NexantThinking ™

Petroleum and Petrochemical Economics

Petrochemical Profitability Forecast
United States

December 2015

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. 2015. All rights reserved.



Contents

Section Page
1 EXECULIVE SUIMIMAIY ...ttt ettt et e et e et e e et e e et 1-1
1.1 INTRODUCTION ... 11
1.2 PETROCHEMICAL AND POLYMER INDUSTRY PROFITABILITY ..., 1-2
1.3 KEY PETROCHEMICAL AND POLYMER ISSUES ... 1-4
1.3.1 Feedstock Cost COMPELItIVENESS......cocuuviiiiiiiiieiiiiee e 1-4
1.3.2  OlEfiNS oottt 1-6
1.3.3  POIYMEIS ittt 1-8
1.3:4  ATOMALICS .uveiiieitiiee ettt ettt ettt 1-10
L300 S EINICS ittt 1-10
1.3.6  POIYESIEI oo 1-11
2 Economic Assumptions and Forecasting Methodology ... 2-1
2.1 INTRODUCTION ..., 2-1
2.2 SCENARIOS ..ottt ettt ettt e e e e e e e e e s e ene e s s enenennnnnnnnnes 2-2
2.3 CRUDE Ol ittt ettt ettt ee et e e eseeesnsennnnnes 2-3
2.3.1  Crude Oil PriCe BaSIS ......uvvieiiiiiieiiiiiie ittt 2-3
2.3.2  Crude Ol SCENAIIOS ...eeiuuviiieiiiiiie ittt 2-3
2.3.3  Medium Crude Oil PriCE ......coccuiiiiiiiiieeiee ettt 2-4
2.3.4  High Crude Ol PriCe. ..ottt 2-5
2.3.5  LOW Crude Ol PriCE ...cciiuiiiieiiiiiie ittt 2-5
24 ECONOMIC GROWTH ... 2-6
2.4.1 Forecasting Methodology/ASSUMPLIONS .........c.cvvveviieieieiiieiiieieeeeeeeeeeeieeeeeaanns 2-6
2.4.2  Global ECONOMIC GIrOWEN .....ouviiiiiiiiiiiiie e 2-6
2.5 INFLATION . 2-8
2.6 EXCHANGE RATE ... 2-9
2.6.1  OUtIOOK fOr thE BEUIO ..eeiiiiiiieiiie e 2-9
2.7 PROFITABILITY FORECASTING METHODOLOGY .....cooiiiiiiiiiiiiiiii, 2-10
P2 % R [ i o o U T 1o o H TP 2-10
2.7.2  PrICe INfIUEBNCES ...ttt 2-11
2.7.3 Experience Curve and Cost ReAUCHION .........ccuvveiiiiiieiiiieeeeiee e 2-13
2.7.4  Driving Forces for Profitability ...........cccuueiiiiiiiiie e 2-14
2.7.5 Cyclicality of the Petrochemical INAUSEIY........c..cooviiiiieiiiiiieeiiee e 2-16
3 Petrochemical and Polymer Industry Profitability ..., 3-1
31 PETROCHEMICAL PERFORMANCE ... 3-1
O’ Nexant PPE PROGRAW

warm-neciarithinking oom Petrochemical Profitability Forecast — United States
A00235.040



Contents

3.2 INDUSTRY PROFITABILITY ittt e e 3-4

3.2.1  Historic Profitability..........coueeiiiiiiic e 3-4

I OV o1 o {1 SRR 3-6

4 Petrochemical Feedstocks and Refined Products PriCing ..........ccccouovieeiiiiieeiniiie e 4-1
4.1 INTRODUCTION ... 4-1

4.2 NATURAL GAS L. 4-3

4.3 NATURAL GAS LIQUIDS. ... 4-5

431 EINANE ..o 4-5

A.3.2  LP G s 4-6

4.4 N AP H T HA 4-7

4.5 GASOLINE ...ttt ettt e ettt e e eeneennennnnne 4-8

4.6 FUEL OIL 4-9

5 (O 1= 11 0 LSO PO PR PTPPPPTPPPPPPIN 5-1
51 ETHYLENE .. 5-1

5.1.1  Price Setting Mechanisms and BasiS..........cccccuvveeiiiiieeiiiiiee e 5-1

5.1.2  Historic Profitability by FEedStoCK ... 5-3

5.1.3  PriCE PrOJECHONS ...vviieeiiiiiie ettt 5-16

5.2 PROPYLENE ... 5-19

5.2.1 Propylene Value and Price MeChaniSms ...........cccocvveeiiiiiieiniiiie e 5-19

5.2.2  Valuations for Refinery Propylene..........cccoouieiiiiiic e 5-21

5.2.3  Propylene Profitability...........coooiiiiiiiiiiii e 5-23

5.2.4  PriCe PrOJECHONS .cuviieeiitiie ettt 5-26

5.3 BUTADIENE ... 5-31

5.3.1 Butadiene Valuation MeChaniSMS...........ccvieiiiiiiiiiiiieeiieee e 5-31

5.3.2  Profitability ProjeCtioNS ..........cvviiiiiiiiiiiiiiiiiiiiiieieeeeeeeee e eeaaaanaaees 5-32

5.3.3  PriCE PrOJECHONS ...ttt 5-35

6 POIYOIETINS ... 6-1
6.1 POLYOLEFINS SUMMARY ... 6-1

6.1.1  PIICE BASIS ..cueeeeieiiiiie ettt 6-1

6.1.2  Price Setting MeChaniSMS.........oiiiiiiiieiiee e 6-1

6.1.3  Profitability ProjeCtionS ............cooiiiiiiiiiiiiiiie e 6-1

6.1.4  PIICE PrOJECHONS ....eiiiieiiiiie ettt e 6-3

6.2 LOW DENSITY POLYETHYLENE (LDPE) ...ueeiiiiiiiiiiiiiiiieeeee e 6-4

6.2.1 Price Basis and Valuation MechaniSms ...........ccccooiuiieiiiiiieiiiiiee e 6-4

6.2.2  Profitability ProjECHONS ......ccciiiiiie it 6-4

6.2.3  PrICE PrOJECHIONS ....eeiiiieiiiiiiiiie ettt e e e 6-7

6.3 LINEAR LOW DENSITY POLYETHYLENE (LLDPE) .....cuviiiiiiiiiiiiiieee e eciiiieeee e 6-9

O Nexanr PPE PROGRAM i

waarwe_nescanithinking com

Petrochemical Profitability Forecast — United States
A00235.040



Contents

6.3.1 Price Basis and Valuation MechaniSms...........ccccccoviiiiiiiinicniic e 6-9

6.3.2  Profitability ProjECHONS .......cciiiiiieiiiie et 6-9

R G B oy (o oI o (0] [=Tox 1T £ SRS 6-12

6.4 HIGH DENSITY POLYETHYLENE (HDPE).....ccciiiiiiiiiiiiieeee e 6-15
6.4.1 Price Basis and Valuation MechanisSms...........ccccccoviiiiiiieiicniic e 6-15

6.4.2  Profitability ProjECtONS .......cciiiiiieiiiii et 6-15

6.5 POLYPROPYLENE (PP)...ttitiiitiiie ettt ettt ettt ettt e st e et esnnnaeee s 6-21
6.5.1 Price Basis and Valuation MechaniSms...........ccccceiiiiiiiiniicniic e 6-21

6.5.2  Profitability ProjECtONS .......cciiiiiiiiiiiie e 6-21

6.5.3  PrICE PrOJECHONS ..uvviiiieeeii ittt e sttt e st e e e s e et e e e e e e s e ennraneees 6-24

7 THE VINYIS CREAIN .ottt e s 7-1
7.1 CHLOR-ALKALLI ettt e e e e e e e eeennnnnne 7-1
7.1.1  Price Basis and Valuation Mechanisms...........ccccoooiiiiiiiiiiiie e 7-1

7.1.2  Profitability ProjeCtiONS .........euviiiiiiiiiiiiiiiiieiieeieieeeeeeeeeee e eeeeeeeeaeeeeeaeaanenaees 7-1

7.1.3  PIICE PrOJECHONS ....eeiiieiiiiie ettt 7-4

7.2 ETHYLENE DICHLORIDE (EDQC) ...cetiiiiiiiitiiiiitee et 7-6
7.2.1  Price Basis and Valuation MechaniSms ...........ccccooiueieiiiiee e 7-6

7.2.2  Profitability ProjeCtiONS .........cvviiiiiiiiiiiiiiiiiiiiiiieieeeieeeee e eaeeeaeaeeeeaaaaanaees 7-7

7.2.3  PIICE PrOJECHIONS ...ttt 7-9

7.3 VINYL CHLORIDE MONOMER (VCM)....utitiiiiiiiiiiiiieie et 7-11
7.3.1 Price Basis and Valuation MechaniSms ...........ccccooiuiieiiiiie e 7-11

7.3.2  Profitability ProjECHONS ......coiiiiiiiciiiiii et 7-11

7.3.3  PrICE PrOJECHIONS ..ooviiiiieiiieiiieieeeeeee ettt e e aaesaaeaeeesaennnnnnes 7-14

7.4 POLYVINYL CHLORIDE (PVC) ..tttiiiiiieeiiiiiiiiiit ettt e e ea e e e e ea e e e 7-16
7.4.1 Price Basis and Valuation MechaniSm...........ccccccoeeiiiiniiiiieiiiiee e 7-16

7.4.2  Profitability ProjECHONS ......ciiiiiiiciiiie et 7-16

7.4.3  PriCE PrOJECHIONS ..ooeiiiiiiiiiiiiieieeeeeeeee ettt ae e saseseaeseeesasnnnnnnes 7-18

8 F Y (0] 1 1= L[ PP RTPTPRT 8-1
8.1 INTRODUCTION ... 8-1
8.2 GASOLINE VALUATION FOR AROMATICS ...ooiiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeees 8-2
8.2.1  VOIUMELIC EffECT......viiiiiiiii e 8-2

8.2.2  VOlatility EFfECT....cciiiiiiiei i 8-2

8.2.3  OCtaNE EffECT.....eiiiiiiiiiiiiti e 8-2

8.2.4 Gasoline Component Valuation EqQUAatioN ............coccvveeiiiiieeiniieee e 8-4

8.3 REFORMATE AND PYGAS ..., 8-5
8.3.1  REIOIMMALE. ..ottt 8-5

8.3.2  Profitability ProjJECHONS .......ccciiiiiieiiiiie e 8-5

O Nexanr PPE PROGRAM i

waarwe_nescanithinking com

Petrochemical Profitability Forecast — United States
A00235.040



Contents

8.3.3  Pyrolysis GasOliNg (PYQJAS) ..uvuuureieeeiiiiiiiiieeeeesiiiiiiiieeeeeessssnsssneeeeessssnsnsnnneees 8-6

8.3.4  Valuation MECNANISIM ........eiiiiiiiiiii it 8-6

8.4 BENZENE ... 8-7
8.4. 1 INTrOAUCTION ...ttt 8-7

8.4.2  Price Basis and Valuation MechanisSms ..........ccccocveiiiieiiiiiiie e 8-8

8.4.3  Historic Profitability..........ccceeiiiiiiiiiiic e 8-9

8.4.4  Profitability ProjeCtioNS ........ccuuviiiiee et 8-11

R S = Tt Y o o] [ Tox 1 0] PR 8-13

8.5 TOLUENE s 8-15
8.5.1 Pricing Basis and Valuation MechaniSm ............cccccvvvveeeeiiiiiiiieeee e 8-15

8.5.2  PriCE PrOJECHONS ...iviieiiiieie ettt 8-16

8.6 MIXED XYLENES ... 8-18
8.6.1 Mixed Xylenes Pricing MeChaniSIm ..........ccccooviiiiiiiiiieniieee e 8-18

8.6.2  Profitability ProjECIONS .........uuuuiiiiiiiiiiiii s 8-19

8.6.3  PriCE PrOJECHONS ...ttt 8-22

9 1Y (= 1110 PPPPPPNS 9-1
9.1 STYRENE ..ottt ettt ettt ettt ettt ettt et et e e e e e e e eeeeeeennene 9-1
9.1.1 Price Basis and Valuation Mechanisms...........c.cccooovviiiiiiiiinic e, 9-1

9.1.2  Profitability ProjJeCHONS ........ccoiiuiiiiiiiiieeiie e 9-2

9.1.3  PriCE PrOJECHIONS ...uvuuiiiiiiiiiiiiiiiiiiiiiiai s 9-4

9.2 GENERAL PURPOSE POLYSTYRENE (GPPS) ..ccceiiiiiiieeee et 9-6
9.2.1 Price Basis and Valuation Mechanisms ...........cccccouiiiiiiiiiiniie e 9-6

9.2.2  Profitability ProjJECHONS .........uuuuiiriiiiiiiiiii s 9-6

9.2.3  PrICE PrOJECHONS ...ttt 9-8

9.3 ACRYLONITRILE BUTADIENE STYRENE (ABS) ...oeviiiiiiiiiiiiiiiieeeiiieie e 9-12
9.3.1 Price Basis and Value MeChaniSm..........cccccoiiiiiiiiiiiii e 9-12

9.3.2  Profitability ProjJECHONS .........uuuiiiiiiiiiiiiiii s 9-12

9.3.3  PriCE PrOJECHONS ...ttt 9-14

9.4 STYRENE BUTADIENE RUBBER (SBR)......cuutiiiiiiiiiiiiiieeece e 9-15
9.4.1 Price Basis and Valuation Mechanism...........cccccoiiiiiiniiiciniice e 9-15

9.4.2  Profitability ProjeCtionS ........c..uuuiiiiiiiiiiiie et 9-16

9.4.3  PriCE PrOJECHONS ....ieiieeiiitie ettt 9-18

10  Polyester and INtErMEdIAES. ... ....uuiiiii et e e e e e e e 10-1
10.1 PARA-XYLENE ... 10-1
10.1.1 Price Basis and Valuation MeChaniSMS...........ccoiuiriiiiiiiieiiiiiie e 10-1

10.1.2 Profitability ProjECONS .......eiiiiiiiiiiieiie et 10-2

10.1.3 PiCE PrOJECLIONS ....eiiiiiiiiie ittt ettt 10-5

O Nexanr PPE PROGRAM v

waarwe_nescanithinking com

Petrochemical Profitability Forecast — United States
A00235.040



Contents

10.2 ORTHO-XYLENE ..o 10-7
10.2.1 Price Basis and Valuation MechaniSms............coccuvieiiiiieiiiiiieiieee i 10-7

10.2.2 PriCE PrOJECHONS .oiieeiiiiiiiieii et e e sttt e e e e st e e e e e et eaeeae e s 10-7

10.3  MONO-ETHYLENE GLYCOL (MEG)...ccttiiiiiiiiiiieiee et 10-9
10.3.1 Price Basis and Valuation MechaniSms ..........ccccceviiieiiiiiiieeniec e 10-9

10.3.2 Profitability ProjeCtionS ........c.eeviiiiiiiiiiiiiii et 10-10

10.3.3 PriCE PrOJECHONS .oeieeeiiciiiiiie ettt e e e e st e e e e e e e st aeeeea s 10-13

10.4  PURIFIED TEREPHTHALIC ACID (PTA) .ttt 10-14
10.4.1 Price MECRANISIM .....ciiiiiiiiiiiiii ettt 10-14

10.4.2 Profitability ProjJECHONS .....uviiiiiee it ae e e 10-15

10.4.3 PriCE PrOJECHIONS ....oiiiiiiiiiiiiiii ettt 10-17

10.5 POLYETHYLENE TEREPHTHALATE (PET) ..uttiiiiiiiiiiiiiiieeee e 10-19
10.5.1 Price MECRANISIM .....ciiiiiiiiiiiiiie ettt 10-19

10.5.2 Profitability ProjeCtions ... 10-19

10.5.3 PriCE PrOJECHIONS ....ooiiiiiiiiiiiiiie ettt 10-22

(R [ 01 (=T g T=To [F= Y L= PP PP PO UUPRPPPRPRT 11-1
11.1 ACRYLONITRILE (ACN) ..ititititeeeeeiiietieet e e e e sttt e e e e e s assieaeeeae e e s e snnnteseeeaeeeseanseneeeeas 11-1
11.1.1 Price Basis and Valuation MeChaniSMS ............coccvvieiiiriieiiiiiieneee e 111

11.1.2 Profitability ProjeCtioNS .......ocuvviiiiiiiiiiiiiiee e 11-2

11.1.3 Price ProjecCtions .......cccooiiiiiiiii e 11-4

11.2 CUMENE, PHENOL AND ACETONE .....ooiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeneees 11-6
11.2.1 Price Basis and Valuation MeChaniSMS ............coouiviiiiiiiieiiiiiie e 11-6

11.2.2 Profitability Projections ... 11-7

11.2.3 PriCE PrOJECHONS ...oeiiiiiiiiiiiieit ettt 11-12

11.3 CYCLOHEXANE ... 11-16
11.3.1 Price Basis and Valuation MeChaniSMS ............coouvviiiiiiiieiiiiiie e 11-16

11.3.2 Profitability Projections ... 11-16

11.3.3 PriCE PrOJECHIONS ...oeiiiiiiiii ittt 11-18

114 2-ETHYLHEXANOL (2-EH) ..ottt 11-19
11.4.1 Price Basis and Valuation MeChaniSmM .............ccoiuirieiiiiieeiiiiiee e 11-19

11.4.2 Profitability ProjJECHONS .......eiiiieiiiiiiiie et 11-20

11.4.3 PriCE PrOJECHONS ....oiiiiiiiiiiiiiiii ettt 11-21

11.5 N-BUTANOL AND ISOBUTANOL....ccoiiiiiiiii 11-23
11.5.1 Price Basis and Valuation MeChaniSMS ............coouvieiiiiiieiiiiiee e 11-23

11.5.2 Profitability ProjeCtionsS ........c.ueiiiiiiiiiiiiiee e 11-24

11.5.3 PiCE PrOJECHONS ..cciiiiiiiiiiiiie ettt e et ee e e e as 11-26

O Nexanr PPE PROGRAM y

warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

Appendix Page
A Petrochemical Feedstocks and Refined Products PriCES .........ccceeviiiiieeiiiiiee e A-1
B (@12 10 S o 1002 UEPRRSPP B-1
C (0] Yo [ T S o o7 PRSP C-1
D VINYIS ChaIN PIICES ..ottt D-1
E AFOMALICS PFICES ...ttt e et et e e e s ettt e e e e e s ettt e e e e e e sanntntneeeaaeaeas E-1
F Y= 1O o o =PRSS F-1
G Polyester INtErmMediates PriICES. ... ..coiiiiieiiiii ettt G-1
H INEEIMEAIALES PrICES. ... . tiieiiieee ittt e et e e e e e st e e e e e e e e s annbneneeas H-1
U’ Nexanr PPE PROGRAW Vi

warm-neciarithinking oom Petrochemical Profitability Forecast — United States
A00235.040



Contents

Figure Page
1.1 U.S. Petrochemicals and Polymers Industry Return on Capital...........cccccoiiiiiiiiiiiiiniinncens 1-2
1.2 U.S. Average Return on INVestmMent FOreCaASt .......covvviiiiiiiiiiii e 1-3
1.3 Projected Trends in Petrochemical feedStoCK PriCiNg .........ccuvviiiiiriiiiiiiiiciiiiee e 1-5
1.4 Petrochemical Feedstock Value Relative to WTI Crude Oil..........ccoeviiiiiiiiiiiiiiiicieeeiieee 1-5
1.5 Steam Cracker Cash COSt MAIGIN ......c.uviiiiiiiiiiiiiie ettt e e 1-7
1.6 Propylene:Ethylene PriCe RaAtIOS.........cciiiiiiiiiiie et e e s ee e e e e e eanareaeea e 1-8
1.7 U.S. Leader Polyolefin Plant Return on INVESIMENT............coviiiiiiiiiiiiieicciieec e 1-9
1.8 U.S. POIYMET PIICES ..uuttiiiiiee e i ittt ettt e e e e et e e e e s e st e e e e e e s e s an b e ae e e e e e s s nnarenaeaeeean 1-9
1.9 GlODAlI BENZENE PrICES ...ciiiiiiiiie ittt et e e et e e et e e e s bbeeeeanes 1-10
1.10 Polystyrene Cash COSt MArQiNS ..........uuuuuuuuummmmiiiiii s 1-11
1.1 PET CaASh COSE IMAITINS ...coutiiiiiitiiee ittt e et e et e e st e e e st e e s abae e e e abaeee e e 1-12
2.1 Crude Oil PriCE SCENAIIOS ......uvviiiiiiiiieiiieiie sttt ettt ettt e s 2-4
2.2 World Economic Performance and OULIOOK ..............oooiiiiiiiiiiiiciiieec e 2-7
2.3 United States GDP Price Deflator ...........uuuiiiiiiiiiiiiiiieiee e 2-8
2.4 EUrO VersuS U.S. DOIIAI ......cocuuiiiiiiiiii ettt 2-9
2.5 Petrochemical Industry Simulator Forecast Methodology ............occcuvviiiiiiiiiiiiiciiiieec i 2-10
2.6 Petrochemical Price INfIUBNCES ........oviiiiiiiiiii e 2-12
2.7 LLDPE €SN COSES .eiiiiutiiieiiiiiiie ittt ettt ettt e e skt ekt n 2-13
2.8 Price INfluences iN the COSt CUIVE ..........uiiiiiiiiii ettt 2-14
2.9 Return on Capital and Operating RatE ..........c.uviiiiiiiiieiiie e 2-15
2.10 Return on Capital and Operating Rate ... 2-16
3.1 U.S. Average Return on INVESTMENT .......cooiiiiiiiiiiiieii ittt 3-1
3.2 U.S. Average Return on INVestmMent FOr@CAST ........covviiiiiiiiiiiie e 3-3
3.3 Petrochemicals and Polymers Profitability INAeX ..........cceviiiiiiiiiii e 3-4
3.4 U.S. Sector Profitability INAICES .......cccoeiiii i 3-5
3.5 U.S. Petrochemicals and Polymers Profitability IndeX .............cccc 3-7
3.6 U.S. Petrochemicals and Polymers Industry Return on Capital............cccueveiiiiiiiiiiiineininneen, 3-8
4.1 Projected Trends in Petrochemical Feedstock PriCing ...........ooeveiiiiiiiiiiiiiiiiiiieccee s 4-2
4.2 Petrochemical Feedstock Value Relative to WTI Crude Oil.........ccooiiiveiiiiiieiiiiee e 4-2
4.3 NAUFAl GAS PIICES ...ttt ettt e s 4-4
5.1 U.S. ENYIENE PIICES ...ttt ettt e e s 5-3
5.2  Steam Cracker Cash COSt MAIGIN .........cooiiiiiiiiiiiaaeiiii et e e 5-4
5.3 Steam Cracker Return on INVESIMENT.........oiiuiiiiiiiiiiie et 5-5
5.4  Steam Cracker Return on INVESTMENT.........cooiiiiiiiiiiieiii et 5-9
O Nexanr PPE PROGRAM Vi
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

5.5 Steam Cracker Cash COSt MArgin .........ceeeiiiuiiiiieee e iiiiieer e e e e s st e e e e e s s e eee e e s s ennnnnneeees 5-9
5.6 Steam Cracker (Ethane Feed) Cash COSt MarginS. .......c.cuueiviiieriiiiieiiiiee e 5-10
5.7 Steam Cracker (Propane Feed) Cash COSt Margins ..........ceeeeeiiiiiiiiiieeessiiiiieeeee e e s esnineeeeas 5-11
5.8 Steam Cracker (Ethane/Propane Feed) Cash CoSt Margins .........ccccvevvivieeiiiiniciniieee e 5-12
5.9 Steam Cracker (Butane Feed) Cash CoSt Margins.......ccccveveeeeeiiiiiiiiiieeee s ciinnieee e e e s e ssninveeees 5-13
5.10 Steam Cracker (Naphtha Feed) Cash CoSt Margins ..........coccuvieiiiirieiniiieeiiiie e 5-14
5.11 Steam Cracker (Gas Oil Feed) Cash COSt Margins ..........uuuveeeeiiiiiiiiiieee et ee e e e s esnveee s 5-15
5.12 U.S. Ethylene PriCe FOrECASES .......c.uuuiiiiiieiiiiiiiiiie ettt e e e e e e e e e e e s nannanee s 5-17
5.13 GlObal EtNYIENE PIICES .....eiiiiiiiiiiiieit ettt e e 5-18
5.14 U.S. Propylene SUPPIY . .uuuiieieiiee ittt a e e e e e st e e e e e e e e et r e e e e e e e e nnnnnaneees 5-19
5.15 Alternate Propylene Alkylation Value versus Refinery Grade Contract Prices...........ccc........ 5-23
5.16 Propylene Splitter Cash COSt Margins ........ccooeeiiiiiii e 5-23
5.17 Propane Dehydrogenation Margins ..........oooiuerioiiiiiieiiiiee e e i 5-24
5.18 Cracker Cost Competitiveness (Ethane versus Naphtha) ..............ccccc 5-27
5.19 Propylene:Ethylene Price RALOS.........coiuiiiiiiiiiiiiiiiie ettt 5-28
5.20 U.S. Polymer Grade Propylene PriCeS ... 5-29
5.21 Global Polymer Grade Propylene PrICES ......c.uuiiiiiiiiiiiiiiiic et 5-29
5.22 Butadiene Extraction Return on INVESIMENT..........ccuviiiiiiiiiiiiii e 5-33
5.23 Butadiene Extraction Cash COSt Margins .........cooiiiiiiiiiiiiieiiiie et 5-33
5.24 Cy4 Stream PriCe PrOJECHIONS .....coiiiiiiiiie ettt e e e e 5-35
5.25 U.S. BULAAIENE PFICES ...ttt ittt et et e et e e s 5-36
5.26 GlObal BUIAAIENE PrICES ....coi ittt e e 5-36
6.1 U.S. Leader Polyolefin Plant Return on Investment............ccccoooiiiei 6-2
6.2 U.S. POIYOIETIN PrICES ...ttt ettt e e 6-3
6.3 U.S. LDPE Return on INVESIMENL............coiiiiiiiiiiiiie e 6-5
6.4 U.S. LDPE Cash COSt MAIQINS ........euiiiiiiiiiiiiiiie ittt esnneeee s 6-6
6.5 U.S. LDPE PIICES e ettt ettt ettt e e e e e ettt e e e e et e e e e e e anb e es 6-7
6.6 GIODAI LDPE PrICES...cciiutiiiiiiiiiite ettt ettt ettt e sttt e ettt e e st e e s ananeee s 6-7
6.7 U.S. LDPE- Ethylene Price Differential .............ccccoooo oo 6-8
6.8 U.S. LDPE — LLDPE Price Differential ... 6-10
6.9 U.S. LLDPE Return on INVESIMENT .........coiiiiiiiiiiiiieie it 6-10
6.10 U.S. LLDPE Cash COSt MAIGINS ......cviiiiiiiiaiiiiieeiiiiee e st ee ettt et e e st e e aneeeeesanneeee s 6-11
B.11 U.S. LLDPE PIICES .t iiiiteeetee ettt ettt ettt e e e e e ettt e e e e e e e s n b e ee e e e e e e e e annneeeeeas 6-12
6.12 GIODAI LLDPE PrICES. ... utiiiiiiitiiie ittt ettt ettt e e sttt e e e st e e s nnb e e e e annaeee s 6-13
6.13 U.S. LLDPE - Ethylene Price Differential ............coouiiioiiiiiie e 6-14
6.14 HDPE and LLDPE Prices and PriCe@ RALO ..........cocuiiiiiiiiiieiiiiiie it 6-16
6.15 U.S. HDPE (Injection Molding) Return on INVESIMENt ..........cceeviiiiiiieiiiiiie e 6-17
O Nexanr PPE PROGRAM Vi
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

6.16 U.S. HDPE (Injection Molding) Cash COSt Margins ...........ueeeeeeeiiiiiieerreeessiiineeeeeeeesssnsneneees 6-17
6.17 U.S. HDPE Prices (Injection MOIdING) .......ccoiuuiiiiiiiiiieiiiiiec et 6-18
6.18 Global HDPE (Injection Molding) PrICES .....cccuuuiiiiiee ettt e e 6-19
6.19 U.S. HDPE (IM) - Ethylene Price Differential .............cooiiiiiiiiiiii e 6-20
6.20 U.S. HDPE (BM) - HDPE (IM) PriCe DIffereNtial ........e.eveveeeeeereeeeeeeeeeeeeeeeseeeeeseeeseseeenesenenes 6-20
6.21 U.S. Polypropylene ROI and Operating RALE...........cviiiiiiiiiiiiiiieiiiiee e 6-22
6.22 U.S. Polypropylene Cash COSt Margins ........cc.uuueieeeeiiiiiiiiiiieee e e s seiiiieeee e e e s e sssinneeeee e e s e snnnnnneeees 6-23
6.23 U.S. POIYPIOPYIENE PrICES...ciiiiei ittt ettt e e e e e e et e e e e e e s e s nnnnanneees 6-24
6.24 PP: HDPE (IM) Prices and RALIO........ccoouuiiiiiiiiiiiiiiii ettt 6-25
6.25 Global POlYPropYIENE PrICES ....cciiiiiiiiie ettt e e e e r e e e e e s aee s 6-25
6.26 U.S. Polypropylene — Propylene Price Differential.............coovveiiiiiiiiiiiiiiiic e 6-26
7.1 U.S. Chlor-alkali Return on INVESIMENT.........cuuiiiiiiiiieiiiec et 7-2
7.2 U.S. Chlor-alkali Cash COSt MAIGINS.........uiiiiuiiiaiiiiiieiiiiie ettt 7-2
7.3 U.S. CAUSHIC SOUB PIICES ....cuiieiiiiiiiii ettt 7-4
7.4 Global CauStIC SOUA PrICES. .....ciiiiiiiiiiiiie ittt 7-5
7.5  U.S. ChloriNe PriCiNgG ..cccoe e e 7-5
7.6 AVErage U.S. ECU VAIUES .......oiiiiiiiiii ittt 7-6
7.7 Ethylene Dichloride Return on INVeStMent............coooeiiiiiii 7-7
7.8 Ethylene Dichloride Cash COSt MargiNS........c.uuuiiiiiiiiaiiiiie e 7-8
7.9 U.S. Ethylene Dichloride PriCES ......cccooiiiii e 7-10
7.10 Global Ethylene DiChlOride PrICES ......cciuiiiiiiiiiiie ittt 7-10
7.11 Vinyl Chloride Return 0N INVESIMENT.........ooiiiiiiiiiiiii e 7-12
7.12 Vinyl Chloride Cash CoSt Margins ........ccoooiiiiiiiii e 7-13
7.13 U.S. Vinyl Chloride CONLIAaCE PIICE .....coiiiiiiiiiiiiie ittt 7-14
7.14 Global Vinyl Chloride PriCES......ccoo i 7-14
7.15 PVC Cash COSt MAIGINS .....ciuiiiiiiiiiite ittt ettt e e anb e e st e e e anneeee s 7-17
T 16 U.S. PV EC PrICES .etiieeiiiiiitt ettt ettt et e oottt e e e e 44 bbbttt e e e e e e bbb et e e e e e e e annbeeeeeas 7-18
717 U.S. POIYIMET PIICES ..coiiteiie ittt ettt ettt e st e e sttt e e s st e e e eee s 7-19
7.18 GIODAI PVC PIICES ....ciiiiitiiieiiitet ettt ettt e e e et s e e s e e s 7-20
8.1 U.S. Gasoline, Benzene, Toluene, and Mixed Xylenes PriCeS ........ccccvvvriieiiiiieeiiiiiee e 8-1
8.2 USGC COSE OFf OCIANE .....eeiiiiiiiiii ettt ettt ettt ettt e e 8-3
8.3  Reformer Cash COSt MAIGINS.......ocuuuiiiiiiiiieiiiii ettt e s e e annaeee s 8-6
8.4 Benzene Cash COSt MarQiNS........o.uuueiiiieaiiiiiii ittt e et e e e e e e e b e e e e e e e e e nnbeeeeeas 8-9
8.5 Benzene Cash COSt MAIGINS. .....cciuuiiieiiiiiie ittt ettt et e e st e e s e e e s anneeee s 8-12
8.6 U.S. BENZENE PIICES .itieieiiiiiii ettt etttk e ettt e sttt e e sttt e e e nb e e e s st e e e annaeee s 8-13
8.7  GlODAI BENZENE PIICES .....iiiiiiiiii ittt 8-13
8.8  U.S. TOIUENE PriCE PremMIUM ....cciiiiiiiie ittt ettt et e st e e nnneeee s 8-16
O Nexanr PPE PROGRAM x
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

8.9 U.S. TOIUBNE PIICES ...ttt ettt n 8-17
8.10 GIlODAI TOIUENE PIICES ... eeeiieiiiiee ettt e et e e 8-17
8.11 Mixed Xylenes Cash COSt MAIGQINS ......cccceiiiiiiiiiiiee e ieiie e e e s e e e e s e e e e e e e s e annnnraeees 8-19
8.12 U.S. MiIXed XYIENES PrICES ... ittt 8-22
8.13 Global MiXed XYIENES PrICES.....cii ittt e e e e e e e e e e s e e nannaneeees 8-22
9.1 Styrene Return on Investment and Operating Rate ............cooiiiiiiiiiiiiiiie e 9-2
9.2  Styrene Cash COSt MANGINS .....cciciiuiiiiieiie e iicieie e e e s e e e e e e e s a e e e e s e b eeeeeeeesesnnnnneeeees 9-3
LS IR T U I S T ] Y (=] L= o =T SRR 9-4
9.4 GlODAI StYIrENE PrICES. ... ettt ettt e et st e e s s 9-5
9.5 Polystyrene Cash COSt MaArQiNS .......uuuuiiieeiiiiiiiiiiiee e e e seetee e e e e e ssstre e e e e s s s nbaae e e e e e e s e ennnneneees 9-7
9.6 U.S. POIYSIYIEINE PrICES ...eiiiiitiiie ettt e ettt e e st e e s anbaeee s 9-9
9.7  U.S. POIYMET PriCES ..o 9-9
9.8  GIlOhal POIYSLYIENE PIICES .....uveiiiiiiiiee ettt e s 9-10
9.9 U.S. Polystyrene — Styrene Price Differential..............cccccoooii 9-11
.10 ABS IMAIGINS. ..ttt ettt ettt ettt ekttt ookttt ookt e ekttt e et n bt e e nan e s 9-13
9.11 ABS PriCe FOr@CaSt SCENAIIOS .....uuvvviiiiiiiieitieee ittt ettt e sttt e st e e e e 9-14
.12 GIODAI ABS PrICES ....eiiiitiiie ittt etttk e et e e 9-14
9.13 SBR MaAIQINS . .ci i 9-17
9.14 SBR PriCE FOIrECAST SCENATOS ....cutviiieiitiiiee ittt ettt ettt e et e s e e neneee s 9-18
9.15 GIODAI SBR PIICES ....ciiiiitiiie ettt ettt ettt ettt n e e e 9-18
10.1 para-Xylene Return 0N INVESIMENT .........uuiiiii s 10-2
10.2 para-Xylene Cash COSt MAITINS ........uuuuuuuuiiiiiiiii s 10-4
10.3 Integrated para-Xylene Cash COSt MaArginS ........cueiiiiiiiiiiiiiiee et 10-4
10.4 U.S. PAra-XYIENE PriCES ...uuuuuuuuiiiiiiii s 10-5
10.5 Global Para-XylENE PrICES.......coiiiiiii ittt e s b eeeeaae 10-6
10.6 ortho-Xylene Price Ratio to MiXed XYIENES.........uuuuiemiii s 10-8
10.7 U.S. OMthO-XYIENE PrICES ...ttt e et s st e e et eeeeane 10-8
10.8 Global Ortho-XYIENE PrICES. .. .uuuiiiiiiiii s 10-9
10.9 MEG Return on INVESIMENT.........uiiiiiiiiiiiiie e 10-10
10.10 MEG Cash COSt MAIGINS........ceiiiuueieeiiiiie ettt e st e st e e et e e e st e e e sbae e e s abaeeeeabaeeeeanes 10-12
L1011 U.S. MEG PIICES ..ttt ettt ettt e ookttt et e a2 4o ekt b et e e e e e e e e ba b et e e e e e e e e anbnbneeeaaeaan 10-13
10.12 GlODAI MEG PIICES ...ttt ittt ettt ettt e e e sttt e e st e e e st e e e anba e e e snbaeeeesnbaeeeeanes 10-13
10.13 PTA Cash COSt IMAIGINS ....ceeiiiitiiiiie ettt e e e ettt e e e e e e et e e e e e e e e e e nbeaneeeeaeaeas 10-16
O U ST I A T SRR 10-17
10.15 GIODAI PTA PFICES ettt ettt et e ettt e e e st e e e st e e e snbae e e e snbaeeeeanes 10-17
10.16 PET Return on INVESTMENT..........uuiiiiiiiiiiiiiii ittt 10-21
10.17 PET CaSh COSE IMAITINS ....cuieiieiitiiee ettt ettt e et e e e st e e e st e e e snbae e e e snbaeeeeanbaeeeeanes 10-21
O Nexanr PPE PROGRAM X
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

LO. L8 U.S. PET PHICES .oeiiiiieiiiii ettt ettt sttt e s e e ne e s e e nnnee e 10-22
10.19 GIODAI PET PFICES ..cciiitieie ittt ettt et e e et e e s st e e e s abereeeanes 10-23
11.1 U.S. Acrylonitrile Return on INVESIMENT ........uiiiiiiii e ee e e e st e e e e e 11-3
11.2 U.S. Acrylonitrile Cash COSt MANGINS ........oiuuiiiiiiiiieiitiee ettt 11-3
11.3 U.S. ACIYIONIIIIE PrICES ..ueiiieeiiiiiiiiiit e ettt e et e e e e e s e e e e s e et e e e e e e s e nntnareaeeaeeeas 11-4
11.4 Global ACIYIONITIIE PIICES ....ueiiiiiiiieee ittt e et e s abaeeeeaaes 11-5
11.5 U.S. Acetone — Propylene Price SPread ..........ccciiiiiiiiiiie e sesitreee e e stnanene e e 11-7
11.6 Cumene Cash COSt MArQINS .......uuuiiieeeiiiiiiiiiie e e e e s s et e e e e e s e s e e e e e e s s st ee e e e e s s aasnrreaeeaeaes 11-8
11.7 Phenol RetUrn 0N INVESIMENT........uiiiiiiiii ettt e e b e 11-10
11.8 Phenol Cash COSt MArgiNS.......cc.uuuiiieieeiiiiiiiieee e e e s s seieree e e e e s e st e e e e e e s s aanbeeaeeeeeesannsnaneraeaeees 11-10
11.9 Phenol Cash COSt IMAIGINS. .....cciiiiiiiiiiiiie ettt e et e et e e st e e e e abaeeeeaaes 11-11
11,10 U.S. CUMENE PIICES ... .tiiiiiiitiiie ittt ettt ettt e e ettt e e et e e s e e e st e e s snn e e e e s nnneeeenans 11-12
11,21 U.S. PRENOI PIICES .ttt ettt ettt e st e e et e e et e e e e e abneeeeanes 11-12
1112 U.S. ACEIONE PIICES ....itiiieiiiiiii ettt ettt ettt e et e et e e et e e e e e e e an e e e s nnne e e e e 11-13
11.13 GIODal PRENOI PICES .. .eeiiiiiiiiit ettt e e b e e e ane 11-13
11.14 GlODAl ACEIONE PrICES ....ciiiiitiiiei ittt et e e e e e nnneee e e 11-15
11.15 Cyclohexane Leader MarginS. ... .....ccoiuurie ittt e st e st e e s sbneeeeanes 11-17
11.16 Cyclohexane Premium over Contract BeNzene PriCeS .......ccccoviiiiiiiiiiiiiiiiicccec 11-18
11.17 U.S. CYCIONEXANE PrICES.....utiiiiiiiiiee ittt e et e e sbeeeeeane 11-18
11.18 Global CyCIONEXANE PFICES .....uuuuiiiiiiiiiii s 11-19
11,19 2-EH LEAUET IMBITINS ....eeieiiitiete ittt ettt ettt ettt e ettt e e st e e e st e e e et e e s st e e e e anbaeeeeanes 11-21
11.20 2-EH PriCe FOIrECASE SCENAIOS ... veeiiiiutiiieiiiiiie ettt ettt ettt e et e e et e e st e e e abaeeeeanes 11-22
11.21 GIODAI 2-EH PIICES ...ttt ettt et e et e e e e e nan 11-22
11.22 n-Butanol Leader IMArQINS .........uuueiueeiiiiieiii s 11-25
11.23 n-Butanol Price FOreCast SCENANOS ... ...ccciiuiiieiiiiiee ittt e s e e 11-26
11.24 GIoDal N-BULANOI PIICES......utiiie ittt ettt e e e e e 11-26
11.25 Isobutanol:n-Butanol PriCe RALIOS ..........uiiiiiiiieiiiiii ettt 11-27
11.26 Isobutanol Price FOreCast SCENAIIOS ........ciiuuiiiiiiiiieiiiiie ettt e e sbaee e 11-28
11.27 Global 1ISODULANOI PTICES ......veeiiiiiiiiei ittt 11-28
O Nexanr PPE PROGRAM X
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

Table Page
2.1 Economic Growth for Medium Crude Oil Price SCENArIiO ..........uveiiiviiiiiiiiieiiiieee e 2-6
3.1 Average Return 0N INVESTIMENT......ooiiiiiiie et e e a e e e aab s 3-2
3.2 U.S. CaSh FIOW INAEX......eeiiiiiiiii ettt anaee s 3-6
5.1 Steam Cracker (Ethane Feed) Profitability and Ethylene Price Projections ..............cccvvve... 5-11
5.2 Steam Cracker (Propane Feed) Profitability and Ethylene Price Projections ...............ccc.ee... 5-12
5.3 Steam Cracker (Ethane/Propane Feed) Profitability and Ethylene Price Projections............ 5-13
5.4  Steam Cracker (Butane Feed) Profitability and Ethylene Price Projections ............ccccoocuveee. 5-14
5.5 Steam Cracker (Naphtha Feed) Profitability and Ethylene Price Projections...............c.c........ 5-15
5.6 Steam Cracker (Gas Oil Feed) Profitability and Ethylene Price Projections..............ccccve... 5-16
5.7 Propylene Margins and Price ProjeCtions ... 5-25
5.8 Butadiene Margins and Price ProjECIONS .........ciiiiiiiiiiiiiiiciiiiie et 5-34
6.1 U.S. LDPE Margin and Price ProjeCtionS........ccccoiieiiiiii e 6-6
6.2 U.S. LLDPE Margins and Price Projections ..........cccccceieeiiii e 6-12
6.3 U.S. HDPE (Injection Molding) Margins and PriCiNg .........ccciruiiiiiiiiieiiiiee e 6-18
6.4 U.S. Polypropylene Profitability Projections ..........cccccoooieiii 6-23
7.1  Chlor-alkali Profitability ProjECtIONS ..........viiiiiiiiiiiiiii e 7-3
7.2  Ethylene Dichloride Profitability ProjeCtions..........ccccooeiiiiiii 7-9
7.3 VCM Profitability ProjECHONS .....ciiiiiiiiiiiieie et 7-13
7.4  PVC Profitability ProjeCtions.........ccooiiiiiiiii e 7-18
8.1 Reformer Profitability ProjJECHONS .......coiiiiiiiiiiiiie et 8-6
8.2 Benzene Profitability Projections...........cooooiiiiiiii 8-12
8.3 UL.S. TOIUEBNE PFICES ..ttt ettt ettt e e e anbaeee s 8-17
8.4 Mixed Xylenes Profitability Projections ... 8-21
9.1 Styrene Profitability ProJECHIONS. ........oiiiiiiiiiii e 9-4
9.2  Polystyrene Profitability Projections ... 9-8
9.3  ABS Profitability ProjeCtionS.........ccooi oo 9-13
9.4 SBR Profitability PrOJECHONS. .....ciiiiiiiii it 9-17
10.1 para-Xylene Profitability ProjeCtioNS .........cooiiiiiiiiiii e 10-5
10.2 MEG Profitability PrOJECHONS ......iveiiii ittt e et e et e e e sbeeee e e 10-12
10.3 PTA Profitability ProJECHIONS ........uuiiiiiieee it e e e e e e 10-16
10.4 PET Profitability PrOJECHONS ......civiiiiiiiiiie ettt e e 10-22
11.1 U.S. Average Acrylonitrile Profitability ProjeCtions............ccooiiiiiiiiiiiiiiiiiiicee e 11-4
11.2 Cumene Profitability ProjECHIONS ......coiuiiiiiiiiiie i 11-8
11.3 Phenol Profitability ProjECHIONS ........ciiiiiiiiiiiiiee e e e e e 11-11
O Nexanr PPE PROGRAM i
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



Contents

11.4 Cyclohexane Profitability ProjeCtioNS ..........uviiiiiiiiiiiiiiece e re e e 11-17

11.5 2-EH Profitability PrOjJECHONS ......iveiiii ittt 11-21

11.6 n-Butanol Profitability PrOJECHONS .......c.uviiiiiiiiei it 11-25

O Nexant PPE PROGRAM xii
warm-neciarithinking oom Petrochemical Profitability Forecast — United States

A00235.040



