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3.1

CONCLUSIONS

Conclusions

AND RECOMMENDATIONS

Conceptual plant designsand economicshave been developedf<
Tropsch liquefactionplants producinghigh quality,liquidtranspori
from synthesis gas producedeither from coal or naturalgas. Usir
designs as the bases, variousASPEN Plus processflowsheetsirr
also were developed, along witha LOTUS spreadsheeteconomic
These models provide DOE/FETC with a tool to explore,evaluate
additional promisingareas for future research in the productionof
transportationfuels via Fischer-Tropschsynthesis.

A 45,000 bbl/day indirectliquefactionplant at a mine-mouthlocati
20,320 TPD of IllinoisNo. 6 coal can produce liquidtransportation
be competitive with those made from crude oil pricedat 32.4 to 35
Crude Oil Equivalent (COE) price range depends uponthe produ(
option selected. The productsfrom a similar plant locatednear G
Wyoming prooeesingPowder River Bash coal can be competitive
from crude oil prioeda 29.1 to 31.9 $/bbl dependinguponthe prcx
option selected. The costof these plants were estimatedto be in
3.0 billion mid-l 993 dollarswith some variationdue to the upgradi
piant location.

A similar sized indirectnatural gas liquefactionplant locatedat sol
processingabout 410 MMSCF/day of natural gas can producehig
transportationfuels at a COE price of 32.8 $/bbl fromgas costing
With 0.50 $/MMBTU gas, the COE price dropsto 19.7 $/bbl. The
plant was estimated to be about 1.8 biltionmid-1993 dollars. The
was chosen for the natural gas design for the purposeof expeditir
and making comparison. It is not a good locationfor naturalgas Ii
it shows that the economicscan be favorablewith lowcostgas. #
with low cost gas, constructioncostsgenerallyare higherbecause
infrastructure,an inadequate labor force, ardor a harshclimate.
there are opportunitiesto reduce the plant cost byapplyingdevelc
technologies, design changes, and producingonlya pumpableliq
for upgrac!ingwith crude oil at a conventionalpetroleumrefinery.
should be explored.

The naphtha and distillateproductsfrom the above plantsare sulf
and oxygen free. The distillateis a superiordiesel fuel blendingCI
a cetane number above 70. When upgraded by the prooessesus
study, the naphtha is a good gasoline blendingcomponent.
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A designfor a smalleronce-through,natural gas Fischer-Tropsch liquefaction
plantwas developedemployingthe F-T synthesistechnology of Syncrude
Technology Incorporated.This plant processed 100 MMscf/day of natural gas
and producedabout 8815 bbls/dayof a sulfur,nitrogen and oxygen free
syncrude. It also producedabout 84 MW of surpluselectric power for sale. W!th
low costnaturalgas, a reasonablepower sellingprice, and constructioncosts
similarto those on the U. S. Gulf Coast, this syncrude can be competitivewith
conventionalcrudeoil assuminga reasonable premium because of itssuperior
property.

3.2 Recommendations for Future Work

Duringthe courseof thisstudy,several areas for future investigationbecame
apparentwhichcould reducethe costof preparing high quality liquid
transportationfuelsfromcarbon sourcesother than crude oil.

3.21 General IndirectLiquefactionProcesses

The followingrecommendationsapplyequally well to a F-T indirect liquefaction
plant processingsyngasproducedeither from coal or natural gas.

●

●

●

●

Investigateand incorporateadvanced processes for oxygen production
and syngasgeneration. Currently,the syngas generation area accounts
for a majorportionof the total plant cost. Promisingtechnologiesare on
the horizonsuchas combinedautotherrnalreforming, fluid-bed
autothennal reforming,and ceramic membranes oxidation (e.g., DOE
ContractNo. DE-AC22-92PC921 13), which can significantlyimprovethe
overall economics.

Developan effectivedesign and up-to-date cost for larger diameter F-T
slurryreactors. Advanced slurryF-T reactor design is the core of the
overall processdesign, and the F-T synthesisplant represents 15% of the
total plantcost. The originaldesign was based on the premisethat the
reactordiametermustnot exceeded 16 feet for transportationreasons.
The currentdesignshave 24 slurryF-T reactors, each about 16 feet in
diameter. Developmentof larger slurryF-T reactorsshould be possible,
and thiswillsignificantlyreducethe costof the F-T synthesisplantwhere
water transportationto the site is available.

Develop a costeffectivescheme for minimal upgradingof the F-T wax
into a shippableproductwhichcan be upgraded elsewhere into liquid
transportationfuels.

Obtain betterexperimentaldata on the coprocessingof F-T liquefaction
productsin a conventionalrefineryand on the quality of the productsthat
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are produced.

● Perform additional linear programming(LP) studiesto betterdefine the
F-T product values, as a part of the currentCoal LiquidsEnd Use Study
(DOE Contract No. DE-AC22-93PC91 029), usingexperimentally
determined F-T liquidpropertiesas input parametersto the model.
Fischer-Tropsch synthesisproducesa very high qualitydiesel (high
cetane; no sulfur, nitrogenand aromatics;low smoke point,etc.) It is
likelythat the quality of this diesel is not adequatelyrepresentedby the
7.19 $/bbl margin above the crude oil price used in this study.
Furthermore, eliminationof upgradingat the remotesite and processing
the F-T syncrude in the refineryalong with crude oil maybe a more
economical overall operation.

● Develop a design for a once-through F-T liquefactionplant in conjunction
with an IGCC plant This plant can use eithercoal, naturalgas, biomass,
land-fill gases, waste material or a mixturethereof as the primarycarbon
source. In this design, the F-T recycleloop is eliminatedand the large
cost of the gasifier is distributedbetween the two products,powerand the
F-T liquids. The liquidsonly WMbe upgradedto producea shippable
material which will be convertedto finishedliquidtransportationfuels
elsewhere.

3.2.2 Coal Based Indirect LiquefactionProcesses

The following recommendation principallyapplies to a coai based Fischer-
Tropsch indirect liquefactionplant

. Develop a improved iron based F-T liquefactioncatalyst. Iron based
catalysts are preferredfor coal based designsbecausetheirhighwater-
gas shift activity is requiredto producesufficienthydrogenfor the F-T
synthesis reaction. The currentdesign usesa ROSE supercriticalsolvent
extraction unit to separate the catalystfromthe wax productbecausethe
current iron catalyst particlesquicklydisintegrateto veryfine material.
This is expensive both in cost and utilitiesconsumption. A moredurable,
longer lasting catalystwould allow the use of low costfilters,and
furthermore, could reduce cost.



3.2.3 Natural Gas Based LiquefactionProcesses

The following recommendations principallyapply to a natural gas based fischer-
Tropsch indirectliquefactionplant.

. Design a naturalgas F-T liquefactionplant to be located at a remote site
of interest (e.g., PrudhoeBay, Alaska) where low cost gas is available
and incorporateintothe design:

a) Site-specific constructionand operatingcosts
b) Site-specificutilityrequirementsand overall plant balance
c) Minimal productupgrading
d) Site and productspecifictransportationand storage requirements,and
e) If applicable, a once-throughpowercoproductionscheme to take

advantage of the synergisticeconomicbenefitsof coproduction.

. Design a smaller,potentiallybarge-mounted,natural gas F-T plant of
about 10,000 BPD capacityusinga simplified,but possibly less efficien$
design with minimalproductupgrading. This plant will be different from
the currentdesignnotonly in temm of size, but also in construti”on. It will
be designed specificallyfor gas reservesin remote areas of the U. S.,
includingoffshorediscoveriesalong the U. S. Gulf Coast.

. Obtain additionaland more detailed cobalt based catalyst data. The yield
and kineticdata whichwere used to design the F-T slurry reactorsare
based on a singlesource(i.e., Satterfieldet al.) and are somewhat
limited in scope. AddMonal,larger scaie data are needed to confirmthe
kineticsand betterdefinethe F-T synthesisyields. Catalyst life is another
variable which needsto be examined in a pilotplant scale facility.
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MAJOR PROJECT REPORTS

This appendix containsa listingof the majorprojectreportscontainingsignificant
technical informationthat were preparedduringthe courseof this DOE contract,
Contract No. DE-AC22-91 PC90027, “BaselineDesign/Economicsfor Advanced
Fischer-TropschTechnology.” Monthlystatusreportsare not includedin the listing
because, in general, they did not containany significanttechnical information,and if
they did, itwas only of a preliminarynature,and it was repeated in more detail in the
quarterlyreportcoveringthat period.

This appendix is divided into fbursections:

Al Topical Reports
M Quafteriy Reports
A3 Technical ProgressMeetingConference Notes
A4 Letter Reports

Topical reportswere issued to documentthe final results from a portion or task of this
study.

Quarterly reportswere issued eveq three months. They containtechnical data, and
documentthe progressof the studyto that point.

Technical progressmeetings with DOE/FETC personnelwere held periodicallyas
needed. Followingthe meeting, conferencenoteswere issueddocumentingthe
discussionand the action items.

Letter repbrtswere issued sporadically,as needed, containingsome technical
informationwhich were best transmittedby letter. Selected lettersof transmittal for the
projectmanagement plan, conf&ence notes,etc. are includedin this sectionto provide
a referenceto the transmitteditems. Lettersof transmittalfor publicationsare not
includedbecause the publicationsare reprintedin AppendixB. For completeness,
lettersfrom either the DOE or Bumsand Roe whichfit in thiscategoryand are related
to this contractare included in the listing. Again, lettersnotcontainingany significant
technical informationare not includedin the listing.

Ail reportsare tistedchronologicallyin each of the four sections.
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Al

1.

2.

3.

4.

5.

6.

Toc)ical Reports

Topical Report, Volume 1,l%wess Design - l//inoisNo. 6 Coal Case with
ConventionalRefining, ‘Baseline Design/Economicsfor Advanced Fischer-
TropschTechnology,Contract No. DE-AC22-91 PC90027, Pittsburgh,PA,
October, 1994.

Topical Report,Volume 11,Prucess Design- ///inoisNo. 6 Coal Case withZSM-5
Upgrading,“BaselineDesign/Economics for Advanced Fischer-Tropsch
Technology,ContractNo. DE-AC22-91 PC90027, Pittsburgh,PA, October, 1994.

Topical Report, Volume Ill, Process Design - Western Coa/ Case with
ConventionalRefining, ‘Baseline Design/Economicsfor Advanced Fischer-
TropschTechnology,Contract No. DE-AC22-91 PC90027, Pittsburgh,PA,
October, 1994.

Topical Report,Volume IV, Process Howsheet (PFS) Models, “Baseline
Design/Economicsfbr Advanced Fischer-TropschTechnology, ContractNo.
DE-AC22-91PC90027, i%tSbUr@l PA.,
Part 1, October, 1994
Part 2, Appendices- Part I (1 of 2), October, 1994.
Part 3, Appendices- Part I (2 of 2), October, 1994.
Part 3, Appendices- Part I (2 of 2), October, 1994.
Part 4, Appendices- Part II (1 of 2), October, 1994.
Part 5, Appendices- Part II (2 of 2), October, 1994.
Part 6, LOTUS Spreadsheet Economics Model (RestrictedAddendum), March,
1996.

TrainingSession Repoti, ASPEN Prucess Flo”wsheetSimulationMod@/-
Tmir?ingSessionRepoti, “Baseline Design/Economicsfor Advanced Fischer-
TropschTechnology,Contract No. DE-AC22-91 PC90027, Pittsburgh,PA,
October, 1994.

Topical Report,Volume V (1 of 2), ASPEN PLUS Process SimulationMo&ls fix
Fischer-Tmpschlmtin?otCoal Liquefaction, ‘Baseline Design/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91PC90027,
Pittsburgh,PA November, 1994.
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7.

8.

9.

10.

Topical Report, Volume V (2 of 2), ASPEN PLUS ProcessSimulationModels for
Direct Coal Liquefaction,“BaselineDesign/EconomicsforAdvanced Fischer-
Tropsch Technology, Contract No. DE-AC22-91PC90027, Pittsburgh,PA,
November, 1994.

Topical Report Vl, Natural Gas Fkcher-Tropsch Case, Volume1,Summary
Report, “BaselineDesign/Economicsfor AdvancedFischer-TropschTechnology,
Contract No. DE-AC22-91PC90027, Pittsburgh,PA August, 1996.

Topical Report Vi, Natuml Gas Fischer-TmpschCase, Volumet{ Piant Design
and Aspen Prooess SimulationModel, ‘Baseline Design/Economicsfor
Advanced Fischer-TropschTechnology,ContractNo. DE-AC22-91PC90027,
Pittsburgh,PA, August 1996.

Topical ReportVll, Natuml Gas Based Once-ThroughFischer-TmpschDesign
with Power Copnxfuction, ‘Baseline Design/EconomicsforAdvanced Fischer-
Tropsch Technology, Contract No. DE-AC22-91PC90027, Pittsburgh,PA,
March, 1998.
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N Quartetiv Reoorts

1. QuarterlyReport,October- December 1991, Baseline Design/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91 PC90027,
Pittsburgh,PA, April, 1992.

2. QuarterlyReport, January- March 1992, “BaselineDesign/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91 PC90027,
Pittsburgh,PA, June, 1992.

3. QuarterlyReport, April - June 1992, “Baseline Design/Economicsfor Advanced
Fischer-TropschTechnology, Contract No. DE-AC22-91 PC90027, Pittsburgh,
PA, August, 1992.

4. QuarterlyRepoft, July- Beptember 1992, “BaselineDesign/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91 PC90027,
Pittsburgh,PA January, 1993.

5. QuarterlyReport, October- December 1992, “BaselineDesign/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91 PC90027,
Pittsburgh,PA, March, 1993.

6. QuarterlyReport, January- March 1993, “BaselineDesign/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91 PC90027,
Pittsburgh,PA, June, 1994.

7. QuarterlyReport, April - June 1993, “Baseline Design/Economicsfor Advanced
Fischer-TropschTechnology,Contract No. DE-AC22-91 PC90027, Pittsburgh,
PA, June, 1994.

8. QuarterlyRepoti, July-September 1993, “BaselineDesign/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91PC90027,
Pittsburgh,PA, June, 1994.

9. QuarterlyReport, October- December 1993, “BaselineDesign/Economicsfor
AdvancedFischer-TmpschTechnology, Contract No. DE-AC22-91PC90027,
Pittsburgh,PA August, 1994.

10. QuarterlyReport, Januafy - March 1994, ‘Baseline Design/Economicsfor
AdvancedFischer-TropschTechnology, Contract No. DE-AC22-91PC90027,
Pittsburgh,PA August 1994.
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11.

12.

13.

14.

15.

16.

17.

Quarterly Report, April - June 1994,“BaselineDesign/Economicsfor Advanced
Fischer-TropschTechnology, Contract No. DE-AC22-91PC90027, Pittsburgh,
PA, October, 1994.

Quarterly Report, July - September 1994, “BaselineDesign/Economicsfor
Advanced Fischer-TropschTechnology, ContractNo. DE-AC22-91PC90027,
Pittsburgh, PA, December, 1994.

Quarterly Report, October - December 1994, “BaselineDesign/Economicsfor
Advanced Fischer-TropschTechnology, ContractNo. DE-AC22-91PC90027,
Pittsburgh,PA, Februafy, 1995.

Quarterly Report, January - March 1995, “BaselineDesign/Economicsfor
Advanced Fischer-TropschTechnology, ContractNo. DE-AC22-91PC90027,
Pittsburgh,PA, November 1995.

Quarterly Report, April - June 1995, “BaselineDesign/Economicsfor Advanced
Fischer-TropschTechnology, Contract No. DE-AC22-91PC90027, Ptisburgh,
PA, March, 1996.

Quarterly Report, July - September 1995, ‘BaselineDesign/Economicsfor
Advanced Fischer-TropschTechnology, ContractNo. DE-AC22-91PC90027,
Pittsburgh,PA, March, 1996.

Quatterly Report, O&ober - December 1995, “BaselineDesign/Economicsfor
Advanc&l Fischer-TropschTechnology, ContractNo. DE-AC22-91PC90027,
Pwburgh, PA, April, 1996.
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A3 Technical Prowess Meetina Conference Notes

1.

2.

3.

4.

5.

6.

7.

&

9.

10.

11.

12.

13.

14.

October21, 1991 KickoffMeeting - conference note issued November 4, 1991.

February26, 1992 ProgressMeeting - conference note issued March 16, 1992.

August 5, 1992 ProgressMeeting - conference note issuedAugust 14, 1992.

March 4, 1993 ProgressMeeting - conference note issued March 10, 1993.

June 17, 1993 ProgressMeeting - conference note issued August 24, 1993.

February2,1994 ProgressMeeting - conference note issued March 16, 1994.

July 1,1994 ProgressMeeting- conference notes issued July 12, 1994.

November9,1994 ProjectMeeting on ‘Crude Oil Equivalent (COE)’ Coal
LiquefactionEconomics- conferencenote issued February 22, 1995.

February14, 1995 ProgressMeeting on Coal Liquefaction Economics-
conferencenote issued February28, 1995.

February16,1995 ProgressMeeting - conference note issued March 13, 1995.

November 16,1995 ProgressMeeting - conference note issued November 29,
1995.

February20, 1996 ProgressMeeting - con~rence note issued February28,
1996.

December4, 1996 ProgressMeeting- conference note issued December 14,
1996.

June 12,1997 ProgressMeeting - conference note issued June 19, 1997.
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A4

1.

2.

3.

4.

5.

6.

Letter Reports

Letter from Samuel S. Tam to Shelby Rogers, subject“FinalProj
Management Plan,” March 6, 1992.

Letter from Gerald N. Choi to Gary Stiegel, subject ‘SyncrudeTe
Design Based on Natural Gas,” September 8,1995.

Letter from Gerald N. Choi to Shelby Rogers, subject“RevisedF
Slurry Reactor KineticModel,”March 25, 1996.

Letter from Donald P. Daley (Bums and Roe ServicesCorporatia
subject “Deliveryof a Paper and Presentation Material for the So
Petroleum Engineers Meeting,”May 21, 1996.

Letter fimmGerald N. Choi to Dr. Normal L. Carr, subject“Once--
Fischer-Tropsch Design with Power Coproduction:Flow Drawing
Balances and PreliminaryCost Estimate,”March 3, 1997.

Fax from Gerald N. Choi to Dr. Ram Srivastava, [subject“Prelimi
Results”],May 1, 1997.
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APPENDIX B

PUBLICATIONS AND PRESENTATIONS

This appendix reprintsof all the publicationsand presentationsthat were prepared
duringthe courseof this DOE contract Contract No. DE-AC22-91PC90027, “Baseline
Design/Economicsfor Advanced Fischer-TropschTechnology: Followingis a
chronologicallistof these presentations.

1.

2.

3.

4.

5.

6.

Tam, S. S., Cheng, Y. L, Degen, B. D., Fox, J. M. Ill, Schachtschneider,A. B., and
S. J. Kramer, “IndirectLiquefactionBaseline Design,”DOE Liquefaction
Contractors’Review Conference, Pittsburgh,PA, September 22-24,1992.

Choi, G. N., Tam, S. S., Fox, J. M. 111,Kramer, S. J. and J. J. Marano, ‘Baseline
Design/Economicsfor Advanced Fischer-TropschTechnology,”DOE Coal
Liquefactionand Gas Conversion Contractors’Review Conference, Pittsburgh,
PA, September 27-29, 1993.

Choi, G. N., Tam, S. S., Fox, J. M. 111,Kramer, S. J. and S. Rogers “Process
SimulationModel for Indirect coal LiquefactionUsing SlurryReactorFischer-
Tropsch Technology,” Symposiumon “AlternativeRoutesfor the Productionof
Fuels,”A. C. S. National Meeting, Washington, D. C., August21-26, 1994.

Marano, J. J., Rogers, S., Choi, G. N. and S. J. Kramer, “ProductValuationof
Fischer-TropschDerived Fuels,” Symposiumon “AlternativeRoutesfor the
Productionof Fuels,” A. C. S. National Meeting, Washington, D. C.,
August21-26, 1994.

Choi, G. N., Tam, S. S., Fox, J. M. Ill, Kramer, S. J. and J. J. Marano, “Process
Design/SimulationModels for Advanced Fischer-TropschTechnology,”DOE Coal
Liquefad”on and Gas Conversion Contractors’Review Conference,P~burgh,
PA, September 7-8, 1994.

Choi, G. N., Kramer, S. J., Tam, S. S. and J. M. Fox. Ill, “SimulationModels and
Designsfor Advanced Fischer-TropschTechnology,”Proceedingsof the DOE
Coal Liquefactionand Gas ConversionContractorsReview Conference,
Pittsburgh,PA, August 29-31, 1995.
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7.

8.

9.

10.

11.

12.

13.

Choi, G. N., Kramer, S. J. and S. S. Tam, “Effectof ProductUpgrading on F-T
IndirectCoal LiquefactionEconomics,”12th Annual International PittsburghCoal
Conference, Pittsburgh,PA,. September 11-15,1995.

Choi, G. N., Kramer, S. J., Tam, S. S., Srivastava,R. D. and G. J. Stiegel,
“Natural-Gas Based Fischer-Tropschto LiquidFuels: Economics,”Society of
Petroleum Engineers 66th Western Regional Meeting, Anchorage, AK,
May 22-24, 1966.

Choi, G. N., Kramer, S. J., Tarn, S. S. and J. M. Fox. Ill, “Economicsof a Natural
Gas Based Fischer-TropschPlant,”FirstJointPower and Fuel Systems
ContractorsConference, Pittsburgh,PA, July9-11, 1996.

Choi, G. N., Kramer, S. J., Tam, S. S., Fox, J. M. Ill and W. J. Reagan, Tischer-
Tropsch Indirect Coal LiquefactionEconomics- Mild Hydrocrackingvs. Fluid
CatalyticCracking,”Symposiumon “CoalLiquefaction/Coprocessing,”A. C. S.
National Meeting, Orlando, FL, August25-29,1996.

Choi, G. N., Kramer, S. J., Tam, S. S. and J. M. Fox Ill, “Design/Economicsof a
Natural Gas Based Fischer-TropschPlant; American Instituteof Chemioal
EngineersSpring NationalMeeting, Houston,TX, paper 28d, March 10-13, 1997.

Choi, G. N., Kramer, S. J., Tam, S. S. and J. M. Fox Ill, “Designand Economicsof
a Fischer-TropschPlantfor ConvertingNatural Gas to LiquidTransportation
Fuels,”Symposiumon Clean Fuels, A. C. S. National Meeting, San Francisco, CA,
April 13-17,1997.

Choi, G. N., Kramer, S. J., Tam, S. S., Fox Ill, J. M., Carr, N. L. and Wilson, G. R.,
“Design/Economicsof a Once-ThroughNaturalGas Fischer-TropschPlant with
Power Co-Production,”Coal Liquefactionand Solid Fuel Contractors Review
Meeting, Pittsburgh,PA, Sept. 3-4, 1997.
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