CHEMSYSTEMS rerp proGRAM

Vinyl Chloride/Ethylene Dichloride

PERPQ8/09-4

September 2009

O Nexanr

www.chemsystems.com

44 South Broadway, White Plains, New York 10601, USA
Tel: +1914609 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. 2009. All rights reserved.



Contents

Section Page
1 SUMIMBIY ...ttt ettt e e e et e e e atee e e b e e e taeeetseeesbaeessseessaseesnsseesaseeenaseeas 1
1.1 OVERVIEW ..ottt ettt et 1
1.2 ACETYLENE-BASED VCM ....oooiiiiiiiiiiienieeteeee et 2
1.2.1 Acetylene via Calcium Carbide Process.........cccceevveeeeiieecieeccreennneen. 2
1.2.2  VCM via Acetylene ProCess .......cccoeverieeiiieniieeiieiieeieeeie e 3
1.3 ETHYLENE-BASED VCM ....ooiiiiiiieieiee ettt 4
1.4 ECONOMICS ...ttt sttt 6
| S O O o 103 USRS 6
1.42 VCM via Commercial Balanced Oxychlorination..............ccccceeneeen. 8
1.4.3 VCM via ACELYIENE .....vvvieiiieeiieeeeeece e 9
1.5 ETHYLENE DICHLORIDE COST OF PRODUCTION.........ccccceveriennnnnn 9
1.6 COMMERCIAL ANALYSIS ..ottt 10
1.6.1  UnNIted StAteS ...c.eevuieriiiiiiiieiieieritete ettt 10
1.6.2  WesStern EUTOPE....cccovuviiieiiiiee ettt e e 11
1.6.3  ASia PaCIfiC ...eiiiiiiiiiiiiiiice e 13
1.7 CONCLUSIONS ...ttt ettt ettt ettt ettt be e e saeentesneenee 16
2 Conventional TeChNOIOQY .........coouviiiiiiiieie e 18
2.1 OVERVIEW ..ottt et 18
2.2 ACETYLENE-BASED VCM .....ooiiiiiiiiiiiiesieeieeteseee et 19
2.2.1 Acetylene via Calcium Carbide Process........cccceveveevciieenceeenneeennne. 19
2.2.2  VCM via Acetylene Process .......ccceevuierieeriienieeiienieeieeeieeiee e 27
2.3 ETHYLENE-BASED VCM .....ooiiiiiiiiiieeeeeee ettt 30
2.3 1 CREMUISIIY weeiiieiiieeiieeiee ettt ettt et ettt et eebeesaeessbeensaeenseas 30
2.3.2  Process DeSCIIPION. ........eeeceiieeriieeiiieerieeeiieeeeeeeeeeeeieee e eaeee e 31
2.4  ETHYLENE DICHLORIDE (1,2-DICHLOROETHANE).......c.ccceecveirnnn. 44
2.5 SAFETY, HEALTH, AND ENVIRONMENTAL (SHE)......ccccovcenieienne 47
251 SALELY oo 47
2.5.2 0 Health..ooiiiieieeee e 48
2.5.3 Environmental............ccccueeeiiiiiiiiieeiieeeeeeeee e 49
¢ Nexanr PERPOBI03.1 Viny!ChlordelEhyens Do (VCMIEDC)

Q309_00101.0009.4104



Contents

2.6 SPECIFICATIONS ..ottt st e 56

2.7  RECENT PATENTED DEVELOPMENTS........ccocooeiieieiieieeee e 57

3 ECONOMIC ANAIYSIS ..ottt ettt ettt 60

3.1 BASIS et b et enae e 60

3.1.1 Pricing BaSiS ...c.ccccvieiiiiiieiieciecieee ettt 60

3.1.2  Investment BasiS .......cccooueiiiiiiiiiiesieeiieie e 60

3.1.3  Cost of Production Basis..........ccceeeuerienieeiiinieniieieniesieeieeeeseeeee e 61

314 CAPACILY .ottt 61

3.2 VCM COST OF PRODUCTION ......coiiiiiiieiinienieeieeeesieeee e 63
3.2.1 VCM VIA COMMERCIAL BALANCED

OXYCHLORINATION.....ccutiiiiieiieieeiiesieee et 63

322 VCM via ACELYIENE .....oooviiiiiiiiiiiiiiicieciceteseeeeteeee e 69

3.3  ETHYLENE DICHLORIDE COST OF PRODUCTION.........ccceeeruenirnnnne. 71

3.4  SENSITIVITY ANALYSIS ..ot 75

R TR 2 R o 4 To) 1 TSRS 75

3.4.2 Economy 0f SCAle .....ccccovuiriiiiiiiiiiiiicccecee e 80

3.4.3 Capital INVEStMENT .....ooivviiiiiiiieiiecie et sereens 81

3.4.4 Operating Rate ......c.cocoiiiiiiiiiiiiiiieeecceeeee et 82

3.5 CONCLUSIONS. ...ttt ettt sttt st e st e eesae e 83

4 CommErCial ANAIYSIS......c..ooiiiieeieeieeee ettt 85

4.1 OVERVIEW ..ottt ettt et 85

4.2 UNITED STATES ..ottt ettt snnens 85

4.2.1  DemMANA....ceoiiiiieieiieieeieee et 85

4.2.2 SUPPLY oo 85

4.2.3  Supply, Demand, and Trade............ccceevvvrriiieniieiiienieeieeeie e 88

4.3  WESTERN EUROPE .......cooiieiiieieeeeeeee et 89

431 DemMANd....ceoiiiiieiiiiieie e 89

432 SUPPLY e 89

4.3.3 Supply, Demand, and Trade............ccceevvveririeniieiieniieiieeie e, 92

4.4 ASTA PACIFIC ...ttt ettt sttt ae e ae s 93

441 DemANd .......ooiiiiieieiiiieeieeee e 93

442 SUPPLY oo 93

© Nexanr PERPUBI09-4,viy| ChrceEhyiens ichorde (VCMEDC) '

Q309_00101.0009.4104



Contents

4.4.3 Supply, Demand, and Trade............ccceevvieeirienieeiiienieeiieeie e, 99
Appendix Page
A List of Acronyms and ADBDreviations ............c.ccooveeiieeiieiieeiececceeee e A-1
B  Elements of Nexant's ChemSystems Capital Cost Estimates..............cccccuveuveneene. B-1
C  PERPProgram Title INAEX.......cc.oooiiiiuiiiieieeeeeeeee et C-1
%) CHEMSYSTEMS PERP PROGRAM i
www’c!g):gw'sl!n PERP08/09-4, Vinyl Chloride/Ethylene Dichloride (VCM/EDC)

Q309_00101.0009.4104



Contents

Figure Page
1.1 Global VCM Capacity by Feedstocks, 2008...........cccceovureriierieeiiienieeieenieeveeseee e 1
1.2 Average Size of VCM Plants by Country/Region ............cccveevveeeiiieecieeecieeeieeene, 6
1.3  Numbers of VCM Plants by Country/Region ..........cccecueeviieriieniieniieniieeieesiee e 7
1.4 Chinese VCM Capacity Development...........ccveeeeeieerieeiiienieeieeniiesieeseeeveeseve e 7
2.1 Global VCM Capacity by Feedstocks, 2008...........cccceeeoiieeiieeniieeeie e e eeiee s 18
2.2 Calcium Carbide AcCetylene ProCess ........ccccvirieeiierieiiieriieeie ettt iee e 21
2.3 VCM Via CoHo/HCl.c.iiiiieeeee et 29
2.4  VCM via C,H4/Cl; Chlorination/Oxychlorination Process...........cccccceevevveercieeninenens 32
2.5 Balanced VCM Process (INEOS) ......oooooiiiiiiiieeeeeeeeeeeee e 34
2.6 Balanced VCM Process (VINNOLIL) ..c..eeveeriieiiienieeiieciie ettt seee e 35
2.7 Balanced VCM Process (OXYVINYIS) ..cccueiieiuiiiiiiieciieeeiieeeiie et 35
2.8 INEOS Chlorinated Byproduct Recycle Process..........ccceeveeeiienieeciienieeiieieeieenen. 43
2.9 Vintech Direct ChIOTINation..........ccevuieiirieniiiieriesieete et 45
3.1 Average Size of VCM Plants by Country/Region ...........ccceeeviieeiiiencieecieeeieeeee, 62
3.2 Numbers of VCM Plants by Country/Region..........cocueveevieriiniineniiniinieeicnecneenns 62
3.3 Chinese VCM Capacity Development...........cceecueeriieriieiiieeniieeieenieeieeseeeeveesve e 63
3.4 Sensitivity of VCM CoSts t0 PriCINg.......cccccuiieiiiieciiieiieeiee e 76
3.5 Historical Ethylene Pricing ...........cccooiiiiiiiiiiiieiieee e 77
3.6 Sensitivity of VCM & EDC Costs to Ethylene Pricing..........cccccvevvieviienciienienieenen. 77
3.7 Sensitivity of VCM Costs to Acetylene Pricing ........cccceeevvieeriieeiieeeiiee e 78
3.8 Sensitivity of VCM Costs to Chloring Pricing........c..ccoceeveevienieneniiinienenicnicneeens 79
3.9 Sensitivity of Acetylene-Based VCM Costs to Cost of POwer.........ccccceeevveevveennennen. 80
3.10 Sensitivity of VCM & EDC Costs to Economy of Scale.........ccccoeevvveviieincieeenieeenee. 81
3.11 Sensitivity of VCM & EDC Costs to Capital Investment.............coceevervuenieneenennns 82
3.12 Sensitivity of VCM Costs to Operating Rate...........cceevvieviieiciienieeiiienieeieeeeeeeeene 83
4.1 United States VCM CapacCity.....cceeeecueeeririeiiieeiiieesteeesiieeesereesssneesssneesseeessssessnseeenns 86
4.2 United States EDC Capacity .......ccccceeevuiriereriienienieeientenieeie st 86
4.3 Western Europe VCM Capacity ......cceeeeeureeriuieeriiieeniieenieeenieeesieessieesnsveesnnseesnnneeens 89
4.4 Western Europe EDC Capacity.......cccceeeeuiieiiiieeiiieeiiieeieeeeieeeveeseeesveeesneeesvne e 90
4.5 Asia Pacific VCM Capacity ........coceeveriiriinieriinieeieeieseesie ettt 94
4.6 Asia Pacific EDC Capacity .......cccocveeeiierieiiiieiieeiiesie et esieeeieesiee e saeenseeseneenseennnas 94
© Nexanr PERPUBI0-1 Vil ChlordelEhyens Dichride (VCMIEDC) '

Q309_00101.0009.4104



Contents

Table Page
1.1  United States VCM Supply/Demand and Trade...........ccoeoeeriierieniiienieeiieieeeeenee. 11
1.2 United States EDC Supply/Demand and Trade..........cccveevieienciieeniieeiee e 11
1.3  West European VCM Supply/Demand and Trade...........ccceeveveviieniienieniieieeeieene. 13
1.4  West European EDC Supply/Demand and Trade...........cccccvveeviienciienciieecie e 13
1.5 Asia Pacific VCM Supply/Demand and Trade...........cccoevieriienieniiienieeiieieeeenee. 16
1.6  Asia Pacific EDC Supply/Demand and Trade...........ccccuveeviiieiiienciieeieeeeeeeeeee 16
2.1 Analysis of Illinois No. 6 Coal, as Received ..........cccoviieiiieniieiienieeieieeeeee e 20
2.2 Limestone Feed Composition, Dry Basis ........ccccceeviiiieriiieciieecieeceeeeee e 20
2.3 Lime Feed Composition to Carbide Furnace, Dry Basis ........c.cccocevvenieneincnienennne. 22
2.4 Coke Composition, DIy BasiS........ccccveeiiiieiiiiiiiiccieeciiee et 23
2.5 Purified Coke Oven Gas, Dry Basis ........cccceerieiiieiiiiiieiiecie et 24
2.6 Carbide Furnace Offgas, Dry Basis ......cccccveiiiiiiriiiiiiiieciie e 24
2.7 Impurities i ACELYIENE......cccuiiiieiieeie ettt 26
2.8 EDC SPECIHICALION ...utiieiiiieciiieeeiieecite ettt e et e e ate e staeeetaeeesvaeesasaeessseeessseeesnseeenns 56
2.9 VCM SPECIHICATION ..eeeuiieiiieiieeiieeiie ettt ettt ettt et e siee et e staeesbeessaeenbeesaeeenseennnas 57
3.1 Pricing fOor COP INPULS......ccoiiieiiieiiie ettt tre s rae e e e aee e eeraeeens 60
3.2 Cost of Production Estimate for: Vinyl Chloride

Process: Balanced Oxychlorination from Petroleum-based Ethylene........................ 65

3.3 Cost of Production Estimate for: Ethanol
Process: Corn FermMENtation ......... e e e e et e e e e e e e eeeeereeaaeeeeeneees 66

3.4 Cost of Production Estimate for: Bioethylene

Process: Ethanol Dehydration (Fixed-bed).........cccovveviiiiiiiiecieeieeeeeeeeee e 67
3.5 Cost of Production Estimate for: Vinyl Chloride

Process: Balanced Oxychlorination from Bioethylene...........c.cccccceeevviiencieeiciienneen. 68
3.6 Cost of Production Estimate for: Vinyl Chloride

Process: Via ACELYIENE .....ccuuiiieiiieeiiecee ettt e 70
3.7 Cost of Production Estimate for: Ethylene Dichloride

Process: Direct ChlOrination ........coc.eeiiieiieiiieie et 72
3.8 Cost of Production Estimate for: EDC

Process: VinTec Direct (Standalone).........c.ceecveeeeiiieeiiieeniieeeiie e 73
3.9 Cost of Production Estimate for: EDC

Process: VinTec Direct (as Part of an Integrated VCM Operation) ............cceeneeee. 74
%) CHEMSYSTEMS PERP PROGRAM v
Wwwlcyeg):ggzn PERP08/09-4, Vinyl Chloride/Ethylene Dichloride (VCM/EDC)

Q309_00101.0009.4104



Contents

4.1 VCM Capacity in the United States, 2008..........ccoevieriieriieriieieenieeieeeee e 87
4.2 EDC Capacity in the United States, 2008..........ccccovieveriiniiniriinieeneneeieeeeeee 87
4.3  United States VCM Supply/Demand and Trade..........cccoeeveeeiienieeciienieeiieeeeeieeee, 88
4.4 United States EDC Supply/Demand and Trade...........coceoerviiniininiinieneinenicneenne, 88
4.5 EDC/VCM Capacity in Western Europe, 2008 ..........ccooveeevierieiiiienieeieeieeeie e 91
4.6 West European VCM Supply/Demand and Trade...........cccoceriininiinienenncnicneenne. 92
4.7 West European EDC Supply/Demand and Trade...........cccoeveveeviienieeniienieeieeeieenee. 93
4.8 Asia Pacific EDC/VCM Capacity, 2008...........coceriiriemiiniiienienieeieneenieeee e 96
4.9 Asia Pacific VCM Supply/Demand and Trade............ccceevveeeiienieecieenieeiieeeeieeneee. 99
4.10 Asia Pacific EDC Supply/Demand and Trade..........cccoceevieriininniniiinienencnieenne, 100
© Nexanr PERPUBI09-4,viy| ChrceEhyiens ichorde (VCMEDC) "

Q309_00101.0009.4104



