Vinyl Acetate

August 2016 Report Contents

Vinyl Acetate

Table of Contents

A Report by
Process Evaluation/Research Planning (PERP) Program
PERP Report 2016-4 — Published August 2016

www.nexantthinking.com

Section Page
1 EXECULIVE SUMIMAIY ...ttt ettt ettt e et e e et n e e e b 1
1.1 TECHNOLOGY OVERVIEW ... s 2

1.1.1 Acetylene-Based ProCeSS .......ccccoiiiiiiiiiii e 2

1.1.2 Ethylene-Based ProCessS........ccccceiiiiiiiiii 2

1.2 MAJOR PRODUCERS AND TECHNOLOGY LICENSORS..........ccceiiiiiiii, 3

13 STRATEGIC OPTIONS FOR VAM ...coiiiiiiiiiiiiiiiiiiiiiiieeiteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesenenenes 6

14 PROCESS ECONOMICS......ciiiiieitieeiie ettt see e snee e be e e sneeeanees 6

1.4.1 Sensitivity to Raw Material PriCes ... 8

1.4.2  Sensitivity t0 CapacCity ......ccoeeeiiiiiii 11

1.5 MARKET OVERVIEW ... 12

08 T8 R €110 o T= LI @ A= A 1= PR 13

2 a0 T [T o) o PSP 17
2.1 TECHNOLOGY OVERVIEW. .....coiitiiiiiiiiiieesit ettt 18

2.1.1 Commercial Acetylene-Based Process (Vapor Phase) ........cccccevvvvvvvvvennnnns 18

2.1.2 Commercial Ethylene-Based Process (Vapor Phase) ...........ccoccevvvvieeinnnn. 19

2.2 MAJOR PRODUCERS AND TECHNOLOGY LICENSORS.........ccccoeiiiiiii, 19

2.3 STRATEGIC OPTIONS FOR VAM ..ottt eeeeeeeeeeeeeeeeeeeeeeeeseeeneneees 22

24 PRODUCT SPECIFICATIONS ..ottt 23

2.5 PHYSICAL PROPERTIES ...ttt 23

3 Commercial Technologies - CONVENLIONA .........ocuuiiiiiiiiii e 24
3.1 VAPOR PHASE ACETYLENE PROCESS ... 24

I 0 R O £ =T 011 RSP R T PRT 24

3.1.2 Feedstock Impurities and Waste Streams Handling ...........cccccceveeeiiiiiinnnnn. 25

3.1.3  Process DESCIPLION ...cciiiiiiiiiiiie ettt e e 26

3.2 VAPOR PHASE ETHYLENE PROGCESS ... ..o s 29

I R O =T 011 ST PST 29

3.2.2  CaAtalySt SYSLEIM ..ot 31

3.2.3  PrOCESS OVEIVIEW ...eviiiiiieii ittt e e ettt e e e e et e e e e e e e s annbeeeeeas 31

O Nexanr PERP PROGRAM 1

www.nexantthinking.com

PERP 2016-4, Vinyl Acetate
A00101.0016.4104



Vinyl Acetate August 2016 Report Contents

4 Commercial TeChNOIOgIes - PropriCtary ..........oooiuuieiiiiiiie ettt 34
4.1 CELANESE - VANTAGE™ PROCESS TECHNOLOGY ....ccceiiiiieiiiieiiie i 34
4.1.1  Celanese CatalyStS .......ccoiiuiiiiiiiiiieiiieie et 34
4.1.2  ProCess DESCIPLON ...uuviiieiiei ittt e e e e ettt e e s e s r e e e e e s s s ee e e e e e e e nnnes 35
4.2 LYONDELLBASELL - VACIDO™ PROCESS TECHNOLOGY ......ccccevivveiiiienieene 39
4.2 1 BaCKGrOUNG ...ttt 39
4.2.2  ProCess DESCIIPLION .....eiiiiiiiieiiiiiee ettt e e 39
4.2.3  CAtalySt SYSTEIM ...oiiiiiiiiii it 41
4.3 SHOWA DENKO PROCESS TECHNOLOGY ....ccvviiiiiiiiiieiiee e 42
0 Tt R = T T 2o | (0] ¥ oo PSSP PPPRPR 42
4.3.2  ProCess DESCIIPLION ...uueiiiiiiiiiiiiiie ettt e e 42
4.4 INEOS - LEADING EDGE ACETOXYLATION PROCESS (LEAP™)
TECHNOLOGY .ottt ettt ettt et nnnes 44
4.4.1 Johnson Matthey Catalysts for Fluidized Bed Process...........ccccccevviineennns 47
4.4.2  Limitations of Fluidized Bed ProCESS ........ccueiiiiiiiieiiiiiie e 48
4.5 OTHER COMMERCIAL TECHNOLOGIES........coiiiiiiiiiieeie e 48
4.6 SPECIALIZED CATALYST PRODUCERS .......cciiiiiiiiiiieeie e 48
4.6.1  CIAIANT ...ttt 48
4.6.2 CRI Catalysts (Shell GIroUP) ......uuviiiiiiiie it 49
4.6.3  EVONIK INAUSTIES ..ottt 49
5 Developing TeChNOIOQIES ......coco e e 51
51 ACETYLENE-BASED TECHNOLOGY DEVELOPMENTS ....ccooiiiieiiiiiiiee e 51
5.1.1  Process DeVEIOPMENT ........iiiiiiiiiiiiiiie ettt 51
5.1.2  Catalyst DEVEIOPMENT .......oiiiiiiiiiei it 51
5.2 RENEWABLE FEEDSTOCK BASED TECHNOLOGIES...........ccooiiiiiiiii, 52
5.3 ACETIC ACID BASED PROCESS.......ciiiiiiiiieitie ettt 53
54 ETHANE BASED PROCESS. ......coiiiiiiiieiie ittt 54
55 HISTORICAL (ETHYLIDENE DIACETATE BASED) PROCESS .......ccoeviiiivieeeeeenn. 54
6 PrOCESS ECONMOMICS ... ittt ettt ettt ettt e bt e e et e e ettt e e e st e e e e nnbn e e e e nneas 56
6.1 COSTING BASIS .ottt ettt et e et et e e aree e enteeanneeeeneeeennes 56
6.1.1  INVESIMENT BASIS .....eviiiiiiiiieiiiiit ettt 56
6.1.2  PIICING BaASIS.....eieiiiiiii ettt 56
6.1.3  CoSt Of ProduCtion BaASIS .......cuuuvieiiuiiiieiiiiiie it 58
6.2 COST OF PRODUCING VINYL ACETATE FROM (CALCIUM CARBIDE
DERIVED) ACETYLENE ... .ooiititiiit ettt 59
6.3 COST OF PRODUCTION FOR ETHYLENE BASED FIXED BED
TECHNOLOGY .ttt e bbbttt e e ab e e bt e e sabeeenneeas 61
6.4 COST OF PRODUCTION FOR ETHYLENE BASED FLUIDIZED BED
TECHNOLOGY .ttt e bbbttt e e ab e e bt e e sabeeenneeas 65
6.5 SUMMARY OF PROCESS ECONOMICS .......coiiiiiiiiie et 69
O Nexanr PERP PROGRAM 2
Wi nexantihinking.com PERP 2016-4, Vinyl Acetate

A00101.0016.4104



Vinyl Acetate August 2016 Report Contents

6.6 SENSITIVITY ANALYSES .. .ottt be e 71

6.6.1 Sensitivity to Raw Material PriCES .........cccuviiiiiiiiiiiiie e 71

6.6.2  SensitiVity t0 CAPACILY ......vvieiiiiiieiiiiii ettt 73

7 Commercial APPIICALIONS .....vvvieieei ittt s e e e e e s e e e e e e s st e e eeeeseannnaneneees 75
7.1 POLYVINYL ALCOHOL (PVOH) ...ttt 76

7.2 POLYVINYL ACETATE (PVAC) .ottt ettt 76

7.3 ETHYLENE VINYL ACETATE (EVA). ..ottt 76

7.4 OTHERS. ...ttt ettt e e bt e e ket e e bt e e ebb e e enbeeabeeesnbeeennes 76

8 Regional Market ANAIYSIS ........coi ittt e e e e e e s e e e e e e s e annraaneees 77
8.1 GLOBAL OVERVIEW ...ttt ettt 77

700 A = o ¢ =V g T U SPRPSR 77

8.L.2  SUPPIY ot 77

8.1.3  Supply, Demand, and Trade ..........cccueeeiiiiieiiiiiie e 78

8.1.4  GloDal Trade.......oiiiiiiieeiiii e 79

8.2 NORTH AMERICA ...ttt 80

S 2720 R B = 3 ¢ =V g o PR 80

8.2.2  SUPPIY et 80

8.2.3  Supply, Demand, and Trade ..........cccveeiiiiiiiiiiiie e 80

8.3 BEUROPE ...ttt ettt ettt n e b e 81

8.3.1  DEMANG .. .oiiiiiiiiie e 81

8.3.2  SUPPIY e 81

8.3.3  Supply, Demand, and Trade ..........ccceeeiiiiiiiiiiiie e 82

8.4 ASIA PACIFIC ...ttt 83

8.4 1 DEMANG .. .oiiiiiiiiii et 83

842 SUPPIY ettt 83

8.4.3  Supply, Demand, and Trade ..........ocueeeiiiiiieiiiiie e 85

85 REST OF THE WORLD ... 86

8.5.1  DEMANG .. oottt 86

8.5.2  SUPPIY ettt 86

8.5.3  Supply, Demand, and Trade ..........ccccccuumummimmmiiii s 87

9 (€[0S S: 1Y PP PPUPRPPPPRRTN 88
O = (=T =T (o= O PP T OPPRP PRSP 89
Appendix Page
A Definition of Capital Cost Terms Used in Process ECONOMICS ..........ccoeeeiiiiiiiiiiiieeenniiiiieee. A-1
B Definition of Operating Cost Terms Used in Process ECONOMICS..........ccvvvvvvirirereeesiiiininnnn. B-1
C Cost of Production Estimates for Key Transfer Prices Used (USGC)........ccccovveeiiiiiieeeiiiieneennns C-1
D PERP Program Title Index (2007 = 2016) ....cceiiurieeiiiieeeeiiiee ettt e s D-1

O Nexanr PERP PROGRAM 3
Wi nexantihinking.com PERP 2016-4, Vinyl Acetate

A00101.0016.4104



Vinyl Acetate August 2016 Report Contents

Figure Page
1.1 Vinyl Acetate Value ChaiN.......cccuviiiiiie it e e s e e e e e e e et araaaaaee s 1
1.2 WOrld CApACILY SNAIE .....coiiiiiieiitii ettt e et e et e st e e e e e abneeeeaaes 3
1.3 Comparison of VAM Costs of Production ESIMates...........ccveeiiiiiiiiiiiiiiiiiiiee e 7
1.4 Sensitivity of VAM Production Costs to Acetic Acid Prices in China...........ccccccoviiiiiiiiineeenns 9
1.5 Sensitivity of VAM Production Costs to Acetic Acid Prices in the U.S. Gulf Coast................ 9
1.6 Sensitivity of VAM Production Costs to Ethylene/Acetylene Prices in China .............ccccec.e. 10
1.7  Sensitivity of VAM Production Costs to Ethylene Prices in the U.S. Gulf Coast.................... 10
1.8 Sensitivity of VAM Production Costs to Economy of Scale in China ..........cccccooviiieiiiiinecens 11
1.9 Sensitivity of VAM Production Costs to Economy of Scale in the U.S. Gulf Coast................ 11
1.10 VAM ENd-USE APPIICALIONS ....eeiiiiiiiiiiitiiie ettt et e e s nbaeee e 12
1.11 Global VAM Demand by ENd-USE, 2015.......coiiiiiiiiiiiieiiee et sieeee e ineeeeee e e 13
1.12 Global VAM Capacity DY REGION ......cciviiiiiiiiiie ittt 14
1.13 Global VAM Supply, Demand, and Trade ...........cceeeiiiiiieiiiiieeeiiiie et 15
I S ] (o o = I AN 1Y I = o = RSO PRRRR 16
2.1 Vinyl Acetate Value Chain.........ccoooi i 17
2.2 Summary of VAM EVOIULION .....cooiiiie 18
2.3 World Capacity SNAre .......cccoeiiiiie e 20
3.1  Vapor Phase ACEtYleNe PrOCESS.......ccccoiii i 28
3.2 Vapor Phase Ethylene Simple Block Flow Diagram ..........cccccoeiiiiii 32
4.1 Celanese VANIAGE ™ PrOCESS.......cciiiiiiiieiiee e i e ittt e e e e e s e st r e e e e e e s s st aeeeeessasssabareeeaeeesaannes 36
4.2  Simplified LyondellBasell VacidO™ ProCESS .........uuuiiiiiiiiiiiiiiiiiee et 40
4.3 Simplified Block Flow Diagram for Showa Denko ProCcess..........ccccccceiiiiiiiiiiiiii 43
4.4 INEOS Vinyl Acetate LEAP™ Technology Block Flow Scheme...........ccccccooviviiiiieiiieiiins 46
6.1 Comparison of VAM Costs of Production EStimates ...........cccccooiii 69
6.2 Sensitivity of VAM Production Costs to Acetic Acid Prices in China....................cco 71
6.3 Sensitivity of VAM Production Costs to Acetic Acid Prices in the U.S. Gulf Coast................ 71
6.4  Sensitivity of VAM Production Costs to Ethylene/Acetylene Prices in China ....................... 72
6.5 Sensitivity of VAM Production Costs to Ethylene Prices in the U.S. Gulf Coast.................... 72
6.6  Sensitivity of VAM Production Costs to Economy of Scale in China ...........cccccveviiieeiiiinnnn. 73
6.7 Sensitivity of VAM Production Costs to Economy of Scale in the U.S. Gulf Coast................ 73
7.1 VAM ENd-USE APPLICALIONS .....eeiiiiiiiiieiiieie ettt e e 75
7.2 Global VAM Demand by ENd-UseE, 2015..........uuiiiiieiiiiiiiiiieee e e e e e e e s ennaeeee s 75
8.1 Global VAM Capacity DY REGION ......coiiiiiiiieiiiiie ettt 78
8.2 Global VAM Supply, Demand, and Trade ...........coouiiieiiiiiieiiiiee i 78
TR T €110 o F= VY N 1Y/ I = To [ RS 79
8.4  North American VAM Supply, Demand, and Trade .........cccooouiiieiiiiiieiiiiee e 81
8.5 West European VAM Supply, Demand, and Trade..........cccooueiieiiiiieiiiiee e 82
8.6  Asia Pacific VAM Supply, Demand, and Trade...........cocceiieiiiiiiiiiiieeiiieee e 85
8.7 Rest of the World VAM Supply, Demand, and Trade ........ccocuueeeiiiiiieiiiiiee e 87
O Nexanr PERP PROGRAM 4
Wi nexantihinking.com PERP 2016-4, Vinyl Acetate

A00101.0016.4104



Vinyl Acetate August 2016 Report Contents

Table Page
1.1  Major VAM TeChnology HOIAEIS.......cccciiiiiiiiiee et a e e eanareaa e e e 5
1.2 Strategic/Business CONSIAEIALIONS ........ccciiuiiiiiiiiiie ittt 6
1.3 Comparison of VAM Costs of Production ESIMates...........ccveeiiiiiiiiiiiiiiiiiiiee e 7
1.4 Global VAM Demand DY REGION ......coiuiiiiiiiiiiei ittt e e 13
1.5 Global VAM Supply, Demand, and Trade ...........cccoeiiiiiieiiiiiieeiiiee et 15
2.1 Major VAM Technology HOIUEIS. .......cooiiiiiiiiiiiiic ittt 21
2.2 Strategic/BuSIiNESS CONSIAETALIONS ......cuviiiiiiiiiieiiiii ettt e e 22
2.3 Commercial VAM Product SPeCifiCatiONS..........ciiiuiiiiiiiiiiieiiiiie et 23
2.4 VAM PhYSICal PrOPEITIES ....ciiiiieiiiiteii ettt s 23
I R = o | [T o To I = o 11 | S PSPPSR TOPPP PP 26
3.2 Typical VAM Product Specifications for the Acetylene-Based Process.........cccccccceevevivvnnnnnn. 29
3.3 Boiling Point of Selected Chemical COMPOUNGS.........coiuiiiiiiiiiieiiiiie e 33
6.1 Key Prices used in Cost of Production Tables ... 57
6.2 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Acetylene-Based; ChiNa..........ccooiuiiiiiiiiiiiiiiiieceee e 60
6.3 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fixed Bed; China.............cccoooeiiiii 62
6.4 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fixed Bed; Western EUrope..............cccceeeeeeeeeeee.n. 63
6.5 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fixed Bed; USGC .........ccocevivieiiiiiiiiiieeee e, 64
6.6 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fluidized Bed; China.........ccccccevvviciiiiiineeeneeiiie, 66
6.7 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fluidized Bed; Western Europe.................ccoeo....... 67
6.8 Cost of Production Estimate for: Vinyl Acetate

Process: Vapor Phase Ethylene-Based Fluidized Bed; USGC.............ccccoooiiiiiiiie, 68
6.9 Comparison of VAM Costs of Production Estimates.............cccooooii 69
8.1 Global VAM Demand by ReQION .....cccooiiiiiiiie e 77
8.2 Global VAM Supply, Demand, and Trade ..o 79
8.3 VAM Capacity in North America in 2015..........coooiiiiiiiii 80
8.4  North American VAM Supply, Demand, and Trade ..o, 81
8.5 VAM Capacity in Western EUrope iN 2015 ... ...uuiiiiiiiiiiiiieiie e 82
8.6 West European VAM Supply, Demand, and Trade............cccceeeriiiiiiiiieeais e 82
8.7 VAM Capacity in Asia PacifiC IN 2015 ......coiiiiiiiiiiiee it 84
8.8 Asia Pacific VAM Supply, Demand, and Trade...........cccuuueiiiiiiiiiiiiiiiiieeee e 85
8.9 VAM Capacity in Rest of the World in 2015 ... 86
8.10 Rest of the World VAM Supply, Demand, and Trade ........ccoccuevveiiiiiieiiiiiee e 87

O Nexanr PERP PROGRAM 5
Wi nexantihinking.com PERP 2016-4, Vinyl Acetate

A00101.0016.4104



Vinyl Acetate August 2016 Report Contents

Process Evaluation/Research Planning

O Nexanr

www.nexantthinking.com

The NexantThinking™ Process Evaluation/Research Planning (PERP) program
is recognized globally as the industry standard source for information relevant to
the chemical process and refining industries. PERP reports are available as a
subscription program or on a single report basis.

Contact Details:

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

London: Sonia Ouertani, Client Services Coordinator, NexantThinking
Phone: + 44 207 950 1587, e-mail: souertani@nexant.com

Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 38 years, Nexant
has helped clients increase business value through assistance in all aspects of business strategy, including business intelligence, project feasibility and
implementation, operational improvement, portfolio planning, and growth through M&A activities. Nexant has its main offices in San Francisco
(California), White Plains (New York), and London (UK), and satellite offices worldwide.

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

O Nexanr PERP PROGRAM 6
www.nexantthinking.com PERP 20']6_47 V|ny| Acetate
A00101.0016.4104


mailto:souertani@nexant.com

