
2. PROJECT SUMMARY

DOE Contract Number DE-AC22-91PC90027 requiredthe developmentof a conceptual
Baseline design and several alternativedesignsforthe indirectliquefactionof Illinois
No. 6 coal from the BurningStar Mine and a WyomingPowderRiver Basincoal. [n
1995, this contractwas modifiedto considerthe Fischer-Tropschconversionof natural
gas to liquidtransportationfuels. In 1996a secondnaturalgas conversioncase was
added to deveiop a once-through,slurry-bed,Fischer-Tropsch(F-T) plantdesignwith
power co-productionusingtechnologyfrom SyncrudeTechnology,Incorporated.
ASPEN Plus processflowsheetsimulation(PFS) modelsweredevelopedforall of the
coalliquefactioncases. A slightlyless comphrensiveASPEN Plus PFS modelwas
developed for the firstnaturalgas case. In addition,a LOTUS spreadsheetdiscounted,
cash-flow economicsmodel also was developed.

During this contract, the followingeightconceptualdesignswere developed.

1.

2.

3.

4.

5.

6.

7.

8.

Baseline designfor IllinoisNo. 6 coal usingconventionalpetroleumrefining
technologyfor productupgrading

An second IllinoisNo. 6 coal case withan aiternateproductupgradrng
scheme based on upgradingthe vaporstreamfromthe slurry-bedF-T
reactorwith ZSM-5 catalyst

A design usingWyoming Powder Rwer Basincoalwith conventional
petroleum refiningtechnologyfor productupgrading

A second Wyoming Powder River Basincoaldesignwith an alternate
productupgradingscheme based on upgradingthe vapor streamfromthe
slurry-bedF-T reactorwithZSM-5 catalyst

An third IllinoisNo. 6 coal case with an alternateproductupgradingscheme
usingwax fluidcatalyticcrackingwith a beta zeolitecatalystinsteadof mild
hydrocracking

A fourth IllinoisNo. 6 coal case withan alternateproductupgradingscheme
usingwax fluidcatalyticcrackingwith equilibriumUSY catalystinsteadof
mild hydrocracking

A design for the F-T liquefactionof naturalgas usingconventional
petroleumrefiningtechnologyfor productupgrading

A design for the once throughF-T liquefactionof naturalgas withpowerco-
produ&ion usingthe slurry-bedF-T technologyof SyncrudeTechnology,
Incorporatedw“thminimaiproductupgrading.
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After the designsforthe firstthree cases were developed, the ASPEN/SP process
simulationmodelwas convertedto ASPEN Plus and revised to include more
componentsin the F-T wax pr@uct to improvethe vapor-liquidcalculationsaroundthe
slurry-bedF-T reactor(TR-6). Consequently,the resultsfor the firstthree cases were
revised usingtMs new, improvedmodel,and these revised resultswill be presentedin
this report. These resultsare only slightlydifferentthan those described in the
correspondingTopicalReport(TR-1, TR-2 andTR-3).

Cases 4 through7 were developedby creatingASPEN Plus PFS models for the new
plants based on conceptualdesigns,and combiningthese new models withthe existing
ASPEN Plus plantmodelsto calculatethe materiai balances and costsfor these cases.
A completeASPEN Plusmodelfor Case 8, the once-through, natural gas case using
STI technology,was not developed. An ASPEN Plus model PFS model onlywas
developed for the F-T synthesisreactorand downstream units.

● Designates a specificreferencein AppendixA: CN refers to Conference Notes, LR refersto Letter
Repom QR refersto QuarterlyRepoR and TR refersto Topical Report.
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2.1 Case 1- Baseline Design Case

Figure 2.1 is a blockflow diagram showingthe overall processconfigurationof the
Baselinedesign. The Baseline designcase (for IllinoisNo. 6 coal usingconventional
petroleum refiningtechnologyfor productupgrading)consistsof three ISBL (Inside
BatteryLimits) processareas and offsitesplants. The three ISBL processareas are:

1. Area 100-- Syngas Production
2. Area 200- Fischer-TropschSynthesisLoop
3. Area 300-- ProductUpgradingand Refining

Simplifiedblock flow diagrams of the above ISBL plantsare shownin Figure2.2 to 2.4
respectively. Table 2.1 liststhe variousplants insideeach of the three ISBL process
areas and the offsitesplants for the Baselinedesign case. Detaileddescriptionsof
these plants are contained in Topical Report, Volume 1,ProcessDesign- //linoisNo. 6
Cc@ Case with ConventionalRefining(referenceTR-1).

This plant, as well as all the other IllinoisNo. 6 coal cases, is locatedat a generic
southern Illinoismine-mouthsite.

Table 2.2 shows the overall materialbalance and installedplantcostfor the Baseline
design case. This is the Management Summary Report generatedbythe ASPEN Plus
processflowsheet simulation(PFS) model for the .Baselinedesigncase. These results
are essentiallyidenticalto those of tie actualdesign. This reportisshownhere
because it conciselypresentsthe overallplantsummaty for the Baselinecase on a
single page.

The plant produces48,629 bbls/dayof gasolineand distillateblendingstocksand 1922
bbls/dayof LPG from 18,575 tonsldayof moisturefree IllinoisNo. 6 coaland 3110
bbls/dayof normal butane. The plantalso consumesabout54.3 MW of purchased
electricpower. This power consumptionis in additionto the 66.6 MW of powerthat are
produced in Plant 31 from the byproductsteamand fuel gas.

The lower half of Table 2.2 showsthe ISBL field cost and total installedcostof each
plant as well as the number of dedicatedoperatorsrequiredto runit.* The total installed
cost of each plant consistsof the ISBL field cost,an apportionedallotmentfor the OSBL
plants, an amount for home office,engineeringand fees, and a contingencyallotment.
As shown at the bottomof the secondcostcolumn,the totalcostof the Baselinecase in
mid-1993 dollars at the southern Illinoissite is 2964 MM$. The annualcatalystand
chemicalscost is 31.1 MM$.

Three hundred and seventyfive operatorsare requiredto runthe ISBLplantsin this
design. An additional713 operatingand maintenancepersonnelare requiredfor

“For oomputermodeling purposes, Plant 202 has been diviied intotwo seotione. Plant2(I2A is the
amine adsorption~“on, and Plant 2026 is the amine regenerationsection.
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Block Flow Diagram - Baseline Design Area 100 (Syngas Production)
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Block Flow Diagram - Area 200 (F-T Synthesis Loop)
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Block Flow Diagram-*Area300 (Product Upgrading and Refining)

ic4 To Saturated Gas Plant 308

I
c3-

V
307

C3 - C5= C4’S 305 ● H2

——————+C31C41C5 ●
C4 Purchased C4’S

Alkylation ●I I Isom. 4 0
HC Acid LOSS

}
I I

i I I L 1

4 11c3- 1
Alkyiates I

I
*

I
C4’S

308

H20 Sat. Gas
y Im!!!-1

1

HZ 303

Naphtha

F-T Naphtha>
Hydrotreater

— —

H2 302
+

Distillate
C4- ,

F-T Distillate
● Hydrotreater

c4-

t

C5/C6

C2-Fuelgas
➤

C3 b

b
Gasoline

~ Isomerate I Pool

I Isom. I

-=s”2
● Cataiytic

Reforming I

IC7+Gasoline I Diesel
Pool

b Hydrocrackel
F-T Wax ● Distillate

*

+

+

C:~ob21655Winal ReportWig3-4ds



Table 2.1
Process Plants of the Baseline Desire Case

Area100-Svna as Production
101 Coal Reoeivingand Storage
102
103
104
105

106

107

106

109

110

coal Dryingam Grinding-
Shell Gasification
SyngasTreatingandCooling
SourWater Stripper
Acid gas Removal
SulfurRecoveryand Tailgas Treating
SulfurPoliihing
Syngas Wet Scrubbing
Air Separation

Area 200- Fischer-Trcmch SvnthesisLOOR
201 Fisoher-TropschSynthesis
202 Carbon DioxideRemoval
203 ReoycleGas Compressionand Dehydration
204 HydrocarbonsRecovery
205 Hydrogen Recovw
206 AutothermalReformer

Area 300- ProductUrXradina and Refininq
301 Wax Hydrocracking
302 DistillateHydrotreating
303 Naphtha Hydrotreatirtg

Catalytic Reforming
305 C4 Isomerization

C5/C6 Isomerization
307 AIkylation

Saturated Gas Plant and ProductBlending

Offsiies Plants
19
20
21
22
23
24
25
30
31
32
33
34
35
36
37
40
41
42
43

Relief and Blowdown
Tankage
InterconnectingPiping
ProductShipping
Tank Car/tank Truck Loading
Coal Ash D-
catalyst and ChemicalHandling’
ElectricalDiibution System
steam and PowerGeneration
Raw, Coolingand PotableWater
Fire Protectionsystem
Sewaga and EffluentWater Treatment
Instrumentand PlantAir Facilities
Purge and FlushOil System
SolidWaste Management
General Bite Preparation
Buildings
TelecommunicationsSystem
DistributedControlSystemand Software
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Table 2.2
Baseline Desicm Case

MANAGEMENT SUMMARY REPORT

MAJOR INPUT AND OUTPUT STREAMS
MLBs/HR TONS/DAY

ROM COAL * 1547.933 18575.
METHPNOL 0.000 0.
NATURAL GAS, MM SCF/~

ELECTRIC POWER, MEGA-WH/SD
RAW WATER MAKE-UP, ~ GAL/SD

OUTPUT MLBs/HR TONS/DAY
PROPANE 14.231 171.
BUTANES -26.423 -317.
GASOLINE 251.753 3021.
DIESEL 278.556 3343.
REPUSE* 0.000 0.
SLAG* 187.033 2244.
SULFUR 46.689 560.
ToTAL 751.839 9022.

0.000
1303.792

14.460

BBIJDAY .

1922.
-3110.
23943.
24686.

47441.

* THESE STREAW FLOW RATES ARE ON A DRY 3ASIS .
NEGATIVE PRODUCT PLOWS DESIGNATE PURCHASED MATBRIAL .

ISBL FIELD AND TOTAL INSTALLED COSTS ( INCLUDING OSBL COSTS)
NUMBER OF PLANTS PLANT COST, MM$ , DEDICATED

PLANT OPERATING SPARES ISBL ToTAL
101
102
103
104
105
106
107
108
109
110
201
202A

. 202B
2’03
204
205
206
301
302
303
304
305
306
307
308
TOTAL

1
5
8
8
1
4
2
8
8
8
8
8
8
4
4
4
4
1
1
1
1
1
1
1
1

0
1
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

CATALYST AND CHEMICALS , MM$/YEAR

41.997
101.271
702.888

37.968
3.213

18.654
43.367
23.731

7.543
326.754
220.197

16.788
124.698

17.830
53.662
44.361
21.921
43. !564
13.994

6.595
31.365

6.731
7.275

37.061
5.549

1958.977

63.539
153.217

1063.426
57.443

4.861
28.223
65.612
35.904
11.412

494.358
333.145

25.400
188.661

26.975
81.188
67.115
33.166
65.909
21.172

9.977
47.453
10.184
11.006
56.071

8.395
2963.809

31.074

OPERATORS
12
17

183
8
0
9

13
0
8
8

43
0
8
4
4
4
4

10
4
4

10
4
4

10
4

375

DEDICATED PLANT OPERATORS 375
EXTRA OPERATORS , FOREMEW

AND MAINTENANCE WORKERS 713
TOTAL 1088
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operating the OSBL facilities,extra and spareoperators,maintenance,and laboratory
personnel making a total labor requirementof1088 peoplewithoutmanagement
supervision.

Both the primaryliquidhydrocarbonproductsare nitrogen,sulfurand oxygenfree. The
gasoline blendingcomponenthas a 90.9 RON and a 86.1 MON. It has a low Reid
vapor pressureof 5.0 psi, containsa small amountof benzene (0.3 wE%),containsan
insignificantamount of olefins(0.02 wEA),and containsa significantamountof
aromatics (28.1 M%). The diesel blendingcomponenthas an exceptionallyhigh cetane
index of about 74 and a pour pointof about -28 ‘F. This is a superiordieselfuel
blending component.
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2.2 Case 2- Illinois No. 6 Coal with Alternate ZSM-5 Product Upgrading Case

The firstalternativecase involvesupgradingthe vapor stream leavingthe slurrybed
F-T reactorbypassing it througha reactorcontaining Mobil’sZSM-5 oligomerization
catalyst. The ZSM-5 oatalystconvertsthe entering straightchain paraffins,o!efinsand
oxygenatesto a mixtureof isoparaffins,isoolefins,naphthenesand aromatics. All of the
oxygenatomsin the oxygenatesare convertedto water. This case is documented in
Topioal Repoft,Volume 11,ProcessDesign - ///inoisNo. 6 Coa/ Case MothZW-5
b’pgfading(referenceTR-2).

As in the Baselinedesigncase, the ISBL processingarea is dividedintothree main
processingareas and an offsitesarea. Simplified ISBL blockflowdiagramsfor this
alternateZSM-5 productupgradingcase are shown in Figures2.5,2.6 and 2.7
respectivelyfor the three main processingarea of 100,200 and 300. Skme this case
also processesthe same IllinoisNo. 6 coal as the Baselineease, Area 100 is identical
to that of the Baselinecase.

Area 200, the Fscher-TropschSynthesisLoop for the alternativeZSM-5 upgrading
case, consistsof seven plants. Area 200 is configuredvery similarto the Baseline
designcase exceptthat Plant 207, the ZSM-5 Upgrading Piant, has been added
essentiallyin the middleof Plant201 to prooessthe vapors leavingthe F-T sluny bed
reactors. Plant207, the ZSM-5 UpgradingPlant, takes the vapor stream leavingthe
F-T slurtybed reactorand passesit througha reactor containingMobil’sZSM-5
oligomerizationcatalyst

In addition,somedesignchangeswere made to the distributionof the liquid
hydrocarbonproductsleaving Plant204. The naphtha now goes directlyto the gasoline
pool, and all the Cl 1 and heavierhydrocarbonsgo to the wax hydrocrackersincethe
naphthaand distillatehydrotreatershave been eliminatedfrom Area 300.

Area 300, the ProductUpgradingand RefiningArea, now oonsistsof only four plantsfor
this ZSM-5 upgradingease. These are Plants 301,305,307 and 308. Plants302,303,
304 and 305 have been eliminated. Besiies the F-T wax, the feed to Plant 301, the
Wax HydrocrackingPlant, now includesall the Cl 1+ F-T products(distillateand wax)
which are hydrocrackedto producemore valuable productswhichare essentially
oxygenfree becauseall the oxygenin the feed is convertedto water. The distillate
productgoesto the distillateblendingpool. The C5+ naphtha productgoes directlyto
the gasolinepool. The C4- lightends are sent to Plant 308, the SaturatedGas Plant,
for furtherpropanerecovery. Plant305, Plant 307, and Plant 308 functionexactlythe
same as theircounterpartsin the Baselinedesign case.

The offsitesarea for thk case is essentiallythe same as that for the Baselinecase.

Table 2.3 showsthe overallplantsummaryand the installedplantcostfor the
alternativeZSM-5 upgradingcase with IllinoisNo. 6 coal. Again, thk is the
ManagementSummaryReportgenerated by the ASPEN Plus processflowsheet

.
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Block Flow Diagram - ZSM-5 Case Area 100 (Syngas Production)
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Table 2.3

ZSM-6 Alternate !Axaradina Case with Illinois No. 6 Coal

MANAGEMENT SUMMARY REPORT

MAJOR INPUT AND OUTPUT STREAMS

MLBs/IiR TONS/DAY

ROM COAL* 1547.933 18575.
METHANOL 0.000 0.
NATURAL GAS, M4 SCF/HR
ELECTRIC POWER, MEGA-WH/ SD
RAW WATER WAKE-UP, MM GAL/SD .

ouTPuT MLBs/HR TONS/DAY
PROPANE 19.420 233.
BUTANES 8.481 102.
GASOIJNE 325.338 3904.
DIESEL 180.165 2162.
REFUSE* 0.000 0.
SLAG* 187.033 2244.
SULPUR 46.689 560.
TOTAL 767.126 9206.

2-15

0.000
1262.004

14.436

BBLIDAY
2623.

998.
31255.
15858.

50734.

* THESE STREAM FLOW RATES ARE ON A DRY BASIS.
NEGATIVE PRODUCT FLOWS DESIGNATE PURCHASED MATERIAL .

ISBL FIELD AND TOTAL INSTALLED COSTS ( INCLUDING OSBL COSTS)

PLANT
101
102
103
104
105
106
107
108
109
110
201
202A
202B
203
204
205
206
207
301
305
307
308
TOTAL

NUMBER OF PLANT5
OPERATING SPARES

1 0
5 1
8 1
8 0
1 0
4 0
2 1
8 0
8 0
8 0
8 0
8 0
8 0
4 0
4 0
4 0
4 0
8 0
1 0
1 0
1 0
1 0

PLANT COST, MM$,
-——--.—-

ISBL TOTAL
41.997

101.271
702.888

37.968
3.213

18.654
43.367
23.731

-?.543
326.410
215.817

16.845
124.712

17.881
53.318
33.795
21.239
23.320
42.604

3.186
41.845

5.080
1906.685

CATALYST AND CHEWICALS , MM$/YEAR

DEDICATED PLAWT OPERATORS 353
EXTRA OPERATORS , FOREMEN

AND MAINTENANCE WORKERS 671

ToTAL 1024

63.814
153.879

1068.024
57.692

4.882
28.345
65.895
36.059
11.461

495.973
327.930

25.596
189.498

27.170
81.016
51.350
32.272
35.434
64.736

4.841
63.583

7.719
2897.168

31.442

DISDLUYXMJ

OPERATORS
12
17

183
8
0
9

13
0
8
8

43
0
8
4
4
4
4
0

10
4

10
4

353



simulation(PFS) model for this case. This reportis shown here becauseit concisely
presentsthe principalresultsfor the alternativeZSM-5 upgradingcase with IllinoisNo. 6
coal on a single page.

The plantproduces47,113 bbls/day of gasolineand distillateblendingstocks,998
bbls/dayof mixed butanes, and 2623 bbls/dayof LPG from 18,575 tons/dayof moisture
free IllinoisNo. 6 coal. The plant also consumesabout 52.6 MW of purchasedelectric
power. This power consumptionis in additionto the 67.2 MW of powerthat are
producedin Plant 31 from the byproductsteam and fuel gas.

The lowerhalf of Table 2.3 shows the KBL field costand total installedcostof each
plantas well as the number of dedicated operatorsrequiredto run it. The total installed
costof each plantconsistsof the ISBL field cost, an apportionedallotmentfor the OSBL
plants,an amount for home office, engineeringand fees, and a contingencyallotment.
As shownat the bottomof the second costcolumn,the total costof the Baselinecase in
mid-1993 dollarsat the southern Illinoissite is 2897 MM$. The annual catalystand
chemicalscost is 31.4 MM$.

An estimatedthree hundred and fifty three operatorsare requiredto runthe ISBL plants
in tits design. An additional 671 operatingand maintenancepersonnelare requiredfor
operatingthe OSBL facilities,extra and spare operators,maintenance,and laboratory
personnelmakinga total labor requirementestimateof 1024 peoplewithout
managementsupervision.

Boththe primaryliquid hydrocarbonproductsare nitrogen,sulfurand oxygenfree. The
gasolineblendingcomponent is of lower qualitythan the Baselinedesigncase. It has a
75.5 RON, a 72.4 MON, and a Reid vapor pressureof 6.0 psi. It containssome
benzene (0.6 W%), contains some olefins(6.5 wW&),and containssome aromatics
(16.3 W%). The diesel blending componenthas an exceptionallyhighcetane indexof
about73 and a pour point of about -19 “F. This is a excellentdieselfuel blending
component.
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2.3 Case 3- Wyoming Powder River Basin Coal with Conventional Refining
Case

This second alternativecase involvesusinga Westerncoal from the Powder River
Basinarea of Wyoming insteadof the IllinoisNo. 6 coalwhich was used in the Baseline
designcase. This is a mine-mouthplantlocatednear Gillette,Wyoming. This case is
documentedin Topical Report,Volume 111,ProcessDesign- Western Cod Case with
ConventionalRefining (referenceTR-3).

As in the Baselinedesign case, the ISBL processingarea is divided into three main
processingareas. SimplifiedISBL blockflowdiagramsfor this alternate Western coal
case are shown in Figures2.8,2.9 and 2.10 respectivelyfor the three main processing
area of 100,200 and 300. Becausethiscase usesWyoming Powder River Basin coal
insteadof IllinoisNo. 6 coal, Area 100 is significantlydifferentthan that of the Baseline
design case. In addition,the offsitesarea has been modifiedfromthat of the Baseline
case to includea zero-dischargewatertreatmentsystemto minimize fresh water
consumptionby maximizingwater reusebecause of the high water costs in Wyoming.

The Western coal Area 100 consistsof nine plantq Plants 101, 102, 103 and 105
through110. Plant 104, the SyngasTreatingand CoolingPlant, has been eliminated
and Plant 106 has been redesignedbecausethe Wyomingcoal has a much lower sulfur
contentthan IllinoisNo. 6 coal.

Becauseof the high C02/HzS ratioin the syngas,Plant 106 was redesignedto use a
physicalabsorptionprocessratherthan a chemicalone for selective removal of HzS. It
was changed to use a Rectisolwash system,licensedeither by Linde AG or Lurgi
Corporation,insteadof the UOP AmineGuard FS processwhichwas used for he Illinois
No. 6 coal cases.

Area 200, the Fischer-TropschSynthesisLoop, @ Area 300, the Product Upgrading
and RefiningArea, are identicalto thoseof the Baselinedesigncase.

Table 2.4 showsthe overallplantsummaryand the installedplant cost for the Western
coal with mnventional refiningcase. Again,this is the Management Summary Report
generatedby the ASPEN Plusprocessflowsheetsimulation(PFS) model for this case.

The plantproduces48,222 bbis/dayof gasolineand distillateblending stocksand 1907
bbls/dayof LPG from 19,789 tons/dayof moisturefree Wyoming Powder River Basin
coal and 3101 bbls/dayof butanes. The plantalsoconsumesabout 88.0 MW of
purchasedelectricpower. This powerconsumptionis in additionto the 64.5 MW of
powerthat are producedin Plant31 fromthe byproductsteam and fuel gas.

The lower half of Table 2.4 showsthe ISBL field costand total installedcost of each
plantas well as the estimatednumberof dedicatedoperatorsrequiredto run it. The
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Block Flow Diagram - Area 300 (Product Upgrading and Refining)
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Table 2.4

Wvominq Powder River Basin Coal with Conventional Refinina Case

MANAGEMENT SUMMARY REPORT

MAJOR INPUT AND OUTPUT STREAMS
NLBs/HR TONS/DAY

ROM COAL* 1649.072 19789.
METHANOL 0.000 0.
NATURAL GAS, MM SCF/HR 0.000
ELECTRIC POWER , MEGA-WH/SD 2111.658
=W WATER MAXE-UP , MM GALI SD 9.803

ouTPuT
PROPANE
BUTANES
GASOLINE
DIESEL
REFUSE*
SLAG*
SULFUR
ToTAL

MLEs/I’m
14.122

-26.348
249.784
276.074

0.000
145.584

9.029
668.246

TONS/DAY BBL/DAY
169. 1907.

-316. -3101.
2997. 23756.
3313. 24466.

0.
1747.

108.
8019. 47028.

* 7XESE STREAM FLOW RATES ARE ON A DRY BASIS.
NEGATIVE PRODUCT FLOWS DESIGNATE PURCHASED MATERIAL .

ISBL FIELD AND TOTAL INSTALLED COSTS ( INCLUDING OSBL COSTS)
NUMBER OF PLANTS PLANT COST, MK$ , DEDICATED

PLANT
101
102
103
105
106
107
108
109
110
201
202A
202B
203
204
205
206
301
302
303
304
305
306
307
308
TOTAL

OPERATING
1
6
9
1
4
2
8
9
9
8
8
8
4
4
4
4
1
1
1
1
1
1
1
1

SPARES
o
1
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

CATALYST AND CHEMICALS , MM$/YEAR

ISBL
47.690

128.980
735.660

5.370
166.003

14.980
21.610

6.620
306.553
204.990

17.305
111.229

15.887
47.857
42.205
18.960
40.464
13.101

6.081
29.434

6.164
6.691

33.483
5.180

2032.497

DEDICATED PLANT OP~TORS 410
EXTRA OPERATORS , FOREMEW

AND ~CE WORKERS 780
TOTAL 1190

2-21

ToTAL
73.888

199.835
1139.792

8.320
257.196

23.209
33.481
10.257

4’?4 .957
317.600

26.811
172.332

24.615
74.148
65.390
29.375
62.692
20.299

9.422
45.604

9.550
10.367
51.877

8.025
3149.041

21.321

OPERATORS
12
20

205
0

25
13

0
9
9

43
0
8
4
4
4
4

10
4
4

10
4
4

10
4

410



total installedcostof each plantconsistsof the ISBL field cost,an apportionedallotment
for the OSBL plants,an amountfor home office, engineeringand fees, and a
contingencyallotment. As shownat the bottom of the secondcost column,the total
costof the
Western coalwithconventionalrefiningcase in mid-l 993 dollarsat the Gillette,
Wyoming siteis 3149 MM$. The annual catalystand chemicalscost is 21.3 MM$.

Four hundredand ten operatorsare requiredto run the ISBL plants in this design. An
additional780 operatingand maintenancepersonnelare requiredforoperatingthe
OSBL facilities,extra and spare operators,maintenance, and laboratorypersonnel
makinga total laborrequirementof 1190 people without managementsupervision.

The productpropertiesfor thiscase (Wyoming Powder Rwer Basin coal with
conventionalrefiningcase) are essentiallythe same as thosefor the Baselinedesign
case. Again, boththe primaryliquidhydrocarbonproductsare nitrogen,sulfurand
oxygenfree. The naphthahas a 90.9 RON, a 86.1 MON, and a Reid vapor pressureof
5.0 psi, and itcontainsa smallamount of benzene (0.3 wEA),containsan insignificant
amount of olefins(0.02 wt?%),and containsa significantamountof aromatics(28.1
wF%). The dieselblendingcomponentalso has about the same propertiesas that from
the Baselinecase. It has an exceptionallyhigh cetane indexof about 74 and a pour
pointof about-28 “F. This isa superiordiesel fuel blendingcomponent.
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24 Case 4- Wyoming Powder River Basin Coal with Alternate ZSM-5 Product
Upgrading Case

The Wyoming Powder River BasinCoal with AlternateZSM-5 ProductUpgradingCase
is a combination of the two previouscases. This case usesthe Case 2 ZSM-5 alternate
upgradingscheme for processingthe productsproducedby F-T synthesisfroma
syngas generated from Wyoming Powder River Basincoal in Case 3. As in the
previouscase, this is a mine-mouthplant Iooatednear Gillette,Wyoming. This case is
documented in Quarterly Reportsof April-September1995 and October-December
1995.

As in all the previouscases, the ISBL processingarea is dividedintothree main
processingareas. SimplifiedISBL blockflow diagramsforthisalternateWestern coal
with ZSM-5 product upgradingcase are shown in Figures2.11,2.12 and 2.13
respectivelyfor the three main processingarea of 100,200 and 300. Area 100, the
Syngas ProductionArea, is the same as that used in Case 3, and Areas 200 and 300,
the Fischer-TropschSynthesisLoop and ProductUpgradingand RefiningArea, are the
same as that of Case 2. The offsitesare the same as that of Case 3. Again,thisplant
is a zero discharge plantwhich minimizesfresh water consumptionby maximizingwater
reuse because of the highwater costsin Wyoming.

Table 2.5 shows the overallplant summaryand the installedplantcost for the
alternativeZSM-5 upgradingcase with Wyoming PowderRiverBasincoal. Again,this
is the Management Summary Reportgenerated by the ASPEN Plusprooessflowsheet
simulation(PFS) model for this ease.

The plant produces46,798 bbis/dayof gasolineand distillateblendingstocks,980
bbls/day of mixed butanes,and 2613 bbls/dayof LPG from 19,789 tons/dayof moisture
free Wyoming Powder River Basincoal. The plantalsoconsumesabout 91.6 MW of
purchased electricpower. This powerconsumptionis in additionto the 59.6 MW of
power that are producedin Plant 31 fromthe byproductsteamand fuel gas.

The lower half of Table 2.5 showsthe ISBL field oostand totalinstalledoostof each
plant as well as the numberof dedioatedoperatorsrequiredto run it. The total installed
costof each plant consistsof the ISBL field cost, an apportionedallotmentfor the OSBL
plants, an amount for home office,engineeringand fees, and a contingencyallotment.
As shown at the bottomof the secondcostcolumn,the totalcostof the Western coal
with conventional refiningcase in mid-1993 dollarsat the Gillette,Wyomingsite is 3075
MM$. The annual catalystand chemicalscost is 21.5 MM$.

Three hundred and eightyeight operatorsare requiredto runthe ISBL plantsin this
design. An additional 738 operatingand maintenancepersonnelare requiredfor
operatingthe OSBL facilities,extra and spare operators,maintenance,and laboratory
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BlockFlowDiagram- WesternCoalU?XM-5CaseArea 200 (F-T SynthesisLoop)
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Table 2.5

Wyoming Powder River Basin Coal
with Alternate ZSM-5 Product Urxwadina Case

MANAGEKENT SUMMARY REPORT

MAJOR INPUT AND OUTPUT STREAMS
MLBs/HR TONS/DAY

ROM COAL* 1649.072 19789.

METHANOL 0.000 0.

NATURAL GAS , MM SCF/HR 0.000

ELECTRIC POWER , MEGA-W?VSD 2198.419

RAW WATER MAKE-UP, MM GAL/SD 9.573

OUTPUT
PROPANE
BUTANES
GASOLINE
DIESEL
REFUSE*
SLAG*

ToTAL

MLBs/HR
19.349

8.325
322.930
179.193

0.000
145.584

9.029
684.411

TONS/DAY BBL/DAY
232. 2613.
100. 980.

3875. 31026.
2150. 15772.

0.
1747.

108.
8213. 50391.

* THESE STREAM FLOW RATES ARE ON A DRY BASIS.
NEGATIVE PRODUCT FLOWS DESIGNATE PURCHASED MATERIAL .

ISBL FIELD AND TOTAL INSTALLED COSTS ( INCLUDING 0S= COSTS)
NUMBER OF PLANTS PLANT COST, MM$, DEDICATED

PLANT OPERATING SPARES ISBL TOTAL OPERATORS

101 1 0 47.690 74.153 12

102 6 1 128.980 200.551 20

103 9 1 735.660 1143.878 205

105 1 0 5.370 8.350 0

106 4. 0 166.003 258.118 25

107 2 1 14.980 23.292 13

108 8 0 21.610 33.601 0

109 9 0 6.620 10.293 9

110 9 0 305.677 475.297’ 9

201 8 0 199.928 310.869 43

202A 8 0 17.114 26.611 0

202B 8 0 111.713 173.702 8

203 4 0 15.203 23.640 4

204 4 0 45.629 70.949 4

205 4 0 32.002 49.759 4

206 4 0 17.064 26.532 4

207 8 0 21.254 33.048 0

301 1 0 39.649 61.650 10

305 1 0 2.927 4.s51 4

307 1 0 37.781 58.745 10

308 1 0 4.763 7.405 4

TOTAL 1977.617 3074.995 388

CATALYST AND CHEMICALS , MM$IYEAR 21.523

DEDICATED PLANT OPERATORS 388

EXTRA OPERATORS , FOREMEN
AND MAINTENANCE WORKERS 738

TOTAL 1126
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personnelmaking a total labor requirementof 1126 peoplewithoutmanagement
supervision.

The propertiesof the productsfromthisWyomingPowderRiver Basin coal with ZSM-5
upgradingcase are about the same as thosefromthe alternativeZSM-5 upgrading
case w“thIliinoisNo. 6 coai. Again., boththe primaryiiquidhydrocarbonproductsare
nitrogen,suifurand oxygenfree. The gasoiinebiendingcomponenthas a 75.5 RON
and a 72.4 MON; both of whichare significantlyiowerthan those from the conventional
refiningcases. in addition,the gasoiinehas a Reid vaporpressureof 6.0 psi, contahs
some benzene (0.6 wRA),containssome oiefins(6.5 wE.%),and containssome
aromatics(16.3 wt%). The dieseibiendingcomponenthas an exceptionallyhigh cetane
index of about 73 and a pour pointof about-19 *F. This is a exceilent diesei fuel
biendingcomponent.
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