NexantThinking™

Petroleum and Petrochemical Economics

Petrochemical Profitability Forecast

Asia Pacific
October 2017

O Nexanrt




NexantThinking™

Petroleum and Petrochemical Economics

Petrochemical Profitability Forecast

Asia Pacific
October 2017

O Nexanr

www.nexantthinking.com

This Report was prepared by Nexant, Inc. (“Nexant”) and is part of the NexantThinking™ 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. 2017. All rights reserved.



Contents

Section Page

1 EXECULIVE SUMIMIATY ...uviieiiieee e e ittt e e e e e ettt e e e e e st e e e e e e e e st e e e e e e s e snnnteaaeeeeeeasannnnnnneeaeens 1-1

1.1 INTRODUGCTION ... utttititititititititibibtbebebebebeb bbbttt be st b st sbs st sbs s bsbsbsbsbsbsbnnnnes 11

1.2 PETROCHEMICAL INDUSTRY PROFITABILITY ..o 1-2

2 Economic Assumptions and Forecasting Methodology ...........cccceeviiiiiiiiiieeieccee e 2-1

21 INTRODUGCTION ....eutitititititititittibee bbbt s e sb s s s bebnbsbsbnnnne 2-1

2.2 SCENARIOS ... 2-2

2.3 CRUDE Ol ittt 2-3

2.3.1  Crude Oil PriCE BaASIS .....ueeieiiiiiieiiiiiee ittt 2-3

2.3.2  Crude Oil SCENAIOS ......vveeieiiiiiie ittt ettt 2-3

2.3.3  Medium Crude Ol PriCE .....coouuiiieiiiiie et 2-4

2.3.4  High Crude Oil PriCE ...oueiiiiiiiiie it 2-5

2.35  LOW Crude Oil PriCE ...couveiiiiiiiii ettt 2-5

24 ECONOMIC GROWTH ... 2-6

2.4.1 Forecasting Methodology/ASSUMPLIONS ..........cccevvviiiiiiiiiiiiiieieeeeeeeeeeeeee 2-6

2.4.2  Global ECONOMIC GrOWEN ......ueviiiiiiiiiiiieic e 2-6

25 INFLATION . ¢ttt 2-8

2.6 EXCHANGE RATES ..o 2-9

2.6.1 Forecasting Methodology and ASSUMPLIONS ..........cccoevvviiiiiiiiiiiieiiieieeeeeeee 2-9

2.6.2  OULIOOK fOr the BUIO ..o 2-9

2.7 PROFITABILITY FORECASTING METHODOLOGY .....ccooiiiiiieieieeeeeeeeeeeeeeeeeeeen 2-10

P % R [ 1 (o To (U1 Ao o D PSP TOUPPRPT 2-10

2.7.2  Price INfIUBNCES .......oiiiiiiiii s 2-11

2.7.3 Experience Curve & Cost REdUCLION .........coouiiiiiiiiiiiiiiiie e 2-13

2.7.4 Driving Forces for Profitability ..o 2-14

2.8 BASIS OF FORECAST PRICES. ... .o 2-16

3 Petrochemical Feedstocks and Refined Products PriCing .........cccccovveveiiiiiie i 3-1

3.1 INTRODUGCTION ....tttititititititititibitebeb bbb bbbttt bbbt st e st s e bsb s bsbsbebebnbnnes 3-1

3.2 N A P H T H A ettt e e e et e e e e e e e e e tbb e e e aeeeee 3-3

3.3 GASOLINE ... 3-4

34 GAS Ol e 3-5

3.5 HIGH SULPHUR FUEL OIL (HSFO)...coiiiiiiiiiiie et 3-6

4 (O] 1= 11 LTRSS 4-1
O Nexanr PPE PROGRAM

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific
NTPPE2017/09.01.06.01/AP



Contents

4.1 ETHY LENE .. 4-1
4.1.1 Price Basis and Value Influencing Factors ..........cccccceveeeeeiiiiiiieenee e 4-1

4.1.2  Profitability ProjeCtions .........coccuiiiiiiiiieiiiie et 4-3

R T = Tt T o o [T 1o = PEER 4-6

4.2 PROPYLENE ... 4-8
4.2.1 Price Basis and Value Influencing Factors ..........cccccccveeeeeiiiiiiieene e 4-8

4.2.2  Profitability ProjeCtions .........coocuuiiiiiiiieiiiee it 4-9

4.2.3  PriCE PrOJECHIONS .....veeiieiiiiii ettt 4-12

4.3 BUTADIENE ... 4-15
4.3.1 Price Basis and Value Influencing Factors ..........ccccoceiiiiiieiiiiiieeniieee 4-15

4.3.2  Profitability ProjeCtioNS ............uuuuuiiiiiieiiiiiiieieieieieieisieiseeierereeeeres——.. 4-16

4.3.3  PriCE PrOJECHIONS .....veeiieiiiiie ettt 4-19

5 POIYOIETINS ... 5-1
51 POLYOLEFINS SUMMARY ..o 5-1
5,11 PrICE BASIS .uveeiiiiiiiiee ittt 5-1

5.1.2  Price Setting MeChaNiSMS........ccoiiiiiiiiiiiie it 5-1

5.1.3  PriCe ProjJECHIONS ...ccoeiiieieiieeeeeee e 5-2

5.2 LOW DENSITY POLYETHYLENE (LDPE) ...ctiiieiiiiiiiieeee et 5-3
5.2.1 Price Basis and Value Influencing Factors ............cccccccvvviviiiiiiiiiiieieee 5-3

5.2.2  Profitability ProjJECHONS .......coiuviiiiiiiiiie e 5-4

5.2.3  PriCe ProjeCiONS .....ccooviiiiiiiieeee e 5-7

53 LINEAR LOW DENSITY POLYETHYLENE (LLDPE)......ccciiiiiiiiiiiieaeniiiiiieeeeeeee s 5-9
5.3.1 Price Basis and Value Influencing Factors ...........ccccevvuiiieiiiiiieiiiiiee i, 5-9

5.3.2  Profitability ProjeCtionS..........ccccccviiiiiiii 5-10

5.3.3  PriCE PrOJECHONS ...eeiiiiiiiiiieiieite ettt ettt 5-13

54 HIGH DENSITY POLYETHYLENE (HDPE) ...cccoiiiiiiiiiiiiieiiiiieee e 5-16
5.4.1 Price Basis and Value Influencing Factors ........c..ccccevviiieiiiiiiieiiiiice e, 5-16

5.4.2  Profitability ProjeCtioNS ..........ccuiiiiiiiiiiiiiieeee e 5-17

5.4.3  PriCE PrOJECHONS ...eeiiiiiiiiiie ittt ettt 5-20

55 POLYPROPYLENE (PP) ittt e e 5-23
5.5.1 Price Basis and Value Influencing Factors ........c.cccccceviiiieeiiiiiieniiiiee e, 5-23

5.5.2  Profitability ProjeCtionS ..........ccuiiiiiiiiiiiiiiee e 5-24

5.5.3  PriCE PrOJECHONS ...eeeiiiiiiiiie ittt ettt ettt 5-27

5.6 BUT ENE- L. .. 5-30
5.6.1 Price Basis and Valuation Mechanisms...........ccccocvviiiiiiciiiiicicc 5-30

5.6.2  Profitability ProjJECHONS .......ciiuiiiiiiiiiii et 5-31

O Nexanr PPE PROGRAM i

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

5.6.3  PriCE PrOJECHONS ....veiiiiiiiiieiiiii ettt 5-32

6 B LA 10377 T = 11 o T PP 6-1
6.1 ETHYLENE DICHLORIDE (EDC) ..cceeeiiiiiitiiiieie ettt iieeeee e e e 6-1

6.1.1 Price Basis and Value Influencing Factors .........ccccccceevviiviiieieee e, 6-1

6.1.2  Profitability ProjECtONS .......coouuiiiiiiiiiieiiiee et 6-2

(0 I T = Tof N o o] [=Tox 1 o] o PP 6-5

6.2 VINYL CHLORIDE MONOMER (VCM)..cciiiiiiiiiiiiiiiiee e 6-7

6.2.1 Price Basis and Value Influencing Factors ...........ccccceviiiiieiniiiiciiiiiee i 6-7

6.2.2  Profitability ProjeCtionS.........ccccccviviiiiii 6-8

6.2.3  PrICE PrOJECHONS ...eeiiiiiiiiie ettt 6-11

6.3 POLYVINYL CHLORIDE (PVC) ..eiitiiiiiiiiitiiit ettt 6-13

6.3.1 Price Basis and Value Influencing Factors ........c..cccccvviiiieiiiiiieniiiice i, 6-13

6.3.2  Profitability ProjeCtionS.........ccccccceviviiiiii 6-14

6.3.3  PrIiCE PrOJECHONS ....eiiiiiiiiie ettt 6-17

7 F Y (0] 4= L1 [ P PP P PR PTPRPPT 7-1
7.1 INTRODUGCTION ... uutttttitititititututatetereeaeebaeebeaebeeebaeeeeeebaeesebeeebseseessesbsesessesesssssssssssssnnes 7-1

7.2 GASOLINE VALUATION FOR AROMATICS ..ot 7-2

7.2.1  VOlatility EFffECT.......ueiiiiiieie s 7-2

7.2.2  VOIUMELNC EffECT.....oiiiiiiiiiii e 7-2

7.2.3  OCtANE EffECT...cciiiiiiiiiiieiii e 7-2

7.2.4 Gasoline Component Valuation Equation ............cccccccvevvviviiiiiiieeee 7-4

7.3 REFORMATE AND PY G AS ... e 7-5

7.3 1 REIOIMMIALE. ...t 7-5

7.3.2  Pyrolysis Gasoling (PYQas) ......cccvuvviiiiiiiiieiieeeeeeee e 7-7

7.4 BENZENE ...t e e ettt e et e et aeeaae 7-8

7.4.1 Price Basis and Value Influencing Factors ..........ccccccccvvveiiiiiiiiiieeee 7-8

7.4.2  Profitability ProjJECHONS ......coiiuiiiiiiiiiii et 7-9

7.4.3  PriCe PrOJECHIONS ...coiiiiii ittt eea s 7-14

7.5 IO L 7-16

7.5.1 Price Basis and Value Influencing Factors ...........ccccccoiiiiiiiiiiiiieniiiiiieeeeen, 7-16

7.5.2  PriCE PrOJECHONS ...veiiiiiiiiii ettt ettt 7-17

7.6 MIXED XYLENES ... 7-20

7.6.1 Price Basis and Value Influencing Factors ........ccccccceviiiieeiiiiiieiiiiiee i, 7-20

7.6.2  Profitability ProjeCtionS ..........couiiiiiiiiiiiiiiee e 7-21

7.6.3  PriCE PrOJECHIONS ...coiiiiiiiitiiie ettt e e e ee e 7-24

8 18 (=] o PSPPSR 8-1
O Nexanr PPE PROGRAM i

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

8.1 STYRENE ... 8-1
8.1.1 Price Basis and Value Influencing Factors .........ccccccceeviiiiiieeeee e, 8-1

8.1.2  Profitability ProjJECHONS ......cciiuiiiiiiiiiiie ittt 8-2

S0 I B = Tof N o o] [=Tox 1 o] o PP 8-5

8.2 POLYSTYRENE ... 8-7
8.2.1  Price MECNANISIM ......eiiiiiiiiiie et 8-7

8.2.2  Profitability ProjJECHONS ......cciiviiiiiiiiiii et 8-8

8.2.3  PrICE PrOJECHONS ....eiiiiiiiiii ettt 8-12

9 BULAIENE DEIVALIVES .......eeiiiiiiiiit ettt 9-1
9.1 ACRYLONITRILE BUTADIENE STYRENE (ABS) ..ccveiiiiiiiiiieieee e 9-1
9.1.1  Price Basis and Valuation Mechanism............ccccoovviiiiiiicnniiic e 9-1

9.1.2  Profitability ProjJECHONS .......cicuviiiiiiiiiie it 9-2

9.1.3  PriCe ProjJECHIONS ...oceevieeieeeeeeeee e 9-4

9.2 STYRENE BUTADIENE RUBBER (SBR).....uttiiiiiieiiiiiiiiiiieee e 9-6
9.2.1 Price Basis and Valuation Mechanism............ccccoooiiiiiiiiciiiiiccc 9-6

9.2.2  Profitability ProjJECHONS .......ciiuviiiiiiiiiie ittt 9-7

9.2.3  PriCe ProjJECHIONS ...ocvevieeieieieeeeee e 9-9

9.3 BUTADIENE RUBBER ...ttt e e 9-11
9.3.1  Price Basis and Valuation Mechanisms...........ccccccuvvviiiiiiiciiiiicecc 9-11

9.3.2  Profitability ProjJECHONS ......coiitiiiiiiiiiie et 9-12

9.3.3  PriCe ProjeCIONS ....cocviveieieieeeeeeeeeeeee e 9-14

10  Polyester and INtErMEdIAteS .........ocovviiiiiiiiii e 10-1
10.1  PARA-XYLENE ... 10-1
10.1.1 Price Basis and Value Influencing Factors ............cccccoeeeieiiii e, 10-1

10.1.2 Profitability ProjeCtioNS.........viiiiiiiiii i 10-2

10.1.3 PriCe ProjECHONS ....ccocie i 10-7

10.2  ORTHO-XYLENE ... 10-9
10.2.1 Price Basis and Valuation MechaniSmMS.............ccoceiiiiiieiiiiiiceiiiiee e 10-9

10.2.2 PriCE PrOJECHIONS ...oiiiiiiiiie ittt ettt e e nbeee e 10-10

10.3  MONO-ETHYLENE GLYCOL (MEG)....cciitiitiiiiiieeeee ettt 10-11
10.3.1 Price Basis and Value Influencing Factors ..........cccccoivveiiiiiiieiiiiiice e 10-11

10.3.2 Profitability ProjJECIONS ........cooiiiiiiiii e 10-12

10.3.3  PriCE PrOJECHIONS ...ciiiiiiiiii ittt et e e nreee e 10-16

10.4 PURE TEREPHTHALIC ACID (PTA) ettt 10-18
10.4.1 Price Basis and Value Influencing FacCtors ..........cccoocuiiiiiiiiniiiiiiiieeee e 10-18

10.4.2 Profitability ProjeCtioNS .......c.uviiiiiiiiei e 10-19

O Nexanr PPE PROGRAM v

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

10.4.3 PriCE PrOJECHIONS ...ciiiiiiiiie ittt e et 10-21

10.5 POLYETHYLENE TEREPHTHALATE (PET) BOTTLE GRADE ........cccooviiiiiiieine 10-23
10.5.1 Price Basis and Value Influencing Factors ..........cccccoivviiiiiiiiciiiiiieeniieeeee 10-23

10.5.2 Profitability ProjJECIONS ......c.cciiiiiiiiiiee et e e 10-24

10.5.3 PriCE PrOJECHIONS ...oeiiiiiiiiiiitii ettt 10-27

11 Propylene DEIMVALIVES .......cccuiiiiiieiee ittt e e e e s ettt e e e e e s et e e e e e e e s ss bt eeeeeeaessntnnnnaeeaeaeaanns 11-1
11.1  ACRYLONITRILE (ACN) .. itiiieiiieitieaie ettt teesteesteeesee et seeesteesneeaneeateesaeesneesneeanneas 11-1
11.1.1 Price Basis and Value Influencing Factors ..........cccccoivieiiiiiiiiiiiiiieeiieeeee 11-1

11.1.2 Profitability ProjeCtionS .......cccooieie i 11-2

11.1.3 PriCE PrOJECHIONS ...eiiiiiiiiii ittt 11-5

11.2  CUMENE, PHENOL AND ACETONE ......cciiitiiiitiiiaiteit ettt 11-7
11.2.1 Price Basis and Valuation MechaniSms............ccccceiiiiiiiiiiieieeiiiee e 11-7

11.2.2 Profitability ProjeCtioNS .......ccooeie e 11-8

11.2.3 PriCE PrOJECHIONS ...eiiiiitiiii ittt 11-11

11.3  BISPHENOL A .ottt ettt ettt b e be b snne s 11-14
11.3.1 Price Basis and Valuation MechaniSms............ccccceiiiiiiiiiiieiieiiiee e 11-14

11.3.2 Profitability ProjeCtionS ........ccooieie i 11-15

11.3.3 PriCE PrOJECLIONS ...oiiiiitiiiiiitiiee ittt et e e 11-17

11,4 POLYCARBONATE ..otttk ettt be et e nnee s 11-19
11.4.1 Price Basis and Valuation MechaniSms...........cocceiiiiiiiiiiiieie e 11-19

11.4.2 Profitability ProjeCtionS........ccoooiiiiiie i, 11-20

11.4.3 PriCe ProjECONS ....cccoe i 11-22

11.5 PROPYLENE OXIDE ... 11-24
11.5.1 Price Basis and Valuation MechaniSMS.............cocceiiiiiieiiiieiceiiiee e 11-24

11.5.2 Profitability ProjeCtionS.......c..eiiiiiiiieiiiiecie e 11-25

11.5.3 PriCe ProjECHONS ...ccccoe oo 11-27

11.6 2-ETHYLHEXANOL ..ottt 11-29
11.6.1 Price Basis and Valuation MechaniSmMS............ccocceiiiiiieiiiiiieciieee e 11-29

11.6.2 Profitability ProjeCtioNS .......c.uviiiiiiiiee e 11-30

11.6.3 PrIiCE PrOJECIONS ..ottt ettt e e e e e e e e e 11-32

11.7  N-BUTANOL AND ISOBUTANOL ......ciitiitiateeitieaiee ettt siee e siee e ee e sneeaneeas 11-34
11.7.1 Price Basis and Valuation MechaniSmS.............ccoceiiiiiieiiiiiie e 11-34

11.7.2 Profitability ProjeCtioNS.......c.uviiiiiiiiei e 11-35

11.7.3 PrICE PrOJECHIONS ..ottt e ettt e e e e e e e e e e e e nes 11-37

11.8 ETHYLENE PROPYLENE DIENE MONOMER .......ccociiiiiiiiiie et 11-41
11.8.1 Price Basis and Valuation MechaniSms............ccccceiiiiiieiiiieie e 11-41

O Nexanr PPE PROGRAM v

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

11.8.2 Profitability ProjeCtionS..........eiiiiiiiiiiiiieice e 11-42

11.8.3 PrICE PrOJECIONS ..ccciiiiiiiiie it e ettt e ettt e e e e st e e e e e e s e aaeeeeaeaeaanns 11-44

11.9  ACRYLIC ACID ... 11-45

11.9.1 Price Basis and Valuation MechaniSms..........c.cccovivveriiiiiiiinie e 11-45

11.9.2 Profitability ProjeCtionS.......c..eiiiiiiiieiiiieie e 11-46

11.9.3 PICE PrOJECIONS ..ccciiiiiiiiie it e e ettt s ettt e e e e st e e e e e e e s e nnnnranaeeeeeeaanns 11-48

12 ISOCYBNALES ...ttt ettt e ettt e e e e ettt e e e e et e e e e e e e e 12-1
12.1  METHYLENE DIPHENYL DIISOCYANATE (MDI) AND TOLUE

DIISOCYANATE (TDI) 1ettttee ittt ettt e e e e e e s e e e e e e e anes 12-1

12.1.1 Price Basis and Valuation MechaniSms............ccccceeiiiiiiiiniieiee e 12-1

12.1.2 Profitability ProjeCtioNS .......cccoeieie e 12-3

12.1.3 PriCE PrOJECHIONS ...eiiiiiiiiie ittt 12-6

13 Methanol aNd DEIVALIVES .......cccuuiiiiiiiiii ittt 13-1

13.1 METHANOL L. 13-1

13.1.1 Price Basis and Valuation MechaniSMS.............ccccceeiiiiieiiiieie e 13-1

13.1.2 Profitability ProjeCtionS.......c..eiiiiiiiieiiiiiic et 13-2

13.1.3 PriCE PrOJECHIONS ...eiiiiiiiiie ittt 13-4

13.2  METHYL TERTIARY BUTYL ETHER (MTBE) ..ccoooiiiiiiiiiiiieeeeieieeee e 13-7

13.2.1 Price Basis and Valuation MechaniSms............cccceiiiiiiiiiiiieiee e 13-7

13.2.2 Profitability ProjeCtionS ........ccooieiiii i, 13-7

13.2.3 PriCE PrOJECIONS ...oiiiiiiiiii ittt 13-9

Appendix Page

A Petrochemical Feedstocks and Refined Products PriCeS .........cccccvviiiiiiiiiiieiiiiicc e A-1

B (O] 1= 11 o LSOO PUPRR B-1

C POIYOIEfiNS PriCES ... C-1

D VINYIS CHAIN PIICES ..ottt ettt e e st e et e e e nnnneeas D-1

E ATOMALICS PIICES ...ttt e r et e s e s E-1

F 1N (=] T o o L PSPPI F-1

G Butadiene DeriVAtiVES PFICES .......oiiiiiiiiiiiiiie ettt G-1

H Polyester and INtermMediates PrICES ......cciiiiiiiiiiiii et H-1

I Propylene DeriVAtiVES PrICES .......oii ittt ettt e e -1

J [SY0T03 V7= g F= L= S TR J-1

K MEthanOl @NA DEIVALIVES .......ciieiiieiiiii ettt et e e et e e e e e e aneee K-1

O Nexanr PPE PROGRAM vi

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

Figure Page
1.1 Asian Petrochemical Industry Profitability ...........cccvvviieiiiiiii e 1-2
2.1 Crude Oil PriCE SCENAIOS ....eeieiiutiiee ittt ettt e et e et e et e e e e 2-4
2.2 World Economic Performance and OULIOOK ............cecriiiiriiiiiiieniie e 2-7
2.3 United States GDP PriCe Deflator ..........ccoiuiiiiiiiiiieie e 2-8
2.4 EUIO VErsUS US DOIAI ......ouiiiiiiiiiie et 2-9
2.5 Petrochemical Industry Simulator Forecast Methodology..........ccccceveeiiiiiiiiieecc e, 2-10
2.6 Petrochemical Price INfIUBNCES .........ocuiiiiiiiiie e 2-12
2.7  China Polypropylene Cash COSLS .........uuuuuuuuiuriiiiiiiieiiieieieieieieiererererereeeee ... 2-13
2.8  Price INfluences in the COSE CUMNVE .........ciiiiiii it 2-14
2.9 Figure 2.10 Return on Capital and Operating Rate ..............uuuvvrrmimimimimiiiiiniiieieieinininn. 2-15
3.1 Singapore Refined ProdUCE PriCES .......uuiiiiiiiiie ittt 3-2
3.2 Singapore Refined Product PriCe RatiOS........cccooiiiiie e 3-2
4.1 Ethylene Return on Investment and Operating Rate ...........coouvviiiiiiiieiiiiiie e 4-3
4.2 Ethylene Margins........ccooo oo 4-5
4.3 EthYIENE PriCE SCENAIIOS ...coiiuveiiiiiiiii ettt 4-6
4.4 Global Ethylene PriCES ......ccoi i 4-7
4.5  Propylene Return ON INVESTMENT.......ooiiiiiiii it 4-9
4.6 Propylene Margins ..o 4-11
4.7  Propylene: Ethylene Price Ratio ..........cooooiiiiiiiiiii 4-12
4.8 Propylene PriCe SCENAIIOS .......ueiiiiiiiii ittt ettt ettt e et e e st e e neeeeas 4-13
4.9  Global Propylene PriCES.......ccooo i 4-14
4.10 Butadiene Return on Investment and Operating Rate ..........c.cooiiiiiiiiiiiiii e 4-16
4.11 Butadiene EXraction Margins ......ccccooiiiioiiiiie et 4-18
4.12 C4 Stream PriCe PrOJECHIONS ....ciiitiiie ittt e et e et e e aba e e e et e e e e abaeee e 4-19
4.13 Butadi€ne PriCE SCENAIIOS .....eviiiitiiieiitiie ettt ettt e et e e e e e nnneee e 4-19
4.14 Global BULAAIENE PrICES.....ciuteiiii ittt e et e e et e e et e e e anbaeeeean 4-20
5.1 Integrated Olefin Polyolefin Profitability ... 5-2
5.2 POIYOIETIN PrICES ...ttt e et e e st e e e 5-2
5.3 LDPE Return on INVESIMENT ........oviiiiiiiiiiiii et 5-4
5.4 LDPE MAITINS ..o oiitiiieiiitite ettt ettt e ettt e ettt e e e bt e e e et e e e e et e e e e e ba e e e e e naeeaean 5-5
5.5  LDPE PriCE SCENAIIOS .....ceiiiutiiiiiititee ettt ettt e et e et e e e st e e abn e e e e annneeeean 5-7
5.6 GlODAI LDPE PrICES......utiiiiiitiie ittt et et et e et e e e e e 5-7
5.7 LLDPE Return on INVESIMENT .......ccoiiiiiieieee e 5-10
5.8 LLDPE MAIGINS ..oiiiiiiiiitiiiiiee ettt ettt et e e e ettt e e e e e e e bbb e e et e e e e e e nn bbb et e e e e e e e e annbaeneeaaeas 5-11
5.9 LDPE @Nnd LLDPE PFICES ....ooiiiiiiiiiieiiie ittt 5-13
O Nexanr PPE PROGRAM vii
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

5.10 LLDPE PriCE SCENAIIOS ....cciiutieiiiitieee ettt ettt ettt ettt e et e et e e e e st e e e e et e e e e aba e e e e abneeeean 5-14
5.11 GIODAI LLDPE PrICES. ... ittt ettt ettt et ane e e 5-14
5.12 HDPE (Injection Moulding) Return on INVESIMENT ..........ccoiiiiiiiiiiiiiee e 5-17
5.13 HDPE (Injection Moulding) Margins .........ccccuriiieieeiiiiiiiiiie e e e e s e e e e e s st e ee e e s e s snsnnneeeees 5-18
5.14 HDPE: LLDPE PriCE RALO .. .cveeteeitiiitieeie ettt ettt ettt e eneeaneeesteesneesneesneeaneeaneas 5-20
5.15 HDPE (Injection Moulding) PriCe SCENAIIOS .......ccciiiiiuriiiieee e e ettt e e e e e s e e e e s anaranneeeee s 5-20
5.16 Global HDPE (Injection Moulding) PrICES ........ccoiiiiiiiiiiiiie it 5-22
5.17 Polypropylene Return 0n INVESIMENT........coiiuiiiiiiiiiie i 5-24
5.18 PoOlYPropYIENE MarQiNS ... ..ot ——— 5-25
5.19 PP and HDPE(IM) PIICES ......ueiiiiitiiie ittt ettt e et e e sbn e e e anbneeeean 5-27
5.20 Polypropylene PriCE SCENAIIOS .....cccceiieie ettt 5-28
5.21 Global POIYPrOPYIENE PICES ....coiiiiiiiiiiiiie ettt 5-28
5.22 Butene-1 Cash COSt MArQiNS .....cccoceeiiiiie e 5-31
5.23 Butene-1 PriCe FOr€CaSt SCENANOS ......uuviiiiiiiie ittt e ettt et e e baeee e 5-32
5.24 GlODaAl BUENE-1 PIICES ...eciiiriiiiiitiiie ettt ettt e e e e e s e e e s nneee e 5-32
6.1 Ethylene Dichloride Return on Investment and Operating Rate ............ccocveeiiiiieciiiiee e, 6-2
L L D T |V = 1o |1 1 6-3
6.3 EDC PriCE SCENAIIOS. . .eiieiiitiie ettt ettt ettt ettt e e et e e e an bt e e e anbe e e et e e e e nees 6-5
6.4 GIODAI EDC PIICES .....itiiiiiitiie ettt ettt 6-5
6.5 Vinyl Chloride Return on Investment and Operating Rate ............cooovviieiiiiieeiiiiieeee e 6-8
I Y101V I @ a1 (o Tq o [N\ F= T o T ISP 6-9
6.7 VCM PIICE SCENAIIOS ...eeieiitiieeiiitet ettt ettt et e et e et e e et e e e e 6-11
6.8  Global Vinyl ChlOrde PriCES. ...ttt 6-11
6.9 PVC Return on Investment and Operating RAte...............uuuuuiriimiiiiiiiiieieieieieieieieinininnn. 6-15
6.10 PVC Cash COSt IMAIGINS ......eeieiiiiiiieiiiiie ettt ettt e et e e et e e e e e 6-15
6.11 PVC PriCE SCENAIIOS .. .eeeeiiutiiee ittt ettt ettt et e et e e e e et e e e sine e e e e e e e eenes 6-17
B.12  POIYMET PIICES ...ttt ettt e et e et e e e st e e e e et e e e anbae e e e nees 6-18
6.13  GIODAI PVC PrICES. ...ttt 6-18
A R A o1 = (oS o Tt RS PRR 7-1
7.2 Octane Valuation — SOULh-EASt ASIBl.........ccuuiiiiiiiiieiiii e 7-3
7.3  Reformer Cash COSt MAIGINS. ... ...ooiiiiiiieiiiie ettt e et e et e e nees 7-6
7.4 2016 Asia Pacific Benzene ProduCtion SOUICES ........cuuvieiiiiiieiiiiiee ettt 7-8
7.5 Benzene EXtraction Cash MargiNS........ccoi ittt 7-11
7.6 Benzene Cash Margins From Toluene CONVEISION ........ccuieaiiiiiiiiiieiee et e e e 7-12
7.7 BENZENE PriCE SCENAIIO ... .ueiiiiiitiiee ittt ettt e et e et e et e e 7-14
7.8 GlODAI BENZENE PrICES ...ttt et e et e et e e enees 7-14
O Nexanr PPE PROGRAM viii
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

7.9  Alternative TOIUENE VAIUALIONS .......coiuiiiiiiiiiiiiiee et 7-17
7.10 TOIUENE PriICE SCENAIO ..ccuuviiiiiieiiiee ettt ettt ettt ettt s e e e s s e 7-18
7.11 GlODAl TOIUENE PIICES ...ttt ettt ettt e e 7-19
7.12 Mixed Xylenes Cash MarginNS..........ucicciiiiiiiiieeie et e e s e s e e e e s e s r e e e e e s s asnranaeeaeeas 7-22
7.13 Alternative Mixed Xylenes ValUatiONS ...........ccoiiiiiiiiiiiieeiiiie ettt 7-24
7.14 Mixed XYlIENES PriCE SCENAIIOS.....uuiiieeiiiiiiiiiieeee e seeiteee e e e e s e et ee e e e e s s s st r e e e e e s s s nnnranareaees 7-25
7.15 Global MiXed XYIENES PIICES ......ueiiiiiiiieei ittt 7-25
8.1 Styrene Return on Investment and Operating Rate ...........cocovviiiiiiiiiiiiiec e 8-3
o T £/ (= L=/ =T 11 R 8-3
8.3 SLYIENE PriCE SCENAIIOS ...cciiutieiii ittt ettt et e et e e e st e e e e aba e e e e abreeeean 8-5
8.4 GlODAl StYIENE PriCES. .. it ——— 8-5
8.5 Polystyrene Return on Investment and Operating Rates...........cocvvveiiiiiiiiiiiiiie e 8-9
8.6 POIYSYIENE IMAIGINS ... i ——— 8-11
8.7  POIYSIYIENE MAITINS ...ttt ettt e et e e e st b e e e abb e e e e abne e e e abreeeean 8-11
8.8  GPPS PriCE SCENAIIOS ....eeiiitiieeiiitiee ettt e et e et e e e st e e st e e e e ann e e e e anreeeean 8-12
8.9 EPS — GPPS PriCE SPrEAU .....eiiiiiiiii ittt ettt ettt e s abnee e 8-12
8.10 GlODAI GPPS PrICES .....utiiiiiitiii ettt ettt ettt et et e e st e s e e nnre e e e 8-13
8.11 GIODAI EPS PrICES ...cciiiitiiieiitie ettt ettt e et e e e st e e e e st e e e abbeee e 8-14
8.12 POIYMET PrICES ...ttt 8-14
0.1 ABS IMBIGINS ittt ettt bbb e bt et e e 9-2
9.2 ABS PriCE FOr€CASE SCENAIIOS ... .eeieiiriiie ittt ettt 9-4
0.3 GIODAI ABS PrICES ...ttt 9-5
9.4 SBR MAITINS ottt ettt ettt b e b e e a e ba e e nene 9-7
9.5 SBR PriCe FOIECASE SCENANIOS. .. .eeiiiiiriiieiitiie ettt e e e e 9-9
0.6 GlODAI SBR PrICES....itiiieiitiie ettt ettt e e e 9-9
9.7 Butadiene RUDDEr MAIQINS .........uuuuuiiiiiiiiiiiieiieeieieiererereeeieeerere e reaersrerararersrarernrnrnrane 9-12
9.8 Butadiene Rubber Price FOrecast SCENAIIOS .........ccoiuuiiiiiiiieeiiiiiee et 9-14
9.9 Global Butadiene RUBDEr PriCES........uviiiiiii e 9-14
10.1 para-Xylene Plant CoNfIQUIAtION .............uiiiiiiiiiiiii et e e e 10-2
10.2 para-Xylene Return on Investment and Operating Rate...........ccccceviiieeeiiiiiiee e 10-3
10.3 para-Xylene Cash MAaIQINS.........cuuuai ittt e e et e e e e e et e e e e e e e e s anbenreeaeaeaaaanns 10-5
10.4 Integrated para-Xylene Cash Margins ..........ociiuiiieiiiiieeiiiee e 10-5
10.5 para-Xylene PriCE SCENAIOS. .. ..uiiiii ittt e ettt e e e e et be e e e e e e e s anbebreeaaaeaaanns 10-7
10.6 Global Para-XylENE PrICES .....coiuuiiiiiiiiiie ittt 10-7
10.7 ortho-Xylene / para-Xylene PriCe RaAtiO..........coouuiiiiiiiiieiiiiie e 10-9
10.8 ortho-Xylene Price FOreCast SCENAIIOS. .....cuiiai ittt e e e e 10-10
O Nexanr PPE PROGRAM ix
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

10.9 Global Ortho-XYIENE PIICES ....uviiiiiiie ittt ettt e e e e e e e e e e e e e s aaeaeeeeaeaanns 10-10
10.10 MEG Return on Investment and Operating RAte ..........ccooviiiiiieirieeii e e 10-12
LO. 11 MEG MAITINS .. .eteeiiiitie ettt ettt ettt 4 ket o4kt 4 et o4 e skttt e e et e e ekt e e e nb et e e e nba e e e e nees 10-14
10.12 MEG PrICE SCENAIIOS ..vvtuvvieiiieitieesiiee ettt ettt et e st abr e et e et e e s e e b e et e nne e e nnneennneas 10-16
10.13 GlODAI MEG PIICES ... .eetieiiieiteiiee ettt ettt ettt e et e et e e 10-16
L0.14 PTA MaAITINS. .. iiittteette e e e e eeitte et e e e e e et et e e e e e e e e sa s ta e e eeaeaesanstataeeeeeeessassataeeeeeeassansssnanneeeeanaanns 10-20
L10.15 PTA PrICE SCENAIIOS ...eviiiutieiieiitiit ettt ettt ettt ettt e et e et e e et e e et e et e e e e e 10-21
10.16 GlODAI PTA PrICES ...ttt ettt e et e et e e 10-21
10.17 PET Return on Investment and Operating Rate .............ccoovvviviiiiiiiieeeeeee 10-24
LO. L8 PET MAIGINS . ...uteeiiiiiietee ettt ettt e et e ekt e 4t e 4kt e e et e e ekt e e e st e e e nba e e e nees 10-26
10.19 PET PrICE SCENAIIOS ...eeieiutieiieiiiiiie ittt sttt s et e s e s et e s e e e e e e 10-27
10.20 GlODAI PET PrICES ...ttt ettt et e et e e 10-27
11.1 Acrylonitrile Return On INVESIMENT .......cooviiiiiiiieeee e 11-2
11.2 ACIYIONITIIE IMAITINS ...eeiiiiiiiie ettt a bt e et e st e e nees 11-4
11.3 ACrylonitrile PriCE SCENANIOS ...ccvvveiiiiiiiiiieeeee ettt 11-5
11.4 Global ACIYIONITIIE PIICES ....eiiiiiiiieiiiiit ettt bbb 11-5
11.5 Phenol Return 0N INVESIMENT.........oiiiiiiiiiie ittt 11-8
11.6 PRENOI MAIGINS ...eiiiiiiiiie ittt e et e e et e e st e e e nnes 11-10
11.7 Phenol Price FOreCast SCENAIOS .........uiiiuiiiieiiiiiie ittt 11-11
11.8 GlODal PRENOI PrICES ....ciiiiiiiiiiieit ettt 11-11
11.9 Acetone-Propylene Price SPread.........ccccceviviiiiiiiiiiiiee e 11-12
11.10 Acetone Price FOreCast SCENAIIOS .......ccciiuuriieiiiiiieieiii ettt 11-13
11,11 GlODal ACEIONE PrICES ...ttt ettt e e 11-13
11.12 BiSPhenOl A MAIQINS ...ccocviiiiiiieieeeee et 11-15
11.13 Bisphenol A Price FOreCast SCENAIIOS ........uuiiiiiiiieiiiiee ittt 11-17
11.14 Global BiSPhenol A PrICES.......ccoiiiiiiie et 11-17
11.15 POlyCarbONate MaAIGINS. .......eiieiiiieieiiiie ettt e e et e st e e nees 11-21
11.16 Polycarbonate Price FOreCast SCENAMOS ......cceiiiuuuiiiiiee et e et e e e e e e e e e e 11-22
11.17 Global POlYCaArbONAE PriCES ... ..veiiiiiiiiieiiie ettt 11-22
11.18 Propylene OXide MaArTINS ........ueeiiiieeiiiiiie it e e ettt e e e e ettt e e e e e e st abe e e e e e e e e sannbeareeaaaeaaaanns 11-26
11.19 Propylene Oxide Price FOreCast SCENAIIOS ........uuieiiuiiieiiiiiee ittt 11-27
11.20 Global Propylene OXIAE PFICES ......coiiiiiiiiiiieeeee ittt e e e e e e e e e e 11-27
I R o Y = o [ o USSP 11-31
11.22 2-EH PriCE FOIECAST SCENATOS ....ceeitiiiieiiiiit ettt ettt 11-32
11.23 GIODAI 2-EH PIICES ... .eetiiiiieit ettt ettt et 11-32
11.24 N-BULANOT MAIGINS ..ttt ettt e e e e e sttt e e e e e e s nb et et e e e e e e e e annbbbreeeeaeaeanns 11-36
O Nexanr PPE PROGRAM X
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

11.25 n-Butanol Price FOreCast SCENAIOS ........cciiiiiiiiiiiei ettt 11-37
11.26 Global N-BULANOI PIICES .. ..eeiiiiiiiie ettt e s 11-37
11.27 n-Butanol: ISOBULANO0I PriCE RALIO .......ccvviiiiiieiiiiiiee et 11-38
11.28 Isobutanol Price FOreCast SCENAIIOS .........cuieiieiiieieiiierteie et 11-39
11.29 Global ISODULANOI PTICES ......eiiiiiiiieiiieit et 11-40
11.30 EPDM MAIGINS ...ttt itttk b bt he e sh ettt et e e bt et bt sb et eebeenbe e 11-43
11.31 EPDM PriCe FOreCaSt SCENAIIOS . ...c.uvviieiiiiiie ittt ettt ettt e e 11-44
11.32 GlODAI EPDM PrICES....ceiiiiiiiieiitet ettt ettt ettt e e 11-44
11,33 ACTYIIC ACIH IMABITINS ...eeeiiiiiiit ettt ettt et e bt e et e e st e e e e 11-47
11.34 Glacial Acrylic Acid Price FOrecast SCENAIIOS .........ccevvviiiiiiiiiiiiiieiee ettt 11-48
11.35 Global Glacial ACIYlIC ACIH PIICES .......eiiiiiiiiie ittt 11-48
12.1 MDI and INtErMeEdiateS COSES. ... uuuiiiiiiiieiiiiie ettt ettt 12-1
12.2 TDI and INtErmMediates COSES .......ceciiuuriieiiiiiie ittt 12-2
12.3 DI IMIBIGINS .ttt ettt et e 4kt e et e e et e et e et 12-3
D2 I L IV = o | PP 12-5
12.5 MDI PriCe FOr€CaSt SCENAIIOS .....ccoiuuriieiiiiiieiiiiite sttt et 12-6
12.6 TDI PriCe FOIrECASE SCENATIOS ....eeiiiiiiiieiiiiit ettt ettt et e e 12-6
12.7 GlODAI MDI PFICES ...ttt ettt e e 12-7
12.8 GlODAI TDI PIICES ...iteitee ittt ettt et e et e e et e e e st e e nnee 12-7
13.1 Methanol MarQiNS........ccooiiiiiiiiie et 13-3
13.2 Methanol Value Relative t0 GASOIINE ........c..uiiiiiiiiieiiiee e 13-4
13.3 Methanol PriCe FOreCaSt SCENAIIOS .....ccciiuuuiiiiiiiiieiiiie et 13-5
13.4 Global MEtNANOI PIICES ... ..eeiiiiiiiii ettt e e 13-5
135 MTBE MAIGINS ..ttt ettt et 4 et e et e e et e e e et e e e e bt e e e st e e e e nnees 13-8
13.6 MTBE Value Relative 10 GaSOINE ..........ciiiiiiiiiiiie et 13-9
13.7 MTBE PriCe FOr€CASt SCENAIIOS ...cciuuviiieiiiiit e ittt ettt e s 13-9
13.8 GlODAI MTBE PIICES ....eiiiiiiiiieiiteit ettt ettt e et e e 13-10
Table Page
P20 R =l oTe g To ] o ¢ To3 €] 0 11, 1 RSP SRPTPRR 2-7
4.1 Ethylene Profitability and Price ProjeCtions ...........ccccoeiiiiiiiiiiiiciiiic e 4-5
4.2  Propylene Profitability and Price ProjeCtions ..........c.cooiiiiiiiiiiiiiieiiiiee e 4-11
4.3 Butadiene Profitability and Price ProjeCtions ...........ccoooiiiiiiiiiiiiiiiiicciiece e 4-18
5.1 LDPE Profitability and Price ProjeCtioNS ..........ccoiuiiiiiiiiiiei et 5-6
5.2 LLDPE Profitability and Price ProjECtIONS ..........cccuiiiiiiiiiiiiiiiic et 5-12
5.3 HDPE (Injection Moulding) Profitability and Price Projections............cccccevviieeiiiiiiieeiiieeeenns 5-19
O Nexanr PPE PROGRAM Xi
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP



Contents

5.4  Polypropylene Profitability and Price ProjeCtionsS.............oooiiiiiiiiiiiiiiiiiie e 5-26
5.5 Butene-1 Profitability and Price ProjECtONS .........ccoiiiiviiiieeie e e e 5-31
6.1 EDC Profitability and Price ProjeCtionS ...........coiuiiieiiiiieeiiii ettt 6-4
6.2 VCM Profitability and Price ProjECONS..........uviiieiiiiiiiiiieee et aaae e 6-10
6.3 PVC Profitability and Price ProjECtiONS .........ccoiiiiiiiiiiiiie ittt 6-16
7.1 Reformate BIENAING VAIUE .........uviiiiiie it e e e e e e s ennraaaeaaee s 7-5
7.2 Reformer Profitability and Price ProjeCtions ...........coooviiiiiiiiiiiiiicc e 7-7
7.3 Benzene Profitability and Price ProjeCtions ...........cooiiiiiiiiiiiiiiiie e 7-13
7.4 Toluene Blending Value t0 GaSOlNE...........uuuuuiiiiiiiiiiiiiieieieieieieieieiererererereeersrerera e 7-16
7.5 Mixed Xylenes Blending Values to GasO0liNe ..........coooiiiiiiiiiiiiiiiie e 7-20
7.6  Mixed Xylenes Profitability and Price ProjeCtionsS .............uuuuuuruimiuiminiiinieinisieierernieisnnnnnnne. 7-23
8.1 Styrene Profitability and Price ProjeCtions ...........ccueiiiiiiiiiiiiiiieciiiiee e 8-4
8.2 Polystyrene Profitability and Price ProjeCtionS..........cooooeieiiii i 8-10
9.1 ABS Profitability and Price ProjJECHONS ..........cooiuiiiiiiiiieeiiiiee e 9-2
9.2 SBR Profitability and Price ProjeCtioNS .............uuuuuuieiiiiieiiiiieiiiiisieieieieinieieiernnnn... 9-7
9.3 Butadiene Rubber Profitability and Price ProjeCtions ...........ccccocvveeiiiiiieiiiiiiee e 9-12
10.1 para-Xylene Profitability and Price ProjeCtions ............eoeiiiiiiiiiiiiieiiiiee e 10-6
10.2 MEG Profitability and PriCe ProjECHONS ........ociiiiiiiiiiiieiiiiie ettt 10-15
10.3 PTA Profitability and Price ProjeCtionS..........ccooviiiiiiiiiiiiiieieeeeeeee e 10-20
10.4 PET Profitability and Price ProjeCtionS...........coiuuiiiiiiiiieiiiiee ittt 10-26
11.1 Acrylonitrile Profitability and Price ProjeCtionS ............ccveviiiiiiiiiiiiiiiieeeeee e 11-4
11.2 Phenol Acetone Profitability and Price Projections ...........ccccccvvveviviiie 11-10
11.3 Bisphenol A Profitability and Price ProjeCtions .........c.eeeiiiiiieiiiiiie e 11-15
11.4 Polycarbonate Profitability and Price Projections ..........ccccccccvviiiiiii 11-21
11.5 Propylene Oxide Profitability and Price ProjeCtionS ..........ccoceiiiviieiiiiiie e 11-26
11.6 2-EH Profitability and Price Projections ............covvviviiiiiiiii 11-31
11.7 n-Butanol Profitability and Price ProjectionS .........cccccvvviveiiiiiii 11-36
11.8 EPDM Profitability and Price ProjECHIONS .......c.oiiiiiiiiiieieee ettt 11-43
11.9 Acrylic Acid Profitability and Price ProjeCtioNS ............coiaiiiiiiiiiiiiaeeeiiiiieee e 11-47
12.1 MDI Profitability and Price ProjJECONS .........cooiiuiiieiiiiiie et 12-3
12.2 TDI Profitability and PriCe ProjECHONS ........ciiiiiiiiiiiiii et e e e 12-5
13.1 Methanol Profitability and Price ProjeCtioNS..........coiiiiiieiiiiiie it 13-3
13.2 MTBE Profitability and Price ProjeCtionS..........ooouiiiiiiiiei it 13-8
O Nexanr PPE PROGRAM i
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2017/09.01.06.01/AP





