Coal to Chemicals - Viable in a a Low Qil-Price Environment

December 2015 Report Contents

Special Reports

Coal to Chemicals - Viable in a a

Low Qil-Price Environment

Table of Contents

A Report by NexantThinking™
Published December 2015

www.nexantthinking.com

Section Page
1 EXECULIVE SUMIMAIY ...eeiiiiiiiii ettt e ettt e et e e et e e e st e e e e abneeeean 1-1
1.1 OVERVIEW ...ttt bttt 1-1
1.2 ECONOMICS ...ttt ettt ettt ettt et e e ene e e st e e anteeanneeans 1-3
1.2.1 2015 Comparative ANalYSIS ......ccceeiiiiiiiiiiieeeeee 1-3
1.2.2 2020 Comparative ANAIYSIS ......coouuriiiiiiieiiiie e 1-4
1.3 CHINA POLICY AND COAL TO CHEMICALS STRATEGY ....ccooiiiiiiciiieenieee, 1-6
14 STRATEGIC OUTLOOK FOR COAL-BASED CHEMICALS.........ccccciviviiiiiieeeee 1-8
2 INEFOTUCTION ...ttt et e e e et e e s e e e an e e e nnneee e e 2-1
2.1 OVERVIEW ... 2-1
2.2 STRATEGIC DRIVERS FOR THE GROWTH OF COAL TO CHEMICALS
PROGCESSES ... .ottt ettt ettt ettt ettt nab e 2-1
2,21 CRlINA et 2-1
2.2.2  RESEOFTWOII....oiiiiiiiiei e 2-6
2.3 OIL PRICE SCENARIOS AND SPREAD TO COAL COMPARISON...........ccccce.... 2-7
24 GENERAL ASSESSMENT OF COAL TO CHEMICALS BREAKEVEN ................ 2-7
2.5 SCOPE OF THIS REPORT ..ottt e eeeneeans 2-8
3 Coal Gasification TECHNOIOQIES........uuuuueiiiiiiiiiiieiiieieiieeieierereeeiererebere e berera e 3-1
3.1 OVERVIEW ... ettt e e ettt e e e e e e eenbaans 3-1
3.1.1  GasSifiCation PrOCESS.......cviiiiiiiiiie ittt 3-1
312 CREMISIIY ettt e e et e e e e e 3-3
3.1.3  TYPES Of GASIFIEIS ..vuvuviiiiiiiiiiiiiiiiiiiiiiiiiet bbb asbnrabsrsenaneernnes 3-4
3.2 COAL CHARACTERISTICS AFFECTING GASIFICATION .....cooiiiiiieiiieeiieee, 3-9
O Nexanr Special Reports 1
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

3.3 ENTRAINED-FLOW GASIFIERS. ... ..o 3-10
3.3.1 GE Energy (Chevron Texaco/GE) Entrained-Flow Gasifier...............cc....... 3-10

3.3.2 CB&l E-GAS (Formerly ConocoPhillips) Entrained-Flow Gasifier ............... 3-11

3.3.3  Shell Entrained-FIOW Gasifier..........cccoiviiiiiiiiiieiiie s 3-12

3.3.4 Siemens Entrained-FIoW GasIfier...........ccooeiiiiiiiiiicee e 3-15

3.3.5 Prenflo Entrained-Bed Gasifier .........ccccveiiiiiiiieiii e 3-16

3.3.6  MHI Entrained-FIOW Gasifier ..........ocoiiiiiiiiiiiiiceice e 3-16

3.3.7 EAGLE Entrained-FIOW Gasifier..........cccveiiiiiiiieiie e 3-18

3.3.8 ECUST Entrained-FIOW Gasifier .........ccoiiiiiiiiiiieiiicceieceee e 3-18

3.3.9 HCERI Entrained-FIOW Gasifier ........ccccoviiiieiiiiiceiii e 3-19

3.3.10 MCSG Entrained-FIowW Gasifier..........ccoiiiiiieiiiiieiiiieeeiee e 3-20

3.3.11 OSEF Entrained-FIOW Gasifier .........ccccooiiiiiiiiiiiceiic e 3-20

3.3.12 Noell Entrained-FIoW GasIfier .........cccooiiiiiiiiiiiiiiiceeee e 3-21

3.3.13 HT-L Entrained-FIOwW Gasifier.........ccouviiiiiiiiiiiice e 3-21

3.4 MOVING (FIXED)-BED GASIFIERS. ...ttt 3-22
3.4.1  Lurgi Dry-Ash Gasifier........ccooiiiiiiiiiiiicic e 3-22

3.4.2  British Gas/Lurgi Moving-Bed Gasifier.........ccccceviiiiccccen 3-23

35 FLUIDIZED-BED GASIFIERS ... .o, 3-25
3.5.1 High-Temperature Winkler Gasifier.........cccccoeviimuiimiii e 3-25

3.5.2 Bluegas Fluidized-Bed Gasifier..........ccoiiiiiieiiiiiieiiie e 3-25

3.5.3 KRW Fluidized-Bed GaSifier ...........cooveeiiiiiiiiiiiice e 3-26

3.5.4  KBR Transport GAaSIfier ........coouuiieiiiiieeiiiie et 3-26

3.5.5 U-Gas Fluidized-Bed GaSIfier ..........ccccooviiiiiiiiiiiiiicceee e 3-27

3.6 GASIFICATION CAPACITY IN CHINA ..ottt eeeeeeeeeeneees 3-28
3.6.1 Entrained-Bed Gasification Capacity in China ...........ccccooeeiiiiiiiiiiiiiiiieeiinnns 3-29

3.6.2 Moving (Fixed)-Bed Gasification Capacity in China...........cccccccveeeviiivnnnnen. 3-37

3.6.3 Fluidized-Bed Gasification Capacity in China..........cccoeeeiiiiiiiiiiiiiiicicicecnns 3-38

4 (70T 1IN (o I Yot =1 1Y/ (=] = PSP PPPPPPPPRt 4-1
4.1 OVERVIEW ..ottt ettt et ee e et e st seeeeeenennnnnnes 4-1
4.2 CALCIUM CARBIDE PROCESS ..ottt eeeeeees 4-2
4.2 1 BaCKGrOUNG ..ot 4-2

4.2.2  PrOCESS DESION .coeiiiiitiiie ettt et e e e e e e e e e e e naee 4-3

5 (@0] ) V=T (= o] o I I =Tox o g o] (oo =2 USRS 5-1
51 OVERVIEW ...ttt ettt et e e e s e e eeeeeensnenne 5-1
5.2 METHANOL (FROM COAL SYNGAS) ..o ctiteeitee ettt seiteea e e nnnaeeen e e e 5-2

O Nexanr Special Reports 2
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

B5.2.1  CREMISTIIY .ottt 5-2
5.2.2  Process DESCIIPLION ...eevieeiiiiiiiiieiee e e se et iie e e e s s e e e e e e st are e e e e e s s ennreneees 5-2
5.2.3  CapacCity ANAIYSIS ......eeeiiiiiiieiiiii et 5-7
53 AMMONIA (FROM COAL SYNGAS) . itiiieeiiiiee ettt ettt e siaee e 5-8
B5.3.1  CREMISTIIY ettt 5-8
5.3.2  Process DESCIIPLION ....uiieii ittt ee e e st e e e e e e e e e e e st a e e e e e e ennrnneees 5-8
5.3.3  CapacCity ANAIYSIS ......coeiiiiiiieiiiiie et 5-10
54 UREA (FROM COAL SYNGAS) ..oiiitiiiieiiieie ettt ettt ettt et eesnnsaeee s 5-11
541 CREMISIIY .eeiiiiitiie ettt e 5-11
5.4.2  ProCess DESCIHPLON .....uuuuuuiiiiiiiiiiiiiiiiii s 5-11
5.4.3  Capacity ANAIYSIS ......eeiiiiiiiieiiiiie et 5-14
55 MEG (FROM COAL SYNGAS) ...titeeiteieeeieiiite ettt e e e eeaa e 5-16
551 CREMISIIY oottt 5-16
5.5.2  Process DESCHPLION ...ccciiiiiiiiiiiie ettt 5-18
5.5.3  CapacCity ANAIYSIS .....uuuuuiuuiiiiiiiiiiiiiiiiii 5-22
5.6 METHANOL TO OLEFINS (VIA METHANOL FROM COAL SYNGAS).....ccccccveeennn. 5-23
5.6.1 UOP/Hydro Advanced MTO PrOCESS.........uuuuuuuummmmmniiinniniinnnnnnas 5-23
5.6.2  LUIGi MTP® PrOCESS ....ceiuiiiitiieiiiieeiieeetie e sttt e tee et e et e e sneeesnteeesneee e 5-28
5.6.3 Dalian Institute of Chemical Physics (DICP) DMTO Process .........ccccceeeunnn. 5-34
5.6.4  SINOPEC SMTO PrOCESS ....eiiiiiiiiiieiiitiie ettt 5-38
5.6.5  FMTP PrOCESS......tiiiiiiiiiiiiiiieii e 5-41
5.6.6  Market Share of LICENSOIS ........uviiiiiiiieiiiiee e 5-44
5.6.7  CapaCity ANAIYSIS ...ceeveiiiiiiiiiiiiiiiiieieeieeieeeeeeeeeeeeeeeeeaeeeaeeeeeaeaeassesesaaeeeeenananananes 5-45
5.7 ACETIC ACID (VIA METHANOL FROM COAL SYNGAS).....uuuiiiieeeiiiiiiiiieeeee e 5-48
o A0 R O 1= 0 11 1Y SR PPPPPPPPRt 5-48
5.7.2  Process DESCIIPLION ...ccoiiuiiiiiiiiie ettt 5-50
5.7.3  CapaCity ANAIYSIS .....eveieiiiiiiiiiiiiiiieieeeeeieeeeeeeeeeeeeeeeeeeaeaeeeeeaeaesssesesaseseeesarnnnnanes 5-53
5.8 VINYL ACETATE (VIA ACETYLENE FROM CALCIUM CARBIDE) .....ccccccceeeiiinnne 5-54
B5.8.1  CREMISIIY oottt 5-54
5.8.2  Process DESCIPLION ...cceeiii ittt e e 5-54
5.8.3  CapacCity ANAIYSIS .....ueeieiiiiieeiiiiie ettt 5-57
5.9 VCM (VIA ACETYLENE FROM CALCIUM CARBIDE).......cccttiiiiieeaiiiiiieeeae e 5-58
B5.9.1  CREMISIIY weeiiiiitiie ettt et e et e s 5-58
5.9.2  Process DESCIIPLION ...cciiiiiiiiiiiitiie ettt e e 5-58
5.9.3  CapacCity ANAIYSIS .....ueeeeiiiiieei ittt 5-60
O Nexanr Special Reports 3

www_nexantthinking.com

Coal to Chemicals - Viable in a a Low Qil-Price Environment
A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

5.10 BUTANEDIOL (VIA ACETYLENE FROM CALCIUM CARBIDE).........ccccvveviieeeiinns 5-62
LN O R O £ =T 1) 1 YA SRR 5-62

5.10.2 Process DESCHIPLION ...cceiiiiiiiiiiiie ettt 5-63

5.10.3 CapacCity ANAIYSIS .....uueiieeeii ittt eie e s e e e e e e e e e e e e e s e e e e 5-67

5.11 ACRYLIC ACID (VIA ACETYLENE FROM CALCIUM CARBIDE) ......ccccccceveeeinnnnne 5-68
L0 R £ =T 1 1) 1 YA SRR 5-68

5.11.2 Process DESCHIPLION ...ccciiiiiiiiiiiie ettt 5-69

5.11.3 CapacCity ANAIYSIS .....uueiieeeii it ie e se i e e e e s e e e e e e e e e 5-69

5.12 ACRYLONITRILE (VIA ACETYLENE FROM CALCIUM CARBIDE) ........ccccceeevinnee 5-69
5.12.1  CREIMISIIY wuutiiiiiiiiitiiiiiii s 5-69

5.12.2 Process DESCHIPLION ...ccoiiiiiieiiiiie ettt 5-71

5.12.3 CapacCity ANAIYSIS .....uuuuuueiriiiiiiiiiiiiiiiiii 5-73

5.13 ETHANOL (CELANESE TCX TECHNOLOGY) ..cciiiiiiiiiiieee ettt eiieeee e 5-74
5131 CREMISTIIY ettt e et 5-74

5.13.2 ProcCess DESCHPLON .....uuuuuiuiiiiiiiiiiiiiiiiiii s 5-74

5.13.3  Capacity ANAIYSIS ......eeeeiiiiieeiiiiie ettt 5-79

6 ECONOIMICS ..ttt e ekt e et e ekt e 6-1
6.1 BASIS OF ECONOMICS. ... .., 6-1
6.2 METHODOLOGY ... 6-1
6.2.1  VAriable COSES ...oiiiiiiiieiiiiii et 6-2

6.2.2  DIreCt FIXEU COSES ....oeiiiiiiiieiiiiit ettt 6-2

6.2.3  Allocated FIXEA COSES.......uiiiiiiiiieiiiiie ettt 6-3

6.2.4 Technical SUPPOM/ROYAIY .......coevviiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeee s 6-4

6.2.5  Corporate OVEINEAUS . .......cociiuiiiie ittt 6-4

6.2.6  WOIKING CApital......cceviieiiiiiiiiiiiiiiiiieieeeeieeeeeeee ettt eeeeeeeeeaeeeseseseseseeesassnenanes 6-4

B.2.7  CASN COSES .....eiiiieiiiiii et 6-5

6.2.8  LOCALION FACIOIS.......eiiiiiiiiie ittt 6-5

6.2.9  Plants CONSIHEIEA .......cocuuiiiiiiiiiic ittt 6-5

6.3 FEEDSTOCK PRICES ... .o 6-7
B.3.1  GAS PrICES ..ottt ittt 6-7

6.3.2  Coal Price iN CRIN@......coiueiiieiiiiii e 6-7

6.3.3  Corn Price in CRINa .......c.uuiiiiiiiiicii e 6-7

6.4 SHIPPING AND TARIFF COSTS ..ottt eeeeeeeeeeeeeeeeeeeeeennees 6-8
6.4.1  ShIPPING COSES ....utiiiiiieeiiiiiiet ettt e e s e e e e e e e e aenbeeeeeas 6-8

B.4.2 TNl oo e 6-9

O Nexanr Special Reports 4

www_nexantthinking.com

Coal to Chemicals - Viable in a a Low Qil-Price Environment
A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

6.5 COAL BASED CHEMICAL PRODUCTION — MINE MOUTH CHINA.........cvviiiiieees 6-10
6.5.1 Methanol (From Coal SYNQAs) ......ccccccvrriiiiee it e e 6-10
6.5.2  Ammonia (From Coal SYNQAS) ......ccurieiiiiiieiiiiie it 6-12
6.5.3 Urea (From Coal SYNQAS) ..uuvuiriieeiiiiiiiiiiieie e seeitiree e e e e e s s esreaee e e e e s s s annsnneees 6-14
6.5.4  Ammonium Nitrate (From Coal SYNQas) ........ccvveiiiirieiiiiiieeiiie e 6-16
6.5.5 MEG (From Coal SYNQAS) ....uuririieeeiiiiiiiiiieieeeseiiiieeeeee e e s s ssnsnaeeeeee s s s annnseneees 6-18
6.5.6 HDPE — Injection Molding (Integrated with Ethylene via MTO) ................... 6-20
6.5.7 Polypropylene — General Purpose Homopolymer (Integrated with
Propylene via MTP) .....ooiiiii e 6-23
6.5.8 Acetic Acid (via Methanol from Coal SYNgas) ........cccccevirivreiiiiineeiiiee e 6-25
6.5.9 Vinyl Acetate (via Acetylene from Calcium Carbide) ...........ccevvvvvvvvvrvennnnnns 6-27
6.5.10 PVC (via Acetylene/VCM from Calcium Carbide) .........coeeevvvviveeeeeiiiiiiiennnn. 6-29
6.5.11 Butanediol (via Acetylene from Calcium Carbide) .............covvvvvvvrvvvvervrennnnnns 6-31
6.5.12 Acrylic Acid (via Acetylene from Calcium Carbide) .........ccccevvivieiiiiiiennnnn. 6-33
6.5.13 Acrylonitrile (via Acetylene Hydrocyanation)................eeevevvveveeeeeveeeeerennnnnnnns 6-35
6.5.14 Ethanol (Celanese TeChNOIOgY) ........coeiiirieiiiiiieiiiiie e 6-37
6.6 COMPARATIVE ECONOMICS TO NAPHTHA — COASTAL CHINA .....ovviiiiiiiiiieeee 6-39
6.6.1  METNANOL ..ot 6-39
6.6.2  AIMIMONIG ..etiiiiiiiiieiiie ittt e e e 6-40
B.6.3 U8 ... et 6-40
6.6.4  AMMONIUM NITFALE......coiiiiiiiiiiiii et 6-41
B.6.5  MEG ..ottt ettt et ettt e eeneanennnnnne 6-42
6.6.6 HDPE — INJection MOIAING ...couvvviiiiiiiieiiiie et 6-43
6.6.7 Polypropylene — General Purpose HOMOPOIYMETr..........c.cvvvvvvivveveieieiiinnennnns 6-45
6.6.8  ACELIC ACIH. ... eeeiieiiieie et 6-47
6.6.9  VINYI ACELALE ..ooiiiiiiiiiiiieieieeeeeee ettt e e e aa e e e eaeeernnannnnne 6-48
B.6.10 PV C .ttt ettt ettt ettt ettt e teteeeenennnnnne 6-49
6.6.11 BULANEAION ... 6-50
6.6.12 ACKYIIC ACIH ...ttt e 6-51
6.6.13  ACKYIONIIIIE ..ot 6-52
L ST 1 = Lo | TP 6-53
6.7 CONGCLUSIONS ...ttt ettt ettt ettt e ettt et e e e e e e s e essesesssesseeensnnnnnne 6-54
7 S (= (=T o [To [ g o] [ToF=1 1o o L TR PRPOPPRRN 7-1
7.1 COMPETITIVENESS ..ottt e e e e eeeeeeeneees 7-1
7.1.1  Gasifier TEChNOIOGIES. ... ..cuiiiiiiiieiie e 7-1
O Nexanr Special Reports 5

www_nexantthinking.com

Coal to Chemicals - Viable in a a Low Qil-Price Environment
A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

7012 MENANOL ... 7-1
7.1.3  Ammonia, Urea, and Ammonium NiItrate ...........cccorvveriiienirieniie e 7-2
714 MEG .ottt ettt ettt ettt et e te et taeaaeaaee 7-2
7.1.5 Olefins and PolYoIefinS.........uuuiiiieeiiiiiee e 7-3
7106 ACELIC ACIH. ..ttt 7-3
T.1.7  VINYEACELALE ...ttt e e e s e e e e e s e nae s 7-3
T.1.8 PV C ittt ettt ettt ettt e teaeaaeaaaaanes 7-4
7.01.9  BULANEAION ...t 7-4
7.1.10 Acrylic Acid and ACIYIONITHIE .......coiuiiiiiiiii e 7-4
7121 ETNANOL ..t 7-4
7.2 SENSITIVITIES TO COAL PRICE IN 2015 ...ooiiiiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 7-5
7.3 SENSITIVITIES TO COAL VERSUS OIL PRICE SCENARIO IN 2020............cceue... 7-8
7.3 1 INTOTUCTION ...ttt e et 7-8
7.3.2 MENANOL ..o 7-11
7.3.3  AIMIMONIG ¢eetiiiiiieie ittt s e s e 7-12
T.3:4 U8 ...t 7-13
7.3.5  AMMONIUM NITFALE ......ciiiiiiiiiiiiiee it 7-14
T7.3.6  MEG ..ottt ettt ettt ettt tetenetaeeaenaees 7-15
7.3.7 HDPE — Injection MOIAING ........cccuviiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeveeeveeeeeaevevesaaaaeaaees 7-16
7.3.8 Polypropylene — General Purpose HOMOPOIYMEr.........coovciveiveeeeeieiiieeen. 7-18
7.3.9  ACELIC ACIU...iiiiieiiiee ettt e 7-20
7.3.10  VINYI ACEIALE ...eeiiiiiiiii et 7-21
T.3.11 PV C ittt ettt et etnnnnnnnne 7-22
7.3.12 BULANEAION ..ot 7-23
A Tt G T o Y/ o Ao o PSPPSRt 7-24
7.3.14  ACKYIONITIIE Lo 7-25
7.3.15 ERANOI ..o 7-26
7.3.16  CONCIUSIONS ...ttt 7-27
7.4 FUTURE POLICY CHALLENGES ... 7-29
AL INTTOUUCTION ...ttt 7-29
7.4.2  MacCro€CONOMIC TIENUS .....iiiiiiiiie ittt ettt 7-29
7.4.3 Policy and RegUIALION...........uieiiiieeei et 7-29
A O g o] o I I VTP 7-31
7.4.5  Limited Water SUPPLY ...coooieiiiee et 7-32
746 FINANCE CRAIgES .. .ceiiieiiiiiie ittt 7-32
O Nexanr Special Reports 6

www_nexantthinking.com

Coal to Chemicals - Viable in a a Low Qil-Price Environment
A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

Appendix Page
A Cost of Production ESHMAES 2015 ......uuuuiiieiieiiieeeeieeeieeeeeeeesssesesssesessssssssssssssssssrsrssssssnrrrr... A-1
B Cost of Production EStIMates 2020 ........cciiiiiiiiiiiiiieeieeee e e e e e e e et e e e e e e eaaban s B-1
O Nexanr Special Reports 7
www.nexanithinking.com Coal to Chemicals - Viable in a a Low Qil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

Figure Page
1.1 Coal to Chemicals Value Chain and Report COVEIage .........cccuvvrieeeeeeiiiiiiieeeeeeeesssinineneaaenen 1-2
2.1 Coal to Chemicals Breakeven EXamMPIE ...........ooiiiiiiiiiiiiiiieiiii et 2-8
2.2 Coal to Chemicals Value Chain and Report COVEIAQE ......cuveeeeiiiiiriieieeeeeeiiiiiieeee e e s e ennineeeeas 2-9
3.1 Gasification-Based Energy Conversion System COMPONENTS.........ceevivrreeriirieeriiieeennineeens 3-2
3.2 Gasification-Based Energy Conversion System OPtioNS........cccoovvivviiiieeeesiiiiiiieeee e e s csiiveeeeas 3-3
3.3 Major GasifiCation REACHONS. ......ciuiiiiiiiiiiie ittt e e 3-4
3.4 Three Main GasifiCation PrOCESSES ........ciiiiiiiiiiiii ittt 3-6
3.5 GE ENEIQY GASITIEI ..eiiiiiiiieiiiiit ettt 3-10
3.6  E-Gas TWO Stage Gasifier......cccooii i 3-11
3.7 E-Gas Technology Simplified ProCeSS FIOW ........cueiiiiiiiiiiiiiiiieiiieee e 3-13
3.8 Shell GaSIfiCAtION PrOCESS. ... ..uuiiiiiiiiie ittt e e nbaee s 3-14
3.9  SiemeNnS SFG-500 GASITIEI .....uviiiiiiiiiiiiiiie ettt 3-16
3.10 MHI TWO-StAgE GASIIEI ....eeiiuiiiiieitiii ettt e s nbeeee s 3-17
3.11 ECUST ENntrain€d-FIOW GaSIfier..........cocuiiiiiiiiiiiiiiiiie et 3-19
3.12  LUrgi DIY-ASN GaSITIN ...eeeieiiiiieie ittt 3-22
3.13 BGL GaASITII .utieiiiiiteit ettt 3-24
N A (=T o T 11 =T PP P PP OPPPPPPP 3-26
3.15 Global Coal-Based Gasification PIantS .............cooiiiiiiiiiiiicii e 3-28
3.16 Key Operating Plants by LICENSOr iN CRINA.........coouiiiiiiiiiiiiie e 3-29
4.1 Proven Routes to Chemicals from Acetylene.........ooooiiiiiiii 4-2
4.2 Calcium Carbide ACELYIENE PrOCESS ......uuiiiiiiiiii ettt 4-4
5.1 Coal to Chemicals Value ChaiN ..........coiiiiiiiiiiiii e 5-1
5.2 Johnson Matthey Catalysts Low Pressure Methanol ProCess .........cccouvvveiiiiiiiiiiiiee e, 5-4
5.3 Davy Process Technology Distillation System for Methanol.............ccoocviiiiiiiciiiiicc e, 5-6
5.4  Snamprogetti Ammonia Stripping Process for Urea ..........cccccoeeiiiiiiii 5-13
5.5 Three Major Chemical Steps in Coal-to-MEG...........ccoiiiiiiiiiiiiiic e 5-16
5.6 Simplified Process Diagram from COto MEG ... 5-16
5.7 Dimethyl Oxalate Synthesis Reaction MeChaniSM............cccoviiiiiiiiiiiiiiiii e 5-17
R S T ©o = 1 (o H Y | = TR PPP TR 5-20
5.9 UOP/Hydro MTO Process: Simplified FIOW Diagram ...........ccceeeieiiieiiiiieiiieee e 5-26
5.10 Lurgi MTP® Process: Fluid Bed Reactor and Initial Compression Stages..........cccccvvevvveenen. 5-31
5.11 Lurgi MTP® Process: Compression, Clean-Up and Initial Separations...........ccccoccveviveeeneen. 5-32
5.12 Lurgi MTP® Process: SPIET AITAY ....cocueiiieiiiiii ettt sttt et e e e s eeeesnnneeee s 5-33
5.13 DMTO FIOW DIBOIAIM .....ueiiiiiiiiiiie ittt ettt ettt e st et e sttt e sttt e e s bt e e e s anbb e e e s anneeee s 5-36
O Nexanr Special Reports 8
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

5.14 SMTO Methanol Conversion FIOW DIiagram.........cc.uvieiiieriariiiiee e 5-39
5.15 SMTO Light Olefins Recovery Block FIOW Diagram ..........ccccccoveiiuiiieiieeessiiiiiieeeee e e s e ssineeeens 5-40
5.16 FMTP Process: FIOW DIBOIAIM ....cocuuiiiiiiiiiieiiiii ettt 5-43
5.17 Current MTO/MTP Licensor Market Share in China by Capacity ...........cccccecvvvveeeeereiinvnnnn.n. 5-44
5.18 Current MTO/MTP Licensor Market Share in China by Number of Plants ............ccccccoovveee. 5-44
5.19 Expected MTO/MTP Licensor Market Share in China by Capacity ...........cccovvvveveeeviiiivnnnnnn. 5-45
5.20 Expected MTO/MTP Licensor Market Share in China by Number of Plants ..............c..cc..... 5-45
5.21 The Reaction Mechanism for the Monsanto/BP Rhodium-Catalyzed Carbonylation of

MEthanol t0 ACETIC ACIH ........eiiiiiiie ettt 5-49
5.22 Acetic Acid via Methanol Carbonylation, Monsanto/BP ProCess...........ccccccviuviieiiiieeeniinneen 5-51
5.23 Vinyl Acetate via Acetylene (Wacker ProCess) ......cccoovvviiiiiiiiii 5-55
5.24 VCM VI CoHalHCl .ottt e e e e ettt e e e e e e sttt e e e e e e e s e nnteeeees 5-59
5.25 Synthesis of 1,4-Butynediol from Acetylene and Formaldehyde ....................................... 5-64
5.26 Two Step Hydrogenation of 1,4-Butynediol to 1,4-Butanediol...........cccvvveiiiiiiiiiiiinciiiinenn 5-66
5.27 BASF High Pressure Reppe ProCEeSS ......ccooiiiiiiiiii e 5-70
5.28 American Cyanamid DESIGN . .....coiiuuiiiiiiiiiie ittt 5-72
5.29 Acetic Acid via Celanese AO Plus Process with Silverguard lon Exchange Resin Bed........ 5-76
5.30 Ethanol via Celan@Se TCX ... .uuiiiiiiiiii ittt e e e e s 5-77
6.1 Components of Cost Delivery to Market ... 6-2
6.2 Delivered Costs of Methanol, Coastal ChiNa ...........ooviviiiiiiieieeeeeeee e 6-39
6.3 Delivered Costs of Ammonia, Coastal ChiNa............ccoviiiiiiiiiiiie e 6-40
6.4 Delivered Costs of Urea, Coastal ChiNa ...........uuueiiiiiiiiiieee e 6-41
6.5 Delivered Costs of Ammonium Nitrate, Coastal China ............cccoiviiiiiiiiiieii e 6-42
6.6 Delivered Costs of MEG, Coastal ChiNa ..........cciiiiiiiiiiiiiiiciiie et 6-43
6.7 Delivered Costs of HDPE — Injection Molding, Coastal China..........cccoccuvvveiiiiiiciiiiiee e 6-44
6.8 Delivered Costs of HDPE — Injection Molding, Coastal China..................cccccc. 6-45
6.9 Delivered Costs of Polypropylene, Coastal ChiNa .........cccccoiiiiiiiiiiiiiiiic e 6-46
6.10 Delivered Costs of Polypropylene, Coastal China ............cccoooooo 6-47
6.11 Delivered Costs of Acetic Acid, Coastal ChiNa .........c.ovveuveieeiieeieeeee e 6-48
6.12 Delivered Costs of Vinyl Acetate, Coastal ChiNa .........cc.uueiiiiiiiiiiiiiiiiiee e 6-49
6.13 Delivered Costs of PVC, Coastal ChiNa.........ccuuuuiiiiiiiiiiiiee e e e 6-50
6.14 Delivered Costs of Butanediol, Coastal ChiNa ............coccviiiiiiiiiiiiii e 6-51
6.15 Delivered Costs of Acrylic Acid, Coastal ChiNa...........cccvuiiiieeiiiiiie e 6-52
6.16 Delivered Costs of Acrylonitrile, Coastal ChinNa...........cccuuuiiiiiiiiii e 6-53
6.17 Delivered Costs of Ethanol, Coastal ChiNa .........ccceiieiiiiiiiiiieei e 6-54

O Nexanr Special Reports 9
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

7.1 Sensitivity to Coal of Integrated Coal Syngas to Chemicals Cost of Production ................... 7-5
7.2  Sensitivity to Coal of Intermediate Products from Coal Cost of Production...............cccvveee... 7-6
7.3 Sensitivity to Coal of Acetylene-Based Products from Coal Cost of Production.................... 7-7
7.4  Crude Oil Price Scenarios through 2020...........ceuiiieiiiiiiiiiiiee e 7-9
7.5 2020 Delivered Costs of Methanol, Coastal ChiNa ...........cccoouviiiiiiiiicii e 7-12
7.6 2020 Delivered Costs of Ammonia, Coastal China..........cccooveiiiiiiiiciiecec e 7-13
7.7 2020 Delivered Costs of Urea, Coastal ChiNa ...........cooiiiiiiiiiiiieiiiiec e 7-14
7.8 2020 Delivered Costs of Ammonium Nitrate, Coastal China ...........ccccocvveiiieiiieiiiec e, 7-15
7.9 2020 Delivered Costs of MEG, Coastal ChiNa ..........ccoiiiiiiiiiiiiiciiiiiee e 7-16
7.10 2020 Delivered Costs of HDPE — Injection Molding, Coastal China............ccccccoeeoee. 7-17
7.11 2020 Delivered Costs of HDPE — Injection Molding, Coastal China...........ccccvveviiiieciniinnen. 7-18
7.12 2020 Delivered Costs of Polypropylene, Coastal China ...........cccooooeiiii 7-19
7.13 2020 Delivered Costs of Polypropylene, Coastal China ...........cccovviiiiiiiiiiiiiiieciiee e 7-20
7.14 2020 Delivered Costs of Acetic Acid, Coastal China ........ccoeevieiiiiiiiiiiiie e 7-21
7.15 2020 Delivered Costs of Vinyl Acetate, Coastal China...........cccccooooeii 7-22
7.16 2020 Delivered Costs of PVC, Coastal ChiNa.........ccouivieiiiiiiiiieiiieeiee e 7-23
7.17 2020 Delivered Costs of Butanediol, Coastal China .............cceviiiiiiiiiiiiicec e 7-24
7.18 2020 Delivered Costs of Acrylic Acid, Coastal China ..........cccceviiiiiiiiieeiisiiieeee e 7-25
7.19 2020 Delivered Costs of Acrylonitrile, Coastal China ............ccccooeoeiiii 7-26
7.20 2020 Delivered Costs of Ethanol, Coastal ChiNa.............ueeeeiiiiiiiiiiiee e 7-27
7.21 Average Monthly Trading Price 0f COz......oiiuiiiiiiiiiiiiiieee e 7-32
7.22 Interest Rate Changes iN ChiN@ ........oooiiiiiiiiii e 7-33
O Nexanr Special Reports 10
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

Table Page
1.1 2015 Comparative ANalYSIS SUMMATY .......uuuiiiieeeiiiiiiiiieeee e e s e siieree e e e e s s ssinrreeeeee e s s snsnsneaeeeeaen 1-4
1.2 Comparative Analysis Summary and Break EVen ANAlySiS ........cceeeiiiiriiiiiiiieiiiieee e 1-5
1.3 Minimum Threshold Capacity for Coal to Chemical Projects.........cccccccoevvvveiveeeeiiiiiiiiieeeeeen 1-6
1.4 Summary of Strategic Outlook for Coal-Based ChemiCals ..........cccccoviiviiiiiiiiiiiiiiiciiieeeee 1-8
3.1 Licensor and Gasifier TYPES...ccuiii e e e e iece e e e e s e e e e e e e e e e e e s st r e e e e e e e e nnaraae s 3-7
3.2 Gasifier TypiCal CharaCteriStiCS . ......uuiieiiieieeiiiei ettt 3-7
3.3 Syngas Compositions for Entrained-flow Gasifiers..........ccccceeeiiiiiiiieiec e 3-8
3.4 Syngas Compositions for Moving and Fluid-Bed Gasifiers..............ccccocoiiiiiiiiiiiin i, 3-8
3.5 GE Energy Gasification Projects in China...........cccco oo 3-29
3.6 CB&l Gasification Projects in ChiN@..........ooiiiiiiiiiiiie et 3-31
3.7  Shell Gasification Projects in ChiNa ..........ooiiiiiiiiiiiii e 3-31
3.8 Siemens Gasification Projects in ChinNa ... 3-32
3.9 ECUST Gasification Projects in ChiNa .........ocuuiiiiiiiiiiiiic et 3-33
3.10 HCERI Gasification Project in ChiNa.........ccoooiiiiiiii 3-34
3.11 MCSG Gasification Projects in ChiNa .........oouiiiiiiiiiiiie e 3-35
3.12 OSEF Gasification Projects in ChiNa ..o 3-36
3.13 HT-L Gasification Projects in ChiNG .........coiiiiiiiiiiiiiieeiiieee e 3-37
3.14 Lurgi FBDB Gasification Projects in China..........cccoooeeiiiii 3-38
3.15 British Gas/Lurgi Gasification Projects in ChiNa..........coccueiiiiiiiiiiiiiic e 3-38
3.16 KBR Gasification Projects in China...........ccooooiiii i 3-39
3.17 U-Gas Gasification ProjeCtS in ChiNa.........coiuiiiiiiiiiiieiiiiece e 3-39
4.1  Analysis of Coal, @S RECEIVE..........ccooiiiiiii 4-3
4.2 Limestone Feed Composition, DIy BaASIS ......cocuuiiiiiiiiieiiiiie e 4-5
4.3 Lime Feed Composition to Carbide Furnace, Dry BasiS..........ccccceiriiiieiiiiiieiiiiiee e 4-5
4.4 Coke Composition, Dry BaSIS........cocuiiiiiiiiiee e 4-6
4.5 Purified Coke OVEN Gas, DIY BASIS .....uuuiiiiieiiiiiiiiiiiiie e s eiiieee e e e e e e s siieeeeeae e e s s snneeeeeeaeeesnnnnnes 4-6
4.6 Carbide Furnace Offgas, Dry BasiS ... 4-7
4.7 Impurities in Carbide ACELYIENE. .........iii i 4-8
5.1 World Scale Methanol Projects in ChiNa............eoiiioiiiiie e 5-7
5.2  World Scale Ammonia Projects in ChINa ..........oooiiiiiiiiiiiiciieee e 5-10
5.3  World Scale Urea Projects iN ChiNA ........cooiiiiiiiiiiaeei et 5-15
5.4 Coal-Based MEG Projects in ChiNa .........ouiiiiiiiiiiiiiiieiieee et 5-23
5.5 Component Yield from UOP/Hydro MTO Process (SAPO-34) ........uueeiiiaiiiiiiiiiiiie e 5-27
5.6 UOP/HYDRO MTO FIEXIDIIItY ...cciiiiiiieieeiee ettt e e e e e e e e s ennnnnee s 5-27
O Nexanr Special Reports 11
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment

December 2015 Report Contents

5.7 Catalyst Performance — MTP® PrOCESS ......ccciuiiiiiiiiiieiieee it aiee sttt e et eenaeeas 5-29
5.8 Gasoline Composition — LUrgi MTP® PrOCESS......ccuuviiiiiiiee it siiee e st e e 5-30
5.9 Overall Material Balance - MTP® PrOCESS ........ccciiuiiieiiiiiieiiiiieeesiiieeessiaeeessssaeeessssseeessnsneees 5-34
5.10 Current MTO/MTP Projects in China through 2015 .........cccceveieiiiiiiiiiiiecce e 5-46
5.11 Expected MTO/MTP Project Additions in China through 2020 ...........ccccevviiiiiiciniiiec e 5-46
5.12 Acetic Acid Capacity iN ChiNa .......c..uviiiiie e e e e e e s nraaee s 5-53
5.13 Typical VAM Product SPeCIfiCatiONS .........coiiiuiiiiiiiiiiieiiiiie et 5-56
5.14 Vinyl Acetate Capacity iN ChINA ........uuiiiiieiiiiiie e e s e e e e e s nnaaaee s 5-57
5.15 Major VCM Capacity iN CRING .......c.uuiiiiiiiiiiiiiiice ettt 5-61
5.16 Butanediol Capacity in ChiNa ..........cooooiiiiii i 5-67
6.1 Capital Investment LOCAtION FACIOIS .........ciiiiiiiiiiiiiiieiiiie et 6-5
6.2 Representative Plants Modelled ... 6-6
6.3 Domestic Shipping Costs — Delivered to Coastal China ...........cccoviiiiiiiiiciiiiieee e 6-8
6.4 Shipping Costs — Delivered to Coastal China - 2020 ............ccoeeciiiiiieiiiieeeee e 6-9
6.5 China Average Tariff Rates — 2015 and 2020...........cccooiiiiiiiiie e 6-9
6.6 Cost of Production Estimate for: Methanol

Process: Coal Gasification + Methanol Synthesis, Mine-mouth China................................. 6-11
6.7 Cost of Production Estimate for: Ammonia

Process: Coal gasification + Ammonia Synthesis, Mine-mouth China...........c.cccccoevvieeninen. 6-13
6.8 Cost of Production Estimate for: Urea

Process: Conventional Ammonia Stripping, Mine-mouth China ...........ccccccceiiiiiii e, 6-15
6.9 Cost of Production Estimate for: Ammonium Nitrate

Process: Neutralization of Nitric Acid with Ammonia, Mine-mouth China..............cccoevnneen. 6-17
6.10 Cost of Production Estimate for: MEG

Process: Coal-Based Syngas Conversion via DMO, Mine-mouth China .............................. 6-19
6.11 Cost of Production Estimate for: HDPE-Injection Molding

Process: Slurry Loop Integrated Coal-based DMTO Ethylene, Mine-mouth China............... 6-21
6.12 Cost of Production Estimate for: HDPE-Injection Molding Process: Slurry Loop

Integrated Coal-based UOP MTO Ethylene, Mine-mouth China ...........cccocveeiiiiiiiiineennn. 6-22
6.13 Cost of Production Estimate for: Polypropylene

Process: Bulk Integrated Coal-based UOP + OCP Propylene, Mine-mouth China............... 6-24
6.14 Cost of Production Estimate for: Acetic Acid

Process: Coal-based Methanol Carbonylation, Mine-mouth China .............cccccceceeiiiiiiiinnnn. 6-26
6.15 Cost of Production Estimate for: Vinyl ACELAte ..........cooiiiiiiiiiiiieiiiie e 6-28
6.16 Cost of Production Estimate for: PVC

Process: Suspension via coal-based VCM, Mine-mouth China..........cccccovecviviveeeeesiiiiinennn. 6-30
6.17 Cost of Production Estimate for: Butanediol

Process: Reppe Acetylene (via Calcium Carbide, Mine-mouth China)...........cccccceeeviiiiiinnnn. 6-32

O Nexanr Special Reports 12
www.noxanthinking.com Coal to Chemicals - Viable in a a Low Qil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

6.18 Cost of Production Estimate for: Acrylic Acid

Process: Reppe Acetylene (via Calcium Carbide), Mine-mouth China .........ccccccceeeiiiiiinnnen. 6-34
6.19 Cost of Production Estimate for: Acrylonitrile

Process: Acetylene (via Calcium Carbide) Hydrocyanation, Mine-mouth China................... 6-36
6.20 Cost of Production Estimate for: Ethanol

Process: Celanese Technology, Mine-mouth China............cccoooiviiiiii e, 6-38
6.21 Delivered Costs of Methanol, Coastal ChINa ............ccveriiiiiiieiie e 6-39
6.22 Delivered Costs of Ammonia, Coastal ChiNa .........c.oooiiiiiiiiiiiiei e 6-40
6.23 Delivered Costs of Urea, Coastal ChiNa ..........cccocveiiiiiiiiiiiiec e 6-41
6.24 Delivered Costs of Ammonium Nitrate, Coastal China ............cccoiviiiiiiiiiciieee e 6-41
6.25 Delivered Costs of MEG, Coastal ChiNa ........c.cciiiiiiiiiiiiiiie et 6-42
6.26 Delivered Costs of HDPE — Injection Molding, Coastal China..........cccocuvvveiiiiiiciiiiiec e 6-44
6.27 Delivered Costs of HDPE — Injection Molding, Coastal China................cccccco. 6-44
6.28 Delivered Costs of Polypropylene, Coastal China ............cccooooo 6-45
6.29 Delivered Costs of Polypropylene, Coastal China ............ccooviiiiiiiiiiiiiiiicec e 6-46
6.30 Delivered Costs of Acetic Acid, Coastal ChiNa ...........cocueviiiiiiiiiiii e 6-47
6.31 Delivered Costs of Vinyl Acetate, Coastal ChiNa .........cccuvviiieieiiiiiiiiiiie e 6-48
6.32 Delivered Costs of PVC, Coastal ChiNa...........cciiiiiiiiiiiiiiiciie e 6-49
6.33 Delivered Costs of Butanediol, Coastal ChiNa .............oceuvuiiiiiiiiiiiiiiee e 6-50
6.34 Delivered Costs of Acrylic Acid, Coastal China.............cccooeeiiiii 6-51
6.35 Delivered Costs of Acrylonitrile, Coastal China...........cccuuviiieieriiiie e 6-52
6.36 Delivered Costs of Ethanol, Coastal China............ccccoiiiiiiiiiiiici e 6-53
6.37 Comparative ANAlYSIS SUMIMAIY ......ciiiiiiiiieiiiiieeiite ettt e e e e anbe e e e anbeeee s 6-55
7.1 Sensitivity to Coal of Integrated Coal Syngas to Chemicals Cost of Production .................. 7-6
7.2  Sensitivity to Coal of Intermediate Products from Coal Cost of Production..............ccccccuee.. 7-6
7.3  Sensitivity to Coal of Acetylene-Based Products from Coal Cost of Production................... 7-7
7.4 2020 Delivered Costs of Methanol, Coastal China ...........cceeeiiiiiiiieiiiiiieee e 7-12
7.5 2020 Delivered Costs of Ammonia, Coastal China...........cceeeiiiiiiiieiiiieie e 7-13
7.6 2020 Delivered Costs of Urea, Coastal ChiNa ...........cooiiiiiiiiiiiieiiicc e 7-14
7.7 2020 Delivered Costs of Ammonium Nitrate, Coastal China ..........cccoeeeeiviiieiiiieeieeeeeeeen. 7-15
7.8 2020 Delivered Costs of MEG, Coastal ChiNa ...........couiiiiiiiiiiiciiieec e 7-16
7.9 2020 Delivered Costs of HDPE — Injection Molding, Coastal China...........ccccvveviiiieiiiinnnen. 7-17
7.10 2020 Delivered Costs of HDPE — Injection Molding, Coastal China............ccceeeeieeeiniiiiinnnen. 7-17
7.11 2020 Delivered Costs of Polypropylene, Coastal China ...........ccooiveiiiiiiiiiiiiiiiee e 7-18
7.12 2020 Delivered Costs of Polypropylene, Coastal China ............occuuiiiiiiiiiiiiiiiiiee e 7-19
7.13 2020 Delivered Costs of Acetic Acid, Coastal China .........ccoeevieiiiiiiiiiiiieeeeeeeeeee e 7-20

O Nexanr Special Reports 13
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

7.14 2020 Delivered Costs of Vinyl Acetate, Coastal China ..........cccceviiiiiiiiiiiiciiicee e 7-21
7.15 2020 Delivered Costs of PVC, Coastal ChiNa..........cccveiiiiiiiieiie e 7-22
7.16 2020 Delivered Costs of Butanediol, Coastal China .............ccuvieiiiiiiiiiiiiece e 7-23
7.17 2020 Delivered Costs of Acrylic Acid, Coastal China ..........ccccccoecviiiiiieie e 7-24
7.18 2020 Delivered Costs of Acrylonitrile, Coastal China ...........ccccceiiiiiiiiiiiiceceee e 7-25
7.19 2020 Delivered Costs of Ethanol, Coastal ChiNa ............coviivieiiiiiiiic e 7-26
7.20 Comparative Analysis Summary and Break Even ANalySis.........ccccoviiiiiiiiiiiic i 7-28
7.21 Minimum Threshold Capacity for Coal to Chemical Projects.........cccccceeeiiiiiiiiiieeee e 7-29
7.22 Technical Standards for Coal-Based PrOJECES ..........ccoiuiriiiiiiiieiiiiee e 7-30
7.23 Technical Standards for Coal-Based Projects ..........ccccceee e 7-30
7.24 Technical Standards for Coal-Based PrOJECES ..........cooiiiiiiiiiiiiieiiieee e 7-30
7.25 Technical Standards for Coal-Based Projects ..........ccccceeeiiieeee e 7-30
O Nexanr Special Reports 14
W nexantihinking.com Coal to Chemicals - Viable in a a Low Oil-Price Environment

A01390.028.4001



Coal to Chemicals - Viable in a a Low Oil-Price Environment December 2015 Report Contents

Special Reports

O Nexanr

www.nexantthinking.com

Contact Details:

New York: Marcos Nogueira Cesar, Vice President, Global Products, E&CA: Nexant Thinking™
Phone: + 1-914-609-0324, e-mail: mcesar@nexant.com

New York: Heidi Junker Coleman, Global Programs Support Manager

Phone: + 1-914-609-0381, e-mail: hcoleman@nexant.com

Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 38 years, Nexant
has helped clients increase business value through assistance in all aspects of business strategy, including business intelligence, project feasibility and

implementation, operational improvement, portfolio planning, and growth through M&A activities. Nexant has its main offices in San Francisco
(California), White Plains (New York), and London (UK), and satellite offices worldwide.

Copyright © by Nexant Inc. 2016. All Rights Reserved.

[© NeYanT Special Reports 15

www.nexantthinking.com Coal to Chemicals - Viable in a a Low Qil-Price Environment
A01390.028.4001


mailto:hcoleman@nexant.com

