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PREFACE 

Volume II, Process Design and Cost  Estl~ate, is a three book volume. 

Section 1.0 through 6.2 are presented in Book I. Book II contains . . ,  . . ,  . % 

sections 6.3 and 6.4, Base CaR Utilities and Offstte Uni t s -  E n ~ e e r i n g  

Data and The Contents and Results of the Power Self-Sufficiency Case. 

This book contains Section 6.5 through 6.9, Coproduction Case, Shell Coal 
Case, Process Studies, Design Plans and Drawings and Cost Estimate. 
The  Table  o f  C o n t e n t s  for  Volume II i s  p r e s e n t e d  i n  total  in  each o f  t h e  
t h r e e  b o o k s .  
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6.5 COPRODUCTIO~ CASE 

6.5.1 OVERALL PLANT DESCRIPTION 

The principal difference in the design for the Coproduetion Case is that 

methanol and substitute natural gas (SNG) are the maior products as 

opposed to only SNG in the Base Case. The pure syngas is  fed to a meth- 

anol synthesis  unit producing ntethanol which is purified. The purge gas 

from the Methanol Synthesis unit is  converted to SNG by methanation. 
Other process and utflity/offsite units are similar to the Base Case 

except there is  no requtTemeftt for a CO Shift unit and there is  a slight 

variation in size of some units to accommodate the change in processing 
scheme. 

Coal feed to gasification and boilers i s  identical to the Base Case. Feed 

and product rates for this case are given in Section 6 .5 .2 .  Other than the 

methanol and SNG products, the byproduct rates ar~ only marginally differ- 

ent from the Base Case. Power available for export Is less  than the Base 

Case, due mainly to the additional energy consumed in the Methanol Synthe- 
sis unit.  
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6 . 5 . 2  FEED AND PRODUCT SUMMARY 

Table  6 . 5 . 2 - 1  c o n t a i n s  a summary  o f  t h e  raw materials  u s e d  and  t h e  p r o d -  

u c t s  and sol id w a s t e s  g e n e r a t e d  in t h e  Westmoreland Coal C o p r o d u c t i o n  

Case. 
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TABLE 6 .5 .2 -1  

FEED AND PRODUCT SUMMARY (1) 

CASE: WESTMORELAND: COAL - COPRODUCTION 

Raw Matei-ial 

Coal  _ ~ m  .~-.ne . . . . .  : 

Lurgi Gasification Feed 
Boiler Feed 

Bulk Mate.~als 

Liquids 

Solids 

Water 

Products  (3) 

SNG 

Aromatic Naphtha 

Anhydrous Ammonia 

Sulfur 

Methanol 

Solid Wastes 

Oasifier Ash (Dry)  

Boiler Ash (Dry) 

Gypsum 

Plant Refuse 

Raw Water Treatment Sludge 

Spent Catalyst 

Biotreating Incinerator Ash 
and Cooling Tower Sludge 

NOTES: (1) 

(8) 
(a) 

UNITS QUANTITY 

. . , ' , ' : . -  .STID .... : .'.' . . . . . . . . . . . .  : 1 ~ .  UUU ' 

STID 10,800 

ST/D T ,200 

• ST/D 72 

STID 150 

A c r e - F t / D  24.4 

S C F I D  67.35 (2 )  

BPSD 804 

STID 76.7 

ST/D 86.T 
ST/D 3,752 

STID 827.2 

STID 531.1 

ST/D 387 

sTID 50 

ST/D 2O 

STID 0.02 

ST/D 26 

:All q imnt i~es  per  stream da~ 

SNG product ion equals 61.23 MM s C F / D  calendar day bas is  
x 

Plant also produces 212.3 MW, power for sales 
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6.5.3 THERMAL EFFICIENCY CALCULATION 

Table 6.5.8-I summarizes the overall thermal efficiency calculation for the 

Westmoreland Coal Cop~oduetion Case. 
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6 .5 .4  DESIGN BASIS 

The design of the Westmoreland Coal - Coproduction Case plant is based 

on the same coal feed rate as the  Base Case plant.  Coal feed to the 

gasifiers is 10,800 ST/SD, and the feed to the boilers is 7,200 ST/SD. 

The pl, incipal products in this case are chemical grade methanol and SNG 

instead of only SNG in the Base Case. All of the pure gas is fed to a 

conventional methanol synthesis  loop and the purge gas is methanated. 

Changes in process units are described in Section 6.5 .13,  and changes in 
util ity and offsite units are described in Section 6 .5 .14 .  
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6 . 5 . 5  PLANT UNITS 

The plant units required for the Westmoreland Coal - Coproduefion Case 

are the same as those required for the Base Case (Section 6.1 .5)  with the 

following exceptions: 

Unit 11: 

Unit 21: 

CO Shift - deleted 

Methanol Synthesis - changed to Methanol Synthesis and 
Pu~Cfleatlon. 

6 - 5 5 5  
- • _ I i 

USE H MI~LTLU~ OF IEF~IT UTa 
IR ~ w r ~  ~INE IltSllUCtriON ,Oft IN| 

llon~ IPAU M Ia~ ml~W mt~ mml~ 



6 . 5 . 6  PLANT TRAIN PHILOSOPHY 

The train philosophy for the units in the Coproducfion Case remains the 

same as established for the Base Case with the following exceptions: 

Unit No. Unit Name No. of Trains 
e l  

1i CO Shift Unit deleted 

21 M e t h a n o l  Synthesis & 2 x 50% 

Purification 
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6. S. 7 PLOT PLAN 

The  deve lopment  o f  plot  p lans  invo lves  confo rming  to i n d u s t r y  s t a n d a r d  

p rac t i ce s ,  in  add i t ion :  to economics,  c o n s t r u c t a b i l i t y  and  ope rab i l i t y .  The  

un i t s  a re  spaced  to comply with r i sk  i n s u r e r s  recommendat ions .  

For  the  overa l l  plot  p l an ,  t he  u n i t s  are  a r r a n g e d  as  much as  poss ib le ,  in  

the  same sequence  as the  p roces s  flow of  t h e  p l an t .  Some u n i t s ,  h o w e v e r ,  

a re  located ou t  o f  sequence  and  ad jacen t  to o r  n e a r  o t h e r  un i t s  for  eco-  

nomic r e a s o n s ,  s u c h  as minimizing long  r u n s  of  la rge  d iameter  of  exot ic  

p ip ing .  For  example:  

The Steam Genera t ion  (Unit  41) a r e a  i s  loca ted  adjacent  to  Oxygen  

P roduc t ion  (Unit  40) which r e q u i r e s  l a r g e  quant i f ies  of h i g h  p r e s s u r e  

steam. 

Sul fur  Recovery  (Unit  19) is  loca ted  ad jacen t  to  Flue Gas Desu l fu ra -  

t ion (Unit 43) in  o r d e r  to ut i l ize a common s tack .  

Oxygen  P roduc t ion  (Unit  40) is  l oca ted  s u c h  tha t  i t  i s  upwind  of  t he  

r e s t  o f  t he  p lan t  (based  u p o n  t he  p r e v a i l i n g  wind) .  

The cooling towers  are  located Such t h a t  t he  water  vapo r  plume does  

not  i n t e r f e r e  wi th  t h e  p lan t  ope ra t i on .  

Ponds  a re ,  in  gene ra l ,  g r o u p e d  t o g e t h e r  a n d  located in  t he  low area  

of t h e  p lan t .  

The Flares  (Unit  53) are  loca ted  in  t h e  Solar Evapora t ion  Pond  

(Unit  54B) to minimize p l an t  ac reage .  
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6.5 .?  (Continued) 

The main control bui lding is  centrally located. 

Suff icient  railroad switchyard is  provided to allow for makeup of trains ,  

switching,  and sorting of  incoming cars and storage of cars. A spur is  

also provided to the mainten;mce and warehouse area,  and Flue Gas Desul -  

furization (Unit 43) for unloading of supplies .  

The Plot Plan for the Coproduction Case, Drawing Number 835Y04-00-5-052 
is  on the following page.  
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6 . 5 . 8  BLOCK PLOW DIAGRAMS 
ii 

6.5.8.1 OVERALL MATERIAL BALANCE 

The overall material balance for the Westmoreland Coal - Coproduetion Case 

is shown on Drawing No. 835704-00-4-301. The drawing shows the flow of 

materials through the process plant and the following utflity/offsite units:  

oxygen  Production, Steam Generation, Power Generation, and Flue Gas 
Desulfurizafion. 

The process differs from .the Base Case in that  there  is no CO Shift and 

the entire pure  gas stream enters  the Methanol Synthesis and Purification 

Unit where the methanol product  is produced.  A purge  system from Meth- 

anol Synthesis is methanated, purified,  and compressed to SNG. 

6.5.8.2 PLANT WATER BALANCE 

Drawing No. 835704-00-R-302 is the Block Flow Diagram of the plant water 

.balance for the Westmoreland Coal - Coproduction Case. The diagram 
shows-the same overall management scheme as the Base Case. 

The presence of the large Methanol Synthesis  & Purification unit  raises the 

vacuum condensate flow while reducing the process water flow from Metha- 

nation. These two combined streams are added to the 1500 psig boiler 

feed water upstream of the polishing fi l ters and re tu rned  to the plant 

through the power generation turbines .  

6 .5 .8 .3  SULFUR BALANCE 
, ,  n . • 

The sulfur  balance for the Westmoreland Coal - Coproduction 

shown on Drawing No. 835704-00,-4-304. The description of the 

given i n  Section 6.1.8 also applies to this case. 

Case is 

drawing 
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6 .5 .8 .4  AIR EMISSIONS 

The air 6missions diagram for the Westmoreland Coal - Coproduction Case 

is shown on Drawing No. 835704-00-4-305. The description of the drawing 

given in Section 6.1.8 also applies to this ease. 

6 .5 .8 .5  SOLID EFFLUENT 

The solid effluent dla~Tam for the Westmoreland Coal - Coproduction Case 

is shown on Drawing No. 835?04-00-4-306. The dese~ption of the drawinE 

given ~n Section 6.1.8 also applies to this case. 

6 .5 .8 .6  STEAM BALANCE 

The steam balance for the Westmoreland Coal - Coproduction Case is shown 

on Drawing No. 835704-00-R-307. The description of  the drawing given in 

Section 6.1.8 also applies to this  case.  
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6 . 5 . 9  UTILITY SUMMARY 
nl • 

Table 6 . 5 . 9 - 1  h-LOiccfes the ut i l i t i e s  generated or consumed by  each process  

or ut i l i ty /o f f s i te  unit in the Westmoreland, Coal - Coproduotion Case.  
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UNIT 

NO. NAME 
Vl-'- Screening 
02 Coal Distribution 

03 Ash Handling 

10 Coal Gasification 

12 Gas Cooling 

13 Rectisol 
14 Gas Liquor SepaTation 

15 TaT Distillation 

16 Naphtha Hydrotreating 

17 Phenosolvan 

18 Ammonia Recovery 

19 Sulfur Recovery 

20 Process Steam 

Superheating 

21 Methanol Synthesis 

& Purification 

22 Methanation 

23 SNG Compression & 

Purification 

24 Partial Oxidation 

25 PSA Hydrogen 

Production 

40 Oxygen Production 

41 Steam Gent,ration 

42 Power Generation 

43 Flue Gas' 

Desulfurization 

44 Raw Water Treating 

U 

CASE: WESTMO', 

i . i  i i.:i 
• . . .  ° : 

. . . .  t - : .}, ;. 

/ . i  2ril 

• . . 

STEAM (M lb l l ;  

1500 lb 650 It) 600 It) 100 Ib'" 
925°F Satld 760OF Satld 

-9 .0  

- 6 . 2  

-3 .6  

-79 .9  

-1090.9 

-357.8 +552.0 

-328 .9 ( * *  ) -312.2(*  ) 

+135.6 

+566.6 

-38.5  

-6 .1  

-142.1 

+24.2 

-9 .4  

+8.7 +49.1 

-1 ,256.4 
+4,121.4 

- 2 , 8 6 5 . 0  

+1,256.4 

-4,138.1 (*) +3860.5 

+2,865.0 (**) -3009.4 

-360.8 

- 6 4 . 9  



: : TABLE 6.5.9-1 

UTILITY SUMMARY 

,~0RELAND COAL- COPRODUCTION 
i n 

lblhr) 

lb" 60 lb ' Condensate BFW 
L'd_ Sat 'd (m lb../hr) (M lb/h~) 

Steam & Cooling Water 
Condensate 

Loss --(MM 
(M lb /h r )  Btu/hr)  (gpm) 

16.6 -690 .  ? 

+174.2 -1"/6.0 

L8.5 -.75.6 +114.1 -33.8 

-6.1 

|2.1 

~4.~ 

-9,4 

-8.7 +17 ..7 

-21.1 +2.7.3 

-57.5 +57.9 

+222.0 

-21.6 +26.2 -32.1 

-196.2 

-383.3 +.704.9 -332.2 

1,215.0 -8.2? -551 

1.8 -9.60 -640 

33.8 -168.40 -11,197 

-89.13 -5,936 

-4.30 -285 

-1.88 -125 

9.3 -12.40 -827 

-122.5 -8,15.7 

3.8 -41.6 -2,.780 

2.0 

-187.'7 

Fuel 
Electric Gas 
Power (MM 

(MW) Btu/hr)  
-I .00 
-0.10 

-0,70 
-2.40 -0..7 

-0.35 
-21.69 

-0.69 
-0.23 -14.5 

.-0.12 (+0.9) 

-0.39 

-0.50 
-2.88 -11.1 

-1..79 -176.8 

49.1 -101 .9  

3.3 -392.9 -26,192 -1.46 +119.2 

;60.8 

6 4 . 9  

+47'7.1 -849.4 -3,126.1 

+30'74.3 

2.1 -4.5 -301 

-1.34 -90 

-8.93 -595 

- 0 . 3 8  -25.2 

-1.19 (-11.9) :. 

-1.80 +?,i.5 

44.1 

15.4 

-0.22 -0.1 

-0.62 +67.1 

-156.5 -10,400 -11.60 
-28.30 

-1644.0 -109,800 +321.60 
- 5 . 0 7  

-1.42 
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UNIT 

NO. NAME 
" ~  ~ Condensate  

Treat ing  

46 Air & Nitrogen 

Sys tems  

47 Process Cooling Water 

48 Util ity Cooling Water 

49 Potable Water 

50 Util ity Water 

51 Fire Water 

52 Fuel Gas 
53 Flare 

54 Waste Water Treat ing  

55 Tank Farm & Dispatch  

56 Sani tary  Sewer  

Steam Trac ing  

Export  

CASE: W: 

STEAM ~ 

1560 Ib 650 lb 600 lb 
925°F Sat'd ?60OF 

Total (Process  Units)  0 +16.7 -851.1 

Total  (Uti l i ty Units )  0 - 16 .7  +851.1 

TOTAL 0 0 0 

Legend: ( ) ind icates  intermittent  u s e .  Not included in totalE 

+ indicates  product ion .  

- ind icates  consumpt ion .  

C*)  

(**) 

C***) 

The  steam produced  is  570 p s i g / s a t ' d .  It is s u p e r b  

within the  Methanol S y n t h e s i s  Unit .  

650 psigi?10OF steam 

Included in Wastewater Treating (Unit 54). 
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; TABLE 6 . 5 . 9 - 1  (Continued) 

.,. UTILITY SUMMARY 

;~]~STMORELAND COAL - COPRODUCTION 

~I-~[~I Ib I h r )  

:"--1O0 |b 60 lb Condensate BFW 
Sat'd Sat'd (M Iblhr) (M Ib/hr} 

- " - - - - -  ~ .... - 4 7 4 9 . 1  +4826 .7  

Steam & 
Condensate 

Loss 
(M Iblhr) 

2 .4  

Cool-~ng Water 

(MM 
B t u / h r )  (gpm)  

Electric Fuel Gas 
Power (MM 
(MW) Btu/hr) 

-6 .72 

-10.8 

- 2 . 5  +2 .5  

- i . 0  +9.7 

-7.3 +7 .3  

2 .1  

-10.4 -700 - 3 . 7 6  

+1876.0 +125,085 -9 .01 

+715.0 +47,674 -3.28 

-0 .03 

-0 .03 

- 0 . 0 2  

-0 .03 

-6 .26 

- 1 . 1  -74  - 0 . 6 8  
(*,*) 

- 2 . 0  

- 2 . 5  

L +443.8 

1 -443.8 

-393.6 +1170.1 -1700.6 1314.7 -778.8 -51,785 -38.13 +4.5 

+393.6 -2504.7 +1700.6 19.9 +778.8 +51,785 +250.39 -4 .5  

0 0 -1334.6 0 +1334.6 0 0 +212.26 0 

totals. 

ulmrheated i n  the  process steam s u p e r h e a t e r  to 540 p s i g / 7 6 0 ° F  and u s e d  to  d r i v e  t u r b i n e  
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6.5.10 CATALYST AND CHEMICAL SUS~JIARY 
i 

The catalysts  and chemicals  required for each uni t  in  the Westmoreland 

Coal - Coproduct/on Case are shown in Table  6 . 5 . 1 0 - 1 .  

6-671 
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TABLE 6.5.10-1 

CATALYST AND CHEMICAL SUMMARY 
J m n  ii i i 

Unit Item 

CASE: WESTMORELAND COAL - COPRODUCTION 
i i 

Initial Cost, $ 

03 Ash Handling 

Floceulent 150 

13 Rectisol 

Propylene 
Caustic 

32,300 

16 

17 

Naphtha Hydrotreating 
Dimethyl Sulfide 

Confidential Catalyst 

Phenosolvan 

Isopropylether Solvent 

Gravel 

Sand 

Fi l tr i lur 

840 

34,700 

274,100 

1,530 
3,400 

110,400 

18 Ammonia Recovez-y 

Phosphoric Acid (100%) 

Sodium Hydroxide (50% soln.) 
155,500 

479,700 

6-572 

Annual Cost, $ 

1,760 

45 ,?00 
79,100 

330 
11,600 

95,100 

190 

420 
13,800 

74,500 
159,800 

i _ , . 

iSL g l  1018¢1.1~/U ille I[IPI~IT DiI'A 
iS SUlUC~r I01111[ I I ~ l l l ~ l O l l  ON l i l l [  

II~i~J~ PAal r AT |H I  lelmll " IW l[lll~ 
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TABLE. 6,5.10-1 (Continued) 

CATALYST AND CHEMICAL SUMMARY 

CASE: WESTMORELAND COAL - COPRODUCTION 

Unit. Item 

19 Sulfur Recovery 

Dflsopropanolamine 
Claus Catalyst 

Shell 634 Cata!yst 
Citric Acid 
ADA 
Caustic (50%) 
Vanadium 

21 Methanol Synthesis & Purification 
Synthesis Catalyst 
Caustic 

22 

41 

Methanation 

Synthesis Catalyst 

Steam Generation 
Hydrazine Hydrate 
Sodium Phosphate 
Morpholine 

Initial Cost, $ 

6,580 
18,500 

43,600 
6,180 

62,000 
5,870 

48,900 

2,903,000 (2) 
37,500 (2) 

278,000 (3) 

870 
90 

7,440 
. , * ,  

6-573 

Annual Cost, $ 

3,250 
6,180 

14,500 
13,300 

132,400 
(58,700) (Z) 

968,000 (2) 
450,000 (2) 

92,600 (3) 

9,640. . . .  
930 

82,400 

1 i i  ~ .  i 

UTA R MXLD2URE ~ I I |F~T ~MA 

IT SU~T.CT R TIHE I ~ I L ~ I O N  @N THI~ 

FLL~E M I1~ M N T  ~ TNL~ ~ H ~ T  
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TABLE 6.5.10-1 (Continued) 

CATALYST AND CHEMICAL SUMMARY 

CASE: WESTMORELAND COAL - COPRODUCTION 
= 

Unit Item Initial Cost, $ 

43 Flue Gas Desulfurization 

Lime (90% CaO) 

Formic Acid (90% soln.) 

Anti Foulant (Nalco 7319) 

HC1 (30% soln.) 

24,700 
35,600 

320 
6,180 

44,45 

& 49 
Raw Wate£,, BFW Treating & Potable Water 

Poly-electrolyte 3,2'/0 

Chlorine 3,770 

Quick Lime 2,700 

Soda Ash (Dense Bulk) 23,650 

Alum 2,600 

Hexametaghosphate 8,420 

Sulfuric Acid (93%) 23,400 

Caustic (50% so]n.) 129,300 
Activated Carbon 67,500 
Hydrazine Hydrate 480 

Morpholine 3,970 
Chelant (EDTA) 920 

46 Air ~ Nitrogen System 

Aotivated Alumina 1,150 

6-574 

Annual Cost, $ 

1,120,000 
330,000 

3,400 
m 

39,000 
45,500 
6,530 

894,900 
4,240 

103,300 
101,500 
516,800 
33,000 
5,290 

44~000 

10,190 

320 

, , *  

III SlJOJ£~ 10 IHnr I1~11¢I10N ON lroqE 
m M  FJUP r Air IHt  ~ m m l ' ~ , K ~  , 
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Unit Item 

47 

48 

TABLE 6.5.10-1 (Continued) 

CATALYST AND CHEMICAL SUMMARY 
i i 

CASE: WESTMORELAND COAL ~- COPRODUCTION 

Initial Cost, $ Annual Cost, $ 

Process Cooling Water 

Chlorine 4,640 54,500 

Sulfuz~o Add (93%) 910 289,600 

Inldbitor 11,300 135,600 
Dtspersant 3,080 36,900 
Biodde 12,700 61,000 
Nalprep 82,000 9.10 
Activated Carbon 48,000 9.4,000 

Hexametaphosphate 3,060 36,000 

Utility Cooling Water 

Ch ie fs  2,610 30,600 
Sultuz~o Acid (93%) 11,600 137,500 
Inhibitor 4,400 52,600 
Dispersant 1,900 14,400 

Bioeide 3,510 18,100 
Nalprep 24,000 70 
Poly-eleetrolyte 990 11,800 
Quick Lime 810 1,980 
Soda Ash (Dense Bulk) 7,050 9.V0,000 

6-5'75 
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TABLE 6 .5 .  I0-I (Continued) 

CATALYST .AND CHEMICAL SUMMARY 
. . "  

CASE: WESTMORELAND COAL - COPB.ODUCTION 

Unit Item 

54 Wastew~ter Treating 

Caustic (50%) 

Sulfuric Acid (93%) 

Poly-electrolyte 

Phosphoric Acid (100%) 

Initial Cost, $ Annual  Cost ,  $ 

162,100 3,637,500 
5,190 125,500 

220 26,600 
3,650 43,100 

55 Tank Farm & Dispatch 

SNG Odorant (Ethyl lAmyl  

Mercaptan) 

NaC1 
?O 830 

1,760 473,200 

TOTAL $5,243,950 $10,994,670 

NOTES: 

(1) First  year  only ,  not inc luded  in total  

(2) Methanol uni t  in this  case i s  s igni f icant ly  larger than  and dif ferent  
from that  in the  Base Case.  

(3) Methanation process  scheme in  th i s  ~ase is  d i f ferent  from the Base 

Case and the  unit  is  smaller'. 

6-576 usa n m ~ s u u  oF Rr~m o~vA 
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6.5 . 11 OPERATING MANPOWER 

The operat ing manpower for the  Coproduct ion Case was determined in the  
same way as the  Base  Case manpower.  

The total operating staff  is  426. There are 5 9  shift operating positions for 
the Coproduetton Case versus 58 for the Base Case. 

6 - 5 7 7  
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6.5.12 MA~TENANCEMANPOWER 

Annual maintenance cost is  estimated as a percentage of  the plant instal led 

cost .  The same procedure for determining maintenance cost as used  on the 

Base Case (Section 6 .1 .12)  was followed for the Coproductton Case y ie lding 

a cost o f  $36,300,000, which is 60 percent materials and 40 percent 
labor. 

The labor portion of $14,500,000 is equivalent to 415 

positions using the same assumptions as the Base Case. 
maintenance staff 

6-578 
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6.5.13 PROCESS UNITS ENGINEERING DATA 

6:5.13.1 DIFFERENCES 

The process configuration for the Coproduc~on Case differs from the Base 

Case primarily in the processing of pure gas from Rectisol. The syngas 

(pure gas) is converted to methanol in the Methanol Synthesis and 

Purification Unit 21. The purge gas from the methanol synthesis reaction 

is methanated, purified, and compressed in the Methanation and SNG Puri- 

fication and Compression Units 22 and 23. The" H2/CO ratio requirement 

for methanol synthesis is such that no CO Shift (Unit 11) is needed in this 

case.  Due to the absence of the exothermic shift reaction and also due to 

differences in the heat recovery scheme employed, the Gas Cooling Unit 12 

is different in this case. Because of the significant differences in the 

process configuration of the above units,  12, 21, 22, and 23, detailed 

information including Design Basis ,  Process Description, Process Flow Dia- 
gram, eto. are provided following this discussion. 

The rest of the processing scheme is  similar to the Base Case, although 

slight variations occur in the unit material balances which are included at 

the end of this section. Deletion of the CO shift eliminates consumption of 

reaction water, additional production of CO,, and hydrocraeking of ta~,s 

and oils. As a result,  flows through gas liquor processing (Units 14, 17, 

and 18) and Lurgi liquids processing (Units 15, 16, and 24) aze altered. 

Rectisol, Sulfur Recovery, and Process Steam Superheating units handle 

less CO 2 . The material balance tables provide the flow rates in detail. 

6-5'/9 i I LI~. IXi OISP.i.~UlU[ OF l l [ ~ l l T  DliTA 
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6.5 .13 .2  GAS COOLING - UNIT 12 

DESIGN BASIS 

Purpose of the Unit 

The purpose of the Gas Cooling Unit i s  to cool the hot gas stream leaving 

the Gasification Unit for feed to the Rectisol Unit and recover the aqueous 

and organic eondensates for further processing.  

The substantial amount of heat released from this unit is recovered for use 

in the plant by generating low pressure steam and heating tempered water 
and condensate. 

Scope of Unit 

The unit consists of two major sections: Waste Heat Recovery and Cool- 

Lug. The waste heat recovery section includes low pressure steam genera- 

tor and associated equipment, tempered water heater and associated equip- 

ment, and makeup water heater. The cooling section includes air cooler, 
C.W. trim coolers, and knockout drums. 

General Criteria 

The unit consists of two 50 percent capacity parallel trains. The unit is 

designed to process approximately 561.1 SCFD of dry gas containing 

594,000 Ib/hr of water and condensable organics. The design onstream 

factor is 91 percent, and all rotating equipment are motor driven. 

6-580 
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6.5 .13 .2  (Continued) 

Feed Streams 

The composition, flow rate ,  and the process  conditions of the feed stream 
to the Gas Cooling unit  are as follows: 

Comp.onent Mole % 

Hz 40.27 

Nz 0.24 

CO 18 .00  

C02 30.10 

CH~ 10.28 

C~ 0.59 

Cs 0.12 

C4 0.03 

H~S 0.36 

COS 0 . 0 1  

Flow Rate: Dry Gas, MM SCFD 561.~1 

Water and Heavier Hydrocarbon Compounds, Ib lhr  594,000 
Temperature, °F 355 

Pressure, psi E 417 

6-581 
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6 .5 .13 .2  (Continued) 

Product Streams 

The composition, flow rate, and process conditions of the cooled gas to 
Rectisol unit are as follows: 

Component Mole % 

Hz 40.67 

• Nz 0.24 
CO 18.00 

CO~ 29.44 

CH~ 10.37 

C2 0.59 

C~ O. 12 

Cb, 0.03 
HzS 0.35 

COS .. 0.01 

Flow Rate: Dry Gas, MM SCFD 554.82 

Water and Heavier Hydrocarbon Compounds, lb /hr  7,800 

Temperature, °F 1O0 

Pressure,  psig 397 

The flow rate and process conditions of the gas liquor to the gas 'liquor 

separation are as follows: 

Flow Rate, lb /hr  

Temperature, OF 

Pressure,  psig 

614,000 
233 

212 

6-582 i - I i i i I 
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6.5.13.2 (Continued) 

Miscellaneous Streams 

The flow rate and inlet and outlet process  conditions of the tempered water 
and makeup condensate are given below: 

Inlet Conditions 

Stream Name Flow Rate ~ Press .  
l b / h r  

Tempered 
Water 1,150,000 200 445 

Makeup 
Condensate 470,000 90 75 

Outlet Conditions 

Flow Rate " lb / hr  ~ Press .  
ps lg  

1,150.,000 300 435 

4?0,000 180 70 

Utilities .... 
,#° 

Consumption 

LP Boiler Feedwater, lb/hr 

Cooling Water, gpm 

Electric Power, kW 
.: 

production 

175,950 
640 

500 

LP S t e m ,  lb /hr  

PROCESS DESCRIPTION 

174,186 

The flow diagram is shown on Drawing No. 835704-12-4-301 

materiel balance is on Table 6.5.13-1. The plot plan 

No. 835704-12-5-051) and equipmeht list (Table 6.5.13-2) follow. 

and the 

(Drawing 

6-583 
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6 . 5 . 1 3 .  Z ( C o n t i n u e d )  

The c~ude gas from the Gasification uni t  i s  p s s s e d  through  a ser ies  of  

heat  exch~nge~s  to ~ecover heat .  The f i z s t  in  the ser ies  i s  the  waste heat 

boiler generat in  E low pressure  steam. It i s  fol lowed b y  the  tempered 

water heater  and the  ~,mkeup condensate  heater .  '.{eavy tarry  p ~ d u e t s  

with htEhe~ boi l ing  points  a~e c o n d e n s e d  out in  these  three  heat 

e x c h a n g e r s .  

The hot te~'~pered wate~ f~om the hea~ ~ecovery section is pumped to the 

Methanol Synthesis and Purification unit to preheat the feed to the 

devolatilizin E column. The devolatilizin g reboi]eP duty is also p~ovided by 

the hot tempered water. The cooled tempered we.ter is ~ireulated back to 

the Gas Cooling Unit for heat recovery, keepin E the tempered water sys- 

• tern a close loop. 

The cooled raw gas from the makeup condensate  lieate~ i s  fur ther  cooled 

by  air coolin E and finally b y  t~im coolin E before e n t e r i n g  the  Rectisol  

u n i t .  The  ma~o~ portion of  the  Eas l iquor  is  condensed  in  the  knockout  

d~'ums downstream of  the  al~ coole~ and the  trim cooler.  The gas  l iquor 

collected in the knockout  drums and tar, 'y l iquo~ stream condensed  out tn 

the heat  exchanEers  upstream of  the s ir  cooler are p iped to the  Gas Liquor 

Separation uni t .  

The p l u g g i n g  and foul ing qual i ty  of the  crude  gas treated in th i s  uni t  dic-  

tates that  the shel l  and tube heat e x c h a n g e r s  used  be vert ical  type  and 

the gas  flow scheme be downwazds .  Rejection of the  gas l iquor in the 

f inal  cool ing s tage  p~ovldes  wasbAng of  the  heat  e x c h a n g e r  t u b e s .  
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TABLE 6.5.13-1 
i ii 

MATERIAL BALANCE 
GAS COOLIN(~" UNIT 12 

Stream Number 12-1 

Stream Name Combined Gas 
Component Ib-mollhr Mol% 
Hs 24,811.8 40.27 
N2 1 4 6 . 9  0 . 2 4  
CO 1 1 , 0 8 8 . 3  1 8 . 0 0  
C H 4  6,334.1 10.28 

C= 361.9 0 .59 
Ca 72.4 0.12 
C~ 18.0 0.03 
COs 18,545.7 30.10 
HzS 221.7 0.36 
COS 4.8 0.01 
_NHs/HC  0.8 

100.00 

Dry,.Gas, lb-mol/hr 61,606.4 67.06 
.HsO Vapor, lb-mol/h,90,264.7 32.94 
Wet Gas, lb-mol/hr  91,871.1 10O.00 
l)~y Gas, Iblhr ' 1,305,315 
BsO, Vapor, l b /h r  545,249 
HoO, Liquid, l b /h r  
Tons, l b /h r  12,947 
Otis, Ib/hr 16,843 
Naphtha, Ib/hr 5,275 
Phenols, Ib/hr 5,095 
Fatty Acids, Ib/hr 1,139 
Org. Sulfur,  Ib /h r  213 
Ammonia, Ib/hr 6,773 
HCI 185 
~OTAL, lb /h r  " 1 ,899,034 
Pressure, ~ia 415 
Temperature,  °F 355 

12-2 12-3 
Raw Gas Oily O ~  
to Rectisol Liquor - " 

Ib-mol!hr MoI% Ib-moI/hr Mol% 
24,772.1 40.67 39.7 5.75 

146.9 0.24 - - 
11,071.7 18.18 16.6 2.40 

6,318.9 10.37 15.2 2.20 
361.9 0.59 - - 
72.4 0.12 - - 

18.0 0.03 - - 

17,935.5  29.44 610.2 88.36 
213.6 0.35 8.1 1.17 

4.8 0.01 - - 

- 0.8 0 . 1 ~  
100.00 100.00 

60,915.8 99.78 690.6 2.24 
136.7 0.22 30,128 .0  97.76 

61,052.5 100.00 30,818.6 100.00 
1,277,33~ Z?,98Z 

2,463 
542,786 

- 12,947 
- 16,843 
5,275 
- 5,095 
- 1,139 

11 202 
- 6,773 
- 185 

1,285,082 613,952 
40@ zb@ 
100 233 

H 

NOTES: (i) 

(2) 

Flow quantit ies,  p ressure ,  and temperatures shown are for 
the total unit on a stream-day basis, are to be used solely 
for process design purposes ,  and are not necessari ly the 
conditions which will be attained duzing actual operations.  

Represents net gas liquor flow from Gas Cooling to Gas 
Liquor Separ-~'on Unit. 
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