NexantThinking™

Petroleum and Petrochemical Economics

Petrochemical Profitability Forecast

Asia Pacific
November 2016

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. 2016. All rights reserved.



Contents

Section Page
1 EXECULIVE SUMIMIATY ...vviiiiiieee e i 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 s annntaaaeeaeeeasanstaneneaeens 1-1
1.1 INTRODUGCTION ... tttititititititititibibibebebabebab bbbttt b et ebebe st sttt st s bs b st s s bsbsbsbsesbebsennes 1-1
1.2 PETROCHEMICAL INDUSTRY PROFITABILITY ..o 1-2
1.3 KEY PETROCHEMICAL AND POLYMER ISSUES ..., 1-4
L1.3.1  OlEfiNS ot 1-4
1.3.2  POIYIMEIS oottt e et e e 1-5
1.3.3  VINYIS ceteeieeeeeeeeeee ettt ettt r et 1-7
RS I N ] 1 1 = o= PP TP U PP PPPRPPPPPPPN 1-8
T 1Y/ = o [0 1-9
L1.3.6  POIYESIEI .t 1-10
2 Economic Assumptions and Forecasting Methodology ...........cccceeiiiiiiiiiiiie e 2-1
21 INTRODUGCTION .....eutttititititititititibebeb bbb e bbb s e ebs s bsbsbsbebsrebnnnne 2-1
2.2 SCENARIOS ... 2-2
2.3 CRUDE Ol i 2-3
2.3.1  Crude Oil PriCE BaASIS .....ueeiiiiiiiieiiiiiee ittt 2-3
2.3.2  Crude Oil SCENANIOS ....uvvviieiiiiiie ittt 2-3
2.3.3  Medium Crude Ol PriCE .....cicuuiiiiiiiiie ettt 2-4
2.3.4  High Crude Oil PriCE ....cocviiiiiiiiiiee 2-5
2.35  LOW Crude Ol PrICE ..coiuiiiiiiiieiie ittt 2-5
24 ECONOMIC GROWTH ... 2-6
2.4.1  Forecasting Methodology/ASSUMPLIONS .......cuvvvveiiiiiiieiiiiiee e 2-6
2.4.2  Global ECONOMIC GrOWEN .......oviiiiiiiiiiiieic e 2-6
2.5 LN I I N P 2-8
2.6 EXCHANGE RATES ..o 2-9
2.6.1 Forecasting Methodology and ASSUMPLIONS ..........cccovvvviiiiiiiiiiiieiiieceeeeeeee 2-9
2.6.2  OULIOOK fOr the BUIO ..o 2-9
2.7 PROFITABILITY FORECASTING METHODOLOGY .....cccoiiiiiieieieeeeeeeeeeeeeeeee 2-10
P % R [ 1 (o To (U1 Ao o D P PSP TPUPPRPT 2-10
2.7.2  PriCe INfIUBNCES .......oiiiiiiiii et 2-11
2.7.3 Experience Curve & Cost REdUCLION .........coouviiiiiiiiiiiiiiee e 2-13
2.7.4  Driving Forces for Profitability ..............ooiiiiiiiie e 2-14
2.8 BASIS OF FORECAST PRICES. ... ..o 2-16
O Nexanr PPE PROGRAM

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific
NTPPE2016/09.01.06.01/AP



Contents

3 Petrochemical Feedstocks and Refined Products PriCing .........cccccouvveveiiiiiieiiiiiic e 3-1
3.1 INTRODUGCTION .....cutititititititirisirrs e srs e rensrnrersrnnnnnne 3-1

3.2 N A P H T H A 3-3

3.3 GASOLINE ... 3-4

34 GAS OlL 3-5

3.5 HIGH SULPHUR FUEL OIL (HSFO)....ciitiiiiiiiiiee ettt e e svnee e 3-6

4 OTINS et 4-1
4.1 ETHY LENE .o 4-1

4.1.1 Price Basis and Value Influencing Factors ..........cccccccveeeeeiiiiiiieeee e 4-1

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

G T o ¢ ot (o] [T 10 1S 4-6

4.2 PROPYLENE ... 4-8

4.2.1 Price Basis and Value Influencing Factors ...........ccccvvvvvvvveimviinininieininininnnnn, 4-8

4.2.2  Profitability ProJeCtionNS .........coouuiiiiiiiiieiiiece e 4-9

G T o 4 ot (o] (=Yoo 1R 4-12

4.3 BUTADIENE ...t e e et e e e e e e et eeeaeeeees 4-16

4.3.1 Price Basis and Value Influencing FactOrs ...........ccccuvvvvveieimviininiiieinininininnn, 4-16

4.3.2  Profitability ProJeCtionS .........coccuuiiiiiiiieiiiee e 4-17

O TG T o ¢ ot (o] (=Yoo 1 P 4-20

5 POIYOIETINS ..ttt 5-1
51 POLYOLEFINS SUMMARY .. 5-1

5,11 PrICE BASIS .uveieiiitiiiee ittt 5-1

5.1.2  Price Setting MeChaNiSMS........cooiiiiiiiiiiiiii e 5-1

5.1.3  PriCe ProjJeCiONS .....ccviiiiiiiiiieeeeeeeee e 5-2

5.2 LOW DENSITY POLYETHYLENE (LDPE) ...cviiiiiiiiiiiiiie et 5-3

5.2.1 Price Basis and Value Influencing Factors ...........cccccccvvvviiiiiie 5-3

5.2.2  Profitability ProjJECHONS .......coiuuiiiiiiiiii ettt 5-4

5.2.3  PriCe ProjJeCiONS .....ococviiiiiiiieeee e 5-7

5.3 LINEAR LOW DENSITY POLYETHYLENE (LLDPE)......ccciiiiiiiiiiieeee e 5-10

5.3.1 Price Basis and Value Influencing Factors ..........ccccccccvvviiiiiiii 5-10

5.3.2  Profitability ProjJECHONS .......ciiueiiiiiiiiiie it 5-11

5.3.3  PriCe ProjeCliONS .....ccooviiiiiiiieeeee e 5-14

54 HIGH DENSITY POLYETHYLENE (HDPE) ....cceeiiiiiiiiiiee e e eeiieee e e 5-17

5.4.1 Price Basis and Value Influencing Factors ...........ccccccoiiiiiiiiiiiiiiiniiiiiiieeeen, 5-17

5.4.2  Profitability ProjeCtioNS ..........couiiiiiiiiiiiiiie e 5-18

5.4.3  PriCE PrOJECHIONS . ..eeiiiiiiiiie ittt ettt ettt 5-21

O Nexanr PPE PROGRAM i

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

55 POLYPROPYLENE (PP) oottt e e e 5-25
5.5.1 Price Basis and Value Influencing Factors .........cccccccviviiiiiiiie e, 5-25

5.5.2  Profitability ProjECtONS .......coouuiiiiiiiiii ettt 5-26

ST B o Tof N o o] [=Tox 1 o] o PSPPI 5-29

5.6 BUT ENE- L. 5-32
5.6.1 Price Basis and Valuation Mechanisms............c.ccccooiiniieniic e 5-32

5.6.2  Profitability ProjECtONS .......cocvviiiiiiiii it 5-32

5.6.3  PriCE PrOJECHONS ...eeeiiiiiiiiieiite ettt 5-34

6 B LT Z 10377 S = 11 o TS SERR 6-1
6.1 ETHYLENE DICHLORIDE (EDC) ..cccceiiiiiitiiiteie ettt ee e e 6-1
6.1.1 Price Basis and Value Influencing Factors ..........ccccccccvvviiiiiiee 6-1

6.1.2  Profitability ProjECHONS .......coouviiiiiiiiieeiiet e 6-1

6.1.3  PriCe ProjJECHIONS ....ceeviieveieieeeeee e 6-4

6.2 VINYL CHLORIDE MONOMER (VCM)..cciiiiiiiiiiiiiiiie et e e 6-7
6.2.1 Price Basis and Value Influencing Factors ..........ccccccccvvviiiiiiee 6-7

6.2.2  Profitability ProjJECHONS .......coiuviiiiiiiiii et 6-8

6.2.3  PriCe ProjJECHIONS ....coeviieieieieeeee e 6-11

6.3 POLYVINYL CHLORIDE (PVC) .etiitiiieiiiiiiiiit ettt e e e e nntneeea e e e e 6-14
6.3.1 Price Basis and Value Influencing Factors ...........cccccccvvveiiiiiiiee 6-14

6.3.2  Profitability ProjECtONS .......cocuviiiiiiiiie e 6-14

6.3.3  PriCe ProjJECHIONS ..cceeviveieieeeeeee e 6-17

7 F Y (0] 4= L1 (o1 TP P TP PP PP PPPRPPPTI 7-1
7.1 LN RIS 1516 L O I [ ]\ PR 7-1

7.2 GASOLINE VALUATION FOR AROMATICS ..o 7-2
7.2.1  VOIUMELNC EffECT.....eiiiiiiiii e 7-2

7.2.2  Volatility EffeCt........cccooviiii 7-2

7.2.3  OCLANE EffECT....ciiiiiiiiiiiiiie e 7-2

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

7.3 REFORMATE AND PY G AS ... 7-5
7.3 1 REIOIMIALE. ... et 7-5

7.3.2  Pyrolysis GasoliNg (PYQJAS) ....uuuiiuuiiieiiiiieeiiiiiee ittt 7-6

7.4 BENZENE ... 7-7
7.4.1  Price Basis and Value Influencing Factors ........cccccccviiiieeiiiiiie e, 7-7

7.4.2  Profitability ProjeCtionS ..........couiiiiiiiiiiiiiie e 7-8

7.4.3  PriCe PrOJECHIONS ...ceiiiiii ittt ettt e e e ee e e e 7-12

7.5 IO I PSS 7-15

O Nexanr PPE PROGRAM i

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

7.5.1 Price Basis and Value Influencing Factors ...........cccccvviiieeiniiiiciiiiicc i 7-15

S A o Tof Y o (o] [=Tox 1 o] o SRR 7-16

7.6 MIXED XYLENES ... 7-20

7.6.1 Price Basis and Value Influencing Factors ..........ccccccviviiiiieeee e, 7-20

7.6.2  Profitability ProjECtONS .......coouuiiiiiiiiiieiiee ettt 7-21

LG T ¢ Tof Y o o] [=Tox 1 o] o PP 7-25

8 18 (=] (o T T PP U PP PU PP PPPPRP 8-1
8.1 STYRENE ... 8-1

8.1.1 Price Basis and Value Influencing Factors .........ccccccceveviiiiiiiiie e, 8-1

8.1.2  Profitability ProjJECHONS ......coiiuiiiiiiiiiii ettt 8-2

8.1.3  PriCe ProjJECHIONS ..cceeveieieieeeeeee e 8-5

8.2 GENERAL PURPOSE POLYSTYRENE (GPPS) ...coo ittt 8-7

8.2.1  Price MEChANISM ......ciiiiiiiiiiiii e 8-7

8.2.2  Profitability ProjJECHONS .......ciiuiiiiiiiiiiie ittt 8-8

8.2.3  PriCe ProjECIONS ....coeviieieieieeeeee e 8-11

9 BUBIENE DEIVALIVES ......eviiiiiiiiee ettt ettt e e e e 9-1
9.1 ACRYLONITRILE BUTADIENE STYRENE (ABS) ..ccooiiiiiiiiiiiiieee e 9-1

9.1.1  Price Basis and Valuation Mechanism............ccccouviiiiiiiiiiiiiiiciiecc 9-1

9.1.2  Profitability ProjeCtionS..........ccccccviiiiiiii 9-1

9.1.3  PrIiCE PrOJECHONS ...eeiiiiiiiiie ettt ettt 9-3

9.2 STYRENE BUTADIENE RUBBER (SBR).....cuuiiiiiiiiiiiiiiiiiiieee e 9-5

9.2.1 Price Basis and Valuation Mechanism............ccccooviiiiiiiiiiiiiiciec 9-5

9.2.2  Profitability ProjJECHONS .......ciiuiiiiiiiiiii et 9-6

9.2.3  PriCe ProjJECIONS ...ccoeviveiiieieeeeeee e 9-8

9.3 BUTADIENE RUBBER ...ttt 9-10

9.3.1  Price Basis and Valuation Mechanisms...........ccccccvvviiiiiiiiiiiniciiiecc s 9-10

9.3.2  Profitability ProjJECHONS ......coiiuiiiiiiiiiei et 9-11

9.3.3  PriCe ProjeCIONS ....cocveiiiiiiieeeeeeeeeee e 9-12

10  Polyester and INtErMETIAES ........coiiiuiiiiiiiiiii et 10-1
10.1 PARA-XYLENE ...t ettt e e e e et aeeeee 10-1
10.1.1 Price Basis and Value Influencing Factors ...........cccooiiviiiiiieiiiiiiiieiiieeees 10-1

10.1.2 Profitability ProjeCtionS........ccooiiieii i, 10-2

10.1.3  PriCE PrOJECIONS ...eiiiiitiiie ittt et e e e 10-7

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

10.2.2 PriCE PrOJECHIONS ...eiiiiiiiiie ittt ettt e e e e 10-10

O Nexanr PPE PROGRAM iv

www.nexantthinking.com

Petrochemical Profitability Forecast : Asia Pacific
NTPPE2016/09.01.06.01/AP



Contents

10.3  MONO-ETHYLENE GLYCOL (MEG)....cciiiiiitiiiiiiee et et 10-11
10.3.1 Price Basis and Value Influencing FacCtors ...........ccccecuvivreeeeesiiiiiiieeee e e 10-11

10.3.2 Profitability ProjeCtioNS.........ueiiiiiiiiiiiiiiic e 10-11

10.3.3  PrICE PrOJECHIONS ...cciiiiiiiiie et e e ettt e e st e e e e e et e e e e e e e s e et aneeeeeeaeanns 10-15

10.4 PURE TEREPHTHALIC ACID (PTA) ettt e e 10-17
10.4.1 Price Basis and Value Influencing FacCtors ............ccocevvvvireeeesiiiiiiiieeee e e 10-17

10.4.2 Profitability ProjeCtioNS..........viiiiiiiieiiiieee e 10-18

10.4.3 PriCE PrOJECHIONS ...ciiiiitiiieiitiii ettt 10-21

10.5 POLYETHYLENE TEREPHTHALATE (PET) BOTTLE GRADE ........ccccveiiiiieeee 10-23
10.5.1 Price Basis and Value Influencing Factors ..........cccccoiieiiiiiiiiiiiiiic e 10-23

10.5.2 Profitability ProjeCtionS ........ccooieiiie i, 10-24

10.5.3 PriCE PrOJECHIONS ...ciiiiiiiiie ittt 10-27

11 Propylene DEIMVALIVES .........ccooiiiiiiiiiiiiee ettt 11-1
11.1  ACRYLONITRILE (ACN) . tittttieeiiiiieiitite e e e e eeiiieeee e e e s s snteteeeaeeesssnnbeaeeeeeeessannenneeeaeens 11-1
11.1.1 Price Basis and Value Influencing Factors .............ccccceeeieie e, 11-1

11.1.2 Profitability ProjeCtionS .........eiiiiiiiiiiiiiie e 11-1

11.1.3 PriCe ProOJECHONS ....ccoci i 11-3

11.2 CUMENE, PHENOL AND ACETONE .......ciiiiiiiiiie 11-5
11.2.1 Price Basis and Valuation MechaniSmMS.............cocceiiiiiieiiiieiciiieee e 11-5

11.2.2 Profitability ProjeCtioNS.........eiiiiiiiiii i 11-6

11.2.3 PriCE PrOJECHONS ... 11-8

11.3  BISPHENOL A 11-11
11.3.1 Price Basis and Valuation MechaniSms............cccceiiiiiiiiiiiieeeeiiieee e 11-11

11.3.2 Profitability ProjeCtionS ........ccooiiieiiii i, 11-11

11.3.3 PriCE PrOJECLIONS ...eiiiiiiiiiiiitii ettt e e 11-12

11.4  POLYCARBONATE ... 11-14
11.4.1 Price Basis and Valuation MechaniSms............occceeiiiiiiiiiiieee i 11-14

11.4.2 Profitability ProjeCtionS........ccoooiiiiiiiii e, 11-14

11.4.3 PriCE PrOJECIONS ...eiiiiiiiiii ittt e et e e 11-16

11.5 PROPYLENE OXIDE ... 11-18
11.5.1 Price Basis and Valuation MechaniSms............occceiiiiiiiiiiiiece i 11-18

11.5.2 Profitability ProjeCtionS........ccoooiiiiiii i, 11-19

11.5.3 PriCE PrOJECHIONS ...oiiiiitiiie ittt ettt e e e e 11-21

11.6  2-ETHYLHEXANOL ... 11-23
11.6.1 Price Basis and Valuation MechaniSmMS.............ccoceiiiiiiiiiiiiiceiieee e 11-23

11.6.2 Profitability ProjeCtioNS .......ueviiiiiiiiee e 11-23

O Nexanr PPE PROGRAM v

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

11.6.3 PriCE PrOJECHIONS ...coiiiiiiiii ittt 11-25

11.7  N-BUTANOL AND ISOBUTANOL.....cciiiiiiiiiiieee 11-27
11.7.1 Price Basis and Valuation MechaniSms............ccocceiiiiiiiiiiieie e 11-27

11.7.2 Profitability ProjJECIONS ......c.iciiiiiiiiiieee e 11-27

11.7.3 PriCE PrOJECHIONS ...oiiiiiiiie ittt 11-29

11.8 ETHYLENE PROPYLENE DIENE MONOMER..........cccccciiiiiiiii 11-33
11.8.1 Price Basis and Valuation MechaniSms............cccceviiiiiieiiiiiii e 11-33

11.8.2 Profitability ProjeCtionS..........eiiiiiiiieiiiiiie i 11-33

11.8.3 PrICE PrOJECIONS ..ccciiiiiiiiieeee e ettt e e st e e e e e st e e e e e e s s entanneeeeeeaeanns 11-35

Appendix Page
A Petrochemical Feedstocks and Refined Products PriCES .........cccceviiiiiiiiiiie e A-1
B OLETINS ettt B-1
C POIYOIETINS PrICES ...ttt e e C-1
D AT 1Y ST = U T o D-1
E ATOMALICS PFICES ...ttt e et e e sttt e e st e e s enane s E-1
F SEYFENICS PrICES..ciiiiiiiiiie e F-1
G Butadiene DeriVatiVES PrICES .......oiiiiiiiiiiiiiie ettt G-1
H Polyester and Intermediates PriCES .......cooviiiiiii i H-1
I Propylene DeriVatiVES PHICES .......ciiiiiiieiiiiit ettt -1
Figure Page
1.1 Asian Petrochemical Industry Profitability .............ccoooiiiiiiiii e 1-2
1.2 Steam Cracker Return on INVESIMENT..........oiiiiiiiiiiiiie et 1-4
1.3 ASIAN POIYMET PFICES ...oiiiiiiiie ittt 1-5
1.4 GlODAI LLDPE PrICES. ...ciiitiitiiiititi ettt ettt et e e 1-6
ST A O I - T (o [ PRSPPI 1-7
1.6 GlODal BENZENE PrICES ... ittt 1-8
1.7 SEYFENE IMAITINS .eiiiiiiiiee ittt ettt e e e e skt e e ettt e e e bt e e e bt e e e bbe e e e nees 1-9
1.8  PTA MAIGINS. ...ttt 1-10
2.1 Crude Oll PriCE SCENAIOS .. .eeieiiutiiee ittt ettt ettt e et e et e e e st e e e st e e e anbeeeeeenees 2-4
2.2 World Economic Performance and OULIOOK ............cooiiiiiiiiiiiiiiiiiccie e 2-7
2.3 United States GDP Price Deflator ..........cooiuiiiiiiiiiieii e 2-8
2.4 EUIO VErSUS US DOAI .....ouiiiiiiiiii ettt 2-9
2.5 Petrochemical Industry Simulator Forecast Methodology..........ccceeviiiieeiiiiiieniieee e 2-10
O Nexanr PPE PROGRAM vi

www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

2.6 Petrochemical Price INfIUBNCES .........ocuiiiiiiiii e 2-12
2.7 Leader Polypropylene Cash COSIS.......ccoiiuiiiiiiie ittt e e e e e enraaeeeae s 2-13
2.8 Price INfluences in the COSE CUMNVE .........coiiiiiiii ettt 2-14
2.9 Figure 2.10 Return on Capital and Operating RaAte ...........cccviiiiiriiiieeeiiiiiiiiee e esiieee e 2-15
3.1 Singapore Refined ProdUCE PrICES ........uuiiiiiiiiie it 3-2
3.2 Singapore Refined Product PriCe RALIOS..........uviiiiiiiiiiiiiiiic et sinee e e 3-2
4.1 Ethylene Return on Investment and Operating Rate ...........cocvvviiiiiiiiiiiiiiic e 4-3
4.2 Steam CraCker MAIGINS. ........iuuiiiiiiiei etttk s e et e e e s e e e s anenees 4-5
4.3 Global EtNYIENE PrICES .....uviiiiiiee ittt e e e e e e e e e e e s et a e e e e e e s e nrnaeees 4-6
4.4 EthYIENE PriCE SCENAIIOS ...coiiutiiiiiiiiit ettt r et e s 4-7
4.5  Propylene Margins ... 4-11
4.6  Propylene: Ethylene PriCe RALIO ........coiiiuiiiiiiiiiii it 4-12
4.7  Global Propylene PriCES.......ccoo oo 4-13
4.8 Propylene PriCe SCENAIIOS .......uutiiiiiiiieittit ettt et e et e et e s eenees 4-15
4.9 Butadiene Return on Investment and Operating Rate ..........cccccooeveviiii 4-17
4.10 C4S EXIraCtion MarGINS ......ccciiiiiiiiiiiiee ittt etttk e e bbbt e e s st e e s et e e e s senee s 4-19
4.11 South-East Asia and United States Butadiene PriCES ...........ccccveiiiiiiiiiiiiieiice e 4-20
4.12 Global BULAIENE PICES ... ciiiiiiiiieiiiiii ettt e et e e s 4-21
4.13 BUtadi€Ne PriCE SCENAIIOS ......vvviiiiiiiii e ittt stt ettt s ettt e e e e s e s e nennees 4-22
5.1 POIYOIETIN PrICES ...ttt et e et e et e e et 5-2
5.2 LDPE Return on Investment and Operating Rate...........ccoooeiiiiiiii i, 5-4
LT T BB 1 =V 11 R 5-6
5.4  Integrated LDPE MaIQINS .......oeiiiiiiiieiiiiiee ettt e et e e et e e e aba e e e e anbneeeean 5-6
5.5  LDPE PriCE SCENAIIOS ... .cciiiitiiieiiitiiie ittt ettt ettt et e et e et e e e st e e s e e e anneeeeans 5-7
5.6 GlODAI LDPE PrICES. ....itiiieiittite ettt et e e e st e e e st e e e anba e e e e abneeeean 5-8
5.7 LLDPE Return on Investment and Operating Rate..........cccoeeiieiiiiii i, 5-11
5.8 LLDPE MAIGINS .. .utieieiiiiiee ettt ettt ettt e e ettt e e s bt e e e aabb e e e e aabb e e e e anbn e e e e abaeeeean 5-12
5.9 Integrated LLDPE MarQinNS ......ccocooiiiiiiie oottt a e e ae s 5-13
5.10 LDPE @nd LLDPE PIICES .....utiiiiiitiiie ettt ettt e et e e et e e e e anbneee e 5-14
5.11 GlODAI LLDPE PIICES.....uiiiiiiiiiieiitiee ettt ettt et e et e e e e nnneee e e 5-15
5.12 LLDPE PriCE SCENAIIOS .. .cciiutttieiiitiiee ittt e ettt e ettt e ettt e et e e e e sbb e e e e saba e e e e abe e e e e anbaeeeeans 5-16
5.13 HDPE (Injection Moulding) Return on Investment and Operating Rate....................ccoeeeen. 5-18
5.14 HDPE (Injection Moulding) MarginS ..........ccicuurieiiiiiieaiiieee e iiieee ettt et e st eessnneee e 5-19
5.15 Integrated HDPE (Injection Moulding) MarginS.........cc.uueiiiiiaiiiiiiiiieeie e 5-20
5.16 HDPE: LLDPE PFiCE RALIO ...cceiiiuiitiiiiiie ettt ettt e e et e e e e e e e eeeae s 5-21
5.17 Global HDPE (Injection Moulding) PHICES ........ccoiiiiiiiiiiiie et 5-23
O Nexanr PPE PROGRAM vii
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

5.18 HDPE (Injection Moulding) PriCe SCENAIOS ........cuuviiiiiiiieiiiiiiee e 5-23
LR T o | B o Tt PP OPPPPUPPR 5-24
5.20 Polypropylene Return on Investment and Operating Rate ...........ccccooviiviiiiiiiiiiiiiiee e 5-26
5.21 POlYPropyIENE MaArQiNS......cceeeiiiiiiiiiee i e e e ieeite e e e e e s et e e e e e e e s et e e e e e e e s snnbeaereeeeessannnranneeaeeas 5-27
5.22 POlYPropylene MarGINS ......c.ouuiiiiiiiiiee ittt e et e e et e e st e e e e anne e e e 5-28
5.23 PP and HDPE(IM) PrICES ....ccciiiiitiiiie e e ettt e ettt e e e e e e st e e e e e e e st e e e e e e s s annrannnaaeeas 5-29
5.24 Global POIYPIrOPYIENE PrICES ....cciiiiiiiiiiiiiee ittt 5-31
5.25 Polypropylene PriCe SCENAIIOS .......ccoiiiiiieiiiiiie ittt e et e s snne e 5-31
5.26 Butene-1 Cash COSt MAIQINS ........uuuiiiieeiiiiiiiiiie e e e e ser e e e e e s st e e e e e e annb e e e e e e s e annnrenneeaeeas 5-33
5.27 Butene-1 PriCe FOr€CaASE SCENANOS ......uuviiiiiiiieiiiiiie it e ettt ettt e et e et e e s abneee e 5-34
5.28 GloDal BUIENE-L PIICES ....ceiiiieiiiiiitiii ettt ettt e e e s e e s e e e nnneee e e 5-34
6.1 Ethylene Dichloride Return on Investment and Operating Rate ............ccocveeiiiieiiiiinceen, 6-2
T L D T |V = 14 o |1 1 PP 6-3
6.3 INtegrated EDC MarQiNS . .......oooiiiiiiiiiiiieeiitie ettt ettt 6-3
6.4 GIODAI EDC PIICES ...ttt ettt e e e 6-4
6.5 EDC PriCE SCENAIIOS. .. eiieiitiieeittite ettt ettt e ettt e e ab e e et e et e e e nees 6-6
6.6 Vinyl Chloride Return on Investment and Operating Rate .................uvuvuimiiiiiiiiiiieieiiieinininn, 6-8
6.7 VINYl ChIOMde MarQINS ......cuueiieiiiiiee ittt e s 6-10
6.8 Integrated Vinyl ChlOride MargiNS ...........uuuuuuuureieieiuiereieieiereierersrerererererereee ... 6-10
6.9  Global Vinyl ChlOMAE PriCES. .....ouiiiiiiiiie et 6-12
6.10 VCM PIICE SCENAIIOS ...eviiiiriieeiitiee ettt e ettt e et e et e e e et e e e e e e e e e e e e e e e nnes 6-13
6.11 PVC Return on Investment and Operating Rate...............uuuuriviiiiiiiiiiiieiiinieieieieieeeinininn. 6-15
B.12 PV C IMAIGINS .ottt e et e oo h et e oo e a bt e ookt e e ek b et e e ek bt e e e et e et e e nees 6-16
6.13 PVC PriCE SCENAIIOS ....cciiiitiieeiitiite ettt ettt ettt e et e et e e st e e et e e e e e e e enes 6-17
B.14  POIYMET PFICES ...ttt ettt s bt e e et e e e st e e et e e e e anbe e e e e nees 6-18
6.15 GIODAI PVC PrICES. ...ttt ettt et 6-18
7.1 ATOMALICS PIICES .ottt ittt ettt e e ettt e e e n bt e e e st e e e nnbe e e e e nees 7-1
7.2 Octane Valuation — SOULh-EASt ASI8l.........ccuiiiiiiiiiiiii e 7-3
7.3  Reformer Cash COSt MAIGINS. ... ...coiiiiiiiiiiiie ettt 7-6
7.4 2016 Asia Pacific Benzene ProduCtion SOUICES ........cuuveiiiiiiieiiiiiee ettt 7-7
7.5  BeNzene Cash MarQiNS ........ooii ittt et 7-11
7.6  Benzene Return on INVESIMENT..........coiiiiiiii e 7-11
7.7 GlODAl BENZENE PrICES ...ttt ettt e et e et e e e 7-14
7.8  BENZENE PriCE SCENATIO ... ..ueiiiiiiiie ettt e et e et e e 7-14
7.9  Alternative TOIUENE VAIUALIONS .......coouiiiiiiiiiiei et 7-16
7.10 GlODAl TOIUENE PIICES ...ci ittt ettt ettt ettt e et e et e e et e e nees 7-17
O Nexanr PPE PROGRAM viii
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

7.11 TOIUENE PrICE SCENANIO ...cttiteeiitit ettt ettt e et e et e e et e et e e nnes 7-19
7.12 Mixed Xylenes Cash MarginNS.........cueieciiiiiiiiiee e e e s e a e e e s e st r e e e e e s e ssnraaaeaaeeas 7-24
7.13 Mixed Xylenes Return on INVESIMENT ........cuuviiiiiiiieiiei e 7-24
7.14 Alternative Mixed Xylenes ValUatiONS ............oviieeiiiiiiiiiiieie e see e e e snanane e e 7-26
7.15 Global MiXed XYIENES PIICES ......vviiiiiiiieeiitie ettt 7-26
7.16 Mixed XYlENES PriCE SCENAIIOS.....uuiiiieiiiiiiiiiieete et st e e e e s e s e e e e e e s s st r e e e e e s e annranaeeaees 7-27
8.1 Styrene Return on Investment and Operating Rate............ocovviiiiiiiiiiiiiieeeiecc e 8-3
8.2 SEYIENE MAIGINS ....eeeieiitii ettt ettt e e ettt e e ettt e e s b et e e et e e e e aba e e e e ana e e e e 8-3
TR T 4/ (=Y TSI 1Y = o 11 SRR 8-4
8.4 GlODAl SYIENE PrICES. .. .eiiiiiiiiiii it e e e e e et e e nnre e 8-5
o TR TS £V (=] A Lo e foT =TS Yot =T F= 1 1 8-6
8.6  Polystyrene Return on Investment and Operating Rates...........cocvvieiiiiiiiiiiiie e 8-9
8.7  POIYSIYIENE IMAIGINS ... 8-10
8.8 POIYSIYIENE MAITINS .....itiieeiitii ettt ettt et e e e st bt e e e et b e e e abn e e e e abneeeean 8-10
8.9  GIlobal POIYSIYIrENE PrICES ... 8-11
8.10 POIlYSLYreNe PriCE SCENAIIOS ...eeiiiutiiieiitiiie it ettt s bt e e et e et e et e e et e e e e aba e e e e abneeeean 8-11
o Tt I R 0 1Y gL = 8-12
9.1 ABS MAIGINS ettt ettt ettt e h et E et e bt e e e e bt e e e et b e e e e aba e e e e abneeeean 9-2
9.2 ABS PriCe FOreCast SCENAIIOS ........ceeiiriiieiiriiee it e st e st e et e e e e e s s e e e s snneeeens 9-3
9.3 GlODAI ABS PrICES ...cciiitiiieiiiteie ettt ettt e et e et e e e e abae e 9-4
9.4 SBR MAAITINS .. e e e e ————— 9-7
9.5 SBR PriCe FOIr€CAST SCENATIOS. ... .uveiiiiitiieeeiiiiee ettt et e e e e e e s s e e e s snreeeens 9-8
9.6 GlODAI SBR PIICES. ..cciitttiieiiittie ettt ettt ettt e e et e e e st e e e sba e e e e aba e e e e abaeeeean 9-8
L A =101 7= To =T o To I U] o] o T Y =T o 1] 1 9-12
9.8 Butadiene Rubber Price FOreCcast SCENAIIOS .......uuviiiiiiiieiiiiiee ittt 9-13
9.9 CGlobal Butadiene RUDDEI PriCES .......coicuiiiiiiiiiic ettt 9-13
10.1 para-Xylene Plant Configuration .............cccccoviiiiiiiiii e 10-2
10.2 para-Xylene Return on Investment and Operating Rate...........ccocceiiiiieiiiiiieiiiiee e 10-3
10.3 para-Xylene Cash MarginS..........ccoiiiiiiiiiiiiie e 10-5
10.4 para-Xylene Variable Marging DiStriDULION ...........oooiiiiiiiiie e 10-6
10.5 Global para-Xylene PriCES .......cocviiiiiiiiieiie et 10-8
10.6 para-Xylene PriCE SCENAIOS . ... ..uuiiiiiiiieiiie ittt e s 10-8
10.7 ortho-Xylene / para-Xylene PriCe RAIO........cccuuiiiiiiiiieiaei ittt e e 10-9
10.8 ortho-Xylene Price FOreCast SCENAIIOS. ... ...cuuiiuuriieiiiieee ittt 10-10
10.9 Global Ortho-XYIENE PIICES ...cciiiiiiiiiiiiie ittt 10-10
10.10 MEG Return on Investment and Operating Rate ..........cooiiiiiiiiiiieiiiie e 10-12
O Nexanr PPE PROGRAM ix
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

LO.11 MEG MAITINS «..iteeteeiiie ettt ettt ekt o4 s et e 4 sttt o4 sttt e e e e e e ekttt e e e bt e e e e e e e e e nnes 10-13
L1012 MEG MAIQINS ...iiiiieiie e e e e e ettt e e e e e e s et e e e e e e e saste e e e eaeaesasbateseeeaeassnsntateeeeeeeeesanssnnnnneaeesnannns 10-14
10.13 GlODAI MEG PIICES ... .eeiiiiitiii ettt ettt et et e st e et e e 10-15
10.14 MEG PTICE SCENAIIOS ..veeuveieaiieeiities sttt e et e ettt et stk e st e et e s e e b e nbn e nne e e nnneennneas 10-16
10.15 PTA Return on Investment and Operating RALE ..........cooiiiiiiiiiiiiieiie e 10-19
OB S AN Vo 1SR USEPRR 10-19
O A N Y - T 11 ST PU PP PUPRPN 10-20
10.18 GlODAI PTA PrICES ...ttt ettt e et e e 10-21
10.19 PTA PrICE SCENANTOS ...veiiteieiieeiitie ettt ss ettt et a ekt et e et e s e b e e s e s ne e e nnne e s 10-22
10.20 PET Return on Investment and Operating RALE ..........cooiiiiriiiiiiiieiiiee e 10-24
O A Y = [ 1 PSPPSR 10-25
LO.22 PET MAIGINS ... ittt ettt ettt e ket 4 st o4ttt e 4 sttt a4 e e e e e bt e e e e bt e e e e bbe e e e nees 10-26
10.23 GIODAI PET PIICES .....eeiiiiitietee ettt ettt et 10-28
10.24 PET PrICE SCENAIIOS ...eeeiiutieieiiiiete ettt ettt ettt ettt et e e et e e e e bt e e e nbe e e e nees 10-28
11.1 ACIYIONIHIE MAIQINS ..ccceiiiiieeeeeee et 11-2
11.2 Global ACIYIONITHIE PIICES ....eiiiiiiiieiiiiit ettt bbb 11-3
11.3 ACrylonitrile PriCE& SCENANIOS ....cocvviiiiiiiiiieeeeeee ettt 11-4
11.4 Phenol Return on Investment and Operating RAte ..........cccuvveiiiiiieiiiiee e 11-7
R ST o o =T 0 To ] Y= o 1 PSSP 11-7
11.6 Phenol Price FOreCast SCENAIOS .......uuuiiiiiiiieiiiiie ettt 11-8
11.7 Acetone Price FOreCast SCENAIIOS .......ccciiuuriiaiiiiiie it seie et 11-9
11.8 GloDal PRENOI PrICES .....ciiiiiiiiiieiie ettt 11-9
11.9 GlODal ACEIONE PrICES ...ttt ettt e e 11-10
11.10 BiSPhenOl A MAIQINS .....ccooiiieiiiiieeeeeee et 11-12
11.11 Bisphenol A Price FOreCast SCENAIIOS ........uuiiiuiiiieiiiiie ettt 11-13
11.12 Global BiSPhenol A PrICES.......ccvviiiieie e 11-13
11.13 POlyCarbONAte MaAIGINS. ... ...eiiiiiieie ettt et e e st e e nees 11-15
11.14 Polycarbonate Price FOreCast SCENAIIOS ..........ccvvveviviiiiiiiiiieeeeeeeeeeee e 11-17
11.15 Global POlYCarbONAE PriCES .......uiiiiiiiiieiiii ittt 11-17
11.16 Propylene OXide MargiNS ........ccuuiiiiiiiiiiiieee ettt 11-20
11.17 Propylene Oxide Price FOreCast SCENAIIOS ........uuieiiuuiiieiiiiiee ittt 11-22
11.18 Global Propylene OXide PriCES ......cocviiiiiiiiiieeeeeeee e 11-22
11.19 2-EH Return on Investment and Operating Rate ...........cooouiiiiiiiiieiiie e 11-24
L1120 2-EH IMAIGINS ...ttt e oo oottt e e e e e okt e bttt e e e e e e s nnbabe e e e e e e e e sannbnbneeaeaeeeann 11-24
11.21 2-EH PriCE FOIECAST SCENATOS ....ceeiiiiiieiiiiit ettt ettt e e 11-26
12.22 GIOD@I 2-EH PIICES ... eeeiiiiieeie ettt e et e et e e st e e e nees 11-26
O Nexanr PPE PROGRAM X
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

11.23 n-Butanol Return on Investment and Operating Rate..........ccvvvvveeeiiiiiiiiiieie e 11-28
121.24 N-BULANOI IMAIGINS ...ttt ettt e e et e e e e e 11-28
11.25 n-Butanol Price FOreCast SCENAIOS........cciiiiiiiiiiiei ettt 11-30
11.26 Global N-BULANOI PIICES .....eeiiiiiiiiieiiiie ettt 11-30
11.27 Isobutanol Price FOreCast SCENAIIOS .......c.uviiiiiuiriieiiiiie ettt 11-31
11.28 Global ISODULANOI PIICES .....cuviiiiiieiieeeee ettt 11-32
11.29 n-Butanol: ISOBULANO0I PriCE RALIO .......ccveeiiiieiiiieiee et 11-32
11.30 EPDM MAFTINS ...uitttiiiieaeeeieitiieete e e e e e ettt ee e e e e e s be et eaaeaeaantabeeeeaaeeesannbaaeeeeaaeeesannssnneeeaaeaeannns 11-34
11.31 EPDM PriCe FOr€CASt SCENATOS .......veiiiieiiiitesiiet et ettt e e 11-35
11.32 GlODAI EPDM PrICES....ceiiiiiiieiitee ettt ettt ettt e s 11-35
Table Page
2.1 ECONOIMIC GIOWLN L.ttt ettt e e e e e e e e e 2-6
4.1 Ethylene Profitability and Price ProjeCtions ...........ccceiiiiiiiiiiiieiiieee e 4-5
4.2 Propylene Profitability and Price ProjeCtions ..........c..oooiiiiiiiiiiieiiieee e 4-11
4.3 Propylene Price ProjeCtionS ... 4-12
4.4 Butadiene Profitability and Price ProjeCtions ..........c.eooiiiiiiiiiiiiiciiiiee e 4-19
4.5 Butadiene Price ProjeCtionS ... 4-20
5.1 LDPE Profitability and Price ProjeCtioNS ..........ccoiuiiiiiiiiiie et 5-7
5.2 LLDPE Profitability and Price ProjECHONS .......ccoceiieie ettt 5-13
5.3 HDPE (Injection Moulding) Profitability and Price Projections...........cccccceeviivieiiiiicei e 5-20
5.4 HDPE (Blow Moulding) Price ProjeCtionS .........ccocoiiiiiii e 5-24
5.5 Polypropylene Profitability and Price ProjeCtions............ccoiiiiiiiiiiiiiiiiiiiiee e 5-28
5.6 Butene-1 Profitability ProjeCtions .......cccooeeiiieii i 5-33
6.1 EDC Profitability and Price ProjJeCtioNS .........ccoiiuiiieiiiiiieiiiiie et 6-4
A = B O o Tt o {0 [=Tex 1o 1 PPN 6-5
6.3 VCM Profitability and Price ProjeCtionsS..........ccoiuiiieiiiiiieiiiiie et 6-11
6.4 PVC Profitability and Price ProjeCtioNS ..........cooiuiiiiiiiiiee et 6-16
7.1 Reformate Values to BIENUET ..........coiiiiiiiii e 7-5
7.2 Benzene Profitability ProjeCtioNS...........ooi i 7-12
7.3  BENZENE PriCE PrOJECHIONS ....uuvuiiiiiiiiiiiitiieieisteisietetatetesebetebs e asbssssessbsbs s s bsessssssssasssssnsnsnsnnnrnnes 7-14
7.4  Toluene Blending Values t0 GaSOIINE ........uuviiiiiiiieiiii e 7-15
7.5 TOlIUENE PrIiCE PrOJECLIONS ...ttt ettt e e e e et e e e e e e s e eeeeaeeas 7-17
7.6 Mixed Xylenes Blending Values to GasOliNe ..........cooiiiiiiiiiiiiiiiee e 7-20
7.7 Mixed Xylenes Profitability ProjJeCtiONS ..........oiiiiiiiiiiiiieiee e 7-23
7.8  Mixed Xylenes PriCe PrOJECHONS .......cuiiie ittt e 7-25
O Nexanr PPE PROGRAM Xi
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



Contents

8.1 Styrene Profitability and Price ProjeCtions ...........ccueiiiiiiiieiiiiiicciiieee e 8-4
8.2 Polystyrene Profitability and Price ProjeCtionS..........cccuuviiiiieiiiiiiiiiiieee et eianee e 8-9
9.1  ABS Profitability ProJECHIONS ......cciuiiiiiiiiiie et 9-3
9.2  SBR Profitability ProjECHONS ........uviiiiiie it s e e e e e s s e e e e e e s e nnraaareeee s 9-7
9.3 Butadiene Rubber Profitability ProjeCtionS...........couviiiiiiiiiiiiiiicciiecc e 9-12
10.1 para-Xylene Profitability and Price ProjeCtions ............cooiiiurieiiiiieiiie e 10-5
10.2 MEG Profitability and PriCe ProJECHONS ........cciiiiiiiiiiiieiiiee ettt 10-14
10.3 PTA Profitability and Price ProjeCtionS...........cocuuiiiiiiiieiiiiie ettt 10-20
10.4 PET Profitability and Price ProjECHONS. ......ciiiiiiiiciiiieiee e ettt e e e e e se e e e e e e saarre e e e e e e anns 10-26
11.1 Phenol Profitability ProjECHIONS .......coiuiiiiiiiiiii it 11-7
11.2 Bisphenol A Profitability ProjeCtionS...........ccoviviiiiiiiiee e 11-12
11.3 Polycarbonate Profitability ProjECtONS .........cuoiiiiiieiiiiie e 11-15
11.4 Propylene Oxide Profitability ProjeCtions ..........cccovvviiiiiiiiiiiiieeeee e 11-20
11.5 2-EH Profitability PrOJECHONS . ......eiiiiiiiiieiieit ettt 11-24
11.6 n-Butanol Profitability ProjECHONS ........oiiiiiiiiiiiiiie et 11-28
11.7 EPDM Profitability ProJECIONS ......cciiiiiiiiiiiiie ittt 11-34
O Nexanr PPE PROGRAM i
www.nexantthinking.com Petrochemical Profitability Forecast : Asia Pacific

NTPPE2016/09.01.06.01/AP



