI lE  NOLS 

NH,~ 

HtO 

TOTAL OUT 

L6S.  

1000.0 

C 

773.0 

H 

54..O 

0 
,., ..... ,. 

(,3.0 

810.'Z 794.0 
i '' 

A I I. I 4S.7 3G5.4 

2,?.21.3 

'72.7 

773.0 

105.O 

5 5 3 . 3  

:585.0 

129o.4 

34.t 

1 5 3 . o  114.7 
I 

I 

28.5 

773.0 

?6.G 

'231.0 

99-7 

34.1 

38.3 

¶.G 

?_ 5.7 

99.7 ?_ ~2'2.1.3 

280.0 

7~I 

205.5 

1,Z'22.4 

S 

' 25 .0  

'Z5.o 

ZS.0 

2 5.0 

15ASED ON IOOO P O U N D S  OF" C O A L ,  I N C L U D I N G  
F I G U R E S  A R E  T O  S L I D E  R U L E  A C C U R A C Y .  

I , - ,  

I 

| 

N 

14.o 

IG.'Z 

5o.Z 

1.7 

215.5 

30. 'Z 

ASH 

71.0 
I 

I l 

i l 

71.0 

i 

71.0 
I 

I 

I 

i 

! 

I 

I 

i 

"71.0 

1. 'Z °,/e MOISTURE; .  
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TABLE 6.2-23 
Overall Material  Balance 

Pipeline Gas Production Based on the 
Rummel Modified Single-shaft Pressurized Gasifler 

I N P U T  

B O I L E R  

L I M E  

• o. s/DAY 
C O A L  ( [ 4 . 7 %  M O I S T U R E ' )  

ox','GEN (ss  %) 

I ' E E D  W A T E R  M A K E U P  

12~50 

9 ~8BO 

2 3 ~45o 

T O T A L  I N 4-5 ~98o 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D F  

H Y D R O G E N  S U L F I D E  

P R O C E S S  E F F L U E N T  W A T E R  

A M M O N I A  

GAS LOSSESyTAR & P H E N O L S  

A S H  (OR S L A G )  

T O T A L  O U T  

5~4A-0 

20 ~ 4-00 

320 

17 ~ 7Go 

I ~170 

8~0 

45,980 
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TABLE 6.2-24 
Summary of Process Data 

250 MM scfd Pipeline Gas from Coal Based on the 
Rummel Modified Single-shaft Pressurized Gasifier 

I. GOAL R E Q U I R E M E N T S  ( A S  M I N E D )  

eL) PROCESS C O A L  
b)  B O I L E R  C O A L  

TOTAL 

13 ~OGO 
"2-/0 

il i i i 

13 ~330 

Z . O X Y G E N  R E Q U I R E M E N T  (:$8 ~/.) 

3 . W A T E  R R E Q U I R E M E N T S  

(:]1.) COOLING WATER.(3OOF. RI:SE) 

b) GOOLING WATER MAKEUP 
C) BOILER Fi~ED MAKEUP 

4. STEAM PRODUCTION 

(1,) F I R E D  t~OILER 
Ic)) WASTE HEAT B01LEFL~ 

TOTA L 

5. S H I F T  C O N V E R S I O N  
eL) TOTAL DRY GAS TO S H I F T  
b) " c o "  TO BE SHIFTED 

~;. M E T H A N A T I O N  
METH Ai',I E S Y N T H E S I Z E D  

7. A C I D  GA,~ R E M O V A L  
CARBON DIOXIDE A B S O R B E D  

8. WASTE T R E A T M E N T  
EFFLUENT TO T R E A T M E N T  

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  
CRUSH ~ 0RIND AND DRY TO 1/1~' 

lO )700 

38G ~000 
t 9 ~ 0 0 0  

3 ~ 9 0 0  

3 G4. ,)0oo 
47S~G ,000 
4S910 ~000 

i ,~o8o 
~"29 

"225 

4.3,5 

C o A L  - 

BY O SlZE 

t0. BYPRODUGT C H A R  
NON E TO N S/DAY AT 

1 1 . T H E R M A L  E F F I C l E N C I E S  

0.) OVERALL} COAL TO PIPELINE GAS 
b) OASIFICATION~ PROCESS C0ALTO COLD RAW G A S ~  

TONS/DAY 
TO S/DAY 
To N S /DAY 

TONS/DAY 

G P M  
G P M  
G P M  

L B S . / H R .  
LBS./HR. 
LBS./HR. 

M M SCFD 
MM SCFD 

MM 5CFD 

MM LBS./DAY 

NONE G P M  

B Tu/ToN 

 4.4 O/o 
8 4 . . B  ,,/,, 



NiTROG£~ 

N--~  ';S&O T/D OF 
9SYo OXYGEN 
~ 5 o  esio 

"1 

STEAM 
(oO0 PSIG 

"~50" F. , 

co~,L .Jb%~b';~"~l c , 

950 
T / D  

COP~L 

ASH 4P- 

~OO PSIG 
150 PSIG "7~0" F. 

<1. 

~LOCKGA5 PLUS 70% OF 
F u E L  GA~ ~ROM ACiD 
GAS REMOVAl,,. 

A ~  H 

CONDEN SP~TE 
G~OO GPM 

S~'EAM 

STEAM 
P5 ie  

5A-r "D 

:~@OO GPM, 

STEAM STEAM 

l T 5A-T ~D 30 PSIG 
LoCV. S^~_~ 1 sr~AM 

¢ I 
/ IT0 ~ , ~ .  / I . I 

r | ~ r  

BFW 

I 
FOR G~5 ¢0Ot-I N G L.  

~Fg# "(0 
80~ LERS I 

.L 

r.,oo es~G T 
STEAM I 
SAT'O 70"/= OF FUEl. J 

ASSUMED tO~OOO K.W 
POWlr R 

(ooo PS l~  

I Goo I 
I PStG 

5TEAM 
750°F  

C~ ~M' STEAk4 TO 

3OP5 G &00 PS~G 
5TEAWt 7SO'F 

S'TEAM 
(000 PStGy "tSO°F. 

J FI!EO ' STEA/Vl 

J s 
B F W  

I 

E 

B ~  

I 
I 
1 

F igure  6 .2 -6  S impl i f i ed  Process Scheme for  P ipe l ine  Gas  Product ion  Using the  
R u m m e l  M o d i f i e d  S ing le -sha f t  Pressur ized  Gosi f ior  (Process 62 )  

30T. 

MAKEUP WATER, ~ 

l lS 'F.  C.W. 1 ~  

RETURN 

ES°E C.W. 
30 PS|G SUPPLY 
STEAM 

~11900 GPM 

~'N~ 515 ~ 

__J l 

~ ~S0MMSEFD 
I I OF PIPELINE 
] . . . . . .  I G~,5 AT 

~'_~ I I P } H ~  It0ooPSIG~ ,TE 

I i 
STEAM I 

I 950°F" 
I I 
1 I ~ s o  

--t j~GPM 

BOILEI:Z. ~LDWI:X)',~4 8O0 GPh4 

Ip 3 0 0  T/O 
OF SULFUR 

liltum~nout Coal Relearch, Inc. 8006GIS6 

Ik 
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TABLE 6.2-25 
M a t e r i a l  Balance 

Koppers-Totzek  Pressurized Gasi f ier  

309. 

I N P U T  

C O A L  

98%o~ 

5 T E A M  

• t O T A L  IN 

O U T P U T  

ASH 

C O ?  

CO 

CH 4 

CNHM 

N 2  

N,~G 

"rAR/O,L 
PHE NOLS 

NH 3 

H t O  

~ TOTAL OUT 
I 
I 

LBS.  

Iooo.o 

1o 2o.o 

5oo.o 

C 

7 7 3 , 0  

2,5~0.0 ' 775.0 
! 

~5.& 

4-95.0 

1 4 3 1 . o  

2 3 . 8  

tB ro .0  

(~l 3 . 0  

H 

5 4 . 0  

55.5 

109.5 

¢=6.4 ~,~,.4 
I | 

1 . ~  ~.2 0 . 4  

33 .O  

'2(o.(o l.fo 

0 

3 .0  

l o o o . 0  

44-4.5 

I~507.5 

3(00.0 

B1&.O 

S 

~25.O 

~ 5 . 0  

2 5 . 0  

N 

Iz~.O 

2 0 . 0  

3 4 . 0  

1.0 

3 3 . o  

A S H  

71.O 

"71.0 

'71.o 

37o.  co 4-1.1 3 2 9 . B  i 

I i I ! D J 

2 , 5 " z o . 0  7 7 3 . 0  1 1 0 9 . 5  i 1 ,5o - / .5  i ?. .5.0 3 4 . 0  "71.0 

B/kSED ON IOOO P O U N D S  OF" C O A L ,  i N C L U D I N O  
F I G U R E S  A R E  TO S L I D E  R U L E  A C C U R A C Y .  

I. ?. o,4 MOISTURE; • 
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TABLE 6.2-26 
H e a t  B a l a n c e  

K o p p e r s - T o t z e k  P r e s s u r i z e d  G a s i f i e r  

INPUT 

OUTPUT 

COAL HEA~ ING V A L U F  

COAL SENSIBLE H E A T .  

COAL MOISTURE SENSIBLE HEAT_ 

OXYGEH S E N S I B L E  H E A T  

S T E A M  TOTAL  E N T H A L P Y .  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

150LID R E C Y C L E  SENSIBLE"  HEAT 

LIQUID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

A S H  S E N S I B L E :  H E A T  , ,  

ASH COMBUSTIBLES HEATING VALUE,,  

HOT R A W  GAS H E A T I N G  V A L U E  

HOT RAW GAS S E N S I B L E  HEAT 

W A T E R  VAPOR TOTAL E N T H A L P Y  . . . . . . . .  

E N T R A I N E D  SOLIDS S E N S I B L E  H E A T . . .  -- 

J A C K E T  S T E A M  T O T A L  E N T H A L P Y  

H E A T  L O S 5  A N D  O T H E R S  . . . .  

"TOTAL. 0 U T  

BASEl::)  ON I~000 mOUNDS OI ~ COAt-, INCLUDING 1.2 
BASIC  T E M P E R A T U R E ,  3 2 " F .  (~O°C. )  

BTU 

I~ t ~ 90 tooo 

20 tODD 

~r~ ~000 

e, r~7 tODD 

m 

14- ~ 7 _ ~  tODD 

7 g ~000 

10 ~ 5 5 0  ~000 

"7_ to .9o  ~00o 

B ~ 5 ~0o0 

I ~ ~ ~-~ too  o 

I~ 773G~o00 

M O I S T U R E .  
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TABLE 6.2-27 
Overa l l  Mater ia l  Balance 

Pipeline Gas Production Based on the 
Koppers-Totzek Pressurized Gasif ier 

I N P U T  
T0.S/0AY 

COAL ( 4 . 7 %  M O I S T U R E )  

ox'~0EN (,sS %) 

BOILER FEED WATER MAKEUP 

L I M E  

T O T A L  IN 

t 5~ '250 

t 5 ~ 100 

'27 ~750 

5B ~ 100 

O U T P U T  

P I P E L I N E  

C A R B O N  

G A S  

D I O X I D E  

H Y D R O G E N  S U L F I D E  

PROCESS EFFLUENT WATER 

A M M O N  I A 

GAS LOSSES~TAR & PHENOLS 

As .  (o .  sLA ) 

TOTAL OUT 

5 ~ ¢40 

2~ ~ I O0 

3~0 

2.3 ~250 

I ~I0 

I ~IO 

5 6 ~ 1 0 0  
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TABLE 6.2-28 
Summary of Process Data 

2S0 M M  scfd Pipeline Gas from Coal Based on the 
Koppers-Totzek Pressurized Gasifier 

1. COAL R E Q U I R E M E N T S  ( A S  M I N E D )  

0L) PROCESS C O A L  
b) B O I L E R  C O A L  

T O T A L  

15 ~ "250 

9o 

15,34o 

Z . O X Y G E N  R E Q U I R E M E N ' I L ( B B  % )  

3 . W A T E  R R E Q U I R E M E N T S  

(]L~ COOLING WATER(3OOF. RISE) 

I0) GOOLING WATER MAKEUP 

C) BOILER F~ED MAKEUP 

4. STEAM PRODUCTION 

c~) F I I~ED B O I L E R  
b) WASTE HEAT B01LER~ 

TOTAL  

5. S H I F T  C O N V E R S I O N  
Q,) TOTAL DRY GAS TO S H I F T  
b) "co"  TO BE SHIFTED 

G. M E T H A N A T I O N  
M E T H A N E  S Y N T H E S I Z E D  

7. A C I D  GAS R E M O V A L  
CARBON DIOXIDE ABSORi3ED 

8. WASTE T R E A T M E N T  
EFFLUENT TO T R E A T M E N T  

15 ~ 100 

5Ot  ~ 0 0 0  
2 5 ~ o o o  

3 2 7  ~OOO 
5 ?7 ~53 ~ 000 
G~ t I0~000 

I )OGO 

2 2 5  

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  C O A L -  
C R U S H  ~ GRIND AND DRY TO PULVERIZED 

10. B Y P R O D U C T  C H A R  
NONE TONS/DAY AT 

1 1 . T H E R M A L  E F F I C I E N C I E S  

(:1,) 0VERALL~ COAL TO PIPELINE GAS 
b) (3ASIFICATIONp PROCESS COALTO COLD RAW G A S _ _  

TONS/DAY 
TONS/DAY 
TONS/DAY 

TON S/DAY" 

O P M  
G P M  

G P M  

LB5. /HR.  
LB3 . /HR.  
LBS./HR. 

M M SCFD 
MM SCFD 

M M SCFD 

MM LBS./DAY 

NONE G P M  

FUEL SIZE 

B TU/TON 

5G.0 o~ 
v2.3 O/o 



N I T R O G E N  

I 

4r,,OOG, Pl~ 

CONDENSATE 
0 0 0 0  GPM 

,&OO PSIG "L.~O'F 
STEAM 

5,AT'O ca"r E~,4 
~00 p, tG ¢~'T EA I'~ 

COITOATH, 

STEAM J~ 

15AT'D STEAM 
&oo P ~ I G  

LOCK GAS 30 PSIG 30 PSIG S TEAk4 
l~G~i~eR-~ L I ~oo ps,e 

H, ,~[  _ Iclus*~L~c..l ciSaL ~ .l'.Q I~';":'~_~I --e T I _ I ,',,,~o.,0~ I ~ l W .C I _ l ~L :0 I -- IVIT.0COKI] ~ I M[" 

I I , i 

I I  60OPSIG "tSO'F I ~F~/C~T.D STI AM GAS COOLINGBI:'~/F'OR ~F~,V ~ TO I~OILLNI G/~¢ ~ ~ j B F W  
ASH .,~ ~-- A s .  - t  ooo Ps,~ L , -  - ~  

ST~I,M 
. ~ o %  ¢,oo Ps,G 7So'F 
COAL 

I0 000  KV4I ST£ 

[_22 
4-  I B r ~  

I 
I 

L 

5TCAPI 
(~O0 PSIG 750ei ¢" 

p 

,,o-3 

F i g u r e  6 . 2 - 7  S i m p l i f i e d  P r o c e s s  S c h e m e  f o r  P i p e l i n e  G a s  P r o d u c t i o n  
U s i n g  t h e  K o p p e r s - T o t z e k  P r e s s u r i z e d  G a s i f i e r  ( P r o c e s s  6 0 )  

,~T£'A P'I 
PSIG 

/313, 
MAKE uP WATER 

Zg. GOO G, P I'~ ql 

7.5,O00 

i p 

OOL N~RG---~5 
TO~ 

I 

85°F  C.~/  
SUPPLY 

~ i~G--] ~ Z~HM SCrDOF 
H T~' J I ~,NAI_ J p, pELjNISC.ASm.. 

BFW I G,oo t~lG "~ F~O'F 
I 

I i 
I I 

I J ~ 5 o o p M  
L _ _I. _ ___~ 

~_ FI:LUF.NT 

3 7  o" /~  o F  
im,- S U L F U R  

BOILER BcOWDOWN wOEO GPM 

S i t u m | n o u s  C o a l  R e l e , r c h ,  Inc .  @ 0 0 6 G I  5 7  





TABLE 6.2-29 
Mater ia l  Balance 
Texaco Gasifier 

315 • 

I N P U T  

C O A L  

9 8 % o ~  

~ST E A M  

"TOTAL  IN 

O U T P U T  

ASH 

CO,  z 

C O  

H~. 

CH 4. 

CNHM 

N t  

H,zS 

"rAR/O,L 
PHENOLS 

NH~ 

HtO  

LE~S. 

1~000 

&4..~ 

G75 

C 

773 

2~5ZI 773 

H 

5 4  

7 5  

129 

140  6 9  
| 

509 | 3 9  
I I 

1,302 558, 
I I 

77 77 
l I 

3 

0 

(o3 

829 

GO0 

1,4--9'2 

370 

744 

S 

'2.5 

25  

tO 

N 

t4- 

17 

3 t  

A S H  

"71 

71 

,-7% 

?,,7 

.31 

4 2 _ s  

7 

2 

47 378, 

T O T A L O U T .  2 ~ 5 2 t  1 " / '73 L 129  I 1 , 4 S 2  L 

B/%SED ON I 0 0 0  POUND5 OF"COAL 9 I H C L U D I N O  
F I G U R E S  A R E  "TO S L I D E  R U L E  A C C U R A C Y .  

2 5  

2 5  

31 

31 ! 7~ 

I. ?. l/= M O I S T U R E .  
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TABLE 6.2-30 
Hea t  Balance 

Texaco Gasif ier  

INPUT 

OUTPUT 

COAL H E A T I N G  V A L U E  

COAL SENSIBLE HEAT  

COAL MOISTURE SENSIBLE HEAT 

OXYOEN S E N S I B L E  H E A T  

S T E A M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

6 O L I D  R E C Y C L E  SEPIS IBLE  HEAT .  

LIC~UID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

mm 

A S H  S E N C J l B L E  H E A T  

ASH COMBUSTIBLES HEATING V A L U E  

HOT R A W  GAS H E A T I N G  V A L U E  . 

HOT RAW GAS S E N S I B L E  HEAT 

W A T E R  VAPOR TOTAL E N T H A L P Y  

E N T R A I N E D  SOLIDS SEN SISLE HEAT 

.JACKET S T E A M  T O T A L  E H T H A L P Y  

H E A T  L O S S  A N D  O T H E R S  

T O T A L  O U T  

B A S E D  ON 1,000 POUNDS OF" COAL, INCLUDING 1 . 2 %  
BASLE T E M P E R A T U R E ,  3 2 ° P  "- ( 0  ° C - )  

BTU 

13,S 90~ 000 

140 ~ 000 

45 ~00o 

1 4 0  ~ ooo 

7 ~ o ~ooo 

ii i 

15~t05~000 

70 ~ 000 

9701000 

10,8407000 

I ~G75~000 

925~000 

G25,o9o 

t 5,105 ~000 

M O I S T U R E .  
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TABLE 6.2-31 
Overa l l  Ma te r ia l  Balance 

Pipel ine Gas Production Based on the 
Texaco Gasif ier 

I N P U T  

COAL (4..7% MOISTURE') 

o X Y G E N  ( 9  8 " / - )  

BOILER PEED W A T E R  M A K E U P  

L I M E  

T O T A L  I N 

TONS/DAy 
14 ~ 300 

II ~GB0 

19,220 

45~200 

O U T P U T  

P I P E L I H E  

C A R B O N  

GA5 

DIOXIDE 

H Y D R O G E N  S U L F I D E  

P R O C E S S  EFFLUENT W A T E R  

A M M O N I A  

GAS LOSSES~TAR & PHENOLS 

A s .  (oR sLA ) 

T O T A L  O U T  

5,440 

22~450 

370 

14~330 

6 8 o  

,~ , 9 3 0  

4 5  ~ 2 0 o  
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TABLE 6.2-32 
Summary  of Process Data 

250 M M  scfd Pipeline Gas from Coal Based on the 
Texaco Gasifier 

1. COAL R E Q U I R E M E N T S  ( A S  M I N E D )  
(~) PROCESS C O A L  
b) B O I L E R  C O A L  (INCLUDE5 PREHEAT¢0AL) 

T O T A L  

2 .OXYGEN R E Q U I R E M E N T ( ~ 8  ~/-) 

3 . W A T E  R R E Q U I R E M E N T S  

(gL~COOLING WATER(30°F.  RISE) 

b) COOLING WATER MAKEUP 
C) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

0,) F IRED B O I L E R  
b) WASTE HEAT B01LER~ 

T O T A L  

5. SH IFT  CONVERSION 
O,) TOTAL DRY GAS TO S H I F T  
b)  "CO" TO BE SHIFTED 

G. k4 ETHANATIOH 
M E T H A N E  S Y N T H E S I Z E D  

7. A C I D  GAS R E M O V A L  
CARBON DIOX%DE ABSORBED 

8. WASTE TREATMENT 
FFFLUENT TO T R E A T M E N T  

9 . T Y P E  OF P R E P A R A T I O N  F O R  P R O C E S S  C O A L -  
CRUSH ~ GRIND AND DRY TO V3'~ BY O 51ZE 

t0. BYPRODUCT C H A R  
NONE TONS/DAY AT 

1 1 . T H E R M A L  E F F I C I E N C I E S  

O.) OVERALL~ COAL TO PIPELINE GAS 

14. ~ 300 
t ~ 300 

I 

I 

t 1 ~G80 

407 ~ 000 

"2-0 ~000 

3 ~ ZOO 

m 

4 ~57s,~0oo 
4 ~ 575 ~oo0 

7Z8 

~65 

4.4-.9 

b) GASIFICATION~ PROCESS COALTO COLD RAW GAS 

TON 5/DAY 
TONS/DAY 
TON S/DAY 

TONS/DAY 

GPM" 
G P M  
G P M  

 85./HR. 
LB3. /HR.  
LBs./.R. 

M M SCFD 
MM 5CFD 

MM 5CFD 

MM LB S./DAY 

NONE G P M  

s Tu/ToN 

55 .1  o,~ 
7 v . 8  O/o 
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Figure 6.2-8 Simplified Process Scheme for Pipeline Gas Production 
Using the Texaco Gasifier (Process 22) 
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TABLE 6.2-33 
Material Balance 

Fixed-bed Super-pressure Gasifier 

321 • 

IN P U T  

COAl.. 

9 8 % o ~  

~ T E A M  

ADD. MOIS~ 

"TOTAL IN 

O U T P U T  

ASH 

CO 2 

CO 

HZ 

CH 4 

CNHM 

N !  

H~S 

TAR/OIL 

PI lE  NOLS 

NH,~ 

H%O 

TOTAl. OUT 

LBS 

1~OO0 

2 , 0 0 6  

3G 

37 ZI-G4 

C 

"773 

I ~174- 

7"73 

74 3 

5ZO 

557 

8O 

3~4~4 

Z39 

! 5 5  Z07 

9 8 

13 

H 
I 

54 

4 

ZSl 

8 0  

S2 

1 

Z7 Z 

Sl 4 3  5 

ro 5 

12 Z 

773 ZBI 

O 

4 1 3  

I~773 

3 2  

BASlCD ON IOOO P O U N D S  OF" COAl. . ,  I N C L U D I N G  I 
F I G U R ~ S A R E  TO S L I D E  R U L E  A C C U R A C Y .  

71 
I 

8 54- 

31e ,  

3 

I 

l t 1 1 5  

'2~ 2 9 t 

S 

~ 5  

2 5  

2 5  

?-5 

N A S H  

IzI_ "71 

9 

~3 71 

13 

10 

23 71 
i 

• Z o/~ MO|STURt. 
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Fixed-bed 

TABLE 6.2-34 
Heat Balance 
Super-pressure Gasifier 

INPUT 

OUTPUT 

COAL H E A T I N G  V A L U E  

COAL S E N S I B L E  H E A T  

COAL M O I S T U R E  SENSIBLE  HEA"r" 

O X Y G E N  S E N S I B L E  H E A T  

S T ~ / ~ M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

B O L I D  R E C Y C L E  SEINSIBLE" H E A T  

LIQUID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

A S H  S ¢ " N ~ I B L E :  HEAT .  

ASH COMBUSTIBLES HEATING V A L U E  , 

HOT R A W  6 A S  H E A T I N G  V A L U E  

HOT R A W  G A S  S E N S I B L E  HEAT. 

W A T E R  V A P O R  TOTAL  ~ 'NTH A L P Y  

E N T R A I N E D  SOLIDS S E N S I B L E  H E A T _  B _ _  

J A C K E T  S T E A M  T O T A L  E N T H A L P Y  . . . . . . .  

H E A T  LOSS A N D  O T H E R S  

T O T A L  O U T  

B A m E D  ON 1,000 POUNDS OF" COAl-,  INCLUDIING 1.'2 
BASLE T E M P E R A T U R E ,  3 2 ° F .  ( O ° C - , )  

BTU 

1 3 , 9 9 0 , 0 0 0  

'20,400 

2,500 

?- t ,0oo 

?_,,1 8 5 7 0 0 0  

.'Z8~t00 

I I  

t G ) Z4-7, 0 o o  

7; 500 

13 ~4GO~O00 

910 ~000 

1 , 8 4 0 ) 5 o o  

zg, OOO 

M O I S T U R E .  
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TABLE 6.2.35 
Overa l l  Mater ia l  Balance 

Pipeline Gas Production Based on a 
Fixed-bed Super-pressure Gasif ier 

I N P U T  
To. s/oA¥ 

C O A L  C 4 . 7 •  M O I S T U R E ~  

ox' , ,eEN ( s  s "/ . )  

BOILER FEED W A T E R  M A K E U P  

L I M E  

T O T A L  | N 

10 ~ 8 8 0  

4- ~ 4-4,0 

2 8  ) 200  

4.3 ~ 5ZO 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D E  

H Y D R O G E N  S U L F I D E ,  

P R O C E S S  E F F L U E N T  W A T E R  }le 

A M M O N I A  

GAS LO:SSES,TAR &- PHENOLS, 

(o" sL G) 

TO'~ A L  O U T  

5 ~4-40 

t4- 7570  

2 6 0  

21 ~TZ0 

130 

6 0 0  

7 50 

4 3  ~ 5~O 

INCLUDES ?:p750 T / D  W A T E R  V A P O R  V E N T E D  
FROM B Y  PRODUCT R E C O V E R Y  P L A N T S .  
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TABLE 6.2-36 
Summary of Process Data 

250 MM scfd Pipeline Gas from Coal Based on a 
Fixed-bed Super-pressure Gasifier 

I. COAL R E Q U I R E M E N T S  
o.) PROCESS COAL 
b) B O I L E R  C O A L  

(AS M I N E D )  
I O~880 TONS/DAY 
, 1 lZ~O TONS/DAY 

T O T A L  I?_.~ 170 TONS/DAY 

~.OXYGEN REQUIREMENT ' (S8  ~/.) 

3 .WATER REQUIREMEhlTS 

dl.) COOLING WATER(~30°F. RISE) 

b)GOOLING WATER MAKEUP 
c) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

a) FI R.ED 15OILER 
b) WASTE HEAT BOILEI:~ 

TOTA L 

5. SHIFT CONVERSION 
O,') TOTAL DRY GAS TO S H I F T  
b) "co"  TO E,E SHIFTED 

G. M ETHANATION 
METHANE SYNTHESIZED 

7. ACID GAS REMOVAL 

4 ~4-4o 

2~ 5 ~0o0 
t l  ~000 
4 ~ 7 0 0  

1 ~zgo~ooo 
Z19757000 

TONS/DAY " 

GPM 
GPM 
GPM 

LBS./HR. 
LB3. /HR.  
LBS./HR. 

522 MM SCFD 
3~J MM SCFD 

t t 9  MM 5CFD 

CARBON DIOXIDE ABSORBED 

8. WASTE TREATMENT 
EFFLUENT TO TREATMENT 

9 . T Y P E  OF P R E P A R A T I O N  FOR P R O C E S S  C O A L -  
CRUSH~AND SCREEN TO 1~ r" By ~" SIZE 

10. BYPRODUCT C H A R  
N ON E TON S/DAY AT 

11.THERMAL E F F I C I E N C I E S  

a) 0VERALL~ COAL TO PIPELINE GAS 
b) GASIFICATION~ PROCESS COALTO COLD RAW G A S - -  

29.1 MM LB./DAY 

I~9GO GPM 

B TU/TON 

70.7 o~ 
so.7 -/o 
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TABLE 6.2-37 
Mater ia l  Balance 

Fluidized-bed Super-pressure Gasifier 

I N P U T  

C O A t .  

9 s % o ~  

5 T E A M  

T O T A L  IN 

O U T P U T  

ASH 

CO~ 

CO 

H z 

CH 4 

CNHM 

N~ 

H,zS 

T A R / O I L  

PH E NOLS 

NI-I~ 

HtO 
TOTAL OUT 

L55.  C i H 0 

| 0 o 0  7 7 3  5 4  G3  

457 

1337- 

2789 773 

IOl  30  

9 G4. 2 & 3  

& 3 S  274- 

SZ 

?_75 ~06 

?.3 

?_9 

9 0 8  

9."/89 773 

4.4B 

14S i ;  $4- 

2 o ~  %G95 

S?. 

6 9  

2 

7 o i  

3G,5 

~ 0 2  I G 9 5  

S 

?_5 

25  

Z5 

B A S E D  ON IOO0 P O U N D S  OF C O A t - ,  INCLUDING 
F ' I G U I ~ S  ARE: TO SL IDE:  R U L E  A C C U R A C Y .  

N 

~4 

9 

2 3  

A S H  

-71 

91 

71 

2 3  

! ?.3 71 

I .  ~ o4 M O I S T U R t .  
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4 

t 

TABLE 6.2-38 
Heat  Balance 

Fluidized-bed Super-pressure Gasif ier  

INPUT 

OUTPUT 

COAL HEATING V A L U F  

COAL S E N S I B L E  H E A T  

COAL MOISTURE SENSIBLE HEAT 

O~XYOEH S E N S I B L E  HEAT,,, 

S T E A M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

6 O L I D  R E C Y C L E  S E N S I B L E  H E A T  

LIQUID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  I N 

A S H  S ¢ ' N ~ ; I B L E  H E A T  

ASH COMBUSTIBLES HEATING V A L U E ' -  

HOT R A W  GAS H E A T I N G  V A L U E  

HOT RAW GAS S E N S I B L E  HEAT. 

W A T E R  VAPOR TOTAL E N T H A L P Y  

E N T R A I N E D  SOLIDS SEN S IBLE HEAT 

J A C K E T  S T E A M  T O T A L  E N T H A L P Y  

H E A T  L O S S  A N D  O T H E R S  

T O T A L  O U T _ _  I 

B A S E D  ON t~000 POUNDS OF COAL., INCLUDING 1.2°,/~ 
B A S I l :  T E M P E R A T U R E ,  3 ' 2 ° F .  ( 0  ° C . )  

BTU 

13, ,9907000 

?_90 ~ o o o  

1 O0 ~000 

"Z ~000 ~000 

IG~ 3 BO~O00 

4 0  ~000 

4?-0700o 

IP-~780,000 

17~,90~000 

47372~000 

7~ ~000 
I 

• tG7380~0OO 

M O I S T U R E .  
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TABLE 6.2-39 
Overal l  Mater ial  Balance 

Pipeline Gas Production Based on a 
Fluidized-bed Super-pressure Gasifier 

I N P U T  

C O A L  (4.7% MOISTURE~)  

O X Y G E N  (98 % )  

B O I L E R  FEED W A T E R  M A K E U P  

L I M E  

- t o .  s/oAY 

T O T A L  I N 

I0~00 

4,G50 

17,400 

52 ~ 5 50 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D IO ' ) ( IDE  

H Y D R O G E N  S U L F I D E .  

P R O C E S S  E F F L U E N T  W A T E R  

A M M O N I A  

GAS LOSSES~TAR &- P H E N O L S  

As.  (o .  sLA~) 

T O T A L  O U T  

5~440 

14~450 

~ 0  

I 1,350 

I ~OZO 

32  ~ 5 5 0  
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TABLE 6.2-40 
Summary of Process Data 

250 M M  scfd Pipeline Gas from Coal Based on a 
Fluidized-bed Super-pressure Gasifier 

I. GOAL REQUIREMENTS ( A S  M I N E D )  
o.) PROCESS COAL 
b) 8 O I L E R  COAL(INCLUDES PRgHEATCOAL)__ 

T O T A L  

"Z.OXYGEN REQUIREMENT ~58 ~,/.) 

:5. WATE R REQU I REMENTS 

CIL')COOLINO WATER(3OOF. RISE) 
b) COOLING WATER MAKEUP 
C) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

0.) FII~ED BOILER 
b) WASTE HEAT BOILERS 

TOTA [ 

5. SHIFT CONVERSION 
0~) TOTAL DRY GAS TO SHIFT 
b) "co"  TO BE SHIFTED 

(;, M ETHANATION 
METHANE SYNTHESIZED 

7. ACID GAS REMOVAL 

1o > SO0 
t ,400 
I ~ 900 

4 ~050 

208 7000 

0 ~000 

~900 

837~000 
27S38~000 
3~ 5757000 

TONS/DAY 
TONS/DAY 
TONS/DAY 

TON 5/DAY 

GPM 
GPM 
GPM 

LBS./HR. 
LBS./HR. 

4.95 MM SCFD 
81 MM 5CFD 

94- MM 5CFD 

CARBON DIOXIDE ABSORBED 
8. WASTE TREATMENT 

EFFLUENT TO TREATMENT 
9 . T Y P E  OF PREPARATION FOR P R O C E S S  C O A L -  

CRUSH ~GR.IND AND DRY TO ~:~'~ BY O SIZE 

NONE TONS/DAY AT 
IO. BYPROOUGT C H A R  

11.THERMAL E F F I C I E N C I E S  

o,) OVERALL~ COAL TO PIPELINE GAS 

Z8.9 MM LBS/DAY 

NONE G P M  

B TU/TO. 

72.3 o~ 
b) GASIFICATIONp PROCESS COALTO COLD RAW G A S _ _  9 t.4. °/o 
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TABLE 6.2-41 
Mater ia l  Balance 

Two-stage Super-pressure Entrained Gasifier R1 

I N P U T  

COAL 

s8 % 

STEAM 

TOTAL  I N 

OUTPUT 

ASH 

CO z 

CO 

H?. 

CH 4 

CNHM 

IN z 

H?.S 

TAR/OIL .  

PHENOLS 

NH 3 

HzO 

TOTAL OUT 

LBS. 

! OOO 

665 

1 2 5 0  

H C 

773 

o 5 

G3 25 
I 

G52 

1"59 t1~1  

N 

t 4  

15 

ASH 

71 

z91s 

"71 

965 

9 | o  

773 

2 & 5  

,,592 

7 8  

t 5 4  116 

2"7 

2'7 
I 

G 8 3  

2 9 1 5  " / 7 3  

t 9 3  

";8 

38 

2 

7 5  

t 9 3  

1 Sz(=, 

700 

518, 

~,o8 

182(o 

2S 

25  

?_S 

2"7 

7-7 

2 7  

"71 

"71 

"7t 

tOOO POUNDS Or'COAL; INCLU DII~IG 1.2 */=, MOISTURE. 
FISURE5 ARE TO SLIDE RULE ACCURACY. 
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TABLE 6.2.42 
Heat Balance 

Two-stage Super-pressure Entrained Gasif ier  R1 

I N P U T  

O U T P U T  

COAL H E A T I N G  V A L U E  

COAL S E N S I B L E  HEAT.  

COAL M O I S T U R E  S E N S I B L E  H E A T  

O X Y G E N  S E N S I B L E  H E A T  

S T E A M  T O T A L  E N T H A L P Y  

J A C K E T  W A T E R  S E N S I B L E  H E A T  

6 O L I D  R E C Y C L E  S E N S I B L E  H E A T  

LIQUID R E C Y C L E  S E N S I B L E  H E A T  

T O T A L  IN 

BTU 

, ~3~990~000 

,. 54~000 

6= ~500 

113 ,oo0 
I~755,50o 

3 O g  ~OOO 

II I 

,,, tG~'2.'25 ~OOO 

A S H  S£ .N  SIBL.E: H E A T .  

ASH COMBUSTIBLES HEATING V A L U E  

HOT R A W  GAS H E A T I N G  V A L U E  

HOT R A W  G A S  S E N S I B L E  HEAT, 

W A T E R  V A P O R  TOTAL E N T H  A L P Y  

E N T R A I N E D  SOLIDS S E N S I B L E  H E A T  

,JACKET S T E A M  T O T A L  E N T H A L P Y  

HEAT"  L O S S  A N D  O T H E R S  _L, 

'TOTAl . .  O u T  

GO~OOO 

12~"/oo , ooo  

I ~530 ~000 

1~ 3 0 5  ~000 

~ . 7 5 ; o o o  

1 55 7000 

1G~2'2 5 ~000 

I I I !  II 

B A S E D  ON t~000 POUNDS OF" COAt-, I N C L U D I N G  t.2e/~ M O I S T U R E .  
B A S E :  T E M P E R A T U R E ,  3 2 e F .  C O ° C - )  

l 
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TABLE 6.2-43 
Overall  Material  Balance 

Pipeline Gas Production Based on the 
Two-stage Super-pressure Entrained Gasifier R1 

I N P U T  
- to.  s/oAY 

C O A L  ( 4 . 7 %  M O I S T U R E )  

O X Y G E N  ( 9 8  =/=) 

BOILER FEED WATER M A K E U P  

L I M E  

T O T A L  I N 

1 1 ~ Z 0 0  

"7 ~ 2 0 0  

18, ~ 0 0 0  

3G ~ 4x~O 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D E  

H Y D R O G E N  S U L F I D E  

P R O C E S S  EFFLUENT WATER 

A M M O N I A  

GAS LOSSES~TAR &. PHENOLS 

ASH (oR S-AQ) 

5 ~ 4-40 

17 ,~o0 

290 

12~3o0 

770 
I 

T O T A L  O U T  3 6  y4.00 
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& 

TABLE 6.2-44 
S u m m a r y  of Process Data 

250  M M  scfd Pipel ine Gas from Coal Based on the 
Two-stage Super-pressure Entrained Gasif ier RI 

. COAL R E Q U I R E M E N T S  
o,) PROCESS COAL 
b) B O I L E R  C O A L  

C As M I N E D )  

T O T A L  

t 1 ~200 
t ~, 04-0 

1?-., 124-0 

*Z.OXYGEN R E Q U I R E M E N T  (~8  ~/.) 

3. WATE R REQU I REMENTS 

(:1) COOLING WATEI~(~30°F. RISE' 

b) G00LING WATER MAKEUP 
C) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

o,) F IRED B O I L E R  
b) WASTE HEAT BOILERS 

TOTAL 

5. SHIFT CONVERSION 
~) TOTAL DRY GAS TO SHIFT 
Io) "CO" TO BE SHIFTED 

G. M ETHANATION 
METHANE SYNTHESIZED 

"7. AC ID  GA,~ REMOVAL  

'7 ~200 

3 0  17000 
1 ..W ~OOO 
3 ,pOOO 

5 0  4 ~O00 

3734-G 7000 
3~ 8 5 0  7OOO 

TONS/DAY 
TONS/DAY 
TONS/DAY 

TONS/DAY 

GPM 
GPM 
GPM 

L.S./I-IR. 
LBS./MR. 

859 MM SCFD 
i 21 MM SCFD 

14G M M  SCFD 

CARBON DIOXIDE ABSORBED 

8. WASTE TREATMENT 
EFFLUENT TO TREATMENT 

9 . T Y P E  OF P R E P A R A T I O N  FOR P R O C E S S  C O A L -  
CRUSH GRIND AND DRY TO / .  BY O SIZE 

O 

NONE TONS/DAY AT 
10. BYPRODUCT C H A R  

I t . T H E R M A L  E F F I C I E N C E S  

a) OVERALL~ COAL TO PIPELINE GAS 
b) GASIFICATIONp PROCESS COALTO COLD RAW GAS 

;35.2 MM LB./DAY 

NONE G P M  

B T U I T o  N 

s9.  "/o 
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TABLE 6.2-45 
Mater ia l  Balance 

Two-stage Super-pressure Entrained Gasifier R2 

I N P U T  

C O A L  

98 % 0 z 

S T E A M  

TOTAL IN 
e, 

O U T P U T  

ASH 

LBS. 

I 0 0 0  

C H O $ N 

7 7 3  54- ( ,3 25  14- 

A S H  

71 

H?.S 

T A R / O I L  

PHENOLS 

NH 3 

H20  

TOTAL OUT 25'Z9 773 l&O 4474 '25 

1000 POUNDS OF" COAL_ INCLU DIN(} 1.2 "/- MOISTURE. 
FIGURE5 ARE TO SLIDE RULE ACCURACY.  

575 5&,Z, 1'2 

954 I0~, B45 

,,,, t 

t 

25"Z9 773 1Go 14-7¢ 25 2~, 71 
i 

7t 71 I 
.i 

CO z "/84- "214. 570 

CO 9 38 4o? 5 3& 

H z 60 &O 

CH 4 Z09 t 57 52 

CNHM 

N Z "ZG Z6 

27 2 ? 5 

41 4- 4(,, 368 

2&, "71 
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TABLE 6.2-46 
H e a t  Balance 

Two-stage Super-pressure Entrained Gasifier R2 

INPUT 

OUTPUT 

COAL HEAT ING V A L U E  

COAL SENSIBLE HEAT. 

COAL MOISTURE SENSIBLE HEAT. 

OXYOEN 

S T E A M  

J A C K E T  

8 O L I D  

LIQUID 

S E N S I B L E  HEAT, 

T O T A L  E N T H A L P Y  

W A T E R  S E N S I B L E  H E A T  

R E C Y C L E  S E N S I B L L  =" H E A T  

R E C Y C L E  S E N S I B L E  HEAT. 

T O T A L  IN 

A S H  S E N E ; I B L E  HEAT.  

ASH COMBUSTIBLES HEATING V A L U E  

HOT R A W  GAS H E A T I N G  VALUe: 

HOT RAW GAS SENSIBLE HEAT, 

W A T E R  VAPOR TOTAL E N T H  A L P Y  

E N T R A I N E D  SOLIDS SEN SIBLE HEAT. 

J A C K E T  S T E A M  T O T A L  E H T H A L P Y .  

H E A T  L O S S  A N D  O T H E R S  

TOTAL..  O U T  

I 

B A S E D  ON t , 0 0 0  POUNDS OF" COAL, INCLUDING t .?  
B A S i :  T E M P E R A T U R E ;  3 '2=F.  (~O°C.  ') 

BTU 

13;99 o ,00o 

54,000 

6 ~500 

9 8 ,ooo 

1 ~330 ~500 

3 0 ~  ~0o0 

I I  I I I I I I I  

15,78 5 ,~0o0 

~0~ooo 

tZ~99 0 ~000 

1 ~400~000 

7 9 0 ,ooo 

• 47 5 ~000 

70,~o00 

I 15 ~785~00o 

M O I S T U R E .  
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TABLE 6.2-47 
Overal l  Mater ia l  Balance 

Pipeline Gas Production Based on the 
Two-stage Super-pressure Entrained Gasifier R2 

I N P U T  

COAL (4 .7% MOISTURE) 

O X Y G E N  ( 9 8 % )  

B O I L E R  PEED W A T E R  M A K E U P  

L I M E  

T O T A L  I N 

TO N S/DAY 

IO~G5o 

5~91o 

1 S, ~oO0 

:32 1 ~ 0  

O U T P U T  

P I P E L I N E  

C A R B O N  

G A S  

D I O X I D E  

HYDROGEN S U L F I D E  

P R O C E S S  E F F L U E N T  W A T E R  

A M M O N I A  

GA~5 L O S S E S t T A R  ~.. P H E N O L S  

A s .  sLAG) 

TOTAL O U T  

5 ~440 

I &, ~OSO 

2~0 

9 ,&,GO 

750 

32 ~ IGO 
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TABLE 6.2-48 
Summary  of Process Data 

250 M M  scfd Pipeline Gas from Coal Based on the 
Two-stage Super-pressure Entrained Gasifier R2 

1. GOAL REQUIREMENTS 
eL) PROCESS COAL 
b) B O I L E R  C O A L  

( AS M I N E D )  

T O T A L  

'Z.OXYOEN R E Q U I R E M E N T ( 5 8  ~/.) 

3.WATE R REQUIREMENTS 

a.)COOLING WATER(30°F. RISE) 
b) GOOLING WATER MAKEUP 
c) BOILER FEED MAKEUP 

4. STEAM PRODUCTION 

(:1,) FIRED BOILER 
b) WASTE HEAT BOILERS 

TOTA L 

5. SHIFT CONVERSION 
a,) TOTAL DRY GAS TO SHIFT 
b) "co"  TO BE SHIFTED 

G. M ETHANATION 
METHANE SYNTHESIZED 

"7. ACID GAS REMOVAL 

117700 

5 910 7 

1 0 ~ 5 0  TO N S/DAY 
,1 ?050, TONS/DAY 

TONS/DAY 

TONS/DAY 

2(o37OOO OPM 

I 37000 GPM 
2 7Goo GPIVI 

5 "70~0OO 
3 tO 4.0 ?OOO 
3 ~G IO ~OOO 

LBS./HR. 
LBS./HR. 

~ , 9  MM SCFD 
I 38 MM SCFD 

I ~3 .5  MM SCFD 

CARBON DIOXIDE ABSORBED 

8. WASTE TREATMENT 
EFFLUENT TO TREATMENT ' NONE GPM 

9 . T Y P E  OF PREPARATION FOR P R O C E S S  C O A L -  
CRUSH tGRIND ANO DRY TO ~" BY O SIZE 

10. BYPRODUGT C H A R  
NONE TONS/DAY AT, 

11.THERMAL E F F I C I E N C E S  

O,,) OVERALL~ COAL TO PIPELINE GAS "/3. I o~ 
b) GASIFICATIONp PROCESS COALTO COLD RAW G A S . . . ~ g  1.4. =/o 

32.1 MM LB$/DAY 

BTU/TON 
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Two-stage 

TABLE 6.2-49 
Mate r ia l  Balance 

Super-pressure Entrained Gasif ier R3.4 

i i  I 

I N P U T  

C O A L  

98  % 0 2 

S T E A M  

T O T A L  IN 

OUT PUT 

ASH 

CO s 

CO 

H, Z 

CH 4. 

CNHM 

NZ 

H,zS 

T A R / O I L  

PH ENOLS 

NH3 

H20 

11 

L.Be. N 
I 

ASH 

TOTAL OUT 2 2 3 4  '773  135 1 2 o 6  25  

4OOC) POUNDS' OF COAL. INCLUDING 1.2 "/o MOISTURE. 
FIGURES ARE TO SLIDE RULE ACCURACY. 

I0O0 

5 o 4  

"730 

2 2 3 4  

71  

5 9 7  IG3 

991  4 2 5  

4.5 

27 

C 

7 7 3  

" / 73  

H 

54 

135 

4.5 
6"Z 

2 

0 

494 .  

G, 4 9  

I 'ZOO, 

4 3 4  

56~, 

2.0G 

?-5 

7_5 

2 5  

2 4  

I0  

24  

24 

"/I 

"/t 

71 

14. 71 
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I 

TABLE 6.2-50 
Heat  Balance 

Two-stage Super-pressure Entrained Gasif ier  R3.4 

INPUT 

OUTPUT 

COAL H E A T I N G  V A L U E  

COAL  S E N S I B L E  H E A T  

COAL M O I S T U R E  S E N S I B L E  H E A T  

O X Y G E N  S E N S I B L E  H E A T  

S T E A M  T O T A L  E N T H A L P Y  ....... 

J A C K E T  W A T E R  S E N S I B L E  H E A T  

S O L I D  R E C Y C L E  S E P I S I B L E  H E A T  

L IQUID R E C Y C L E  S E N S I B L E  HEAT,  

T O T A L  I N 

A S H  S E N S I B L E  H E A T  

ASH C O M B U S T I B L E S  HEATING V A L U E  

,HOT R A W  GAS H E A T I N G  V A L U E  .... 

HOT R A W  G A S  S E N S I B L E  H E A T  

W A T E R  V A P O R  T O T A L  E N T H A L P Y  

E N T R A I N E D  S O L I D S  SEN S I D L E  H E A T  

, J A C K E T  S T E A M  T O T A L  E H T H A L P Y  

H E A T  L O S S  A N D  O T H E R S  

T O T A L  O UT. ,  

B A S E D  ON i,O~ POUNDS OF' COAL,  INCLUDING,  1 . 2 %  
BASLE T E M P E R A T U R E ,  3 2 e F .  ( O e C .  ') 

BTU 

1 3 , 9 9 0 , 0 0 o  

.54. ~ooo 

G ~ 500 

8G ~ 0(:0) 

1 )000 )500 

3 0 G ,ooo 

i i i  i i i 

IS, 443 ,ooo 

6 0 ~ 0 0 0  

13~180~00o 

1~280~OOO 

44o~ooo 

475~ooo 

. 8, ~ooo . 

15~1-3  ~000 

M O I S ' I ~ I  R E .  
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TABLE 6.2-51 
Overall Material Balance 

Pipeline Gas Production Based on the 
Two-stage Super-pressure Entrained Gasifier R3.4 

I N P U T  

C O A L  (4 . .7% MOISTURE' )  

O X Y G E N  (~ 9 8 "/=,') 

BOILER I"EED W A T E R  M A K E U P  

L I M E  

T O T A L  IN 

T o .  s /oAv 

lOt 3 5 0  

5~020 

15~000 

30~370 

O U T P U T  

P I P E L I N E  G A S  

C A R B O N  D I O X I D E  

H Y D R O G E N  S U L F I D E ,  

P R O C E S S  EFFLUENT W A T E R  

A M M O N I A  

G / ~  LOSSES~TAR ~¢ P H E N O L S  

A s .  ( o .  S L A G )  

TOTAL OU'I', 

5~440 

15~ IOO 

2 7 0  

5 ~ 8 5 0  

710 

30~ 370 
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TABLE 6.2-52 
Summary  of Process Data 

:250 M M  s¢fd Pipeline Gas from Coal Based on the 
Two-stage Super-pressure Entrained Gasif ier R3.4 

. GOAL REGIUIREM ENTS 
O.) PROCESS COAL 
b) B O I L E R  C O A L  

( AS M I N E D )  

T O T A L  

2.OXYGEN R E Q U I R E M E N T  ( ~ 8  ~/-) 

3.  WAT E R REQU I REMENTS 

CIL)COOLING WATER(30°F. RISE) 

b)COOLING WATER MAKEUP 
c) BOILER Fi~ED MAKEUP 

4. STEAM PRODUCTION 

0,) F IRED B O I L E R  
Ip) WASTE HEAT BOILERS 

TOTAL 

5. SHIFT CONVERSION 
0l,') TOTAL DRY GAS TO SHIFT 
b) "co"  TO BE SHIFTED 

G. M ETHANATION 
METHANE S Y N T H E S I Z E D  

"7. AC ID  GAS R E M O V A L  

t 0 , 3 5 0  TONS/DAY 
t ,0 7°  TO.S/DAY 

1 t ~4 ~_O TONS/DAY 

5 tO20 TONS/DAY 

Z3 5 ~ooo GP M 
12, :,OOO O P M 
Z :pSoo GPM 

G 2 0  ~000 
Z 76 90  .tODD 
3~3OO looo  

~ 9  
I 58 

1o9 

BS./H R. 
LBS. /HR.  
LBS./HR. 

M M SCFD 
MM SCFD 

M M  SCFD 

CARBON DIOXIDE ABSORBED 3 0 .  "2. 

8. WASTE TREATMENT 
EFFLUENT TO TREATMENT 

9 . T Y P E  OF P R E P A R A T I O N  FOR. P R O C E S S  C O A L -  
BY 0 SIZE CRUSH ~ GRIND AND DRY TO k "  v 

10. BYPRODUCT C H A R  
NONE TONS/DAY AT 

11.THERMAL E F F I C I E N C E S  

o,) OVERALL~ COAL TO PIPELINE GAS 
b) GASIFICATIONp PROCESS COAL'tO COLD RAW GAS 

MM LB S./DAY 

NONE G P M  

B Tu /To .  

75.0 
9z.s O/o 



q 

3~,9, 

N I T R O G ~  

t 

STEAM 
I100 PSI G 

"t 50 * F. 

~;o2o T/D oP 
9 5 %  OXYGEN 
AT lOS'0 P$1G 

S0o'w, 1~ 

COAL " to  

co  A~ t.. _~U P I[ I~.H EA'r IE R. 

CO RUNDW C~U~ ~ L ' ~ I o s S O  T/D ~ -  

IAS H 

8 o 
T ~ O  

COA~. 

I 
I 

A,S H 

L 
HOG PSIO 
STE&k4 
7SO'F. 

,.3.0 PSI(~ 
~;TKAM 

I .o~" I 
i |O0"  F. 

I t 0 0  PSIG 
5 T E A M  

5~,T'D 

CON [) [ N :I,A.'I" E 
4"700 G ~ M  

e'R I ttoo ~ S ~  

~100 PSl~ 
b"r~.AM 
9 O o - I  e, 

I Ioo  P$IG 
8 " r E ~ 4  
5AT'O 

'T Ht 

I 
t lOO PSIG 

5T1~ ~l,A I~, FV~ B F W  
. ~00"F .  FOR Ga:l 

COOt.#NO 

~ F W  

~ S O  I I 0 O  PS1¢$ I t I 0 0  P S t Q  
• ,.-. ~ .  

I . . . . .  I ~ f ' ~  ~,SSUMEO 
~ "...,J " , .J  POWEr.. 

I 
j t 

I 
B l e w  

F 

~SO0 GPM 

HS'F. C.~V. _ r - ~  

J L I I O 0  p s l a .  I GI 
~ "  I!i Tc'A M L . _ _  " ; 5 o ' t  r, 

I 
CO z T o  

| I I00 P'~IG 
30 P$1G J S'rEAM 

30 PSlG STE ~4M 5AT'O 

I I t 
J * I 

6FW TO ~,l~W 
I sol~.~Rs I 

T 
I I 
I I L._ 
I 
I 
I 
I 
I 
I 
[ ? .SOT/OoF 

5 uLFuI? . ,  

MAKEU P W A T E R  

LI I00  P51G 
O T = A M  

5AT 'D 

14. 5 0 0  G P M  - 

05°F. C.W. 
SU PP L¥ 

ps~o 12SOM'~ 5CFD 
~ST£ I0. Fp~PLt~E*a~S 

HEAT [ AT IG~ P'51G ~ 
BOLL~ I~ J 

Be, w 

-t[. ~OOO GP),4 F..FM,.UEN'r 

~OILER BLOWDOV.'N 4.'/O GPM 

Bituminous Coe| Research, Inc S006GI63 

Figure 6.2-13 Simplified Process Scheme for Pipeline Gas Production Using the 
Two-stage Super.pressure Entrained Gasifier R3.4 (Process 58) 

• .P • 





TABLE 6.2.53 
Mate r ia l  Balance 

Catalyt ic  Steam Methana t ion  Gasif ier  
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TABLE 6.2-54 
Heat Balance 

Catalytic Steam Methanation Gasifier 
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TABLE 6.2-55 
Overal l  Mater ia l  Balance 

Pipeline Gas Production Based on the 
Catalytic Steam Methanat ion Gasifier 
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TABLE 6.2-56 
Summary of Process Data 

250 MM scfd Pipeline Gas from Coal Based on the 
Catalytic Steam Methanation Gasifier 
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HIGH-PHESSURE THERMAL SOFTENING PROPERTIES OF COALS 

There are several interesting prospects for gasifying U.S. coals at reason- 
able costs using steam and oxygen including: 

I. The adaption of European high-pressure fixed bed techniques, that are 
applicable to non-caking coals, to U.S. coals and to higher operating pressures; 

2. Fluidized bed techniques that are mostly experimental; and 

3. Conceptual pulverized coal entrained gasification techniques. 

There is presently a concern for the softening of coal that is known to 
occur at low pressures; any additional softening of the coal particles could 
make any of these processes less attractive. However, there seems to be an 
absence of information on the high-pressure thermal properties of coal. A 
plastometer, suitable for high pressure testing, was therefore conceived. 

The proposed plastometer (Figure 9.1-1) consists of a pressure tight 
cylinder with a heating jacket. Gas would be passed through the unit at a low 
constant rate, and would percolate through the test sample supported inside on 
a fritted disk. 

The test procedure would consist of setting up a sample, and then pres- 
surizing and leak testing at the desired test pressure. A flow rate would be 
set, and the cylinder would be heated at a programmed rate. 

As the sample softened, the bed porosity would diminish, and a higher 
inlet pressure setting would be required to maintain the desired flow rate. 
As the coal resolidifies, the resistance would probably diminish close to the 
starting value. The correlation between cylinder temperature and pressure 
drop across the bed should give an empirical indication of the fluid properties 
of the specimen at the pressures selected. 

A small unit of such a design would be used initially to determine the 
fluid properties of a variety of coals in different atmospheres. It should be 
possible to develop a standard procedure that would enable the correlation of 
high pressure plastic properties with other coal properties, especially 
petrographic, so that the high pressure fluid properties of any coal could be 
predicted. 

Large units would also be built to simulate the conditions existing near 
the coal inlet of a fixed bed gasifier. The actual size of feed could be used 
and additives (such as recycled ash) or other devices proposed for reducing the 
effects of coal fluidity could be tested. 
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PARTIAL COAL GASIFICATION AS PART OF A POWER PLANT CYCLE 

The gas turbine using gaseous or liquid fuels has found wide application 
for the generation of power in such applications as gas compression. It has 
not yet entered the field of large, central base-load power plants; the 
capacity of presently available gas turbines is considerably below that of 
steam turbines. 

By contrast, the use of coal as gas turbine fuel is only in the develop- 
ment stage. A gas turbine that is directly fired with coal is undergoing 
tests at the U.S. Bureau of Mines. The main problem here is the removal of 
erosive dust from large amounts of products of combustion at high temperature. 

Various combinations of process units for complete gasification of coal, 
followed by combustion of this gas and its use in a gas turbine, have been 
investigated in the U.S. and abroad. So far, an economical process has not 
evolved although a recent publication seems to indicate that gasification at 
high pressure of about 350 psi may change this (17) situation for power plants 
in the 30,000 kw range. 

A different approach, namely the combined use of gas and steam turbines 
in large coal fired power plants, promises an increase of the power plant 
efficiency without an increase in investment cost. This would be accomplished 
by using gas obtained from the readily gasifiable portions of the coal as fuel 
for the gas turbine, and by feeding the char from the coal together with the 
gas turbine effluent into a steam boiler. 

During the discussions of the BCR team with organizations in England and 
Germany, various processes for the partial gasification of coal have been found 
in pilot or co~anercial plants. It is well known that pulverized coal can be 
almost as rapidly devolatilized as the coal particle is heated. Data have now 
been obtained from pilot and commercial plants that are based on this fact. 
The rapid rate of the devolatilization of coal, or, in other words, the rapid 
gasification of its volatile matter makes it readily possible to include this 
reaction in the power plant cycle. Conducting this partial gasification under 
pressure produces a gas that can be cleaned at comparatively low temperature 
and used as fuel for the gas turbine. Since less compressed air is required 
than the gas that is generated under pressure, an overall saving in compression 
costs results from gasification at elevated pressure. The char from the 
devolatilization process is fed immediately into the boiler plant without being 
cooled. 

Such a scheme for power generation provides about 20 to ~0 percent of the 
total heating value of the coal as fuel for the gas turbine; one possible 
scheme is depicted in Figure 9.2-1. Since gas turbines developed so far are 

41 

(17) Schuette, A., "The outlook and feasibility of the gas turbine with 
pressure gasifier for gasification of coal," Energie und Technlk (8), 
269-76 (196~). 
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of smaller capacity than steam turbines, such a combination of gas and steam 
turbines may provide utilization of largest possible engines in both stages. 

The advantage of this cycle is, first, an improvement in efficiency due 
to the higher inlet temperature of the gas turbine of about 1400 F or more 
compared with about 950-1000 F for steam turbines. Secondly, the temperature 
of the devolatilization step may be as low as llOO F compared with temperatures 
above 2000 F used in a boiler or a plant for the complete gasification of 
coal, and the reaction time is short which permits the use of low cost equip- 
ment. The gas produced is of high heating value compared to that of normal 
producer gas; thus, the quantity of gas from which dust must be removed is 
small in comparison with that in a direct fired coal gas turbine or that 
obtained from complete coal gasification. In addition, the temperature of the 
dust removal unit can be lower since the gas temperature will be increased by 
combustion before it enters the gas turbine. The space requirement of the 
partial gasification unit and the gas turbine are expected to be small, and 
this may make it practical %o add such units to existing power plants to 
increase their capacity. 

In addition to this, another advantage exists. The devolatilization of 
the coal can be conducted under such conditions that tar is obtained. 
Separation of this tar and its storage would provide a fuel for peak load gas 
turbines. It is known that gas turbines are especially suitable for this 
purpose since their start-up time is short and their investment cost low. 

Among the processes that have been found for the devolatilization of coal 
are processes such as the partial carbonization of coal in a fluidized bed to 
produce a formed smokeless solid fuel in the Birch Coppice plant, and a similar 
unit in the Stoke Orchard laboratories of the National Coal Board in England. 
The Central Electricity Generating Board in Marchwood, England, experiments 
with a fluidized process for the rapid devolatilization of coal under pressure 
with direct air injection to produce gas for use in a gas turbine and hot char 
as boiler fuel. For this power plant cycle, an increase in efficiency is 
claimed without increase in power plant investment. In Germany, the LR Process 
was developed and a commercial scale unit to produce town gas as a byproduct of 
power generation by combustion of the char was operated at the Dorsten power 
plamt in Germany. Inthis process, indirect heating of the fluidized bed is 
used. 

Thus, an appropriate program of research should initially include the 
followlmg: 

a. Development of material and heat balances based on data from 
European plants, 

b. Development of flow sheets and cost estimates for the generation 
of gas by partial coal gasification under pressure to produce a gas 
turbine fuel and selection of the most economical process, 

c. Evaluation of the merits of this process in power plant cycles 
in cooperation with equipment builders to indicate the direction of 
further research. This should include the recovery and storage of 
tar for use in peak load gas turbines. 

% 
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d. Delineation of a specific program of experimental work on that 
aspect of partial gasification which appears to be most promising. 
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