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Section I 

Introduction and Summary 

This report is Bechtel's eighth quarterly techrdcal progress report and covers the 
period of July through September, 1993. 

1.1 INTRODUCTION 

Bechtel with ~.moco as the main subcontractor, initiated a study on September 26, 
1991, for the J.S. Department of Energy's (DOE's)Pittsburgh Energy Technology 
Center (PET(:) to develop a computer mode] and baseline design 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-AC22-91PCg0027. 

Tne objectives o. ~ the study are tO: 

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 capital and operating costs for the baseline design and the 
alternatives. Individual plant costs for the alternative cases will 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 its ongoing 
and future research and commercialization programs relating to indirect coal 
liquefaction for the manufacture of synthetic 1/quid fuels from coal. 

The study has been divided into seven majoz 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 s/mulation (PFS) model. 

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

Baseline Study F-T I-1 



Section I Introduction and Summlr~ 

o Task& 

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 fianctions. 

1.2 SUMMARY 

During the reporting period, work progressed on Tasks 1, 4 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 4 - Process Fl_owsheet Simulation (PFS) Model. 

o Project M~'~agement and Staffing Report. 

During the period of this report, a Topical Report summarizing the Baseline Case 
design was drafted and issued to DOE/PETC for review and release approval. Major 
effort was spent on the Alternate Upgra ,cling and Refining Case. Its design 
specifications were finalized, mtd material and utility balances completed. Initial 
capital cost estimates were developed. A Topical Report, summarizing the 
Alternative (ZSM-5) Upgrading and Refining Case design, is being drafted. 

Under Task 4, some of the individual plant models were expanded and enhanced. 
An overall ASPEN/SP process simulation model was developed for the Baseline 
Design Case by combining the individual models of Areas 1{30, 200 and 300. In 
addition, a separate model for the simplified product refining area, Area 300, of the 
Alternate Upgrading and Refining case was developed. 

Under Task 7, cost and schedule control was the primary activity. A technical paper 
entitled "Baseline Design/Ecor.omics for Advanced Fischer-Tropsch Technology" 
was presented in the DOE/PETC's Annual Contractors Review Conference, held at 
Pittsburgh, Pennsylvania, on September 27-29, 1993. A contract amendment was 
submitted to include the Kerr McC~e ROSE unit in the Baseline design case and to 
convert the PFS models from the ASPEN/SP to ASPEN/Plus software code. 
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Section 2 

Task I -  Alternate (ZSM-5),Refinin 8 Case 

Work progressed during this quarter consists mainly of 1) finished drafting of a 
Topical Report which summarizes the Baseline Case design, and issued it to 
DOE/PETC for review and release approval; 2) completed the design specifications, 
material and utility balances for the Alternative Upgrading & Refining case using 
ZSM-5. Initial capital cost estimates were also developed. A Topical Report, 
summarizing the Alternative (ZSM-5) Upgrading & Refining design, is being 
drafted. 

2.1 DESIGN BASIS AND SPECIFIC CONSIDERATIONS 

The design basis for the Illinois No. 6 Coal Alternative Upgrading case with ZSM-5 
is almost identical to that of the Baseline case design. The inclusion of a fixed-bed 
7_,.qM-5 reactor into the F-T Synthesis Loop is to duplicate the two-stage process 
piloted by Mobil The ZSM-5 step radically alters the character of the F-T naphtha 
and light distillate fractions by converting 1-olefins and paraffins above C7 and 
oxygenates into isoparaffins, isoolefins, naphthenes and aromatics. This results in a 
higher ratio of naphtha to distillate products. Wax hydrocracking, alk-ylation and 
light ends recovery are still requLized, but no further processing of the naphtha and 
distiUate products is needed. 

The design of the plants in Area 100, Syngas Preparation, remains identical to that of 
the Baseline design. Only the plants in the F-T synthesis loop (Area 200) and 
downstream processing of Area 300 are impacted. Many of the these plants, 
however, can be prorated from the Baseline study. 

Primary differences in design from the Baseline design are as foUows: 

. Inclusion of ZSM-5 reactors into the F-T Synthesis Loop. Nine trains of ZSM- 
5 reactors are provided, eight in operation and one in regeneration mode, to 
handle all the effluents from the 24 F-T reactors. Design of the ZSM-5 reactor 
is based on Mobirs pilot plant work and it was discussed in some details in 
the April-June 1992 Quazterly Report. 

. As a result of generating a more upgraded product, Catalytic Reforming, 
C5/C6 Isomerization, Naphtha and Distillate Hydrotreating plants are 
eliminated from Area 300. 

3. Oxygenate wash towers are eliminated from Plants 201 and 204, since the 
ZSM-S converts all the oxygenates in the vapor stream into hydrocarbons. 

B~el ine  Study F-T 2-1 



Sect ion 2 Task I - Alternate (ZSM-S) Ref in ing  Case 

22 BLOCK FLOW DIAGRAM 

Alternate (ZSM-5) Upgrading & Refining Case block flow diagrams for Area 100A 
(Syngas Production), Area 200A (F-T Synthesis/ZSM-5 Reaction), and Area 300A 
{Upgrading and Refining) are ~hown in Figure 2-1 to 2-3 respectively. The suffix "A" 
was included to designate alternate upgrading. These block flow diagrams show the 
major process interconnect'ions between the various primary plants. 

The Area 100A and 200A block flow diagrams are essentially identical to those of the 
Baseline Case. The only difference is the inclusion of the ZSM-5 step in Plant 201. 
This, of cottrse, has an effect on the material balance in Area 200A. The Area 300A 
block flow diagram represents a considerable simplification over the Baseline 
design. 

2 ~  DETAILED PROCESS FLOW D I A G R A M  

The Area 100A PFDs are identical to those of the Baseline Case. The Area 200A PFDs 
are included in this Quarterly. 

2.4 F-T b-'YNTIiE.qIS/7~M-S PROCESS DESCR/FTION 

The only major differences in design between the minois No. 6 Coal Alternative 
Upgrading and hhe Baseline Study are: (1) the inclusion of ZSM-5 reactors with 
ZSM-5 catalyst regeneration into the F-T Synthesis Loop, and the elimination of 
downstream oxygenate wash towers from Area 200, and (2) the elimination of 
several catalytic upgrading processing Plants (i.e., Catalytic Reforming, C5/C6 
Isomerization, Naphtha and Distillate Hydrotreating) from Area 300. Area 100 is 
essentially identical to that of the Baseline study. 

2.4.1 P l a n t  201A - F-T S y n t h e s i s  A n d  Z S M - 5  R e a c t i o n  

The principle function of tl is plant is to convert syngas from Area 100 into 
hydrocarbon products using slurry phase Fischer-Tropsch and fixed bed Z.qM-5 
reactors. Since the syngas conversion per pass is 82.0°/o, Plant 201 is part of an overall 
recycle synthesis loop which is called Area 200. 

The Alternate Case differs from the Baseline Design due to the inclusion of ZSM-5 
reactors downstream of the Fischer-Tropsch reactors. The primary purpose of the 
ZSM-5 reactors is to increase the overall liquid product yield by converting the F-T 
reaction vapors to a high quality gasoline. Specifically, olefins, oxygenates and 
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Section 2 Task 1 - Alternate (ZSM-5) Ref!nin~ Case 

heavy paraffins in the F-T vapor are converted into a mixture of isoparaffins, iso- 
olefms, naphthenes and aromatics. 

Design Basi~ and Cor~.i.d~ration~ 

A total of 24 operating F-T reactors are required to process the syngas from 20,000 
TPD of Illinois No. 6 coal. A total of 25 reactors are provided, with 24 in operation 
and I spare. Nine trains of ZSM-5 reactors are provided, eight in operation and one 
in regeneration mode. Although a smaller number of ZSM-5 reactors was £easible, 
eight was chosen to match the number  of trains and to reduce complexity. 

A total of 8 process equipment trains are needed downstream of the F-T and ZSM-5 
reactors to process the reaction products. This section of the plant is not spared. ~he 
reactors are manifolded so that shutting down a reactor affects all downstream trains 
equally, which minimizes turndown. The number  of operating trains required for 
different areas of Plant 201 is indicated on the respective PI=D's. 

F-T Reaction 

Mobirs pilot plant data were utilized to develop the design co,e la t ions  for 
predicting wax yield and overall product c~tr=~bution (including oxygenates) versus 
reactor temperature. A detailed description of this analysis was presented in 
January-March 1992 Quarterly report. An analysis was made of the economics of 
running to various wax yields. The final baseline design condition selected consists 
of an F-T reactor operating temperature of 488 °F, an operating pressure of 289 psig 
and a wax yield of 50 W~/o. 

Reactor sizing is based on the Bechtel reactor design model described in the final 
report under  DOE Contract DE-AC22-89PC89867, as modified for this study. The 
primary modification was that the catalyst activity expression was obtained by 
applying this model to the Mobil pilot plant data. Reactor sizing calculations, using 
the Bechtel model, were used to set 70.5 % hydrogen conversion as the design basis. 
With the design H2/CO inlet ratio (0.361 in the ,~ea  100 syngas and 0.456 at the 
reactor inlet) and water vapor addition rate, the yield model shows that CO 
conversion is 87.2 % and overall H2 + CO conversion is 82.0 mole%. A total of 5998 
Ibmol /hr  of water vapor is added in a saturator ahead of the reactor to bring the 
water  concentration in the reactor inlet gas to 6.9%. This water compensates for the 
low H2/CO ratio by promoting additional H2 formation in the reactor via the water 
gas shi~ reaction. 

Catalyst replacement has been specified at 0.5 % per day of total catalyst inventory. 
The catalyst concentration in the slurry phase has been specified at 22.5 wt%, and the 
inlet gas velocity has been set at 10 cm/s ,  since these are the most severe conditions 
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Section 2 Ta.,k 1 - Alternate (ZSM-S} Refining Case 

demonstrated in actual pilot plant operations to date. The heat of reaction is 
removed by medium pressure steam generation in bayonet tubes suspended from a 
double tubesheet iv.side the reactor. 

Mob~'s pilot plant data was again utilized to develop the design correlations for 
predicting overall product distribution. The Mobil data provided component 
breakdowns for both the feed and products for two different types of feedstock. The 
first type was the F-T vapor from a low wax F-T run. The second type was the F-T 
vapor from a high wax run. The Z..GM-5 component conversion factors for each 
feedstock were calculated and averaged. An atom balance was used to balance the 
flows between feed and product. 

An analysis of the Mobil data shows that there is a defi.,xite pattern in the 
conversion and yield in both the high and low wax yield cases: 

A large portion of the 1-olefins and of the paraffins above C7 are converted 
along with all of the oxygenates 
Isoparaffins, isoolefins, naphthenes and aromatics are formed 
There is no conversion of H2, CO, CO2 or H20  
All of the oxygen atoms from the oxygenates end up as H 2 0  

The reactor size was based on having eight reactors in operation and using 
approximately the same space velocity and superficial velocity as were used in the 
Mobil pilot plant work. 

2.4.2 Proeer, s Description (PFD 201-B-01, 02, 03, 04) 

The process flow diagrams for Plant 201, F-T Synthesis, are shown in PFD 20I-B-01 
through PFD 201-B-04. 

The syngas from Plant 108, Sulfur Polishing is humidified in 201C-1 (only one 
required for the whole facility) using a spray of boiler feed water and is mixed with 
the recycle gas stream f ~ m  the autothermal reformers (Plant 206). The combined 
gas stream enters the F-T reactor at 352 °F through a cylindrical gas distributor. In the 
F-T reactor, the syngas bubbles upward through the catalyst/wax slurry, dissolves in 
the slurry phase and is converted into hydrocarbon products at the catalyst interface. 
The slurry consists of a 22.5 wt% mixtuze of catalyst suspended in the non- 
vaporizable portion of the liquid product (i.e. the wax). 

Baseline Study F-T 2-4 



Section 2 Task I - Alternate (ZSM-5) Refinin~ Case 

As shown in the process flow diagram PFD 201-B-01, the catalyst/liquid wax stream 
is withdrawn from the F-T reactor at 488 aF and 289 psig ~-.--,d passed through a 
hydroclone (201T-2) to produce an overflow stream containing about 12 wt% catalyst 
and an underflow stream of about 45 wt% catalyst. Roughly 65 % of the catalyst is 
recovered in the underflow and is pumped back to the reactor. The design is based 
on an assumed average catalyst particle size o. ~ 34 microns. 

The overflow from the top of the hydroclone is passed through a valve to reduce 
pressure from 289 to 70 psig (PFD 201-B-02) and sent to a product separator (201C-8). 
The pressure reduction causes dissolved gases to separate from the liquid product 
stream. The vapors from 201C-8 are cooled to 100 °F to recover additional liquid. 
The vapo~ from 201C-9 are sent to f~aeL The liquid is sent to the F-T liquid wax 
intermediate hold tank, 201C-i0, w~ch  serves as the feed drum for the wax 
clazifying, catalyst recovery filters, 201T-4A,B. These are enclosed washing type cake 
filters, using naphtha from downstream processing to recover the wax left in the 
catalyst cake. The wax is recovered from the wash by distillation and combined with 
the clear wax from the filter. The clear wax stream from Plant 201 then is sent to the 
hydrocarbons recovery plant, Plant 204. 

A heated, agitated holding tank, 201C-5, is provided for slurry storage during reactor 
shutdown. This slurry can be returned to the reactor after repairs are made. 
Occasionally there may be a need to discard a bad batch of catalyst or to remove fines. 
This is done via the catalyst filters, 201T-4, and spare capadty is provided for this 
purpose. 

The catalyst from 201T-4 is stripped of naphtha in a heated screw conveyor and most 
of it is recycled back to the reactor slurry feed drum. About 6 tons per day is removed 
to disposal to counteract catalyst makeup and maintain catalyst inventory in the 
reactors. The recovered naphtha is recycled. The d e s i ~  of the F-T catalyst separation 
and recovery system is based on current knowledge of the catalyst system, its 
characteristics and commercial separation equi~,ment available. Extensive pilot 
plant work and engineering is required to confirm the validity of the assumptions 
made in the development o$ this separation scheme. 

As shown in ~/D 201-B-01, the overhead vapor stream from F-T reactor is passed 
through a 9"done separator, 201T-1, to disengage any liquid carryover. On PFD 201- 
I~-04, the vapor stream at 488 °F and 289 psig is routed to the ZSM-5 feed/product 
exchanger, 201E-8, where the vapor is heated up to the ZSM-5 reactor inlet 
temperature (572°F at start of run conditions). The ZSM-5 reaction is exotl;ermic 
and there is a 72 °F rise across the reactor, 201C-16. After heating up the feed, the 
reactor effluent is sent to a steam, generator, 201E-9, where low pressure steam is 
made. The effluent is'further cooled to 100 oF in heat exchanger 108E-2, air cooler 
201E-3 and water cooler 201I~-2 (PFD 201-B-02). The cooled stream is sent to a three 
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Section 2 Task 1 - Alternate (ZSM-S) Refining Case 

phase separator, 201C-6, where the aqueous water stream, the liquid hydrocarbons 
stream, and the vapor stream are separated. 

The 7_.SM-5 system is supplied with a single startup fired heater, 201F-2, which can be 
used for any of the nine 7,SM-5 trains. A single regeneration system is supplied for 
the entire plant. Regeneration consists of heating up an air/nitrogen stream 
through heat exchange in 201E-I0 and fired heating in 201F-3. (Nitrogen is used to 
limit the temperature across the reactor bed.) This stream is used to bum off coke 
that has laid down on the reactor catalyst. The vent gases from 201E-10 are cooled 
further in 201E-11 and 201E-12 prior to being sent to separator 201C-17 where water is 
removed. The overhead is split into a purge stream which is sent to the flare and a 
recycle stream which is sent to the regeneratkm gas compressor, 201K-3. The 
discharge gases are hhen mixed with air from compressor 201K-2. 

The aqueous water stream from 201C-6 is sent to the waste water treatment facility. 
The liquid hydrocarbons stream is sent to Plant 204 along with the wax from the 
catalyst filters. The overhead vapor stream from 201C-6 is passed through a vapor 
phase oxygenates water wash column, 201C-7, to separate vapor p,hase oxygenates 
from the unconverted syngas. The waste water stream from the bottom of column 
201C-7 is also sent to the treatment facility. The unconverted syngas stream, after 
oxygenates removal, is sent to the CO2 recovery plant, Plant 202. 

It is estimated that about 6 TPD of makeup catalyst (0.5% of tl-~ catalyst inventory 
per day) is required to maintain the catalyst inventory level in the F-T reactors. This 
corresponds to an expected catalyst life of 200 days. Process flow diagram PFD-201-B- 
03 shows the batchwise catalyst pretreatment facility which provides a conlinuous 
supply of activat~l, makeup catalyst. Clear wax from storage is preheated to 450 °F in 
heat exchanger 201E-6 using 600 PSIG saturated steam. The preheated wax is used to 
fill catalyst pretreater, 201C-11, and dry fresh catalyst from hopper 201T-6 is added up 
to the design concentration of 22.5 % by weight. 

The system is filled with syngas and catalyst activation is carried out batchwise in 
201C-11 by cizcuiat~ng preheated syngas at 487 °F and 195 PSIG. The activation 
reactions are the reduction and ca~o id~  of the catalyst but some hydrocarbon 
product may be produced as wel l  The activation gas is circulated through coolers 
and a separator for hydrocarbon and water removal  Then it is compressed and 
reheated to activation temperature. Composition adjustments may be made by the 
addition of syngas, hydrogen and/or nitrogen. 

The activated catalyst/wax slurry is withdrawn from the bottom and s~nt to the 
slurry storage tank, 201(=-12, where it is maintained at 487.6 °F using a hot oil 
circulation loop before it is pumped semi-cont~uously to ".he F-T reactors. A single 
train of the catalyst pretreatment plant, 201-B-03, is requL-ed for all reactors. It is 
operated for only 8 hours/day. 
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Section 2 Task I - Alternate (ZSM-5) Refining Case 

2.5 MATERIAL BALANCE SUMMARY 

The overall material balance for the Alternate Upgrading and Refining Case is 
shown in Tables 2-1 to 2-7, for Areas 200A and 300A. These are presented in 
sequential order in accordance with the major process area and plant numbers. 
De~ilecl component axaterial balances are given for each major streams leaving and 
entering a plant. Streams are identified with a stream number identical to that 
which appears in the PFDs. 
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Stream No. 

Material Balance Summary 
Plant 201A-Fischer Tropsch Synthesls/ZSM5 Reaction 

(Illinois No. 6 Coal Alternative Upgrading) 

201,1 201.2 201.3 201,4 201.5 
Oyngn  Water Feed To F-T F-T Vapor/ Wax 

#am sulfur addi t ion Reactor Z8M5 Feed 

201.6 
PmducedH20 

To WW 
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Component Flows 
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CO 
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3,819.6~ 

472.7~ 
22.77 

130,020.12 
2,554,800 

21.02 
1,191.51 

To Fir 
V~o Vep Uq 

5,907.54 

5,997.54 
106,050 

le.O:! 

45,746.00 
3,207.65 

100,380.00 
5,809.79 

11,462.00 
411.10 

0.O1 
O.Ot 

167.006.0~ 
3,462,200 

20.73 
1,521.10] 

13,501.00 
3,206.81 

12,856.00 
53,803.00 

2,239.60 
1,363.40 

36B.33 
07.33 

345.26 
60.92 
13.47 

255.7~ 
3,36 

63,94 
209,13 

0.97 
62,71 

173.31 
6.78 

51.97 
077.16 

3.05 
43.12 

183.62 
158.05 

D0,143.36 
3, t68,800 

35.16 
021.0~ 

Llq 

0.60 
0.13 

o.5e 
lO.28 
3.02 
o.13 
o,o9 
o,o3 
o,19 
0,04 
0.02 
o.29 
0.00 
0.08 
0.40 
0.01 
0.16 
O.8e 
0.02 
0.22 

52.24 

453.93 
0.10 
1.40 
0.30 

524.00 
292,1U0 

556.55 

Treatment 
Liq 

O.OC 

0.00 
3.28 

2,213.00 
O.00 

2,216.07 
40,022 

18.05 

201.7 
Off O,,,m 

To 
Fai l  
Vmp 

3.15 
0.72 

2.97 
23.31 

1.09 
O 45 
o11.! 
0.05; 
0.22 
0.04 
0.01 
0.1g 
0.0(:] 
O.OG 
0.1~ 
0.01 
0.0-'; 
0.11 
O.OO 
0.0:2 
0.12 

0.0:] 
0.0: 
0.09 

33,65 
1,253 
37.24 



M 

Table 2-1 (Cont.} 
Material Balance Summary 

Plant 201A-Fischer Tropach Syntheals/ZSM5 Reaction 
(Illinois No, 6 Coil Alternative Upgrading) 

P~ l l l l e  

Component Flowe 
LOmollhf 

H2 
N2 
02 
CO 

H20 
CH4 
~ H 4  
C2H6 
C3H6 
C~H6 
IC4Hll 
N04110 
IC4|tlO 
NCiH10 
C5H10 
IC6H12 

NC6H12 
C0H12 
ICOH14 

NCeH14 
C7'-C19 OP 
C6-.C10 AN 

WAX 
OXVAP 
00410 

OXH20 
Omtml~ml 
Total 

Total Ib/hr 
Mol. WI, 

i ,  i ,  i l l  

HC 
Liquid 

Uq 

2.00 
1.08 

4.06 
230,01 

42.40 
1,42 
0.07 
0.56 
3.05 
5.49 
3.36 
8.59 

13.47 
10.40 
22.19 
32.72 
20.51 
14.54 
38.30 
17.90 

220.02 
430,82 

1,123.5~ 
08,199 

87.4( 

Unconverted 
Syngms 

yap 

13,303.00 
3,205.74 

12,860.0( 
53,659.0( 

300.0~ 
1,308.60 

232.7~ 
103.4~ 
204.1(: 
321.61 

76.6,4 
140.8E 
389.11 
203.14 
180.8, 
280.27 
135.3~ 

39.00 
122.71 

42.6, 
118,04 
131.6~ 

........ 87,575.49 
3,030,600 

34.61 
797,84 

Prolroatod 
Catalyst 
To F-T 
Slurry 

1652.25' 

470.75' 
i 

213~ 

WiI|O 
Catalyst To 

D l lpou l  

24.25' 

479.75' 

50, 

ZSMS 
Product 
Sir aim 

Vap 

13398.00 
3206.81 

12655.00 
63893.00 

2624.82 
1890.10 
233,00 
103.98 
207.15 
327.03 
80,00 

153.47 
882,67 
213.82 
202,97 
312,99 
155.e5 
54.37 

161.01 
60.04 

339.56 
562.29 

J 

90,917.04 
3, I ~ 8,800 

34.85 
828.0"~ 



Material Balance Summary 
Plant 202A*CO2 Removal 

(Illinois No. 6 Coal Alternative Upgrading) 

Stream No. 
i 

Pha.~ 
Component Flows 

Lbmol/hr 
H2 
N2 
02  
CO 

CO2 

202.1 
Unconverted 

Syngas 
r-ram F-T 

Vap 

13.393.00 
3.205.74 

12.8=0.0C 
53.659.0C 

202.2 
Dee4hanizer 

Oveme~l  
VaDor 

Vap 

25.27 
32.46 

157.76 
413.521 

202.3 
Recycle Gas 

To 
Compmslor  

Vap 

13.418.00 
3.238.14 

13,008.00 
270.36 

H20 
GH4 

C2H4 
C21"~ 
C3H6 
C31"18 
lC4H8 
NC4HJ 
IC4K10 
N C,4H10 
CSH10 
ICSH12 
NCSH12 
C6H12 
IC6H14 
NCI;H14 

C7-C19 OP 
CS-C10 AN 

WAX 
OXVAP 
OO(HC 

OXH20 

Total 
Total 

MoLWt 
m~CFO 

368.88 
1.388.6E 

232.73 
103.43 
204.1C 
321.61 

76.64 
1:6.88 
369.11 
203.14 
180.84 
280.27 
135.35 

39.83 
122.71 

42.94 
118.94 
131.645 

57.575.4| 1.1 93.57 
3,030.600 38,985 

34.61 32.66 
797.64 10.87 

368.87 
95.35 1,484.04 

244.96 &77.71 
204.08 307.52 

10.41 214.51 
9.76 331.38 

76.04 
146.88 
369.10 
203.14 
180.84 
280.26 
135.34 

39.83 
122.71 

42.94 
118.94 
131.6| 

34,966.82 
701,710 

20.07 
318.48 

202.4  
Scrubbed 

CO2 

Vap 

53,802.0¢ 

53,802.0C 
2.367.80(: 

44.01 
490,0~ 

2 - 1 0  



FO 
I 

, . &  

_ J ~  

Slraam No. 

Phne 
Component Rowe 

LBmol lhr 
HI 
N2 
02 
CO 

CO2 
H20 
CH4 
C2H4 
C2H6 
C3H8 
C3HD 
IC4HI 
NC4H8 
IC4HIO 
NC4HI0 
05H10 
105H12 
NCEH12 
C6H12 
108H14 
NCBR14 

07¢19 OP 
CS-Ct0 AN 

WAX 
OXVAP 
OXlfC 

OXH20 

Total 
Total Ib/hr 

Mol, WL 

2o3,1  
, , , , ,  

Syngea From 
C02 

Removal 
Vcp 

13,418.00 
3,236.14 

13,008.00 
270,36 
388.87 

1,484.04 
477.71 
307.52 
214.51 
331.38 

76.64 
148,88 
369.10 
203.'14 
180.84 
280,25 
136.34 
39.03 

122.71 
42.94 

118.94 
181.86 

34,966.82 
701,710 

20.07 
318.46 

Table 2-3 
Material Balance Summary 

Plant 203A-Compression & Dehydration 
(Illinois No. 6 Coal Atternetlve Up[Iradlng) 

2 0 3 . 2  . . . .  203 .3  2 0 3 . 4  
Liquid Synoa0 To Water To 

Hydrocarbon= Hydrocerbom, Waste 
To Dnelhanlzer Recovery Treatment 

Liq Yap LIq 

203 .§  
Unused Fuel 
Gas From H2 

Recovery 
Vap 

203.6 
Fuel Gas From 
H2 Recovery/ 
Re~lenerallon 

Vap 

1.97 13,416.00 
0.74 3,237.41 

3.24 13~04.00 
0.80 269.57 

890.28 
428.28 

!,718.80 
11.27 

28.81 
1.05 
1.25 
1.17 
2,29 
4.03 
2.43 
4.76 
9.00 
7.62 

16.33 
23,37 
14.34 
9,02 

24,76 
10,09 
80,48 
72.30 

304,30 
24,294 

79.83 

1,483.00 
476.46 
306.36 
212.22 
327.34 

74.21 
142.12 
359,21 
106.52 
186.50 
256.89 
12t.00 
30.81 
07.90 
32.05 
52.46 
59,37 

254.84 
186.66 
31.07 
12.52 

!.26 
1.52 
0.0' 
0.08 
0.33 
0.08 
0.01 

0.00 

1130.58 
540.24 

2185.81 
14.21 

234.19 
39.19 
15.79 

1.59 
1.91 
o.oe 
0.1¢ 
0.42 
0.11 
0.01 

O.01 

34.311).48 
671,250 

19.58 
312.58 

25; 184 . . . . . . .  3 ,285120 
4,587 66,768 
18.02 20.32 

29.92 

203,7 
Total Fuel (~ae 

To 
Gaa Header 

Vap 

2026.86 
968.52 

3882.41 
25.46 
87.62 

419.85 
70.26 
28.30 
2.84 
3.43 
0.10 
0.19 
0.76 
0.19 
0.02 
0.04 
0.01 
0.00 
0.00 
0.00 

4,144.02] 7,Si6:88 
84,222. 152,568 

20.321 20.30 
37.741 68.46, 



Stream No. 

Phase 
Component Flowl 

Lbmol~r 
H2 
N2 
02 
cO 

CO2 
H20 
CH4 
C2H4 
C2H6 
C3H6 
03H8 
IC4HB 
NC4H6 
IC4H10 
NC4HIO 
CSH10 
IC5H12 
NCSHI2 
COH12 
IC6H14 
NCSH14 

C7.C19OP 
C6-CI0 AN 

WAX 
OXVAP 
O)04C 

OXH~K) 

Total 
Total Ib/hr 

Mol. Wt. 

i i  

204.1 
Syngne 

To 
H2 Rxovery 

yap 

t3,396.00 
3,206,75 

12,855.00 
84,30 

!,300.11 
232,83 

93,71 
9.41 

11.36 
0.33 
0.62 
2.50 
O.R3 
0.07 
0.14 
O.O~ 
0.0© 
0.01 
0.0© 

31,283.61 
513,400 

16.41 
284,93 

2()4,2 
Syngas 
From 

Dehydration 
Yap 

130416.00 
3,237.41 

13,004.00 
260.57 

1,463.00 
476.46 
306.36 
212.22 
327.34 

74.21 
142.12 
369.21 
105.62 
106.6@ 
260.09 
121.0@ 
30.81 
97.98 
32.06 
62.48 
69.37 

34,319.48 
071,25C 

19.56 
312.60 

T_. IbJL2  
Material Balance Summary 

Plant 204A-Hydrocarbon Recovery 
(Illinois No. 6 Coal Alternative Upgrading) 

204.3 
HC Liquids 

To 
Deethanl-,or 

Llq 

20.40 
30.60 

140.86 
166.21 

02.00 
243.83 
212.66 
202.01 
316.99 

73.86 
141.50 
356.71 
194.80 
166.43 
266.76 
120.97 
30.81 
07.96 
32.06 
62.4| 
59.3e 

3,037.07 
157,85C 

51.97 

204.4 
HC Llqulde 

From 
Compr S I)*hy 

Liq 

1.97 
0.74 

3.24 
0.60 

20.81 
1.06 
1.25 
1.17 
2.29 
4.03 
2.43 
4.70 
g.9G 
7.82 

15.33 
23.37 
14.34 
8.0~ 

24.75 
10.6| 
00.4( 
72.3C 

304.3C 
24,294 

79.63 

204,5 
HC Liqu:d~ 

From 
F-T Reactor 

L~ 

2.90 
1.06 

4.6e 
230.01 
42.4G 

1,42 
0,87 
0,56 
3,0E 
6,48 
3.30 
8,59 

13.47 
10.4G 
22.13 
32.7~ 
20.61 
14.54 
38.3C 
17.RC 

220.0; 
430,6; 

1,123.50 
98,108 
87.40 

204,11 
Oeeihanlzer 
Underllow 

Liq 

2,5C 
69.01 

o.gE 
10.2g 

197,74 
315,67 

70.6E 
152.80 
380,07 
213.00 
202.89 
312.84 
155.61 
54.37 

181,O0 
60.64 

339.56 
562.28 

3,271.39 
241.360 

73.78 

204,7 
Deathanizsr 

Overhead 
vapor 
Vep 

25.27 
32.46 

157.76 
413.52 

95.35 
244.96 
204.06 

10.41 
9.76 

I,t93.57 
38,985 
32.66 
10.87 



I0 
| 

SIream No. 
. , ,  . |  

PhaN 
Component Row1 

Lbmol~r 
H2 
N2 
02 
CO 

Co2 
H20 
CH4 

C2H4 
C2H6 
C~H8 
C3H8 
IC4H8 
NC4H8 
IC4H10 
IIC4H10 
C6H10 
ICEH12 
NCSH12 
C6H12 
|COH14 
NCTH14 

C7~19 OP 
C~C10 AN 

WAX 
OXVAP 
OXHC 

OXH20 

Tolal 
Total Ib/hr 

Mol. WL 
M~SCFO 

Table 2-4 (Cont.) 
Material Balance Summary 

Plant 204A-Hydrocarbon Recovery 
(Illinois No. 6 Coal Alternative Upgrading 

204.12 
Feed To 
Product 

Frncllonetor 
Uq 

0.60 
0.13 

0.60 
12.76 
72.04 

0.13 
1.07 

10.32 
197.94 
316,7"1 

79.68 
163.14 
380.07 
213.08 
203.20 
312.88 
166.96 
66.03 

161.02 
61.06 

391,80 
662.28 
458.03 

0.10 
1.48 
O,38 

'"~.70e.38 
533.540 

140.84 

204.13 
FrlctlonMor 

Overhead 
To Alkyletlon 

Vap 

197.04 
316,71 

79.68 
163.14 
380.07 
213.08 
203.20 
312,88 
166.G8 

2,Otl.74 
117,870 

68.69 
18.32 

~ IRL 

Naphtha 
To Gnollne 

'Pool 
Vap/Uq 

66.03 
01.08 

181.02 
346.62 
602.28 

1,186,02 
122,800 

103.6E 

204.19 
Wax To 

Hydrocracklni 
Plant 
LIq 

46,25 

453.9~ 

1.48 

600.e7 
290,62C 

680.4~ 



Table 2-5 

Material Balance Summary 
Plant 205A-Hyarogen Recovery 

(lllinois No. 6 Coal Alternative Upgrading) 
i 

Stream No. 

Phase 
Component Flows 

LbmoUhr 
H2 
N2 
C2 
CO 

CO2 
1420 
CH4 

02144 
¢2ffi; 
C31";$ 
C3HI 
IC4HS 
NG4H8 
IP.,4H10 
NC4H10 
CSHI0 
I05H12 
NCSH12 
Cr~H12 
lC&H14 
NC$H14 
C7-C19 

C5-010 AN 
WAX 

OXVAP 

OXH20 

Total 
Total l i a r  

Mol. Wt. 
m4SCFD 

206 .2  
Recycle Gas 

From 
Plant 204 

Vap 

13,396.00 
3.206.75 

12,855.00 
84.36 

1,390.11 
232.63 

93.71 
9.41 

11.36 
0.33 
0.62 
2.50 
0.63 
0.07 
0.14 
0.03 
0.00 
0.01 
0.00 

205.3 
1t2 Prmlm:t 

From 
PSA 
Vap 

2,019.06 

205 .4  
Fuel (Purge) 

r . , .  

Vap 

2026.8~ 
968.52 

3882.41 
26.46 

419.65 I 
70.26! 
28.3¢ 

2.84 
3.43 
0.10 
0.19 
0.76 
0.19 
0.02 
0.04 
0.O1 
0.00 
0.00 
0.00 

20S.S 
Autothermal 

Reformer 
F~d 
Yap 

31.283.65 
531.400 

16.9g 
284.92 

2.019.06 
4,07(: 

2.02 
18.30 

7.429.26 
150,990 

20.32 
67 67 

9,350.02 
2,236.23 

8,972.16 
58.8~ 

970.2( 
162.37 
65.41 

6.57 
7.93 
0.23 
0.43 
1.74 
0.44 
0.05 
0.10 
0.02 
0.0O 
0.00 
O.OC 

 1.6 .64 
358.340 

16.41 
1g8.87 

2-14  



Table 2-6 

Material Balance Summary 
Plant 206A-Autothermal Reformer 

(illinois No. 6 Coal Aitemative Upgrading) 

Stream No. 
i 

Phau 
Component Flows 

Lbmol/hr 
H2 
N2 
02 
CO 

C02 
1120 
CH4 

C2H4 
C2H6 
C3H6 
C3H8 
tC.4HB 
NG4H8 
1C4H10 
NC4HIO 
C5H10 
IC5H12 
NCSH12 
C6H12 
IC6H14 
NCGH14 

C7-C19 OP 
C5-C10 AN 

WAX 
OXVAP 
OX]'IC 

OXH20 

Total 
Total Ib/hr 

M¢I. Wt. 

ii a m  

206.1 
i i 

Oxygen 
Addition To 

Reformer 
Vap 

4.39 
838.97 

..... u 843.36 
26,969 

31.98 
7.68 

206.2 
Steam 

Addition To 
Reformer 

i 

Vap 

6,328.571 

6,328.571 
114,010; 

18.02i 
57,641 

206.3 
Syngas 
From 

H2 Recovery 
Vap 

9,350.02 
2,238.23 

8,972.16 
58.88 

970.26 
162.37 

65.41 
S.57 
7.93 
0.23 
0.43 
1.74 
0.44 
0.05 
0.10 
0.02 
0.00 
0.00 
0.00 

21,834.84 
358,340 

16.41 
19B.87 

206.4 
Recycle ~ l a  

"To 
F-T Reactor 

Vap 

12,447.0C 
2,242.6~ 

B.133.9- ~ 
1,990.2E 
4,982.01 

388.3~ 
0.01 
0.0' 

30,184.21 
499,320 

15.54 
274.92 

2 - 1 5  



I 
._A 

OI 

JComponen| 
1t2 
N2 
OO 
002 

01 
C2- 
C2 
C3- 
C3 
IC'I 
nC4 
C4= 
K:6 
nC6 
CS- 
Co- 
ice 
rice 
CT.C 10 (Naphtha) 
C1 l - t i e  (Dlelillle) 
C l ~  (Wu) 
100.300OX 
dmO-3600X 
3a0-TO0OX 
Ref(xmMe 
C3 Nk~l, le 
C4 .~Ik~hmle 
C6 ~lk'y~Oe 
CS IIomemle 
Ce hmmeq*le 
C7-300 HC 
300-,150 HC 
3So-soD HC 
500.700 HC 
C7.300 t l r u  
3O0-36O tlTU 
35O°50O HTU 
.~O* HIU 
CS, C 10 AN 
1-120 Produced 
Terse (Lb/ht) 
Torsi (8PSD) 
Density (lh/ft0) 
Mel. Wt 

Table 2-.7 (1) 
ATOll 300A -Product Upgrading and Refining 

MaIwlnl Bm:an©e Summery 

< .. . . . . . . . . . . . . . . .  W u HyUrocrscklng 

C4. CSfC6'I J CZ+ Nephlha 
3023 0 0 0 0 

0 0 O 0 0 
O O O 0 0 
O O O 0 0 
O 0 0 0 0 
O 144 O O 0 
O O O 0 0 
O 144 O 0 0 
0 0 0 0 
0 4273 0 0 0 
0 6 6 6 0  0 0 0 
0 4691  0 0 0 
0 0 0 0 0 
O 0 7045 0 0 
0 0 6 9 4 8  0 0 
0 0 0 0 
O 0 0 0 0 
0 0 11203 0 0 
0 0 0672 0 0 
0 0 0 0 0 

10047 0 0 0 0 
290450 0 0 0 0 

02 0 0 0 0 
6 0 0 0 O 

29 0 D 0 0 
0 0 0 0 0 
O O. 0 0 O 
0 O 0 D 0 
0 0 0 0 0 
O O 0 0 0 
0 O 0 0 O 
0 0 0 41000 0 
0 0 0 134~0 0 
0 0 0 0 01211 
0 0 0 0 130300 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 
200423 

Produood I Pmduce4 
DislillMe H20 

690.40 

0 0 0 0 IOI6 
3022 f 4 / f t  3f000 l l 2 3 4  f01111 t o l l  

132 
02 .29r l  

3.03 | f . 8 0  FO. ZO 134. t f  334.34 1$.02 

Olofln feed I ~4 Makoup I 

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

8329 0 
1~922 O 
22001 14726 
12306 403 
13063 0 
22573 O 
11253 0 
14250 0 

0 0 
0 0 
0 0 
0 0 
0 O 
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 O 
O 0 
0 0 
0 0 
0 0 
0 0 

0 0 
f f T I Z 4  15308 

8 8 . S 0  $ 8  12 

II 



TabtQ 2-7 (2) 
Area 300A -Product Upgrading and Refining 

Mmlwlml Bmlmnce Summary 

h )  
| 

"4 

C ~ p a , e n l  
H2 
N2 
(]0 
O02 
1-120 
G1 
C2~ 
C2 
C ~  
Ca 
ic4 
r, C4 
C ~  
iGS 

nC5 
O51 
CS., 
iCe 
nC6 
CT.CIO (Nephlha) 
GI I.C19 (Dlatlll~e) 
Clg+ (W~) 
1Bo,oooox 
300-3600X 
aSO.700OX 
Rm4ormll, 
Ca ^lkylmo 
C4 ^lkylale 
C5 ^lk'ylel, 
CS IlOCnBale 

~ e r a l o  
G7-~O0 

:1,50.500 HG 
5~.790 HC 
G7-000 HI'U 
300-a50 HTU 
.'t50-500 HTU 
500~ HTU 
CS-ClO AN 
1420 ~oduced 
Tofa! (Lb/ht,I 
TOfM (ePSD) 
Den|l fy (Ibffta) 
Mol. iV( 
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Area 300A .Product Upgrading and Refining 
Materiel Balance Summary 
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Section 3 

Task 4 -  Simulation Model Development 

Previous quarterly progress reports describo:l the development of prel/minary 
ASPEN process simulation models for the individual plants in the indirect coal 
liquefaction complex and how they were integrated into three individual processing 
area models. One model for Area 100, the syngas production area; one model for 
Area 200, the Fischer-Tropsch synthes/s reactor loop; and one model for Area 300, 
the conventional product refining area. During this quarter, some of the individual 
plant models were enhanced, additional mociels and routines were developed and 
these three area models were combined into a single ASPEN process simulation 
model of the ent/re indirect coal liquefaction complex for the baseline design case. 

In addition, a separate model for the simplified product refining area, Area 300, of 
the alternate refining case was deveic, ped. In this. alternate refining case, the 
primary product upgrading step is one in which the vapor leaving the Fischer- 
Tropsch reactors is passed over ZSM-5 catalyst. As a resuit, for the alternate refining 
case Area 300 contains fewer conventional petroleum refining units than are 
present in the baseline design case. 

3.1 AREA 200 FLSCtIER-TROPSCH SYNTHESIS REACTOR LOOP MODELS 

3.1.1 Plant 201, The Fischer-Tropsch Reactor Model 

The basic Fischer-Tropsch spreadsheet reactor sizing model t l~ t  is documented in 
the final report of the ':Slun'y Reactor Design Studies" (DOE project DE-AC22- 
89PC8986,~, was converted to Fortran code and integrated into the ASPEN process 
simulation model for Plant 201. The conversion of this spreadsheet model to 
Fortran was not simple because the calculation procedure involves several nested 
calculation loops. When these calculations are requested, the sizes of the Fi~cher- 
Tropsch slurry bed reactors will be calculated and reported. 

The basic spreadsheet reactor sizing model was ~ c e d  as it was converted and 
instaUed in ~ e  A S P t ~  process simulation model to provide a better prediction of 
the heat transfer as a function of the fluid velocity within the reactor. The original 
version of the model used a constant heat transfer coeffident that was independent 
of the slurry bed conditions. 

Th/s reactor sizing model now will allow the study of the effects of feed rate, feed 
composition, conversion, pressure, inlet gas velocity, ca.~iyst concentration, catalyst 
makeup rate, and relative catalyst activity on the size of the slurry bed reactors. 
Eventually, this model wiiI be extended to predict the reactor cost based on its size so 
that the effects on the reactor cost also can be studied. 

Baseline Study F-T 3-1 



Section 3 Task 4 - Simulation Model Development 

3.L2 Other Fischer-Tropsch Synthesis Loop Models 

The previously developed ASPEN/SP Fortran user block models ~ r  Plants 202, 203, 
204, 205, and 206 which predict the utilities consumptions a n d / o r  productions, 
operating personnel requirements, and ISBL plant costs as a function of capacity 
were added  to the Area 200 model. The Fortran user block models are simple ones 
which have a single input  s~ . am and produce a single identical output  stream. 
Based on the flow of this stream, they predict the utilities consumptions and /o r  
productions, operating personnel requirements, and ISBL plant costs as a function of 
ca city. 

Plant 202, the CO2 removal plant, was split into two sections for improved accuracy. 
Piant 202A is the amine absorption secLion for which the section cost is a function of 
the entering syngas flow rate, Plant 202B is the amine regeneration section for 
which the section cost is a function of the CO2 rejection rate. All the utilities 
consumptions for Plant 202 are attributed to Plan," 202B, and consequently, are 
calculated as a function of the CO2 rejection rate. 

The utilities consumptions and ISBL costs of Plant 203, the hydrogen compression 
plant; Plant 204, the hydrocarbon recovery plant; and Plant 206, the autothermal 
reforming plant, are calculated as a flmction of the entering syngas flow rate. The 
utilities consumptions and ISBL cost of Plant 205, the hydrogen recovery plant, are 
calculated as a function of the amount of hydrogen recovered. 

Additional modifications also were made  to some ASPEN flow splitter blocks to 
change some split specifications from an absolute basis to a relative basis so that 
various plant capacit i~ can be studied. 

3.2 PLANT 31, T I ~  UTILITIES 

A simplified Fortran user block model was d e v e l ~  fo r ,"1ant 31, the u~lities 
plant, to balance the steam productions and consumptions from all the process and 
other OSEL plants, to consume all the excess fuel gas, and to generate electric power. 
This model  was developed only to balance the steam flows and to predict the electric 
power production so that an accurate prediction of the net electric power 
consumption for the e~tire complex can be made. 

The Flant 31 utility plant model is a simplified one that is based on energy content. 
It does not simulate the individual pieces of equipment within the plant. It balances 
all the steam flows from the other plants by producing and /o r  consuming steam so 
that aU the steam demands of *.he other plants are satisfied. If required, fuel gas is 
consumed to p r~ luce  the steam consumed by the other plants. Any excess steam 

Baseline Study F-T 3-2 



Section 3 Task 4 - Simulation Model Development 

and all remaining fuel gas are converted to electric power using an efficiency factor 
developed so that the model matches the design power production. 

In addition, this model also reports a plant by plant and an overall utility summary 
for the entire coal liquefaction complex. 

3.3 THE PLANT SIMULATION MODEL FOR THE BASELINE DESIGN CASE 

The three individual and independent ASPEN process simulation models that were 
developed for Area 100, the syngas production area, Area 200, the Fischer-Tropsch 
synthesis reactor loop, and Area 300, the product refining (upgrading) area, were 
combined into a single model. Figure 3-1 schematically shows the major forward 
stream flows between these three areas. Not shown in Figure 3-1 are two recycle 
streams between areas. The major recycle stream is the hydrogen-rich light gas 
stream that goes from the naphtha catalytic reforming plant in Area 300 to the 
hydrogen recovery plant in Area 200. The other recycle stream is a small hydrogen 
stream that goes from the hydrogen recovery plant in Area 200 to the sulfur 
recovery plant in Area 100. Figures 3-2, 3-3 ar~l 3-4 provide more detailed ASPEN 
block flow diagrams for Areas 100, 200 and 300, respectively. 

The three processing areas are briefly des~bed  in the next three subsections. 
Following ~ is a subsection which describes how these three modeL~ are 
interconnected. 

3.3.1 Area 100 

Area 100, the syngas production area, contains ten process plants. Hgure 3-2 is a 
block flow diagram showing the various ASPEN models and their interconnecting 
streams used to simulate Area 100. This processing area receives, grinds, dries and 
gasifies the coal to produce the syngas, and deans the syngas before sending it to 
Area 200 for further processing. In addition this area contains a sour water stripping 
plant, sulfur recovery plato, and an air separation plant. 

The ten processing plants in Area 100 are: 

1. Plant 101, the Coal Receiving and Storage Plant 
2. Plant 102, ~ e  Coal Grinding and Drying Plant 
3. Plant 103, the Shell Gasification Plant 
4. Plant 104, the Syngas Treating and Cooling Plant 
5. Plant 105, the Sour Water Stripping Plant 
6. Plant 106, the Acid Gas Removal Plant 

Baseline Study F-T 3-3 
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7. Plant 107, the Sulfiar Recovery and Tailgas Treating Plant 
8. Plant 108, the Sulfur Polishing Plant 
9. Plant 109, the Syngas Wet Scrubbing Plant 
10. Plant 110, the Air Separation Plant 

Area 100 is the only processing area of the coal liquefaction c~mplex model in which 
solids may be present. The entering coal stream must  be of ASPEN stream class 
MIXNC or MIXNCPSD and contain two substreams; one being a mixed substream of 
conventional components, and the other being a substream containing solid non- 
conventional components. All material streams entering and leaving the 
simulation blocks for Plants 101, 102, 103, and 109 also must be of the ~ C  or 
MIXNCPSD stream class. All entezing and intermediate material streams associated 
with Plants 104 and 105 also must be of stream class MIXNC or ~ C P S D .  Those 
material streams leaving Plants 104 and 105 that require further processing pass 
through ASPEN stream class changer blocks to convert them to s~e~ms containing 
a single mixed substream of conventional components. 

Each of the ten plant models in Area 100 was developed to simulate ~ue specific 
plant only to provide sufficient detail to determine the major output sL--eams, 
utilities consumptions, ISBL cost and number of operators as a functio~ of the input 
streams. In many cases, wash water streams are neglected, and detailed combustion 
calculations are not performed to generate some flue gas streams. UKlity balances 
are developed based on the detailed design, and their consumptions are calculated as 
linear functions of plant capacity. 

The process simulation model  for Area 100 contains no r e , d e  streams as shown in 
Figure 32.  However,  the Area 100 model  requires two ASPEN design specifications 
and six inline Fortran blocks. These are not shown in Figure 32.  

The first design specifications is used to set the plant capacity. The user specifies the 
plant capacity by setting the moisture-free coal feed rate to Plant 103, the Shell coal 
gasification plant, in tons/day,  and DES-SPEC FEEDRATE automaticaUy adjusts the 
entering mine coal feed rate to the plant in stream MINECOAL to obtain this desired 
gasifier feed rate. 

The other design specification, DES-SPEC 02PLANT, matches the oxygen 
produc~don in Plant 110 to the total oxygen consumption by adjusting the air feed 
rate to Plant 110. 

Tb.e six inline Fortran blocks are used essent~LUy as feed-forward controllers. 
Fortran block MOIST maintains the moisture level of ~ inlet ROM coal in stream 
MIMECOAL as its flow rate is varied by DES-SPEC FEEDRATE. The other five 
Fortran blocks are used to set the flow rates of various inlet streams to several plants 
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as a fumct~on of plant capacity. Fortran block SETUP103 sets the inlet oxygen and 
carbon dioxide stream flow rates to Plant 103. Fortran blocks SETUP104, SETUP106 
and SETUP109 set the inlet water flow rate to Plants 104, 106 and 109, respectively, as 
a fimction of plant capacity. Fortran block SETUI~07 sets the inlet hydrogen 
(reducing gas) rate to Plant !07 as a function of capacity. 

3.3.2 Area 200 

Area 200, the Fischer-Tropsch synthesis area, contains seven process plants. For the 
baseline design case, only six are functioning plants. The seventh plant, Plant 107, is 
the ZSM-5 reaction area, and it only functions in the model of the alternate refining 
case. This processing area takes the clean syngas from Plant 108 and processes it to 
produce hydrogen, fuel gas, light gaseous products, liquids and wax. These products 
are further processed in Area 300, the product refining area, to gasoline and diesel 
fuel. 

Figure 3-3 is a block flow diagram showing the various ASPEN models and 
their interconnecting streams used to simulate Area 200. Forty-six ASPEN blocks 
are used to simulate the seven process plants. This modal is a slightly simplified 
version of the one that was used to develop the baseline design. 

The process plants in the process simulation model for Area 200 are: 

2. 

. 

. 

5. 
6. 
7. 
8. 

Plant 201, the Fischer-Tropsch Synthesis Plant 
Plant 202A, the Amine Absorption Section of the Carbon Dioxide 
Removal Plant 
Plant 202B, the Amine Regeneration Section of the Carbon Dioxide 
Removal Plant 
Plant 203, the Recycle Gas Compression and Dehydration Plant 
Plant 204, the Hydrocarbon Recovery Plant 
Plant 205, the Hydrogen Recovery Plant 
Plant 206, the Autothermal Reforming Plant 
Plant 207, the Z_SM-50ligomerization Plant 

Plant 202, the CO2 removal plant, was split into ~'cwo sections for improved accuracy. 
Plant 202A is the amine absorption section, and Plant 202B is the amine 
regeneration section. By splitting rids plant into two sections, the model will be 
more responsive to changes in the gas composition and flow rate within the 
Fischer-Tropsch synthesis loop. 

Baseline Study F-T 3-5 
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All streams in the area 200 section of the model are of the ASPEN stream class 
MD(ED and contain only one substream of conventional components. No solid 
non-conventional components may be present in this processing area. 
Again, each of the seven plant models in Area 200 was developed to simulate the 
specific plant only to provide sufficient detail to determine the ,major output 
streams, utilities consumptions, ISBL cost and number of operators as a function of 
the input streams. Utility balances are developed based on the detailed design, and 
their consumptions calculated as linear functions of plant capacity. 

The process simulation model for Area 200, the Fischer-Tropsch recycle loop, 
contains two recycle streams. These recycle streams are streams 204S5 and 206S4. 
Only one ASPEN convergence block is required to converge bohh of these recycle 
streams. Convergence block FTL1 converges both of these recycle streams using 
stream 202S3 as the single tear stream using the Wegstein convergence procedure. 

The process simulation model for Area 200 requires one ASPEN design specification 
and three inline Fortran blocks. These are not shown in Figure 3-3. 

The hydrogen production from Plant 205 is adjusted by ASPEN design specification 
H2MAKE so tha~. it exactly satisfies the hydrogen demand in Areas 100 and 300. 
Convergence block H2MAKE, which contains the processing blocks for both Areas 
200 and 300, balances the hyclrog~t production against ~ hydrogen demand by 
adjusting the amount of gas withdrawn from the F-T recycle loop and sent to Plant 
205, the hydrogen recovery plant. 

Fortran block SETUF201 acts as a feed-forward controller to set the inlet steam flow 
rate to Plant 201 as a function of the inlet syngas feed rate and composition. Fortran 
block SETUP21A sets the temperature of ASPEN flash block P201S1 to be the same as 
that of the Fischer-Tropsch synthesis reactor effluent stream so that block P201S1 
simulates the inter-reactor vapor-liquid separation. Fortran block SE'H3P206 sets the 
inlet oxygen and steam flow rates to the autothermal reforming plant, Plant 206, as a 
function of the entering gas flow rate. 

3.3.2 Area 300 

Area 300, the Fischer-Tropsch product upgrading and refining area, contains eight 
process plants. These are standard petroleum refining units which use 
conventional technologies to upgrade and refine the hydrocarbons produced in 
Area 200 to high quality transportation fuels. 

Figure 3-4 is an ASPEN block flow diagram showing the various ASPEN models 
and their interconnecting streams used to simulate Area 300, the product upgrading 
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and refining area for the baseline design. Nineteen ASPEN blocks are used to 
simulate the eight process plants. This model is a simplified one which employs 
Fortran user block models containing empirical, elementally balanced yield models 
to simulate all of the conversion processes and predict the utilities consumptions 
and ISBL costs of the plants. Not shown in this figure are six inline Fortran blocks 
which set the flow rates of the purchased butanes and makeup hydrogen streams to 
the various plants. 

The eight process plants in Area 300 are: 

1. Plant 301, the Wax Hydrocracking Plant 
2. Plant 302, the Distillate Hydrotreating Plant 
3. Plant 303, the Naphtha Hydrotreating Plant 
4. Plant 304, the Naphtha Catalytic Reforming Plant 
5. Plant 305, the C4 Isomerization Plant 
6. Plant 306, the C5/C6 Isomerization Plant 
7. Plant 307, the C3/C4/C5 Alkylation Plant 
8. Plant 308, the Saturated Gas Plant 

In the ZSM-5 alternate refining case, only four of the above eight plants are required. 
Plants 302, 303, 304, and 306 not needed since the ZSM-5 oligomerization reactor in 
Plant 207 is the primary product upgrading step. The development of the flowsheet 
for Area 300 of the alternate refining case will be discussed later. 

AU streams in the Area 300 section of the model are of the ASPEN stream class 
MIXED and contain only one subsizeam of conventional components. No solid 
non-conventional components may be present in this processing area. 
Again, each of the eight plant models was developed to simulate the specific plant 
only to provide sufficient detail to determine the major output streams and their 
quahties, utilities consumptions, ISBL cost and number o£ operators as a function of 
the input streams. Utility balances are developed based on the detailed design, and 
utility consumptions are calculated as linear functions of plant capacity. 

For the baseline design case, the process simulation model for Area 300 contains a 
single recyde stream. It also requires six inline Fortran blocks. These are not shown 
in Figure 3-4. 

The single recycle stream within Area 300 is stream 308S1, which is the butanes 
stream from Plant 308 that is returned to Plant 305, the C4 isomerization plant. This 
recycle loop only encompasses three plants, Plants 305, 307 and 308. ASPEN 
convergence block C4.b-~O converges this recycle loop using stream 308S1. As th~ 
loop is converged, inline Fortran block SETLTP307 simultaneously adjusts the flow 
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rate of the purchased butanes going to block P305M to maintain the specified 
isobutane/olefin ratio in the feed to the alkylation plant, Plant 307. 

In the ZSM-5 alternate re~a~ng case, excess butanes are produced, and no additional 
butanes must be purchased. Therefore, a different convergence procedure is 
required. I'[~s convergence procedure will be subsequently described when rite 
ZSM-5 alternate refining model  is discussed. 

The five other inline Fortran blocks in Area 300, SETUP301, SETUP302, SETUP303, 
SETUP305, and SETUP306, set the flow rates of the inlet hydrogen streams to Plants 
301, 302, 303, 305, and 306, respectively. All the inline Fortran blocks are not shown 
in Figure 3-4 

There is one recycle stream between Areas 200 and 300. The hydrogen-rich C2 and 
lighter gas stream from the naphtha reforming plant (stream 304S2) is sent to Plant 
205 for hydrogen recovery. ASPEN convergence block REFMRH2 converges this 
recycle loop using stream 304S2 as the tear stream by the Wegstein method. 

As discussed in subsection 3.3.2, the hydrogen production from Plant 205 is adjusted 
by ASPEN design specification H2MAKE so that it exactly satisfies the hydrogen 
demand in Areas 100 and 300. Convergence block H2MAKE, which contains the 
processing blocks for both Areas 200 and 300 and the REFMRH2 convergence block, 
balances the hydrogen production against the hydrogen demand by adjusting the 
amount of gas withdrawn from the Fischer-Tmpsch recycle loop that goes to Plant 
205, the hydrogen recovery plant. 

3.3.4 Overall Description 

The overall process simulation model for the baseline design basically is the 
combination of the previously discussed flowsheets, shown in Figures 
3-2, 3-3 and 3-3 for process Areas 100, 200 and 300, respectively. 

In reality, thz~  streams flow between Area 100 and Area 200; whereas in the model,  
there is only one_ Stream 108S2 is the clean syngas from the sulfur polishing plant, 
Plant 108, that goes to the Fischer-Tropsch synthesis plant, Plant 201. The second is a 
small oxygen stream from the air separation plant, Plant 110, which goes to Plant 
206, the autothermal reforming plant. The third stream is a small recycle stream 
consisting of a portion of the hydrogen pproduct from Plant 205 that is used as 
reducing gas in the sulfur plant, Plant 107. 

Since Plant 205, the hydrogen recovery plant, produces an essentially pure hydrogen 
stream, no direct coupling of the hydrogen recycle stream to Plant 107 is needed 
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since it's composition is known. After all the plants in Area 100 except for Plant 108 
have been solved, the sulfur recovery plant is solved because the flow rate of the 
hydrogen reducing gas is assumed to be proportional to the amount of sulfur 
entering the plant. Thus, when the calculations reach Area 200, the amount of 
hydrogen consumed in Plant 108 only has to be included Lu the calculations for the 
amount of hydrogen that is available for other" uses. 

A similar procedure also is employed to size Plant 110, the air separation plant, since 
again the composition of the oxygen stream is known, but its flow rate is not. Thus, 
after the oxygen demand from Plants 103 and 206 has been calculated, it is a simple 
matter to size Plant 110 to satisfy this oxygen demand. ASPEN design specification 
O2PLANT is used to balance the oxygen production from the air separation plant 
against the oxygen demand. 

Several streams flow betwe~ Area 200 and Area 300. Four hydrocarbon product 
streams and five hydrogen streams flow forward from Area 200 into Area 300. 
However, there is only one recycle stream back to Area 200, and that is Stream 304S2, 
the hydrogen-rich product gas from the naphtha reforming plant, Plant 304, that 
goes to the hydrogen recovery plant. 

ASPEN convergence block ~ converges this recycle loop by the Wegstein 
method using stream 304S2 as the tear stream. 

For the alternate refining case using ZSM-5 catalyst, Area 300 does not contain a 
naphtha reforming plant, and there is no hydrogen-rich stream which is recycled 
back to Area 200. Consequently, convergence block R E ~  is not present. 

The hydrogen produced by Plant 205 is used in Plants 107, 301, 302, 303, 305, and 306. 
The amount of hydrogen produced is controlled by feed rate to the plant, which is 
set by the split fraction in the ASPEN stream splitter block P205S1. Again, since 
Plant 205 produces essentially pure hydrogen, it is not neces~ry to connect the 
hydrogen streams. After the total hydrogen consumption in Plants 107, 301, 302, 303, 
305, and 306 is known, it is only necessary to make Plant 205 produce the correct 
amount of hydrogen by adjusting the split fraction in block P205S1. An ASPEN 
design specification around both Areas 200 and 300 is used to balance the hydrogen 
production against the hydrogen consumption. DES-SPEC H2MAKE varies the split 
fraction in block P201S1 so that the hydrogen produced by Plant 205 in stream 205S3 
matches the hydrogen consumption by the other plants. Convergence block 
H 2  is used to converge this design specification. 

After the entire simulation model has been converged and all stream flow rates and 
compositions are known, Fortran block SUMMARY is executed. Thi.~ inline Fortran 
block controls the final summarizing calculations and calls several subroutines to 
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do these calculations. This block calculates the properties of the blended gasoline 
and diesel products, utilities balance, total plant cost, and the catalyst and chemicals 
cost. It also writes the management summary report portion of the plant summary 
report file and the ICL.PRN output file for transfer of the model results to the Lotus 
spreadsheet Economics model. 

In addition, there are several ASPEN mixing blocks in the model that are not shown 
in Figures 3-2, 3-3 and 3-4. These mixing blocks calculate the total sour water 
production in Areas 200 and 300 and the total fuel gas production by the entire plant. 

3.3.5 Simulation Model  Results for the Baseline Design Case 

The output from the model  that is of interest to the user is contained in several 
output files, the standard ASPS"  report file, two ASPEN history files, the plant 
summary report file (the ALL.REP file), and the ASCU ~ansfer file (the ICL.PRN 
file). 

The standard ASPEN report  file basically reports how the simulation progressed and 
provides the block and  stream reports. The stream report contains the flow rates 
and compositions of all the streams as specified in the STREAM-REPORT 
paragraphs of the ASPEN input file. The ~ file is a history of the progress of the 
ASPEN input translation step. This file contains two listings of the input file, one 
raw and one sorted, details on the component properties and thermodynamic 
models which are being used, and the calculation sequence which will be employed. 
The .HSP file is the history file produced dur ing execution of the model. 
Supplemental output  generated by the individual plant Fortran user block models 
as requested by the user are printed to this file. Near the end of this file, the 
calculated properties of the gasoline and diesel products are printed by inline 
Fortran block SUMMARY. 

In addition to the above standard ASPEN output  files, the model produces a Plant 
Summary Report file. This file was developed to summarize the individual plant 
operations in an easy to read manner in a standard format on a single page 
whenever  possible. 

The second page of the Plant Summary Report file contains the management  
summary report which  summarizes the e n t r e  model  results on a single page as 
shown in Figure 3-5. A summary of the major plant input and output streams is 
given at the top of the page. The middle section of the page provides a summary of 
the individual plants. This includes the number  of operaO_qg ~nd spare plants, the 
number of dedicated operators, the ISBL cost, and the total installed plant cost. The 
total installed cost includes an apportioned amount  for the OSBL cost, home office 
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cost, fees, and contingency. The total number of operators, foremen and 
maintenance workers are given at the bottom of the page. 

The remainder of the report contains short summaries (single page whenever 
possible) of the individual plant operations and an overall utilities summary table. 
Generally, these plant reports summarize the inlet and outlet stream flows, utilities 
consumptions or productions, and the ISBL field cost. A utilities sumznary table is 
given an the end of the Plant Summary Report which shows the steam, power, ~el, 
cooling water, process water and nitrogen consumptions or productions of the 
individual process and OSBL plants. 

Table 3.1 compares the model results with those of the process design for the 
baseline design case. The agreement is excellent. The small differences between the 
model and the process design are the result of minor revisions and improvements 
which were made to the Fischer-Tropsc,h synthesis reactor model and some of the 
refining plant models in Area 300 after the process design was stabi|iTed. 

3A THE ALTERNATE REFINING CASE PROCESS MODEL FOR AREA 300 

3.4.1 Overview 

A separate process simulation model was developed for Area 300 of the alternate 
refining case where the Fischer-Tropsch reactor vapors are upgraded by passing 
them through a rector containing ZSM-5 oligomerization catalyst. In this 
configuration, all of the overhead vapor from the slurry phase Fischer-Tropsch 
reactor is passed directly to a second stage, fixed bed reactor containing ZSM-5 
catalyst where olefins, oxygenates and heavy paraffins are converted to a mixture of 
isoparaffins, isoolefins, naphthenes and aromatics. All of the oxygen atoms in the 
oxygenates are converted to water. The C5+ portion of this product is a quality 
gasoline and the light ends are converted to gasoline by alkyiation. The wax fraction 
is hydrocracked to produce naphtha and distillate. 

As a result of the improved gasoline quality, the configuration of the Area 300 
refining section for the alternate refining case is different. It contains only the 
following four plants. 

1. Plant 301, the Wax Hydrocracking Plant 
2. Plant 305, the C4 Isomerization Plant 
3. Plant 307, the C3/C4/C5 Alkylation Plant 
4. Plant 308, the Saturated Gas Plant. 
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The distillate hydrotreating, naphtha hydrot-rea~g, naphtha reforming, and C5/C6 
isomerization plants have been eliminated. This configuration produces more 
butanes than are consumed by the alkylation unit. These extra butanes are now 
sold, in contrast to the baseline design case which was short of butanes and had to 
purchase them. 

In order to avoid confusion with the baseline design case, the four product streams 
produced by the Fischer-Tropsch synthesis loop and sent to Area 300 for further 
processing have been renumbered. These four streams are: 

1. Stream 204S31, a C3-C.5 olefin/paraffin stream going to the alkylation 
plant 

2. Stream 204S32, a light gases stream going to the saturated gas plant 
3. Stream 204S33, a naphtha stream which goes to gasoline blending 
4. Stream 204534, a distillate and wax stream which goes to the wax 

hydmcracker 

In the baselme design case, all the C5 and lighter material is sent to the alkylation 
plant for further separation and processing, the naphtha stream is sent to the 
naphtha hydrotreater, and the distillate stream is sent to a distillate hydrotreater. 
The product refining area, Area 300, is completely different for the alternate refining 
case. It only contains four processing plants compared to the eight in the baseline 
design case. Figure 3-6 shows the ASPEN block flow diagram for the Area 300 
product refining area for the alternate refining case. In this case, the C5 and lighter 
stream is split in Plant 204 to produce, an alk'ylate feed stream and a light gas stream 
which goes to Plant 308, the saturated gas plant_ The naphtha stream goes directly to 
gasoline blen ,cllmg. However, in this case, the m,~terial that was previously in the 
C5/C6 and naphtha product streams goes di.,~-tl 7 to gasoline blending rather than 
for further processing in the C5/C6 isomerization and naphtha refe_,mMng plants, 
respectively. The wax stream still goes to the wax hydrocracker. 

The configuration of the model for the loop containing Plants 304, 307 and 308 is 
different from the baseline design for this case because extra butanes are available. 
Plant 308 now produces a stream named C4SELL from block P308M4 which 
represents the extra butanes that a~e sold. In the baseline design case, Plant 305 has 
an input stream named C4BUY which represents the butanes purchases. The Plant 
307 alkylation plant model now contains another block, block P307S, which splits 
the excess normal butane between that going to the C4 isomerization plant and 
butane sales. 

in the baseline design case, all butanes whic.h could be recovered by Plant 308, the 
saturated gas plant, are sent to the C4 isome.-ization plant to minimize butane 
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purchases. In this case, only the isobutane is returned to the alkylation plant via the 
C4 isomerization plant, and the normal butanes are sold. 

In the baseline design case, ASPEN convergence block C4FLOW works in 
conjunction with inline Fortran block SETL,,rI~37 to calculate the correct makeup 
butane flow rate in stream C4BUY to satisfy the butane demand of the alkylation 
plant. In this alterl~ate refining case, convergence block C4_PLOW works in 
conjunction with an ASPEN design specification to satisfy the butane demand of the 
alkylation plant and calculate the butane sales rate in stream C4SELL. This design 
specification sets the split fraction in block P307S, which controls the amount butane 
going to the C4 isomerization plant, to maintain the correct isobutane/olefin 
consumption ratio in the alkylation unit. An ASPEN convergence block is zequired 
to converge this design specification. Both the design specification and convergence 
block are not shown in Figure 3-6. 
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TABLE 3-1 

Comparison of the ASPEN/SP Process Simulation 
Model with the Process Design for ~he 

Baseline Design Case 

Delta Per=en~ 

Model Design (M-D) Delua 

ROM COAL FEED RATE, MTSD (MF) 18.$75 18.$76 0 0 

COAL CLEANING REFUSE RATE, MTSD (M~) 0 0 0 0 

SLAG PRODUCTION RATE, MTSD (M~) 2.244 2.244 0 0 

NATURAL GAS RATE, MMMBTU/SD 0 0 0 0 

ELECTRICITY PURCHASE, MZGA-WH/SD 1198.37 1198.54 -0.17 -0.14 

RAW WATER MAKE-UP, MMGSD 14.460 14.460 0 0 

GASOLINE, PRODUCTION, MBSD 23.952 23.915 0.037 0.16 

DIESEL PRODUCTION, MBSD 24.681 24.655 0.025 0.I0 

FUTURE PRODUCT A PRODUCTION, MBSD 0 0 0 0 

FUTURE PRODUCT B PRODUCTION, MBSD C 0 0 0 

LIQUID PROPANE PRODUCTION, M~SD 1.923 1.921 0.002 0.i0 
MIXED BUTANES PRODUCTION, MBSD -3.121 -3.119 -0.002 0.06 

FUTURE BYPRODUCT C PRODUCTION,MTSD C 0 0 0 

FUTURE BYPRODUCT D PRODUCTION,MTSD 0 0 0 0 

SULFUR PRODUCTION, MTSD 0.560 0.560 0 0 

OPERATORS AND MAINTENANCE WORKERS 1088 1088 0 C 

TOTAL INSTALLED CAPTTAL, SMM(E-YR) 

CATALYST AND CHEMICALS, SMM(B-YR} 

2906.55 2906.39 0.16 0.006 

31.07 31.07 0 0 
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ASPEN BLOCK FLOW DIAGRAM FOR ILLINOIS COAL 
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Fieure  3-3 

ASPEN BLOCK FLOW DIAGRAM FOR AREA 200 
FISCHER-TROPSCH LOOP 
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Figure 3-_4 

ASPEN BLOCK FLOW DIAGRAM FOR AREA 300 
CONVENTIONAL REFINING CASE 
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Figure 3-5 

MANAGEMENT SUMMARY REPORT 

,L~OR INPUT AND OUTPUT ST~SAMS 

INPUT MLBS/HR 
ROHCOAL- 1547.933 
NATURAL GAS, MM SCF/HR 
ELECTRZC POWER, MEGA-WH/SD 
RAW WATER MAKE-UP, MMGAL/SD 

TO~s/D~Y 
18575. 

.000 
1198.371 

14.460 

OUTPUT M.LBS/HR TONS/DAY BBLIDAY 
PRO~ 14.241 171. 1923. 
BUTANES -26.514 --318. -3121. 
GASOLINE 251.845 3022. 23952. 
DZESEL 278.500 3342. 24681. 
RE~SE" .000 O. 
SLAG* 187.033 2244. 
SULFUR 46.689 $60. 
TOTAL 751.794 9022. 47436. 

= THESE S T ~  FLOW RATES ARE ON A DRY BASIS. 
HEGATIVEPRODUCT PLOWS DESIGNATE PURCHASED MATERIAL. 

ISBL FIELD AND TOTAL INSTALLED COSTS (INCLUDING OSBL COSTS) 

PLANT 
101 
102 
103 
104 
105 
106 
107 
108 
109 
ii0 
201 
202A 
2025 
203 
204 
205 
206 
301 
302 
303 
304 
305 
306 
307 
308 
TOTAL 

NUMBER OF PLANTS PLANT COST, MM$, DEDICATED 
OPERATING SPARES ISBL TOTPu', OPERATORS 

1 0 42.020 63.862 12 
5 1 101.220 153.833 17 
S 1 702.910 1068.277 183 
8 0 38.000 57.752 8 
! 0 3.220 4.594 0 
4 0 18.660 28.359 9 
2 1 43.340 65.868 13 
8 0 23.710 36.034 0 
8 0 7.580 11.520 8 
8 0 326.769 496.620 8 
8 0 173.693 263.977 43 
8 0 16.795 25.525 0 
8 0 124.673 189.478 8 
4 0 17.836 27.106 4 
4 0 53.659 81.550 4 
4 0 44.358 67.415 4 
4 0 21.896 33.277 4 
1 0 43.508 66.124 10 
! 0 14.029 21.322 4 
1 0 6.589 10.014 4 
1 0 31.358 47.657 I0 
1 0 6.708 10.195 4 
1 0 7.249 11.017 4 
1 0 37.090 56.369 10 
1 0 51598 8"508 4 

1912"468 2906.553 375 

CATALYST AND C~EMZCALS, MMSIYEAR 31.070 

DEDICATED P L A ~  OPERATORS 375 
EXTRA OPZRAT<)RS, FOREMEN 

AND MAINTENANCE WORKERS 713 
TOTAL 1088 
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ASPEN BI,OCK FLOW DIAGRAM FOR AREA 300 
ALTERNATE REFINING CASE 
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Section 4 

Project Management & Staffing Report 

4.1 TASK 7 - PROJECT MANAGEMENT 

During this reporting period, cost and schedule control was the primary activity. A 
technical paper entitled "Baseline Design/Economics for Advanced Fischer-Tropsch 
Technology" was presented in the DOE/PETC's Annual Contractors Review 
Conference, held at Pittsburgh, Pennsylvania, on September 27-29, 1993. A contract 
amendment was submitted to include the Kerr McGee ROSE unit in the Baseline 
design case av, d to convert the PFS models from the ASPEN/SP to ASPEN/Plus 
software code. 

4.2 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 

Yang L. Cheng 

Samuel S. Tam 
Gerald N. Choi 

Amoco 

R.D. Kaplan 

S. S. Kramer 

Function % Time Spent(a) 

Process Supervisor 60 

Project Manager 31 

Process Engineer 90 

Subcontract Manager 

Process Model/Simulation 

1 

85 

(a) Number of hours spent divided by the total available working hou~ in the period and expressed as a percentag~ 
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Figure 4-1 

Overall Milestone Schedule 

(as of September 12, 1993) 
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