CHEMSYSTEMS sga proGrAM

Methanol Strategic
Business Analysis

February 2013

O Nexanr

www.chemsystems.com

1st Floor, 1 King’s Arms Yard, London EC2R 7AF, UK
Tel: +44 207950 1600  Fax: +44 20 7950 1550

This Report was prepared by Nexant, Inc (“Nexant”) and is part of the SBA Methanol Program. 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. 2013. All rights reserved.



Contents

Section Page
1 EXECULIVE SUMIMATY ....ooiiiiiiie ettt sttt ae e be e saesta e st e s teenaestenne s 1-1
2 INTFOAUCTION ...t bbbttt sttt e b 2-1
2.1 OVERVIEW ...ttt ettt sttt enee 2-1

2.2 STRUCTURE OF THE REPORT .....ociiiiieieieiscee e 2-2

N R OF0 1T - Vo PRSP 2-2

2.2.2  REPOIT CONENTS. ....eeiieiieeieeie et e e te e rte e s s sreesreesraesrne s 2-2

3 Key Trends and ChallengesS.........cocvoiiiiiii it sre s 3-1
3.1 INTRODUCGTION ..ottt st nenn e 3-1

3.2 METHANOL TO GASOLINE REVIVAL. ...t 3-2

0% R = - Tod (o {01 V1 To [ SRS SR 3-2

3.2.2  Chemistry and Technology ........ccccoeiiiiieiiiiiic e 3-3

3.2.3  Prospects of MTG TeChnology .......ccccoevviiiiiiiiiiiecece e 3-5

3.3 NEW TRENDS IN METHANOL PRICING - FUEL AS AN INFLUENCE .......... 3-6

34 RESURGENCE OF METHANOL CAPACITY IN THE NORTH AMERICA....... 3-10

35 NATURAL GAS-BASED OLEFINS PROJECTS......ccccciiiiiieieinisesese e 3-14

4 MAFKET DYNAMICS .....cviivieie ettt st et e s te e e sbeebe e besaeesaesreeneesteateesrenaes 4-1
4.1 INTRODUCGTION ..ottt st nn e n e 4-1

4.2 MARKET DYNAMICS FORECASTING METHODOLOGY ......c.ccccovvvrvrirriennn. 4-2

4.2.1 Capacity Availability and FOrecasting ............ccoceoererereisiniinincsc e 4-2

4.2.2 End-Use Consumption FOrecasting.........ccccccvveevieiiiiiciesiese e 4-2

4.2.3  Production and Trade FOrecasting ..........ccoeevvvevieieiiecre i 4-4

4.3 METHANOL DEMAND . .....cooiiiiiieisise et 4-5

4.3.1 Traditional Uses of Methanol ............cccooveiiiieiiiincie e 4-8

4.3.2 Emerging Uses of Methanol ... 4-18

4.3.3  Technological DeVEIOPMENTS........cccveiiieiieiecece e 4-29

4.3.4  Major Methanol CONSUMENS........cccucvveieieeieie et se e ste e sre st see s 4-30

4.4 SUPPLY ettt ettt ettt ettt enes 4-31

O R ] (o] o | S PS 4-31

4.4.2 Top Ten Methanol ProduCerS..........cceveiiiiiiiiiie e 4-34

4.5 SUPPLY/DEMAND AND TRADE ......cotiiiiieeeeeeee e 4-41

451 GlODAL.....coicie e 4-41

N N[0 (AN 0 1= o S 4-44

G T 1o 10 1 AN 0 1= o S 4-45

4.5.4  WESLEIN BUIOPE. ...ttt 4-46

455 Central and EaStern EUIOPE. ........oocviie i 4-46

45,6 MiIAUIE EASE.....ocuiiieieieieiiee et 4-47

N A A i 1 o OSSPSR 4-48

[0 Ne\'anr CHEMSYSTEMS SBA PROGRAM i

Methanol Strategic Business Analysis
00289_SBA_2012-2013/Methanol

www.chemsystems.com



Contents

5.8 JAPAN .o e 4-49

A.5.9  CRINA ..o 4-49

4.5.10 Other ASia PaCITIC .......couiiiiiriii e 4-50

5 Profitability @and PriCiNg ........ccoiiiiiiccc et 5-1
5.1 NEXANT’S GENERAL PROFITABILITY FORECASTING METHODOLOGY 5-1

5. 1.1 INEOTUCTION ..ottt 5-1

5.1.2  Price INFIUBNCES.......cceiiiiiieic e 5-2

5.2 HISTORIC PROFITABILITY ANALYSIS ..ot 5-3
5.2.1 Historic Price-Setting Mechanism ...........ccccoviviiiieeic s 5-3

5.2.2  Methanol Price HISLOIY ........cooiiiiiiieicece e 5-4

5.2.3  U.S. Profitability HiSTOIY ........ccocoiiiiiiiciie e 5-9

5.2.4  West European Profitability HiStOrY ..o 5-10

5.8 West European Methanol Margin History ..........cccccceeivvciicccviccc e 5-11

53 PROFITABILITY PROJECTIONS ..ottt 5-13
5.3.1  Price Setting MEeCNaNISM ........cccciiiiiieieieisiee s 5-13

5.3.2  Profitability ANAIYSIS .......coviiiiiiiiieieiee s 5-16

54 METHANOL PRICE FORECASTS ..ottt 5-18
54.1  Asian and USGC PriCiNg ......ccceiiiiiiiiiii e 5-19

6 TEChNOIOGY REVIEW. ....cviiiiiiiiciic e et be e e te et s re e re e 6-1
6.1 METHANOL PROPERTIES.......cciiiiiiiiieiiese et 6-1
6.1.1  Methanol Physical Properti€s.........ccccoeiiiiiriniieieieeesesesese e 6-1

6.1.2 Methanol Specifications - Product Quality .............cccceveiiiininiiniiiiicicne 6-1

6.2 BASIC CHEMISTRY ...ttt 6-4

6.3 METHANOL TECHNOLOGY OVERVIEW........cccoiiiiiiiiiieieeseee e 6-7
6.3.1 Gas-Based Methanol PrOCESSES .........cccovviiiriiirieieieieieesesese s 6-7

6.3.2 Coal/Petroleum Coke Gasification Based ProCcesses ..........c.ccoouvrerervennene 6-12

6.3.3  Methanol/Ammonia Dual PrOCESS ...........ccovririreiiieicieise s 6-13

6.4 METHANOL LICENSOR OVERVIEW ......ccooiiiiiiiiricieeee e 6-15
B.4.1  MaArKEt SNAE .....c.eevieiiiiiiiee e 6-15

6.4.2 Large Scale (5 000 ton Per Day) EXPErienCe .........ccooerveiiineniinenieneieenns 6-16

6.5 TECHNOLOGY DEVELOPMENTS. ... .ottt 6-18
B.5.1  INTrOAUCTION ....c.eiiiiiiiiiciicieee s 6-18

6.5.2 Recent Selected PAtENS .........ccooeieieieiiice e e 6-18

6.5.3 Direct Methanol Synthesis from Carbon DioXide..........ccccoocvriiiriiriiiennnnns 6-31

6.5.4  Carbon Dioxide REfOrMING........cooeiiiriiiiiiiie e s 6-32

6.5.5 Selective Liquid-Phase Direct Oxidation of Methane to Methanol ............. 6-33

6.5.6  BIOMEThanOl.........ooiiiiiie e 6-35

6.5.7  Biomass GaSIfiCAtION ..........cceeiiiiiieiiieee e 6-35

6.5.8  Polygeneration from Coal ...........coceiiiirii i 6-40

6.5.9 Liquid-Phase Methanol Technology ...........ccociireiiieiciiisn e 6-41

7 Delivered Cost COMPELITIVENESS. .....c.coiiiiiiieiieierieee st 7-1

O Nexanr CHEMSYSTEMS SBA PROGRAM i
www.chemsystems.com Methanol Strategic Business Analysis

00289_SBA_2012-2013/Methanol



Contents

7.1 BACKGROUND ....ocutiiiiieieieieese ettt sttt ene e snestessessensenens 7-1

711 INErOTUCTION ......eiiiieie sttt st eraeneenne s 7-1

7.1.2  Cost of Production Terminology.........ccccoceiiveiieiiiiiieiesese e 7-1

7.1.3  LOCALION FACIOIS......cviiiiiiiieiieiie et 7-2

7.1.4  Other CoSt EIBMENLS .......cciiiiiiiiiiiiieise s 7-3

7.2 BASIS AND COVERAGE .......coiiiiiiese et 7-4

7.2.1  Location and Market COVEIage.........ccovuiirerinerieneniesieie s 7-4

7.3 FEEDSTOCK PRICES. .......oiiiiiiiree et 7-5

7.3. 1 GBS PIICES.c.eiiiieiieiieiteie sttt sttt sttt bbbt 7-5

7.3.2  C0al Price iN ChiNA .......ccoiiiiieiiecie e s 7-7

7.3.3  Vacuum Residue Oil ValUE...........cceviiieie i 7-7

7.4 SHIPPING COSTS ..ottt sttt aenee 7-8

7.5 TARIFF .. ettt ettt 7-11

7.6 DELIVERED COST COMPETITIVENESS COMPARISON.........ccccovviininiiniiinnns 7-12

7.6.1  Plants CONSIABIEA. .......ccveiiirieieiiisie et srenne s 7-12

T.6.2  RESUIS.....oitiieie sttt st et e st e te et steeraenaenne s 7-12

Appendix Page
A Macro-EcoNOmMiC ASSUMPLIONS ........ccviieiieiieiieie et steste e steste et sre e te e e sresteeeesreens A-1
B Methanol Capacity LiSTING .........ccoereieiiiiiieiese e B-1
C  Methanol Supply/Demand BalanCe ...........ccocooiiiiiiiiiiiisesse e C-2
D Major Methanol CONSUMENS ........coiiiiiieie ettt sttt s be st ba e sreens D-1
E Methanol Price History and FOreCastS..........cccccviiiiiiiic i E-1
F TEChNOIOGY REVIEBW. ....cviiiiiiiiciie et st st be e e st besre e e F-1
G  Cost of Production for a New Methanol Plant ..o G-1
H Methanol Delivered Cash COSTS.......coiviiiiiiieeie ettt seenne s H-1

[0 Ne\'anr CHEMSYSTEMS SBA PROGRAM ii
www.chemsystems.com Methanol Strategic Business Analysis

00289_SBA_2012-2013/Methanol



Contents

Figure Page
3.1 U.S. Gasoil, FUEl Oil @Nd GaS PIICES ......ccciioriieeiioriieeiieeeeesieeieessetreeesseteeeesserseeessarseeessaseeesins 3-6
3.2 Methanol to Gasoling PriCe RALIO ........ccveieieeiiieii et 3-7
3.3 Methanol Demand in China per AppliCation ...........c.covveiie i 3-8
3.4 Typical Value to End-Use Curve for Methanol ... 3-9
3.5 Typical Value to End-Use Curve for Methanol ... 3-9
3.6 Gas Production INThe U.S. ..o 3-11
3.7 U.SINEELING IMPOIS ..ot nne s 3-12
3.8 Methanol Delivered Cost Competitiveness to USGC, 2012........c.ccceevvvviiiieveieiie e e 3-13
3.9 Methanol Conversion Olefins Facilities in ChiNa..........ccooviiivinineneseeeeese e 3-14
3.10 Light Olefins Cost Of PrOGUCTION ........cviiiiiiiiriiieiieiee et 3-15
4.1  End-Use ConsuMPLiON DIIVELS .......ccoviiiiieiicie ettt ettt s be st re e ta e sreens 4-2
4.2 Trade CONSIAEIALIONS ......oveiieiieiiiesie ettt bbb et e be bbb e 4-4
4.3  Methanol Consumption by Application, 2011 ........ccccceieiiiiiiiininereereee e 4-5
4.4  Global Methanol Consumption by End-Use, 20112030 ........cccccoviievieieeicneseeiese e 4-6
4.5 Global Methanol Demand by Region, 2011.........cccooiiiieiiiininisesiese e 4-7
4.6 Global Methanol Consumption, 2000—2030 ..........cccceririerieiinierine e 4-7
4.7 Formaldehyde Consumption by Application, 2011 ........ccccccviiviiiieiicie e 4-8
4.8 Acetic Acid Consumption by End-Use, 2011 .........cccoiiiieiiiiinininenienieneeesese e 4-10
4.9  Global Biodiesel PrOGQUCLION .........ccoiiiiieieisieeses et 4-21
4.10 Global Methanol Capacity Breakdown, 2011-2030.........cccccviiieiieiiiiieieciece e 4-32
4.11 Top Ten Methanol Producers, 2011........ccoooviiiiieiesiee et seeens 4-35
4.12 Global Methanol SUPPIY/DEMANG........c.ccoieiiiiiie it sreens 4-41
o T €] Fo oo LI A1 A I U L OSSR 4-43
4.14 GloDbal Net Trade FIOWS ........ccviieieeieie sttt sttt s sre e e seeenes 4-43
4.15 Chinese Methanol Demand by Application, 2011 ..........ccccoeviiiiiiieiecie e 4-50
5.1 Data Flow within ChemSystems SIMUIALOT ..........ccooiiiiiiiiiiiee e 5-1
5.2 Declining Effect of U.S. Natural Gas on Methanol Price .........ccccccooveviviiiciciiecc e 5-3
5.3 Global Methanol PriCING .......cccciiiiiiieicieee ettt st st sresteesresre s 5-4
5.4  U.S. Methanol PriCe HiSTOMY ......cc.oouiiiiiiiiie it 5-8
5.5  West European Methanol Price HiStOIY.........ccoouiiiiioiiiie e 5-8
5.6 Differential between West European and U.S. Contract Methanol Prices...........cc.ccoceveienns 5-9
5.7  U.S. Methanol Margin HiStOIY.........ccuoiiiiiiiriieieseie et 5-10
5.8  West European Methanol Margin HiSTOrY ..........cccooiiiiiiie i 5-11
5.9 Methanol:Premium Gasoling PriCe RALIO..........cccccvvveiiiiiiie e 5-14
5.10 Methanol Price Setting MEeChANISIM .........coiiii e 5-15
5.11 Methanol (Gas Based Plant) Cash CoSt Margins..........ccccooeieiieneineene e 5-16
5.12 Return on INVESIMENT FOTBCAST.......cuiiiiiiieiie ettt ae e 5-17
O Nexanr CHEMSYSTEMS SBA PROGRAM iv
www.chemsystems.com Methanol Strategic Business Analysis

00289_SBA_2012-2013/Methanol



Contents

5.13 Methanol PriCe FOIBCASES ......cviiiitiiieiie sttt ettt sttt sreesae st neesaesneeneenres 5-18
5.14 West European Methanol Price FOIECASES.........ceiiiiiiiiieiie e se et 5-19
6.1 Selected Methanol RefOrmer OPLioNS........cccocvieeiiiicie et 6-8
6.2 Aerial View of SMR Methanol Plant (DPT Technology)........c.coererereeeiiniieinisesesesiees 6-9
6.3 Flow Scheme for the Production of Methanol from Coal or Petroleum Coke............cc.cccu.... 6-13
6.4 Dual Process of AmMmOonia/MEethanol .............ccoouoiiiiiiiiiiie e 6-13
6.5 Ammonia and Methanol Conventional PrOCESSES.........cccviieierierereeienesee e nee e e e 6-14
6.6  Methanol TeChNOIOgY LICENSOIS......c.ciiiieie ettt ste st be e e e sraesaesre s 6-15
6.7 Methanol Licensor Market Share in 2012(1) ......ooevveeeieiiiienesieseeeee e 6-16
6.8 Simplified Flow Diagram Lurgi GmbH Patent (US2012/0129958 AL) ....c..cccccvevvvveieiiennns 6-19
6.9 Simplified Block Diagram Methanol Casale Patent (EP 2,450,100 AL) ......ccccocevevveveiinnnnns 6-21
6.10 Simplified Flow Diagram Methanol Casale Patent (EP 1,762, 555 Al)........cccccoovrirenennennns 6-23
6.11 Simplified Flow Diagram Methanol Casale Patent (EP 1,762,555 AL)....c..ccccccevevveiicinnnns 6-28
6.12 Schematic of Flow Diagram Haldor Topsge Patent (U.S. 2006/0235090 A1) .......ccccovvruenens 6-30
6.13 Simplified Flow Diagram UOP Patent (U.S. 7,288,684 B1) ........ccccoooeieiieieniinininesieneienas 6-34
6.14 Process Schematic - CHOREN Syngas Production from Biomass............cccccevviveiviicinnnnas 6-37
6.15 LPMEOH™ Facility Integration into Existing Facilities............c.coceviiiiiinininiiicices 6-43
6.16 “LPMEOH™ Facility” Simplified Process Flow Diagram ...........cccoocnivriieninienniniinicnennns 6-44
6.17 LPMEOH™ Reactor SCHEMALIC ......cccviiiiiiieiiie e eitie e siee e siieesie e stee e sie e sineesnaessntaessnneesnsneens 6-45
7.1  Methanol Delivered Cost to Western Europe (Rotterdam), 2012 ..........ccccoovvivviinineienenennns 7-13
7.2 Methanol Delivered Cost to USGC (HOUStON), 2012 ........c.coeiieiiiieeiese e 7-14
7.3 Methanol Delivered Cost to South-East Asia (Singapore), 2012..........cccceeveveviviiieiesienennnas 7-15
7.4 Methanol Delivered Cost to North-East Asia (Yokohama), 2012 ...........cccccevvvininineneniennns 7-16
A.1 Production Volume of Different Crude Oil TYPES....c.ccvvvieiiiiiie e A-4
A2 HisStorical Crude Oil PriCE.......cviieie sttt sttt s te et sre e e enes A-7
A3 Real Price 0f Crude Oll.........ccv i A-10
A4 Crude Oil PriCE SCENAMOS .....ccveiveierieierietieesie st st sttt st se et ssessesteseesteneeeenes A-11
A5 U.S. Natural Gas, Fuel Oil and Gas Oil PriCES ......ccuiviiieiiii ettt A-16
A.6  West European Natural Gas, Fuel Oil, and Gas Oil PriCes............cccoveviiiiiiviiiiiicieceece e A-17
A7 World ECONOMIC PErfOIMANCE........coveieieiieiiiisie sttt eenes A-18
A.8 World Economic Performance and Medium Scenario OULIOOK.............ccceveveiiverenvsieninne A-20
A.9 North American ECONOMIC GrOWEN ........ccooiiiiiiii e A-21
A.10 South American ECONOMIC GrOWEN ........ccooviiiiie e A-22
A.11 West European ECONOMIC GrOWLEN.........cc.oviiiiiiiinieieeee e A-23
A.12 Middle Eastern ECONOMIC GrOWEN ..........oouiiiiiii e A-24
A.13 Asia (Ex-Japan and China) ECONOMIC GrOWEN .......c.ccoiiviiiiiiiiie e A-25
A.14 Japanese ECONOMIC GrOWEN .........coioiiiiie e A-26
A.15 Chinese Economic Performance and OULIOOK ............cccooiiiiiiiii i A-27
[0 Ne\'anr CHEMSYSTEMS SBA PROGRAM v
www.chemsystems.com Methanol Strategic Business Analysis

00289_SBA_2012-2013/Methanol



Contents

F.1 Three Main Gasification ProCeSSES(L) ......coouiirirerririeieisinisesie e F-2
F.2  GEENEIQY GaSITIEr ....c.eiiiiie ettt sttt s ae e ne e F-6
F.3  Lurgi Dry-Ash Gasifier........ccciiiiiiiiir et st F-7
F.4  Shell GasifiCation PrOCESS. ......cc.iiviiiiiiieiseeie st sttt e st st naesteereesbesreeneenee e F-9
F.5  E-GAS GASITIEN ..ttt bbbt b e e F-10
F.6 Davy Process Technology (DPT) & Johnson Matthey Catalysts (JM) Technology

EVOIULION TIMEIING. ...ttt bbb e F-12
F.7 Johnson Matthey Catalysts Low Pressure Methanol Process ..........c.ccooevviiiiinincncncnenen. F-14
F.8  ARGC CONVEITEL ...ttt b ettt ettt e sb e sbe e saeesabe s b e e sbeesbeesbeesrne s F-16
F.9 Methanol Equilibrium Profile in QuUench CONVEIEr...........cccvvievieiiiic e F-16
F.10 Toyo Engineering Corporation MRF-Z CONVEITEY .........cccouiiiiriieieieieee s F-17
F.11 Temperature Profile of MRF-Z CONVEIET .......c.cociiviiiie ettt F-18
F.12 TUDE COO0IEU CONVEITET .....c.iiiiiiiieiieieieieiee ettt ettt st nae e ens F-19
F.13 Methanol Equilibrium Profile in Tube Cooled CONVEIEr............coeiiiericieicieenc e F-19
F.14 Radial Steam Raising CONVEEI(2) ......ccveiiiiiiie ettt st see e F-21
F.15 Axial Steam RaiSiNg CONVEITE(2) .....cveieiiiiiiiiriiiieiieiee et F-21
F.16 Davy Process Technology Distillation System for Methanol .............cccooeoiiiiiniiicneen, F-23
F.17 Johnson Matthey Catalysts Leading Concept Methanol Process..........cccooevevvevienieieeniennnn, F-25
F.18 Johnson Matthey Catalysts AGHR SYStEM........cccooiiiiiiiiiiiiiiseseeeeee e F-26
F.19 StEAM RETOIMEN ..o ettt b e e e e F-30
F.20 Davy Process Technology Improved Low Pressure Methanol Process.........c.cccccevvevveivennnn, F-32
F.21 Davy Process Technology Compact Methanol ProCess............ccocvierereieisiisiisine e F-34
F.22 COMPACt REIOIMMEL .. .cviiic et et e st e s be e te e besaeerenre e F-35
F.23 COMPACE RETOIMIEN ......iiiiiiieee bbb F-36
F.24 Davy Process Technology Combined Reforming ProCess...........ccovvererieiinininenenenesees F-38
F.25 SMR and ATR in Combined Reforming DPT ProCess.......ccccoceveiiivieiesiesese e sie s esve e, F-39
F.26 DPT & JM Combined Reforming with Conventional Steam Methane Reformer Process..... F-40
F.27 Davy Process Technology Combined Reforming with GHR and ATR Process.................... F-42
F.28 DPT & JM Gas Heated Reformer plus Autothermal Reformer System ..........ccccceevvveinenenn, F-43
F.29 Davy Process Technology SErieS LOOP........cuiiriririerieiieieesiesiisie s F-48
F.30 Uhde Combined Autothermal Reformer (CAR®) .......cccccoiiiiicicieie e F-52
F.31 Uhde CAR® based Methanol PIant ..o F-54
F.32 Uhde 3 and 4 Column Distillation SECLION...........ccccveieiieeiieii i F-56
F.33 Uhde Fuel Grade Distillation SECHION ...........cccoueiiiiee i F-57
F.34 Lurgi MegaMethanol Process Autothermal REfOrmMing..........cccvcvveveieicinisinenc e F-63
F.35 Lurgi MegaMethanol Process Combined RefOrming .........ccocooveieneneieieiisine e F-64
F.36 Lurgi MegaMethanol Process Flow Diagram Reforming..........cccoevvevereeieieeiene e F-65
F.37 Lurgi MegaMethanol Process Flow Diagram — Methanol Synthesis and Distillation........... F-66
F.38 Lurgi Water- and Gas-Cooled Methanol Synthesis Reactor............ccccoevvevienieeieeseesneninens F-67
O Nexanr CHEMSYSTEMS SBA PROGRAM vi

www.chemsystems.com Methanol Strategic Business Analysis

00289_SBA_2012-2013/Methanol



Contents

F.39 Lurgi Combined Converter SYNThESIS..........cooiiiiiiiieecessee e F-69
F.40 Flow Scheme of the MITSUBISHI Methanol ProCess ..........ccccveienereieiniesisese e F-71
F.41 Process Flow Diagram of the MITSUBISHI Methanol Process..........ccccoeveveveeiieneieeiiennnnn, F-72
F.42 MITSUBISHI SUPEICONVEITET ......oiiiiiiiiieieitisie st nne e F-73
F.43 Haldor Topsge Methanol Production by One-step Reforming Process ...........cccccevvvveivennnn, F-78
F.44 Haldor Topsge Methanol Production by Two-step Reforming Process............cccoovvvreniennee. F-79
F.45 Haldor Topsge Methanol Production by Autothermal Reforming and Hydrogen Recycle

PIOCESS ..ttt ettt b e bt a bbbt Rt ket R bt R bt bt e ehe e nh e e enb e e be e beenbeeneeenrne s F-81
F.46 Haldor Topsge Co-production of Methanol Process in Ammonia Plants............c.cc.ccoenveneee. F-82
F.47 Methanol Casale M-3000 Methanol PrOCESS .........cceieieieininiisise e F-84
F.48 Methanol Casale IMC CONVEITET .......coiveiiieiie i ettt sre et e eaesne e F-85
F.49 Cooling Plate of IIMC CONVEIE .......cciiieieiicie ettt st re e e F-86
F.50 Methanol Casale M-7000 Methanol PrOCESS .........ccerurieieerinieiisesie e F-88
[0 Ne\'anr CHEMSYSTEMS SBA PROGRAM vii

Methanol Strategic Business Analysis
00289_SBA_2012-2013/Methanol

www.chemsystems.com



Contents

Table Page
3.1 SUMMArY OFf MTG PIANES ....ooviiiiiicie ettt sttt sre s 3-4
3.2 MTG Gasoline vs. U.S. Conventional Refinery Gasoline ..........c.ccocooeieiiiiiiniinininenenens 3-5
4.1  Comparison of Physical ProOperties ..........ccooiiiiiiieiicic st 4-22
4.2 Comparison of Gasoline Blending Properties...........covoeeieininineseseeeesese e 4-22
4.3 LPG and DME Bottles COMPAIiSON.......ccueviiiiriiriisienieieiees sttt 4-26
4.4 Methanol Capacity Additions (Excluding China), 2012 Onwards...........ccccccevevvevreieinesnnnne 4-32
4.5 Chinese Methanol Capacity Additions, 2012 ONWArTS ...........cceerirerereieeieise e 4-33
6.1 Typical Properties 0f Methanol...........c.coooiiiiiii i 6-1
6.2  United States Methanol SpecifiCations ..........ccccoiviiiiiiiiieiic e 6-2
6.3 International Methanol Producers and Consumers Association Methanol Reference............ 6-3
6.4 Pre-Converter Effects on Methanol SYnthesis ... 6-27
6.5 Effect of Hydrogen Separation Unit on Production Capacity..........cccccceveviveveiiniiieneciesennnns 6-27
% T (03 v o U0 N = Tod (o SRR 7-2
7.2 2012 ProduCer GaS PrICES ....ccveiveierierieiisiesiisiesie sttt sttt se e stessesbesneneeneenens 7-6
7.3 Key Parameters for Methanol Shipping ... 7-9
7.4 2012 Shipping Costs to Rotterdam, Houston, Singapore and Yokohama.............c.cccceeennennee 7-10
7.5 Representative Methanol Plants Modelled............ccocooiiiiiiiicic e 7-12
AL HiStoric Crude Ol PIICES ...oiviiiiiiie ittt st sraera et sre e e e sne e neeenes A-6
A2 Crude Oil PriCE SCENAMOS .....eveiueierieierierieiesie st sttt st se e ssessesteseesseneeneenes A-12
A.3 Economic Growth and Medium Crude Qil Scenario Projections ..........c.cccccevvvvvveveieevieseeane. A-19
B.1 The Development of North American Methanol Capacity, 2000-2012.............ccccevvrerennne B-1
B.2 The Development of South American Methanol Capacity, 2000-2012..........c..cccccvvvvevvernenne. B-2
B.3 The Development of Chinese Methanol Capacity, 2000-2012.............ccccerveririeniineneneneneenns B-3
B.4 The Development of Asian Pacific (excluding China) Methanol Capacity, 2000-2012........ B-9
B.5 The Development of Central and Eastern European Methanol Capacity, 2000-2012............ B-10
B.6 The Development of Western European Methanol Capacity, 2000-2012 ............cccccoervennne. B-11
B.7 The Development of African Methanol Capacity, 2000-2012..........c.cccceevevieviiievieseesie e B-12
B.8 The Development of Middle Eastern Methanol Capacity, 2000-2012 ...........c.ccceevvivevvennenne. B-13
C.1 Global Methanol Supply/Demand BalanCe.............cccooviiiiiiiininenieeieeesse e C-2
C.2 North America Methanol Supply/Demand BalanCe...........cccocveeeririeeiiniiiere e C-3
C.3  South America Methanol Supply/Demand Balance.............ccccveiiieieicniinininese e C-4
C.4 Western Europe Methanol Supply/Demand BalanCe............cccvoeiiriniieiininsic e C-5
C.5 Central & Eastern Europe Methanol Supply/Demand Balance ..........ccccccoovevviiiieiviinnnnnns C-6
C.6 Middle East Methanol Supply/Demand BalanCe ............cccooiiiriiineniiceeeese e C-7
C.7 Africa Methanol Supply/Demand Balance ..o C-8
C.8 Asia Pacific (excluding China and Japan) Methanol Supply/Demand Balance..................... C-9
C.9 China Methanol Supply/Demand BalanCe .............cooeiiiiiiiiinenesieeieees e C-10
O Nexanr CHEMSYSTEMS SBA PROGRAM viii

Methanol Strategic Business Analysis
00289_SBA_2012-2013/Methanol

www.chemsystems.com



Contents

C.10 Japan Methanol Supply/Demand BalanCe............ccccoeiieiiiiiiiiniie e C-11
D.1 Major Methanol Consumers - Formaldehyde, 2011 ........c.cccooveievi i D-1
D.2 Major Methanol Consumers — Acetic ACid, 2011........ccccceiiiieieie e D-9
D.3 Major Methanol Consumers - MTBE 2011 ........cccoiiiiiiiiiieniesese e D-10
E.1  Methanol PriCe HISTOIY .......ccciiiiiiie ittt sttt sre e E-1
F.L  GASITIET TYPES ...ttt bbbt b bbbttt b b e n e F-3
F.2  Gasifier Typical CharaCteriStiCS(L1) .......couuvriririirerieieieee st F-3
F.3  Syngas Compositions for Entrained-flow Gasifiers(1) .......cccooeveiiiiiiviieie i, F-4
F.4  Syngas Compositions for Moving and Fluid-Bed Gasifiers(1)........c.ccooeveirininiincneneniennnn. F-4
F.5 Syngas Composition for Different Reforming ProCesses ........cccccevvvveeverveiesecieseseeceseean, F-46
F.6 Typical Syngas Compositions Including Coal Gasification ...........cccccocvevveveviiciene i, F-49
F.7  Cooling Factors for Methanol CONVEITETS..........ccciiiiiiiiiiiiicse e F-49
F.8 Typical Process Parameters of Uhde CAR® Configuration ...........cccccevveveveiecinene e, F-52
F.9 Jacobs Summary of Performance of Battery Limit UNits ..........cccccovviviieie i, F-59
F.10 Operating and Design Parameters for Pre-Reforming and Autothermal Reforming of
Lurgi MegaMethanol PrOCESS ........cc.coviieiiiiisieie e F-61
F.11 Operating and Design Parameters for Methanol Converter of Lurgi MegaMethanol
e (0 T0L TS TP URPRTOPROPROTN F-68
G.1 Cost of Production Process: Steam Methane Reforming Followed by Methanol Synthesis . G-1
H.1 Delivered Cost to Western Europe (Rotterdam) 2012 ..........cceeveveiienienieenene e H-1
H.2 Delivered Cost to USGC (HOUSION) 2012........coiiiiiiiieieinesisie e H-2
H.3 Delivered Cost to South-East Asia (Singapore) 2012.........ccccoveveveeiieieiieeie e H-3
H.4 Delivered Cost to North-East Asia (Yokohama) 2012..........cccceevieievieiienine e H-4
O Nexanr CHEMSYSTEMS SBA PROGRAM iX

Methanol Strategic Business Analysis
00289_SBA_2012-2013/Methanol

www.chemsystems.com





