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Section 1 

Introduction and Summary 

This report is 8echtel's tenth quarterly technical progress report and covers the 
period of January through March, 1994. 

1.1 INTRODUCTION 

Bechtel, with Amoco as the main subcontractor, initiated a study on September 26, 
1991, for the U.S. Department of Energy's (DOE's) Pittsburgh Energy Technology 
Center (PETC) to develop a baseline design and computer model for advanced 
Fischer-Tropsch (F-T) technology. This 24-month study, with an approved budget of 
$2.3 million, is being performed under DOE Contract Number DE-AC22-91PCgO027. 

The objectives of the study are to: 

O Develop a baseline design and two alternative designs for indirect 
liquefaction using advanced F-T technology. The baseline design uses 
Illinois No. 6 Eastern Coal and conventional refining. There is an 
alternative refining case using ZSM-5 treatment of the vapor stream from 
the slurry F-T reactor and an alternative coal case using Western coal from 
the Powder River Basin. 

O Prepare the cavital and operating costs for the baseline design and the 
alternatives. Incli'~dual plant costs for the alternative cases wi/l be 
prorated on capacity, wherever possible, from the baseline case. 

o Develop a process flowsheet simulation (PFS) model. 

The baseline design, the economic analysis and computer model will be major 
research planning tools that PETC will use to plan, guide and evaluate i~ ongoing 
and future research and commercialization programs relating to indirect coal 
liquefaction for the manufactu~ of synthetic liquid fuels from coaL 

The study has been divided into seven major tasks: 

o Task 1: Establish the baseline design and alternatives. 

o Task 2: Evaluate baseline and alternative economics. 

o Task 3: Develop engineering design criteria. 

o Task 4: Develop a process flowsheet simulation (PFS) model. 

o Task 5: Perform sensitivity studies using the PFS model. 

Basel ine  Study F-T 1-1 



Section I Introduction and Summary 

o Task 6: 

o Task 7: 

Document the PFS model and develop a DOE training session 
on its use. 

Perform project management, technical coordination and other 
miscellaneous support  functions. 

12 SUMMARY 

During the reporting period, work progressed on Tasks 1, 2, 4, 6 and 7. This report 
covers work done during the period and consists of four sections: 

o Introduction and Summary. 

o Task I - Baseline Design and Alternatives. 

o Task 2 - Evaluate baseline and alternative economics. 

o Task 4 - Process Howsheet Simulation (PFS) Model. 

o Task 6 - Document the PFS model and develop a DOE training session 
on its use. 

o Project Management and Staffing Report. 

Completed work on Task 1, during the period of this report, consisted primarily of 
finalizing and reporting the Western Coal Case design. A Topical Report was 
prepared, summarizing the design basis and considerations, material and utility 
balances, capital and operaffalg cost estimates. A similar report was written for the 
Alternate (ZSIVi-5) Refining Case reported earlier. 

Under Task 2, preliminary economic analyses were i~. rformed on both the Alternate 
Refining Case and the Western Coal Case. Results were compared with each other 
and with that of the Baseline design. The same set of economic assumptions, taken 
directly from the Direct Liquefaction Baseline Study, as specified in the original 
Request of Work, was used for the analysis. This information was presented and 
discussed in the February 2, 1994 Technical Progress Meeting. 

Under Tasks 4 and 6, some of the individual plant simulation models were further 
revised and enhanced. The three complete process simulation models were tuned to 
the latest ut i l i ty balances and cost estimates, and the models were tested to verify 
that they were operable over the required ranges. A Topical Report, documenting 
the ASPEN process simulation models was drafted. 

Under Task 7, cost and schedule control was the primary activity. A technical 
progress meeting was held at Bechtel San Francisco office, on February 2, 1994. 

Baseline Study FoT 1-2 



Section 2 

Task 1 -  Baseline Desisn and Alternatives 

Work progressed during this quarter consisted mainly of finalizing the Western 
Coal Case design. A Topical Report was drafted, documenting the design basis and 
considerations, material and uRtity balances, capital and operating cost estimates. 

2.1 WESTERN COAL CASE 

Area 100 (Syngas Production) plant ~ and process descriptions, along with 
material balance tables were reported in the fifth (October-December' 92) Quarterly 
Report. Description of the Western Coal Case zero-discharge raw water treatment 
plant was presented in the last quarterly report (October-December '93). 

Of the remaining design information, material balance summaries for Areas 200 
and 300 are given m Tables 2-1 to 2-7, along with the overall plant utility summary 
(Table 2-8), steam flow distribution (Figure 2-1), and catalyst and chemical 
requirements, Table 2-9. 

As a result of the February 2, 1994 technical progress review meeting, a new Fischer- 
Tropsch catalyst/wax separation scheme using Kerr McGee's Critical Solvent 
Extraction (ROSE) unit will be developed and incorporated into the baseline design. 
The Alternative Upgrading and Western Coal Case design will be revised as 
appropriate. 

Baseline Study F-T 2-I 



Table 2-1 
Material Balance Summary 

Plant W201-Fischer Tropsch Synthesis 
(Wyoming Coal) 

M 
| 

tO 

Slream No. 

Pha56 
Component Flows 

LBmollhr 
H2 
N2 
02 
CO 

CO2 
H20 
CH4 
C2H4 
C2H6 
C3H6 
C3H8 
ICAHB 
NC4H8 
IC4HIO 
NC4H10 
C6H10 
105H12 
NCSH12 
C6H12 
IC6H14 
NC6H14 
C7.019 

WAX 
OXYAP 
0)44O 
OXH~ 
cata!y',t 
Total 

Total Iblhr 
Mol, WI, 
MMSCFD 

201,1 
Syngas 

from sulfur 
Polllhln~l 

Vap 

36,553.0G 
742.6E 

89,80 ! .00 
6,195.78 

23.29 

133,315.7E 
2,882,000 

2162 
1,214.24 

201.2 
i i i 

Water 
addit ion 
ToFT 

LIq 

4,610.3; 

4,610.32 
83,056 

10.02 

201,3 
Feed To F-T 

Reactor 

, , , ,  , ,  

Yap 

48,926.00 
2,150. IE 

96,990.0(] 
7,952.O~ 
9,565.39 

416.34 
0.01 
0.OI 

165,989.94 
3,404,400 

20.51 
1.511.84 

201.4 
F.T 

Vapor 

Vap 

14,439.0C 
2,149.58 

11,780.00 
53,747.00 

2,607,01 
1,368.12 

389.11 
97.28 

345.05 
60.89 
13.46 

256.63 
3.36 

63.90 
200.00 

6.96 
62.68 

173.20 
5.77 

51.94 
975.99 

3.04 
43.10 

163.61 
167,96 

89,172.53 
3,111,000 

34.89 
812.18 

201.5 
W;x 

LIq 

0 . 6 '  

O.O¢J 

0.51 
10.25 
3.55 
0.13 
0.09 
0.03 
0.20 
0.04 
0.02 
0.30 
0.00 
0.08 
0.40 
0,01 
0,15 
0.67 
0.02 
0.22 

52.64 
453.69 

0.10 
1.48 
0.36 

526.66 
292,120 

565.72 

201.6 
Aqueous 

Oxygenates 

Liq 

0.00 

0,00 
3,34 

2,205.05 
0.00 

0.3E 

157.96 

2,366.73 
47,087 

19.90 

201.7 
Off Gas 

To 
Fuel 
Vap 

3.42 
0.49 

2.77 
23.67 

1.99 
0.46 
O. 18 
0.05 
0.22 
0.04 
0.01 
0,20 
0,00 
0.05 
0.17 
0.01 
0,05 
0.1~ 
0,0(] 
0.O3 
0.12 

0.03 
0.02 
0.09 

34.1E 
1,264 
36.97 



Table 2-1 /Cont.| 
Material Balance Summary 

Plant W201-Flscher Tropsch Synthesis 
(Wyoming Coal) 

IO 
I 

Stream No. 

Phase 
Component Flows 

LBmollhr 
H2 
N2 
02 
CO 

CO2 
H20 
CH4 

C2H4 
C2H6 
C3H6 
C3H8 
IC4HO 
NC4H8 
IC4HI0 
NC4HIO 
CSHIO 
IC5H12 
NCSH12 
C6HI2 
IC6H14 
NC6H14 
C7-C19 

WAX 
OXVAP 
O)llC 

OXH'a) 
C l l l l y s l  

TOW 
ToIM Ib/hr 

Mol. Wit. 

201.8 
Water 
For 

Oxy9 Wash 
LIq 

1,200.00 

1,200.00 
21,618 

18.02 

201.9 
Aqueous 
Water To 
Treatment 

Uq 

0.15 

0.05 
0.00 

1,200,00 
0.00 

27.11 

1,227.32 
23,000 

18.74 

201.10 

Liquid 

Llq 

S.8G 
1.3.1 

7.05 
345.15 

44.40 
2.30 
2.31 
0.82 
7.71 
t .S( 
0.84 

16.2l 
O. le 
4.6E 

31,11 
I ,OE 

1 1,7E 
61,41 

1.3~ 
20.3E 

859.6 
3.0, 

16.6¢ 
146.0~ 

1,593.43 
173,750 

109.04 

• lrdlcelo| Row In ItVhr; Catalyst replacement fate Is 

201.11 
Unconverted 

8ynole 

yap 

14,433,00 
2,148.24 

11,772.00 
53,399.00 

357.51 
1,365.73 

386,70 
06.46 

337.33 
60.33 
t2.62 

230.40 
3.18 

69.22 
177.88 

5.90 
50.92 

111.79 
3.88 

31.56 
t l6 .57  

17.45 

85,185.77 
2,888,800 

33.01 
775.$7 

J.,la 

I 1.614 It~day) 

201.12 
Pretrealed 

Calalymt 
To F.T 
Slulry 

1652.25' 

4p75, 

2132 

201.13 
Waste 

Catalyst 1o 
Disposal 

Solid 

24.25" 

470.75' 

504 



Table 2-2 
Material Balance Summary 
Plant W202-CO2 Removal 

(Wyoming Coal) 

Stream No."' 

Phase 
Component Flows 

Lbmollhr 

202.1 
i i l l  

Unconverted 
Synges 

From FoT 

H2 
N2 
02 
CO 

CO2 
H20 
CH4 

C2H4 
C2H6 
C3H6 
C3H8 
IC4H8 
NC4H8 
IC4H10 
NC4H10 
C5H10 
IC5H12 
NCSH12 
C6H12 
IC6H14 
NC6H14 
C7-C19 

WAX 
OXVAP 
OXHC 

OXH20 

Total 

Vap 

Total Ib/hr 
Mol.Wt 

I~ISCFO 

202.2 
Deethenizer 

19.17 
13.54 

14.433.0(: 
2.148.24 

11.772.00 
53,399.00 

357.51 
1.365.73 

386.7g 
96.45 

337.33 
59.331 
12.62] 

239.4C 
3.1J: 

59.22 
177.89 

5.9(: 
50.92 

111.7g 
3.88 

31 .SE 
116.57 

17.4 E 

i i  

85.185.77 
2.888.80(: 

33.91 
775.87 

Overhead 
Vapor 
Vap 

202.3 
necyclo Gas 

To 
Compressor 

Vap 

14.452.00 
2,161.85 

11.861.00 
269.5(: 
357.521 

1,423.8(: 
642.9¢ 
221,02 
354.24 

61.11 
12.62 

239.40 
3.1fl 

59.22 
177.85 

5.90 
50.92 

111.7g 
3.88 

31.57 
116.57 

17.45 

89.62 
500.65 

0.00 
58.07 

256.12 
124.58 

16.91 
1.76 

1,060.43 
37,614 

34.81 
9.84 

• 32.635.33 
566.150 

17.35 
297.24 

202.4 
Scrubbed 

CO2 

Vap 

53.630.00 

53.630.00 
2,360,200 

44.01i 
488.461 

2 - 4  



t 

¢n 

L Stream NO. 
i 

PheN 
Component Flowl 

LBmol lhr 
H2 
N2 
02 
OO 

CO2 
H20 
Ctt4 

C2H4 
C21~ 
C3H6 
C3H8 
IC4H8 
NC4H6 
IC4HI0 
NC4HIO 
C6H10 
ICOHt2 
NCSH12 
C6H12 
IC6H14 
NCGH14 
C7-CI9 

WAX 
OXVAP 
OXHC 

OXH20 

Total 
Tolol Ib/hr 

Mol. WL 

Table 2-3 
Material Ba|an¢e Summary 

Plant W203-Compression & Dehydration 
(Wyoming Coal) 

203.1 
8yng|e From 

CO2 
R~nT.~V • I 

Vap 

14,452.0( 
2,101.05 

11,861.00 
260.60 
3,57.62 

1,423.80 
642.90 
221.02 
354.24 

61.11 
12.62 

239.40 
3.18 

59,22 
177.68 

5.00 
50.92 

111.70 
3.88 

31.57 
116.57 

11.61 

32,635.33 
666,15¢ 

17.3e 
297.24 

203.2 
Liquid 

Hydrocarbons 
To Oeelhenizer 

LIq 

0.66 
0.16 

0,93 
0.25 
8.64 
0.32 
0.53 
0.27 
1.22 
0.~.4 
0.13 
2.55 
0.O3 
0.73 
5.15 
0.17 
1.88 
9.73 
0.30 
3.15 

41.72 

90.26 
7,04C 
66,116 

17.45 

203.3 
Syngss To 

Hydrocarbons 
,Recovery 

Vap 

14,452.00 
2,161.70 

11,860.00 
269.25 

1,423.48 
642,37 
220.76 
353,02 

60,87 
12.49 

236,85 
3,15 

58.4g 
172.72 

6.73 
49.04 

102.06 
3.59 

28.42 
74.04 

6.95 

32,196.79 
552,030 

17.16 
293.25 

203.4 
Water To 

Waste 
Treatment 

LIq 

259.5; 

259.57 
4,676 
18.O2 

203.5 
Unused Fuel 
Gee From H2 

Recovery 
v~ 

1,795,70 
330.1 I 

1,808.90 
17.04 

240.93 
59.59 
58.63 

3.66 
0.50 
0.01 
0.24 
0.01 
0.04 
0.02 

0.00 

4,315.41 
71,782 

16.63 
39.30 

203,6 203.7 
Fuel Gee From 
H2 Recovery/ 
Regeneration 

Yap 

2265.14 
416.41 

2281.79 
21,50 

303.92 
75.17 
73.96 
4.62 
0.63 
0.02 
0.31 
0.0t 
0.06 
0.02 

0.00 

5,443.54 
90,546 

16.6-'1 
49.56 

Total Fuel Oas 
To 

Gas Header 
Vap 

4060.8'1 
746,52 

4090,6e 
38.541 
89.31! 

544,85 = 
134,77 = 
132,59 

8 2 8  
1.13 
O.03 
0.55 
0,01 
0.10 
0.04 
0.00 
0.01 
0.00 

9,848.26 
103,939 

16.65 
89.70 



I 

0't 

L Stream No. 

Phase 
Component Flow~ 

Lbmollhr 
H2 
N2 
O2 
(30 

CO2 
H20 
CH4 
C2L14 
C2H6 
C3H6 
C3H8 
IC4H8 
NC4H8 
IC4HIO 
NC4HIO 
C5H10 
IC5H12 
NC5H12 
C6H12 
ICGH14 
NC6H14 
C7.C19 

WAX 
OXVAP 
OX}lC 
OXH20 

Total 
Total Iblhr 

Mol. Wt. 
MMSCF'D 

204.'I . . . . . . .  204.2 
i i 

Syngen Syngas 
To 

H2 RlceVtry 
yap 

14,430,00 
2,149,64 

11,779.00 
110.97 

1,368,12 
388,07 

90,99 
23.84 

3.26 
0.09 
1.5g 
0.0~ 
0.2~ 
0.11 
0,00 
0.02 
0.91 

0.00 

30,355,05 
461,000 

15,19 
276,47 

From 
Dehydril lon 

Vep 

14,452,00 
2,161.70 

11,860,00 
269.25 

1,423,46 
642,37 
220.76 
353.02; 

60.871 
12.49! 

236.85 
3.15 

58.49 
172,72 

6.73 
49.04 

102.06 
3.59 

28.42 
74.84 

5.95 

32,196,79 
552,030 

17,15 
293.25 

Material Balance Summary 
Plant W204-Hydrocazbon Recovery 

(Wyoming Coal) 

204.3 
HC Liquids 

To 
Daethenlzar 

Llq 

12,66 
12.05 

80.74 
158.27 

55.36 
254,30 
129.77 
329.10 

57.62 
12.41 

235.26 
3,12 

58.20 
172.61 

6.73 
49.02 

102.05 
3.59 

28.41 
74,84 

5.95 

1,841,13 
91,031~ 

49.44 

204.4 
HC Liquids .... 

From 
Compr & Dehy 

Liq 

0.66 
0.15 

0.93 
0,25 
8,64 
0,32 
0.53 
0.27 
1,22 
0,24 
0.13 
2.55 
O.O.q 
0.73 
5,1E 
0.17 
1 .SO 
9.70 
0.3¢ 
3.1E 

41.7~ 

11,51 

90,26 
7,840 
86,86 

204.6 
HC Liquids 

From 
F-T Reactor 

Uq 

6.85 
1.33 

7.95 
345.1E 

44.49 
2.3 c . 
2,31 
0.82 
7.72 
1.56 
0.84 

16.22 
0.10 
4,68 

31.12 
1,06 

11,76 
61,41 

1.89 
20.38 

059.61 
3.04 

15.60 
146.06 

1,593.43 
173,750 

109.04 

' ~ 4 . 6  
Deethanizer 
Underllow 

Liq 

3.02 
53.12 

1.0O 
6.28 

321.21 
57,63 
13.37 

254.0,1 
3.3Q 

63.6 I 
208,89 

6,9E 
62,6E 

173.19 
5,77 

51.94 
976.18 

3,04 
15.60 

163.51 

2,444.39 
235,010 

96.14 

204.7 
Deethanizer 
Overhead 

Vapor 
Vap 

19.17 
13.54 

89,62 
500.65 

58.07 
256,12 
124,58 

16.9l 
1.78 

1.080.43 
37.(~ 14 

34.81 
9.84 
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Table 2-4 (Cont.) 
Mate r ia l  Dalance S u m m a r y  

Plant W204-Hydrocarbon Recovery 
(Wyoming Coal) 

Slreem No. 

ph.~se" 
Component Flow 

Lbmollhr 
H2 
N2 
02 
OO 

CO2 
H20 
CH4 
C2H4 
02H6 
C3H6 
C3H8 
I04H$ 
NC4H8 
IC4H10 
NC4HlO 
CSHIO 
IC5H12 
NCSH12 
C6HI2 
iC6HI4 
HCGHI4 
C7-CI8 

WAX 
OXVAP 
O)OiC 

OXH20 

Total 
Total Iblhr 

Mol. Wt. 
I~aSOF1) 

204.12 
Feed To 
Product 

Ftactionalor 
Uq 

0.64 
o.og 

0,51 
13.27 
56.66 
0.13 
1,12 
6.31 

321.41 
57.67 
13.39 

254.33 
3.33 

63.6g 
200.3© 

6.97 
62.61 

173,6~ 
5.6© 

52.16 
1.028.82 

456.72 

164.99 

2.953.0G 
526.314 

176.17 

204.13 
Fractlonetor 

Overhead 
To AlkylMIon 

Yap 

0,64 
O,Og 

0,51 
10.62 
8.5C 
0.13 
1.12 
6.31 

321.41 
57.67 
13.39 

254.33 
3.33 

63.6E 
200.7e 

6.07 
22.56 

900.05 
52.620 

53.69 
8.93 

204.14 
Condenemte 
To wmler 
Treatment 

LIq 

204.15 
Niphlhs To 

Hydrolteetlng 
Plant 
Llq 

2.65 
48.18 

0.$4 
0.00 

40.22 
173.86 

5.60 
52.16 

594.01 

79.19 

50,63 945.76 
986 9e.654 

19.37 104.31 

204.16 
Disllll lte To 

Hydrotreetlno 
Plant 
Llq 

434.8 

85.7g 

520,6© 
91.079 
176.49 

204,19 
Wax To 

HydrocracklnG 
Plont 
LIq 

456.73 

456.73 
282.170 
617.81 



Stream No. 
i i i i i  

Phase 
Component F'ow= 

Lbmol/hr 
H2 
N2 
02 
CO 

CO2 
H20 
CH4 

C2H4 
C2H6 
C3H6 
C3H8 
IP,,4HS 
NC4H8 
[~HI0 
NC,4H10 
~H10 
IC5H12 
NC5H12 
C6H12 
IC6H14 
NC6H14 
C7-C19 

WAX 
OXVAP 
OXHC 

OXH20 

Total 
Total Ib/hr 

Mol. WL 
MMSCR) 

Table _ 2-5 
MateHa] Balance Summary 

Plant W205-Hydrogen Recovery 
(Wyoming Coal) 

205.1 
H2 From CmL 

Re|ormer 
Area 300 

v,p 

2.113.03 

69.73 

100.99 

2.283.7. • 
8,41, ~ 

3.6E 
20.8¢ 

205.2 
Recycle Gas 

From 
Plant 204 

Vap 

14,439.00 
2,149.64 

11.779.00 
110.97 

1.368.12 
368.07 

90.99 
23.84 

3.26 
0.09 
1.59 
0.03 
0.29 
0.11 
0.00 
0.02 
0.01 
0.00 
0.00 

i i  | 

30,355.05i 
461.000 

15.1~ 
276.47 

205.3 
1-12Product 

From 
PSA 
Vap 

3,065.51 

, i  

3.066.51 
6,181 

2.02 
27.93 

205.4 
Fuel (Purge) 

Gas 

Vap 

4060.84 
746.52 

4090.69 
38.54 

544.85 
134.77 
132.59 

8.28 
1.13 
0.03 
0.55 
0.01 
0.10 
O,04 
0.00 
o.0I 
0.00 

9o758.95 
162,33C 

16.63 
86.88 

i 205"5 
Autothermai  

Reformer 
Feed 
Vap 

9,424.75 
1.403.13 

7.688.69 
72.44 

893.01 
253.30 

59.39 
15.56 

2.13 
0.06 
1.04 
0.02 
0.1! 
0.07 
0.0C 
0.01 
o.00 

0.0C 

19,813.8C 
300.90¢ 

15.1 c . 
180.4E 

2 - 8  



Material Balance Summary 
Plant W206-Autothermal Reformer 

(Wyoming Coal) 

Streom No. 

PttlSe 
Component Flows; 

Lbmol/hr 
H2 
N2 
02 
(3O 

CO2 
H20 
CH4 

C2H4 
C2H6 
C3H6 
C3H8 
IC4H8 
NC.4H8 
IC4H10 
NC4H10 
C5H10 
IC5H12 
NCSH12 
C6H12 
IC8H14 
NC6H14 
C7-C19 

WAX 
OXVAP 
OX)¢ 

OXH20 

Total 
Total Ib/hr 

Idol. WL 
MlJSCR) 

206.1 
Oxygen 

Addition To 
Rofc.rmer 

Vap 

4.36 
832.51 

836.8l 
26.761 

31.98 
7.62 

206.2 
~tol~m 

Addition To 
Reformer 

vap 

6.147.93 

6.147.93 
110.76(: 

18.0: 
56.0C 

206.3 
Syngos 
From 

1t2 Recovery 
V~ 

9.424.75 
1.403.13 

7.688.69 
72.44 

893.01 
2.~3.30 

59.39 
; 5.56! 
2.13 
0.0E 
1.04 
0.02 
0.1g 
0.071 
O. OOI 
0.01 
0.00 

0.00 

19.813.80 
300.900 

15.19 
180.46 

206.4 
Recycle Gas 

To 
F.T Reactor 

Vap 

12.373.00 
1.407.48 

7.188.96 
1.756.24 
4.946.06 

393.05 
0.01 
0.01 

28.063.83 
438.420 

15.62 
255.61 

2-9 



M 
I ...x 

o 

T a ~  
Material Balance Summary 

Area W300-Product Upgrading and Refining Summary 
(Wyoming Coal) 

Icomponem 
H2 
N2 
(3O 
CO2 
I-t20 
CI 
C2,, 
C2 
C3= 
CO 
IC4 
nC4 
C4,, 
K;5 
nC5 
C5= 
C6,, 

nC6 
C7.C10 (N~hlha} 
C11.C19 {Dhllllale} 
C19. (Wax) 
180.300OX 
300.3500X 
350.7000X 
Refofm~e 
C3 Alkylale 
C4 Nkylale 
C5 Nkylale 
G5 bommme 
C6 Isommale 
CT.~k:}O HC, 
300-350 HC 
950,500 HC 
500-700 HC 
07.000 HTU 
3O0-3,50 HTU 
350.~0 HTU 
500, HTU 
H',O Pmdumd 
fermi (tblhO 
rot ,  z (BPSD) 
Dentally (Iblfl3) 
MoL Wf 

................ ~ .  . Niphlha Hydrolra=llng .- ................ > 
Feed 

I H2Requi'ed. 3oo.2 I 303.1C4" , 303.2 | 3030  .'.'l.." 303.:~ 
! ' ! C5'C5 IC7.  Na~hlha IH20 Pmdcod 

1204 e~' I ~  m B I 

1471 0 O O 
0 0 O 0 
0 O 0 0 
0 0 0 0 
0 0 0 0 
0 358 O 0 
0 0 0 0 
0 1378 0 0 
O 0 0 0 
0 1752 0 0 
0 243 0 0 
0 !171 0 0 
0 0 0 O 

25 O 78 0 
3625 0 4207 O 

0 O 0 0 
14632 O O 0 
499 O 2000 0 

4495 O 17996 0 
69258 O fl 0 

0 O 0 0 
0 0 0 0 

6960 0 0 0 
730 O 0 0 

0 0 0 0 
0 0 0 0 
0 0 O 0 
O 0 O 0 
O O o 0 
0 O O 0 
0 0 0 0 
0 0 0 0 
O 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 o 54500 
O O O 15471 
O O O O 
0 0 O 0 
O 0 O 0 

100225 1471 4902 24351 59971 
964~ 2 5 4 5  6755 

44 .4 f f 0  31,2678 40,9f51 44.2551 
9~87 ~ 0 2  37.08 83.28 |17.1$ 

204,18 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

844O0 
O 
0 
0 

6528 
O 
O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
O 
O 

2437 0 
2437 91008 
167 8054 

62.2978 48,2960 
15.02 f92.$3 

Distillate Hydl 
I H2 Required 

,l 309.2 

~lfealing ........ ~:.. 
C4. [ Des~ 

726 0 0 
0 0 
0 0 
0 0 
0 0 
84 0 
0 0 

127 O 
0 0 

296 0 
127 0 
211 0 

0 O 
O 0 
O 0 
0 0 
0 0 
O 0 
0 0 
O 0 
0 0 
0 0 
0 0 
O O 
0 0 
0 0 
0 0 
0 O 
O 0 
0 0 
O 0 
O 0 
0 0 
0 0 
0 0 
0 0 
O 0 
0 54305 
O 35751 
0 0 

726 B4S 90056 
lOS 8093 

34.4507 47.5589 
2.02 38.40 192.28 



h.t 
I 

, . &  

,..dl, 

M a l e d a l  Balance S u m m a r y  
Area W300 .Product  Upgrad ing  a , d  R e f i n i n g  S u m m a r y  

{Componenl 
H2 
N2 
CO 

H20 
C! 
C2. 
C2 
C3- 
C3 
IC, I 
nC4 
C4- 
iC5 
nCS 
C5. 
C6- 
IC6 
nC6 
C7.CIO (NIl~lha) 
Cl 1-C19 (DiIIIIMe) 
C18. (Wax) 
100-000OX 
300-350OX 
350-700OX 
Roformale 
C3 Alkyiale 
04 Alkylale 
C6 AkyUn 
CS bomerale 
C6 bomeqale 
C?-300 HG 
300.360 HC 
350.S00 HC 
500.700 HC 
C?-~O0 HTU 
300-360 HTU 
350.80O HTU 
600* HTU 

PfoduoN 
Tolel (I.bll~r) 
TeMI (BPJID) 
Density (IblflJ) 
Mol. V,~ 

H20 Producec " Feed H2 Required 
302 .3  204 .12  300.1 

3809 

833 
133 
S7 

|2 .3~7 |  
I 0 .02  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
o 

282t74 
0 
0 
0 
0 
0 
0 
0 
0 
0 
q 

0 
0 
0 
0 
0 
0 
0 
0 

212lF4 
20730 

| l . f ? ? #  
4f~0`1 

3100 

,1.02 

( W y o m i n g  Coal )  

Wa,~ Hydrocrzcklno 
I C4. ~ C5,C6's  I 
[ 501.1 / 301.2 [C7,  

Najphlha 
361.3 " 

. .  . . . . . . . . . . . . . .  . o o . * . . . * * . . . . . )  

Dis,I/Rio IH20 Ploducod 
301.4 | '  301.5 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

139 0 0 0 
0 0 0 0 

139 0 0 0 
0 0 0 

4148 0 0 0 
5484 0 0 0 
4457 0 0 0 

0 0 0 0 
0 6638 0 0 
0 5776 0 0 
0 0 0 
0 0 0 0 
0 10875 0 0 
0 6670 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 o 0 
o 0 o o 
o 0 o 0 
0 0 o 0 
0 o 0 o 
0 0 0 0 
0 0 0 0 
0 0 40580 0 
0 0 13034 0 
0 0 0 50426 
0 0 0 126506 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

f4371 30fSJ S36`12 fosta`1 
3 a g i  SI71 f6365 

4g .2 f lY  44,2f42 48,`1Sif 
Sf .6 f  71.?O 

OlolJn Feed J ic4 Makeup 

1892 
f a t 3  
f30 

62.28Fa 
11.o2 

204.9t204.i3 ] 305.1 
0 0 
0 0 
0 o 
0 0 
0 0 
0 0 
0 0 
0 0 

13525 0 
2543 0 
194 46198 

3702 1924 
1502! 0 
478 0 
906 0 

14679 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

SI04# 46r2~ 
6009 SSeO 

35.3062 3S. fOOl 
$4~17 SJ. f2 



| 
._A 

IComponenl 
H2 
N2 
00 
CO2 
H20 
CI 
C2- 
C2 
C32 
O3 
IC4 
nC4 
C4- 
IC5 
nO5 
C ~  
C6= 

nC6 
C7.010 (Naphlha) 
C!1.C19 (Dlsllllale) 
C19. (Wax) 
180.3000X 
300-350OX 
350-700OX 
Riformale 
C3 Alkylale 
C4 AIkylsle 
C5 Alkylalo 
C5 Isomerale 
C6 Isomorole 
C7-300 HG 
300-350 HC 
350.500 HG 
500-700 HC 
C7-300 HTU 
300-350 HTU 
350-500 HTU 
500, HTU 
H20 Produced 
Tofm~ (Lb/ht) 
ToMI (BPSD) 
D-nslly Ob/l13) 
Mol, Wt 

 bJL3:Z_  
M a l e d a l  Ba lance S u m m a r y  

ARa W300 -Product Upsradin S and Refinln 8 Summary 
(Wyoming Coa l )  

C31C41C5 AIk¥1eilon .. ................ > < . . . .  C4 Isomedzallon .. 
I ^lkylale,, I 

C4's i .... 307.2 I 307.1 
0 0 
0 0 
0 0 
0 0 , 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

5626 0 
0 0 
0 478 
0 906 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 32216 
0 30779 
0 25682 
0 0 
0 0 
0 0 
0 0 
0 0 
O 0 
0 O 
0 0 
0 0 
0 0 
0 0 

5626 90051 
65!  8605 

36.3|78 44.2608 
50.12 106.87 

C3. 
307.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 

2543 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2543 

3 | ,5859  
44. f0  

HC/~c~ Loss 
I 307.4 

932 
932 

PurchasQdC41H2Roquirod 
30n.4 300.5 

0 22 
0 
0 
0 
0 
0 
0 
0 
0 
O 

1323 
25145 

0 

<-- C51C6 I_somellzatlon 
FuolG~ C4. [ 
30S,2 306. i  

I fsomerafo 
....... ao6.2 

0 
0 
0 
0 
0 

92 
0 

207 

559 
0 
0 
0 
0 

0 0 
0 0 
o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 o 
0 0 
0 0 
0 0 
0 0 
o o 
0 0 
0 0 
0 0 
0 0 
o 0 
o 0 
0 0 
0 0 
0 0 

28469 22 B$8 
3 fV5 

36.3205 31,7323 
5B. 12 2.02 33.92 

I H2 Roqu,~] 
3oo.6 ...... 

0 0 78 
0 0 
0 0 
0 0 
0 0 
49 0 
0 0 
16 0 

0 
644 0 
3o0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1668D 
0 36899 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

10 f0  53588 78 
5835 

34,0043 40,6473 
100.27 81.26 2.02 



I%1 
| 

c ..... C i l l l y l l (  Roformln 
Rolofmale H2/C2. 

Table 2-7 (4) 
M a l e r l a l  Ba lance  S u m m a r y  

A r e a  W300  - P r o d u c t  U p g r a d i n g  a n d  R e l i n i n g  S u m m a r y  (4) 

(Wyoming Coal) 

~9 ....... ~' . . . . . . . . .  9-,Iufaled Gel pl-nUProducl Flecoveey 
] C3/C4 C4'S C2- Fuel Gas G3 H20 C~.,;~,no Dtest¢ 

H2 
N2 
00 
CO2 
1420 
C1 
C2- 
C2 
C3, 
C,1 
ICA 
nCal 
CA. 

nCS 
CS. 
C6. 
IC6 
nG6 
C7-CI0 (Nq~lhs) 
CI I .C19 (Dlsfillale) 
CTg~ (Wax) 
180-3000X 
300.3S00X 
350-7000X 
Ref~m61e 
C3 Alkyl~e 
C4 Alkldale 
CS Alky~ue 
CS la,)merme 

leomea'mo 

3 0 0 - ~  
350.600 
6 0 0 . ~  HC 
C7.300 HTU 
300.350 HTU 
3S0.S00 HTU 
800. HTU 
HIO Red.~d 
Toeel (LIwhl) 
ToW ( ~ l O )  
O~ns#tV (#I~ttS) 
~ .  w m ~ ~  

0 4264 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1117 0 
0 0 
0 3033  0 
0 0 
0 0 3856 
0 0 2319 
0 O 2885 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 O 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 O 

104130 0 0 
0 0 0 
0 0 0 
0 0 0 
0 O 0 
0 0 O 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1 0 | 1 3 0  1404 | O S t  
04a9 1143 

41. fOYO 33.0653 
3 . | 0  SI .  f l  

308.1 308.3 306.3 300.4 306.5 300.6 
o I 0 0 0 
0 2 0 0 0 
0 14 • 0 0 0 
0 467 0 0 0 
0 0 0 183 0 0 
0 725 0 0 0 
0 31 0 0 0 
0 2015 41 0 0 
0 0 0 0 0 
0 0 13798 0 0 

8313 0 170 0 0 
8550 0 174 0 0 

0 0 0 0 0 
0 0 0 478 0 
0 0 o go6 o 
o o o o o 
o 0 o 0 o 
o 0 0 0 o 
0 0 0 o o 
o o o 0 0 
0 0 0 o o 
0 0 0 0 0 
o o o o 0 
0 0 0 0 o 
o 0 0 0 0 
0 0 0 106130 0 
0 0 0 32216 0 
0 0 0 30779 0 
0 0 0 25682 o 
o o o 16688 o 
0 0 0 38899  0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 $9426 
o o 0 o 126506 
0 0 0 0 o 
0 0 0 0 0 
0 0 0 0 54305 
0 0 0 0 3S751 
0 0 0 0 0 

| 6 J I 4  32$7 t4103 153 241778 27St88 
2@fl  f i l e  f f  23FSt 244Se 

3 | .F |52 3|.1356 62.2 |Y l  44, J33J 41.2375 
| l .  l t  25.S! 44.30 10.02 



Plant I Plent 
No. Desc r i p t i on  

Load 

Table 2-8 (1) 

Western {Wyoming) Coal Design 
Util i ty Balance Summary 

BI-P 
aAre l  100 i 

W101 iCoal  Recmv~9/'Slorage ~ 2900 
W102 iCoa l Dryin01Gnndin 9 ~. 40696 
W I 0 3  ShellGa.~ficalion . 66160  
..W105 ~ Wafer Slapp~r~ :i 146 
W I 0 6  iAc idGas Remov-41 .. = 9050  
W107 ~Sullur ,.P, jecovery/TGT , 34"7 
WlO6 S.llur P,o~'~9 , o 
W109 ,,Syn~as Wet Scrubb!nq , 792  

I W l 1 0  ~A~f Separation i 458  
iSubt°ta, !i i 120549  

r ,, A r l o  200 ~ 
F W20'1 ,F-T Syt't_lhesis 4894 

W202 CO2 Removal = ~'' 9595  
L W203 =Dehydration/Compress i 0 

W204 iHyamcarbon Recover/' ~ 1198 
, W205 ,JFlyr~ro<jen Recovery J 16 

W206 ~Amolhermal Relormino 0 
~Sublo~ ;i_l: . . . .  6 15704 

i , iA ree  300 i 
W3Ol ,wax H y e ~ k i r ~  , 2479 

, W302 ,Disldtam Hydrolregling , ! 3 6 5  
[ W303 ~Naphma H vd,ro~.reatinq t 947 
, W304 =Ca..lalylic Reforming i 3754 
! W305 IC.4 :~omenzat~on 872 
I ,W306 IC.,5,'C~ ,l~lomerizaZion i 118 
i W307 tC3/C.4/C5 Alkylalion 1 6463 
I W308 iSatura ledG~;  Plan! ~ 119 

z suOl° |a l :  i 18119 
i .... i O f f  s I tes  • i 
i W19, rReke! andBIowdown ,z 2 3  
, W20 ~Tankaqe 87  

,J W22 ~ P r o d u C ~  i 1617 
W23 iTard( Car/Track Loadmq ~ 39  

, W25 ~C.m'./Cl'm.m,,,. Handing, = 60  
= W31 zSleam and P o w o r ~ ,  ~ -83921 
, W32 ,Raw.'Cookr~./PoL Waler i 10519 

W 3 3  IF. 'e Pr¢~ect~on S~Jlem , 53  
i . W 3 4  iSewa~e/l~ffi: Tmalrrlerll I 6234 
I W35 i~inSl.mrnem/Pfam Air i ~ 3685 
I W36 ~PurgeMlush Oil S~J~om ~ 0 
I W37 ~Sok¢l W~SI~ Mall=l~Irlenl t 59  
, W40 ~ S~e 0 
I W41., Buzld~n~ I 3428 
I W42 Te~0mmuncaZmns I 16 
I Other lM!Soe41a.neoJS I 27,10 

i Su'owlal,,, . |  -55331 
ITOTAL . , 99041 
(.) ,r~icaleS PfooucliOn 

Power  

kW 

Steam. M Ib/hr 
300 PSig/1000 "F 

Produced Consumed 

. 2 4 0 3  
I 

3 3 7 3 2  
I 

5 5 ; 3 4  , , 2 4 2 9  
1 2 I  [ 

,7542 i 
288 ! 

0 [ 

66O 
381 i 

1 
100261 ! 2429 

'soo 

25 

2425 
I . 

2425  500  0 25 7 

4 0 4 5  ..... 
7 9 3 0  

0 
9 9 0  

12 
0 

~2977 

"1999,, 
7075  
746  .... 

. . . . .  ~3 
6 6 6 4  

94 
1 4 3 1 4  

;9 
72 
0 

1270  
32  
5 0 _ .  
5O 

~65900 
8 2 6 0  

44  
4695 
2894 

. 0  
49  
0 

2 6 9 2  
1 3  
2 ! 2 8  

-43432  
8 4 1 2 0  

o 
i 

2 4 2 9  

1 6  :t 

9 I I " '  

,,68 ! 

I 
122 

(~ O 93  i 0 122  
t 

' - -  I 
67 

I 

22  
7 

t 
6 [ .,,, 

17 
. - -  [ 

. . 9  ! 

0 22  106 l 0 .  

! 

4 . 323  . 104 
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Plant , l~enl  

Ho. iDQscription 

T a b l 9  2 -8  (2) 
Western (Wyoming)  Coal Design 

Utility Balance Summary 

StNm. M ll~'hr 

P'r~oL~I E4.'islJmed l%duc~ C<:nsum~ 
Art,, 10Q 
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l~lan'i .... Plant ..... 
N o  Description 

Area 100 
Wl0~ Coal Rec,e~nqIStora~, 
W102 Coat Dry:ng/C~'ind:n_o 
W103 Shell Gasdicat~on 
W105 Sour water S t ~  
W106 ACXl Gas Removal 
WI07  Sullur Recovefy/TGT 
W108 Sullur PoSshir~, 
w109 Synqas Wet ,Scz"ubbir~ 
w110  Air Separation 

$uDlotal: 
A~,= ,,,,zoo 

w~,~  F-T Symhes~s 
W202 CO2 Removal 
W203 DehFIm=,o~/Compress 
W204 IHydroc~rbon Reo=very 
W205 ~tOro~en Recover,/ 
W206 kulo~hermal Relormin 9 

Subtotal: 
Arm 300 

'W3ol wax ~,~:rack 
W302 Distillate I-~drolroalin9 
W303 Napllllla Hydml~,eafinq 
W304 Calal~i.<.. Relorming 
W305 C4 Is~menzation 
W306 C5~C4; ~ e ; ' i z a l m n  
W307 C3/C4JC5 Alk~dalion 
w308 Sazurmed Gas Plant 

Subtotal: 
Offsites 

w19 l~ ie l  ---~ B o ~ o ~  
W20 Taqkage 
W21 i m e r ~ .  Plpin9 Syszem 
w22 Product Sh~ppir~ 

...... w23 Tank C.P.r/Truck Loadinq 
W24 CO~ Pelus~Ash Dispos,~ 

.... W25 CatJCI'K,m. Handinq 
W31 S~eam and Po, K~ Ge¢~. 
W32 Raw/Ceolincj/P~. Waler 
W3,3 F,re Prole~,)on, ,SysZem 
W34 Se~agelEIfl, Treatment 
W35 Instrumenl/PlaN Air 
W36 Put~etplusl).. Oil. System 
W37 Sokl Wasle M i l a c ~ e n t  
w40 General Sac 
W41 Bu~: .n~ 

, W42 Telecommumcations 
Oiher MkS~IlI~(XI$ 

SubloTal" 
t:o-r.~L 

[ - )  : n ~ l ¢ , l l l ~  P r o a u c ~ o n  

Western (Wyoming) Coal Design 
Utility Balance Summary 
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-94 

- 2  ' '  
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Overall 
Table 2-9 

Catalyst and Chemical Requirements 
Western (Wyoming) Coal Case 

Catalyst 
Are:= 100 

Sulfuric acid. 25 wWo 
Claus (Kaiser S-201)" 

SCOT calalyst" 
2" SS Pall nr¢js" 
MDEA" 

Sultur polishing (ZnO) 
Caustic. 25 WP/o 

Area 2 ~  
FT Ppt. Fe-catalyst 
MDEA for CO2 removal 
Molecular sieve 
Relormer. C14-2 

Area 300 
UOP LPHC Catalyst 
N~Uo Bas~ Cata~ 
N~o Based Cata~ 

Ra~foml Catalyst 
3A Mole¢. Sieve 

Englehard Isom. Catalyst 
1" Rasct~j Rings Pack 
Carbon Tetrachlon0e 
Causlk: 
KOH 

3A MOleC Sieve 
En~ehard Com. Catayst 
1" Raschig Rings Pack 
Carbon Telrachlonde 
C, aus~ 
KCH 

H2SO4 (98.5 w1%) 
(100% ~) 

Plant 

W105 
W107 

W108 
W109 

W201 
W202 
W203 
W206 

W301 
W302 
W303 
W304 
W305 

W306 

W307 

Initial 
Requirement 

3450 Ctt 
12.20 Clt 

470 clt 
94 rol 

526 c11 

2.302.869 lb 
1.211.580 Ib 

155.000 Ib 
2.76E 

233.900 
34.690 

252.900 
160.600 

4120 
11.140 

182 
11.140 

242 
818 

8220 
44,980 

197 
12.330 

270 
904 
919 

5370 

Annua l  
l Consump t i on  

16.030 Ib/hr 
690 c~yr 
244 cfUyr 
157 CtUyr 

9 ga~ 
111 c~Vyr 

5.322 I:Yhr 

11,514 
302895 

0 
cu 11 553 

Ib 33.420 
Ib 6.940 
~) 50.540 
Ib 48,380 
Ib 818 
Ib 2230 
1t3 0 
Ib ~0 
Ib 141 
Ib 5 

1646 
,~ 9000 
113 0 
Ib 162 
,~ 167 
Ib 5 
ton 37530 
Ib 314.600 

O . s l t e  

Alum 
Polymer 
98% H2SO4 
50% NaOH 

Chlorine 
Polymer 
Pac 

W32 

W34 

19.000 IbS 
6.000 Ibs 
9.000 gab 

19.000 gals 

2.000 IbS 
3.000 Ibs 
6.000 IbS 

I~d 
la/yr 

dVyr 

=~/yr 
Ib/yr 

=am 
113~. 
I:vyr 
la/yr 
rom 

l=/yr 
113/yr 
ItWr 
I=/yr 

tonh/r 
I:Vyr 

2.900 Ib/d 
1.100 Ib/d 
9.900 Ib/d 

24.400 Ib/d 

350 Ib/d 
450 Ib/d 

2.000 Ib/d 
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Section 3 

Task 2 -  Evaluate Basel ine and Alternative 
E c o n o m i c s  

Preliminary economic analyses were performed on the Base~e  Design and the 
Alternatives cases, using the same set of financial assumptions that was taken 
directly from the Direct Liquefaction Baseline Study, as requested by DOE. Most of 
the assumed parameters, however, can be vaned in the discounted cash flow (DCI~ 
economic spreadsheet. 

Results were compared with each other, and reviewed in the February 2, 1994 
Technical Progress Review Meeti.ng. The alternate (ZSM-5) Refining Case has the 
lowest capital cost and the h/ghest hydrocarbon production per unit of coal feed. 
The Western Coal Case, on the other hand, has the highest ~pi ta l  and the lowest 
hyd_rocarbon product per unit of coal feed. However, the economics expressed in 
terms of a crude oil equivalent price, favored the Western Coal Case because of its 
low coal ($4.5 versus $24.0 per ton of as received Elinois No. 6 coal) and labor costs. 

It is recognLzed t_hat these preliminary economical analyses did not consider other 
factors which may have significant impacts on the viability of a F-T coal liquefaction 
plant  These include : a) the F-T facility's prox/mity to exis/ing refineries, b) its 
operating flexibility, and c) the value of its premium upgraded products as blending 
stocks. 

Baseline Study F-T 3-1 



Section 4 

T a s k  4 - A S P E N / S P  S i m u l a t i o n  M o d e l  

D e v e l o p m e n t  . 

Previous quarterly progress reports described the development of ASPEN process 
simulation models for each of the individual plants in the indirect coal liquefaction 
complex and their integration into three complete p~ocess simulation models for 

. 

2. 

. 

The baseline design case which processes Illinois N~. 6 coal at a plant 
located in southern Illinois 
An alternate refining case in which the vapor products from the slurry 
bed Fischer-Tropsch reactors are upgraded in a dose-coupled reactor 
containing ZSM-5 catalyst 
A Western coal case processing Powder River Basin coal in a plant 
located in Wyoming. 

During this quarter, some of the individual plant models were enhanced, the three 
complete process simulation models were tuned to the latest utility balances and 
cost estimates, and the models were tested to vel~y that they were operable over the 
required ranges. 

As they now stand, the three ASPEN process simulation models essentially are 
completed and match the current Bechtel designs. However, as a result of the 
February technical project review meeting, a new Fischer-Tropsch catalyst~wax 
separation scheme using a Kerr-McGee ROSE unit will be developed, and the 
models will be revised as appropriate. However, these revisions are not expected to 
be extensive. 

4.1 ENHANCEMENTS TO THE 201 FISCHER-TROPSCH SYNTHESIS REACTOR 
MODEL 

The Fortran user block model for Plant 201, the Fischer-Tropsch synthesis plant, is 
the most sophisticated of all the Fortran user block models. This block model 
consists of thirteen Fortran subroutines. It models the slurry bed Fischer-Tropsch 
reactions, predicts the yields, predicts the utilities consumptions and productions for 
the entire Fischer-Tropsch plant, and sizes the slurry bed reactors. 

During this qu~zter, three revisions were made to this model. These involv?d 
extending the model to predict the average wax properties as a function of 
processing conditions, adding a catalyst activity parameter, and improving the 
convergence of an internal loop in the reactor sizing routine. 

The yields section of the Fischer-Tropsch reactor model was extended to predict the 
a~erage boiling point and API gravity of the wax. Since this model already predicted 
the average molecular weight of the wax as a function of rea~or temperature (wax 

Baseline Study F-T 4--1 



Section 4 Task 4 - ASPEN/SP Simulation Model Development 

yield), correlations were developed to predict the average boiling point and API 
gravity of the wax by extrapolating normal paraffin and 1-olefm data to heavier 
molecular weights. Some minor adjustments to a few additional model parameters 
were required to compensate for slight shifts in other areas of the plant as a result of 
using the new wax property predictions. 

The Fischer-Tropsch slurry bed reactor sizing model was extended to add a new 
design parameter, a catalyst activity multiplier. As a result of this addition, the effect 
of catalyst activity (relative to that of the baseline design) on the size and cost of the 
slurry bed Fischer-Tropsch reactors now can be studied. 

The convergence procedure in the Flscher-Tropsch reactor sizing model was 
improved to make it more robust. During a sensitivity study which examined the 
effect of relative catalyst activity on reactor size and cost, a problem was discovered 
with the original convergence procedure at low relative catalyst activities. 
Modifications were made to extend the range of catalyst activities which can be 
studied by improving the stability of this intmaxal convergence procedure. 

4.2 REVISIONS TO T I ~  THREE P R O S  SIMULATION MODELS 

The three ASPEN process simulation models for the baseline design, alternate 
refining, and Western coal cases were revised and tuned to match the latest utility 
balances and cost estimates. Also, some of the summary report files were revised to 
make them easier to read. 

Another revision was made to improve the way the model pred/cted of the raw 
water makeup rate. Since most of the water loss occurs by evaporation in the 
cooling towers, the mak,?up water rote now is predicted as a function of the total 
cooling water circulation rate rather than as a function of the coal feed rate. 

All three process simulation models were tested over the 5,000 to 50,000 tons/day 
coal feed rate range to verify that they function correctly over this required range. 
Some minor adjustments were made to the extend the limits in some ASPEN 
design specifications and to adjust some maximum unit sizes to obtain adequate 
behavior over the entire range. 

The ASPEN input files for the three process simulation models were cleaned up and 
additional comments were added to make them easier to follow and use. 
Additional caveats and warnings were added to the input files to help the user 
avoid some pitfalls when changing them. 

Baseline Study F-T 4-2 



Section 4 
. , | ,  

Task 4 - ASPEN/SP Simulation Model Development 

In order to avoid confusing the reader with several versions of preliminary and 
possibly conflicting results, the ASPecT model results for the baseline design case 
which were presented in the eighth (~uly-September '93) Quarterly Report are those 
for the current plant design. Similarly, the results for the alternate refining case 
using ZSM-S catalyst and those for the Western coal case that were presented in the 
ninth Quarterly Report (October-December '93) are for the current plant designs. 
Therefore, they are not reprinted here. 
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Section 5 

Task 6 -  ASPEN/SP Simulation Model 
D o c u m e n t a t i o n  

Presentations describing the ASPEN process simulation models and LOTUS 
spreadsheet economics model were delivered at the Feb.,~aary 2, 1994 Technical 
Progress Meeting. 

A draft of the Topical Report for Task IV documenting the ASPEN process 
simulation models has been prepared. This report documents the models, presents 
and compares their results with the detailed designs, provides users' instructions for 
running them. on ASPEN/SP, and contains an overview of the LOTUS spreadsheet 
economics model. • A separate restricted addendum has been prepared to document 
the LOTUS spreadsheet economics model. 

This draft report documenting the ASPEN process simulation models will be useful 
to those individuals converting them from ASPEN/SP to ASPEN PLUS. In 
addition, this draft report will be used during the model training course which will 
be given to DOE personnel at PETC after the models have been converted to ASPEN 
PLUS. 

The Topical Report for Task IV and its restricted addendum will be submitted for 
review by PETC after the final revisions for the improved catalyst~wax separation 
scheme have been made. 
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Section 6 

Projec t Management & Staffing Report 

6.1 TASK 7 - PROJECT MANAGEMENT 

Dur:mg ~is reporting period, cost and schedule control was the primary activity. A 
technical progress meeting was held at Bechtel San Francisco office on February 2, 
1994. 

6.2 KEY PERSONNEL STAFFING REPORT 

The key personnel staffing report for this reporting period as required by DOE/PETC 
is shown below: 

N a m e  

Bechtel 

Samuel S. Tam 

Gerald N. Choi 

Amoco  

R.D. K~,plan 

S. S. Kramer 

Function % "I"tme Spent (a) 

Project Manager 25 

Process Engineer 90 

Subcontract Manager 

Process Model/Simulation 

4 

74 

(a) Number of hours spent divided by the total available working hours in the period and expressed as a percentage. 
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Section 6 Pro~ect Management & S t a f f ~  Report 

Figure 6-1 

Overall Milestone Schedule 

(as of March 13, 1994) 
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