CHEMSYSTEMS rerp proGRAM

Direct Coal Liguefaction

PERP08/09S5

March 2010

O Nexanr

www.chemsystems.com

44 South Broadway, White Plains, New York 10601, USA
Tel: #1914 609 0300  Fax: +1 914 609 0399

This Report was prepared by Nexant, Inc (“Nexant”) and is part of the ChemSystems Online® suite. Except where specifically stated otherwise
in this Report, the information contained herein is prepared on the basis of information that is publicly available, and contains no confidential
third party technical information to the best knowledge of Nexant. Aforesaid information has not been independently verified or otherwise
examined to determine its accuracy, completeness or financial feasibility. Neither NEXANT, Subscriber nor any person acting on behalf of either
assumes any liabilities with respect to the use of or for damages resulting from the use of any information contained in this Report. Nexant does
not represent or warrant that any assumed conditions will come to pass.

The Report is submitted on the understanding that the Subscriber will maintain the contents confidential except for the Subscriber’s internal use.
The Report should not be reproduced, distributed or used without first obtaining prior written consent by Nexant. Each Subscriber agrees to use
reasonable effort to protect the confidential nature of the Report.

Copyright © by Nexant Inc. 2010. All rights reserved.



Contents

Section Page

1 EXECULIVE SUMMATY ...ttt st nneas 1

1.1 INTRODUCTION ..ottt 1

1.1.1 C0al CONVEISION......coiiiiiiiiiieiieiie sttt st 1

1.1.2 Direct and Indirect Coal Liquefaction ...........cccccevvvevivivnviienesiieseenn, 2

1.2 TECHNOLOGIES ...ttt 3

1.2.1 History of Direct Coal Liquefaction Technology Development........ 3

1.2.2 Direct Coal LIQUefaction..........ccooiiiiiieiiiiesieeee e 5

1.2.3 Process Yield and Product Quality ..........ccccoeovrviiiniviie e, 6

1.2.4  ENVIrONMENtal ISSUES ......ceeiuiiieiiieiieie e 7

1.2.5 Barriers to Commercialization .............ccoovvvienenenc i 8

1.3 RECENT DEVELOPMENT ...ooiiiiie sttt 8

1.3.1 Potential Vendors of Direct Coal Liquefaction ............cccccvevvvrvenenne. 8

1.3.2 Shanhua Coal to Liquid ProCeSS .......cccevirieiieriiiie e 8

1.3.3 Hybrid Direct Coal Liquefaction / Indirect Coal Liquefaction.......... 8

1.4 ECONOMICS ...ttt 9

141 CAPEX ettt et 9

1.4.2  CoSt Of ProdUCHION ......ccuviiiiiiciie e 9

1.5 MARKETS oottt 11

1.5.1 Key Drivers for Refined Products............ccccoveriiienininnieenesie s 11

1.5.2  Global OVEIVIEW........ccuiiiiiiiicieseces e 11

1.5.3  NOMN AMEIICA ...eeoveeiiieiiiie ettt 12

1.5.4  WWESEEIN EUFOPE....ciiiiiieiiiie ettt 14

155 Middle EASt......ciiiiiiieiieeeeee e s 16

1.5.6  SOULN AMEIICA ...veviiiiiiiie et 17

157 ASI ittt et 19

2 ] 8 oo 18 o1 ] 1SS 22

2.1 COAL ittt ettt e 22

2.1.1 TyPeS OF COal ..ot 22

2.1.2 €08l RESOUICES. .....eviiiiiiieiiieieeie ettt sttt sttt srenneas 25
"Nexanr Dt Coal Liuelactn - PERPOBI0SSS

A00101.0009.4113



Contents

2.2 COAL CONVERSION ..ottt sttt 29
2.3  COMPARISON OF DIRECT AND INDIRECT COAL
LIQUEFRACTION ...ttt e e 30
2.4 ORGANIZATION OF THE REPORT ....ccviitiiieiiiiieice e 32
3 TECRNOIOGIES ... 33
3.1  HISTORY OF DIRECT COAL LIQUEFACTION TECHNOLOGY
DEVELOPMENT ...ttt e nnaa e nnae e 33
3.2 DIRECT COAL LIQUEFACTION TECHNOLOGIES ........cccoovvirrreninnen, 34
3.3 PROCESS YIELD AND PRODUCT QUALITY ..ccoveeiieecee e 40
3.4 ENVIRONMENTAL ISSUES........coocitiiieiiiiee e 42
3.5 REMARKS ON COMMERCIALIZATION OF DIRECT COAL
LIQUEFACTION ..ottt 43
4 ReCENt DEVEIOPIMENTS....c.eiiiieieetii e 44
41 POTENTIAL DIRECT COAL LIQUEFACTION VENDORS.........c..cc...... 44
4.2 CHINA SHENHUA COAL TO LIQUID AND CHEMICAL COMPANY . 44
43 HYBRID DIRECT COAL LIQUEFACTION / INDIRECT COAL
LIQUEFRACTION ...ttt e e 47
ST = o1o] g o] o [ox: RSO O O UU PR PRPRURRRPN 49
5.1 METHODOLOGY ..ooiiiiic ettt e e nnaa e 49
5.1.1 Investment DefinitioNS........cccccuvereieriiininieiee s 49
5.1.2 Cost of Production Definitions .........cccccovvveiveieniieniee e, 49
5.2 SCOPE OF FACILITIES ..ottt 51
5.3 COST BASIS ... oottt 52
5.3.1 Capital Cost EStMALE.........cccveiiieiiiiese e 52
5.3.2 Feedstock And Utility Pricing and Labor CoStS ..........ccccevvrvrienennn, 53
5.3.3  Other ASSUMPLIONS........ccviieiieiecieieesie et nre e 54
5.4 ECONOMICS OF DIRECT COAL LIQUEFACTION ......ccccceviieiiireciiiees 54
541 USGC ECONOMICS ...coviiviiiiiiieiieiieiesie e sttt sbe e ssessensens 54
5.4.2 Inner Mongolia China ECONOMICS ........cccoviiiniriniiieieeie e 59
55  COST COMPARISON ....ooviiiiiieiiiesieese st sise ettt na e 64
6 Y= U USSR 67
6.1  GLOBAL OVERVIEW .....cociiiiieicee e 67
T 00 A 1o (oo [0 Tox o o SRR 67
¥ Nexanr Dt Conl Liuelcton. PERPOGOSSS ”

A00101.0009.4113



Contents

6.1.2  DeMANG ......ocieiiieieciecie ettt 67

6.1.3 Current and Planned Refining Capacity ..........cccccevvevivevvciciiesieenens 69

B.1.4  NELTIAE ..ot nne e 71

6.2  NORTHAMERICA ..ottt 73

6.3 WESTERN EUROPE ...t 76

6.4  MIDDLE EAST ..ottt 80

6.5 SOUTH AMERICA ...t 84

B.6  ASIA et eere s 88
6.6.1  DEeMANG ......cciiiiieiieieciee et 88

6.6.2 Refinery Production Projections..........cccccevveieiieieeie e, 89

B.6.3  SUPPIY oo 91

6.6.4  INEUTIAUE ..c.eoveeieieie e 91

7 =] (1 =] 1oL OSSPSR 93
Appendix Page
A Explanation of Terminology Used in Cost Tables ..........ccocviiiiininiininice A-1
B Nexant’s ChemSystems Capital Cost EStImates .........cccccevevieiecieiieneeee e B-1
C  PERP THtle INUEX ..ottt C-1
¥ Nexanr Dt Coal Ligueiacon - PERPOBIOSSS

A00101.0009.4113



Contents

Figure Page
1.1  Coal CONVEISION ROULES .......coiiiiiiiiiiie ittt sttt 1
1.2 Block Flow Diagram of Carbon Capture and Sequestration ............cccccccevververeennnn, 3
1.3 Basic Concept of Direct Coal LiqUefaction ...........cccceoeiiiniiinnienesie e 5
1.4 Syncrude Production Cost COMPAIISON .......cceeveieereerieiieseeee e sie e e sae e sreeneeens 10
1.5 World Refining CapaCity ........cceieeruiiieiieieeie ettt 12
1.6 North American Refined Product Demand.............ccoouviiiniiiniine s, 13
1.7 North American Product SUPPIY.......ooeeiiiiiiiiiieie et 13
1.8 North American Refined Product Trade.........c.covvviiiriiieieie e 14
1.9 Western European Refined Product Demand ............ccccovveiiiininninie e, 14
1.10 Western European Refined Product SUPPIY .....ccoovveriiieiieie e 15
1.11 Western European Refined Product Trade .........cccoeveieiiniiniiinieneee e 15
1.12 Middle Eastern Refined Product Demand ...........ccccovereneneninininieiese e 16
1.13 Middle Eastern Refined Product SUPPIY.......ccceveiiiiiiiiiie e, 16
1.14 Middle Eastern Product Trade .........cceueirriereiiie i 17
1.15 South American Refined Product Demand...........ccocueiiiiriiieiininniee e 17
1.16 South American Refined Product SUPPIY ......cceovvvieiieii i 18
1.17 South American Refined Product Trade .........ccceeiieiieienieieec e 19
1.18 Asian ProduCt DEMANG .........ccoiiiiiiiiiiiiie e 19
1.19 ASIan ProducCt SUPPIY ....ooeeieeieee e e e 20
1.20 Asian Refined Product Trade.........ccoiueieierieiiie it 21
2.1 TYPES OF COAL ...ttt nreas 23
2.2 PhOtOS OF COal TYPES ..eeveeriiiiieiieeie ettt ettt te e s e e aeeneenreas 24
2.3 WOrld Coal RESEIVE IMAP.......cciiiiiiiiiieie ettt sttt nreas 25
2.4 United States Coal RESEIVE MaP .......coveiiiieiicie e 26
2.5 Asia Pacific Coal Reserves and Production by Country..........cccoccevoeieneniienciinnnns 27
2.6 China Major Coal Deposit and MiNING AF€a.........cccciverueeieeieereeieseesesieseeseeeeeseens 28
2.7  C0al CONVEISION ROULES ......c.eeiiiiieiiieieiie sttt sttt st nee e 29
2.8 Block Flow Diagram of Carbon Capture and Sequestration ...........ccccceveviververvennnn 31
3.1 Basic Concept of Direct Coal LIQUeTaCtion ..........cccooveiiiieiiiiiiie i 35
¥ Nexanr Dt Coal Ligueiacon - PERPOBIOSSS '

A00101.0009.4113



Contents

3.2 Overall Plant Configuration of DOE/PETC Direct Coal Liquefaction Improved

BaSEIINE CASE .....uiitiiiiiiiiiciee e 36
3.3 H-C08l PrOCESS. .. .ccuviiiieiieeiiesiie sttt sttt te et e te et e s e steeneesneesseeneesneennens 37
3.4 HRI/HTI Two Stage Liquefaction SYStem ..........ccceviiiiiiieiiiicseece e 39
4.1 Shenhua DCL Plant in Inner Mongolia, China..........cccccevviieiiiiniiieseee e 44
4.2 Shenhua DCL Reactor in Inner Mongolia, China............cccccoeiieiiiieieveece e 45
4.3 SHENNUA DCL PrOCESS. .....eitvetiaiiesiieiesiiesteestesseesieesiesseesteeseesseessaassesseessesssessesssesseessens 46
4.4 HyDrid DCL/IDCL PrOCESS.....ccviiieiteiieiieeitestiesieesteseesteeeesaesteeeessaessesnsesseesseaneesnens 48
5.1 Effects of Coal Price on Syncrude Cost of Production...........ccoeevvereniieiieenesnnnnnns 57
5.2 Effects of Total Capital Employed on Syncrude Cost of Production........................ 58
5.3 Effects of Capacity on Methanol Cost of Production ............cccceevviverenieiiiencniennnnn 59
5.4 Effects of Coal Price on Syncrude Cost of Production...........ccccccevveveiieieeieiiennn, 62
5.5 Effects of Total Capital Employed on Syncrude Cost of Production...............c.c..... 63
5.6 Effects of Capacity on Methanol Cost of Production .............cccceeevveveiiciiciecienn, 64
5.7 Syncrude Production CoSt COMPAITSON ........ccueruerverieriiriesieeieieie et 66
6.1 Incremental Global Product Demand, 2008-2020 ..........coceruerenineneeienrienienie s 68
6.2 World RefiniNg CaPaCILY ........cccieiiiiieieiie it 69
6.3 Global REFINING......c.oiieiicc e 70
6.4 Regional Refinery UtIHZatioN ...t 70
6.5 Global Naphtha Trade.........ccoveiiiieiieie e 71
6.6  Global GasOliNe TraUE ........eiieieeeee et sre e 72
6.7 Global Diesel/Gas Oil Trate........cccuiirieieiiieie st 72
6.8 North American Refined Product DemMand............ccovoveieiienieiesiesiese e seese e 73
6.9 North American Refinery Utilization ............cccooo e 74
6.10 North American Product SUPPIY........cooiiiiiiiiiieeee e 75
6.11 North American Refined Product Trade..........cccovvviviiiiiiene e 76
6.12 Western European Refined Product Demand ...........c.ccoovvvrieiennnine e 77
6.13 Western European Refinery UtIHZation.............ccccoovveii i 78
6.14 Western European Refined Product SUPPIY ..o 79
6.15 Western European Refined Product Trade ..........ccccovvevieiieiieiecic e 80
6.16 Middle Eastern Refined Product Demand ...........cccoveiierieieiiennesie e sree e 81
6.17 Middle Eastern Refinery UtIHZation...........c.cccooviiiiii i 82
¥ Nexanr Dt Coal Ligueiacon - PERPOBIOSSS '

A00101.0009.4113



Contents

6.18 Middle Eastern Refined Product SUPPIY.......cocoiiiiiiiiiiiiceeees e 83
6.19 Middle Eastern Product Trade .........cccoiueieiereieie e 84
6.20 South American Refined Product Demand..........ccccooeiveerieieiiinnesie e 85
6.21 South American Refinery UtIlization ............ccccoooveiieiiiii e 86
6.22 South American Refined Product SUPPIY .......coceiiiiiiiiiiiee e 87
6.23 South American Refined Product Trade..........ccccovvriiiiiinene i 88
6.24 Asian Product DEMANG .........cceiiiiriieiieie et e et e e neesneenreas 89
6.25 Asian Refining Industry Operating RateS..........ccccvveiveviiiieiieie e 90
6.26 ASIAN ProduCt SUPPIY ...oviiiiiiiie e 91
6.27 Asian Refined Product Trade..........cocueiiiiiieiiie i 92
Table Page
1.1 U.S. Direct Coal Liquefaction Process Development.............cccocvevveveiiieieenieceennnn,
1.2 Non-U.S. Direct Coal Liguefaction Process Development ...........ccccoovvvviiiieicnienen,
1.3 Comparison of Liquefaction Process Yields.........ccccocevvieieiiiiiiii s
1.4 Comparison of DCL Diesel and Naphtha with Conventional ULS Diesel and

NAPNENA ... et nre s 7
1.5 Direct Coal Liquefaction Capital CoSt EStIMALES .........ccoceriririiiriieieieie e 9
1.6 Syncrude Production COSt SUMMAIY ........cccecieiieerieiieiieie e ste et eee e sae et e e 10
1.7 Worldwide major Product Supply/Demand Balance............cccoooiiiiininiiiinnenns 11
2.1 Characteristics of EaCh Coal TYPE.....ccoviieiieii e 24
3.1 U.S. Direct Coal Liquefaction Process Development...........ccccooeveiiiiiniiniiniiiieienn, 33
3.2 Non-U.S. Direct Coal Liquefaction Process Development ............ccccceveveieeiecnennnn, 34
3.3 Comparison of Liquefaction Process Yields.........cccouverireriiininiisieieesesc s 40
3.4 Comparison of Illinois Basin Coal Syncrudes Produced from H-Coal, ITSL and

041 PRSP 41
3.5 Comparison of Naphtha Quality of H-Coal and CMSL Processes.........c.cccceevvevvennenn 41
3.6 Comparison of DCL Diesel and Naphtha with Conventional ULS Diesel and

NN o] 1 - USSR 42
4.1 Shenhua DCL Product INFOrmation ..........ccccveverieiienienie e 47
5.1 Direct Coal Liguefaction Capital Cost EStIMAteS ..........cccvevveiiiieeieiie e 53
¥ Nexanr Dt Coal Ligueiacon - PERPOBIOSSS '

A00101.0009.4113



Contents

5.2 Summary of Raw Material By-Product Utility and Labor Costs............cccccervrinnen. 53
5.3 Assumptions Used for Estimating Certain Elements of the Cost of Production ....... 54
5.4 Cost of Production Estimate for: Syncrude

Process: Direct Coal Liquefaction: Location: USGC..........cccccceeviiveviiieieece e, 56
5.5 Cost of Production Estimate for: Syncrude

Process: Direct Coal Liquefaction: Location: Inner Mongolia, China...................... 61
5.6 Syncrude Production COSt SUMMAIY .........cccoiiriiiiiiieiiesie e 65
6.1 Worldwide major Product Supply/Demand Balance..............ccccoovevviviiveieiicieenns 67
o Nexant CHEMSYSTEMS PERP PROGRAM vii

Direct Coal Liquefaction - PERP08/09S5
A00101.0009.4113

www.chemsystems.com



