Acrylic Acid and Acrylates

September 2014 Report Contents

Acrylic Acid and Acrylates

Table of Contents

A Report by NexantThinking™
Process Evaluation/Research Planning (PERP) Program
PERP Report PERP 2014-3- Published September 2014

www.nexantthinking.com

Section Page
1 EXECULIVE SUMIMAIY ..o, 1
1.1 OVERVIEW ..ottt ee e e e eeeeeeeennnes 1
1.2 COMMERCIAL TECHNOLOGIES ......oooitiiiiiiiieiieeie e 1
1.3 ALTERNATIVE TECHNOLOGIES .....cceiiiiiiieiieiee et 2
14 PROCESS ECONOMICS......oiitiie ittt ettt st et siee e aeee e e e 2
141 ACIYIC ACI ..o 2
1.4.2  ACIYIAtE ESIEIS .ot 4
1.5 COMMERCIAL APPLICATIONS ..ottt 4
1.6 REGIONAL MARKET ANALYSIS ... 5
1.6.1 Acrylic Acid Supply/Demand ...........ccccoeiiiiiiiii 5
1.6.2  Acrylates SUPPlY/DemMEaNd ........ccocuiiiiiiiiiieiiiiee e 7
2 INEFOTUCTION ...ttt e et e et e e ettt e e et e e e e e e anes 10
2.1 OVERVIEW ...ttt ettt e e e eeeeeeeennenes 10
2.2 ACRYLIC ACID ...ttt bttt ettt 11
2.2.1  Acrylic ACid TEChNOIOQY ....ceeiiiiiieiiiiiie it 12
2.2.2  BUSINESS DEVEIOPMENTS.....cceiiiiiiiiiiiiiiiiieeeieieeeeeeeeeee et aveaaaeaeaenes 15
2.2.3 Technology Holders and Licensing Status.........ccccccvveviiiieeniiiieeenninn. 15
2.2.4  Strategic and Business Considerations ...........ccccouvveveiiiiinesinieeeeenennn. 17
2.2.5 Physical Properties and Specifications ..............ccevvvvveviieeeiiieeireiiiinennnns 18
2.2.6  Health HAzZardsS..........oooiiiiiieiiiiie et 18
2.2.7 Storage and TranSPOrtatioN ............eevvvviiiiieiiieieeeeeeeeeeeeeeeeeeeeeeerereeeraeeees 18
2.3 ACRYLATE ESTERS ...ttt 19
2.3.1 Acrylate Ester TEChNOIOQY ...ccovvvviiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeee e 20
2.3.2  BUSINESS DEVEIOPMENTS ....ciiiiiiiie it 21
2.3.3 Strategic and Business Considerations ................eeeeveeevereveeeeereeerennnnnns 21
O Nexanr PERP PROGRAM 1

www.nexantthinking.com

PERP 2014-3, Acrylic Acid and Acrylates
A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

2.3.4  Physical Properties and SpecifiCations ............cccoovvrieiiiiiieiiiiiee e 23
2.3.5  Health HAzards........cccooiiiiiiiiie e 24
2.3.6  Storage and TranSPOITaAtiON ..........cceeieiiiiiieiiiiie et 25
3 Commercial TECNNOIOGIES ....uviiieii it e e e e s e e e e e e e annaaeneees 26
31 ACRYLIC ACID e s 26
3.1.1 Acrylic Acid via Two-step Propylene Oxidation.............cccocecvvvieeeeeeesviivnnnnnn. 26
3.2 GLACIAL ACRYLIC ACID ...ttt ettt ee e e e eeeesseeeeeeseesennnne 45
3.2 1 CryStalliZatioN ........eviiiiiie e 45
3.2.2 DISHHALION ..o 47
3.1 ACRYLATE ESTERS ... s 48
3.1.1  Commodity Acrylates via ESterifiCation ............ccccoviieiiniiiieiniiic e 48
3.1.2 Specialty Acrylates via Trans-Esterification .............cccooeeiiiiiiiiiiiiiiiiiiiiiinns 54
3.1.3  Environmental CoNSIAErations ...........ccoiiiiiieiiiiieeiiiiie e 54
3.2 PROCESS IMPROVEMENTS AND ON-GOING RESEARCH ..., 55
B.2.1 ATKEIMA ettt 55
Bi2.2  BASE s 55
3.2.3  CRIANESE ..ooiiiieeie et 56
3.2.4 Dow Chemicals (NOW ArKEMA) .......ccuiiieiiiiieeiiit et 56
3.25 LG CREMICAIS .....ciiiiiiiee ettt 57
Bi2.8  LUIGi. ittt 57
3.2.7  Mitsubishi Chemical COrporation ...........ccccceeeueemmmmmmiinas 57
3.2.8  NIPPON KAYBKU ...ttt 58
3.2.9  NIpPPON SNOKUD@I .....uvviiiiiiiiiiiiiiii s 58
3.2.10 Rohm and Haas (DOW/ATKEMA) ........eeeeiiiiiieiiiiiee it 58
3.2.11 Shanghai HUAYi GrOUP ......uuuuuruuuririiiiiniiiiiiii s 59
3.2.12  SUMItOMO CREMICAL .....coiiiiiiiiiiie e 59
3.2.13 TOSON COrPOIAtiON. ...uuuuuieirieiiitiiiriiieina s 59
3.2.14  UNIoN Carbite .....ccoiiiiieiiiiie et 60
4 Alternative TECHNOIOGIES .....coiiiiiiieie et 61
4.1 BIO-BASED ACRYLIC ACID TECHNOLOGIES........coooi 61
4.1.1 Acrylic Acid via 3-Hydroxypropionic Acid (3-HP) from Glucose................... 61
4.1.2  Acrylic Acid via Acrolein from GIYyCerol............cccoiiiiiiiiiiiiiiiieeeee e 62
4.1.3 Acrylic Acid via Fumaric Acid from Glycerol...........ccocovveiiiiiiiiiiiiiiiieee 64
4.1.4  Acrylic Acid via Bio-Based LactiC ACI ...........cccoeiiiiiiiiiiiiieeaiiiieieeee e 65
4.1.5 Acrylic Acid via Bio-Based Acetic Acid and Formaldehyde ..............cc......... 66
O Nexanr PERP PROGRAM 2
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

4.2 BIO-ADAPTABLE ACRYLIC ACID TECHNOLOGY ....cooiiiiiiiiiiiie 70
4.2.1 Acrylic Acid via Polypropiolactone from Ethylene Oxide...........cccccveveeeiinnns 70
4.3 HISTORICAL ACRYLIC ACID PROCESSES. ... 75
4.3.1  Acrylic Acid Via EtNYIENE ...t 75
4.3.2  Acrylic Acid Via ACELYIENE ......coiiiiiiiiiieie e 76
4.3.3  Acrylic Acid via B-pPropiolactOne ..........cccoccvuririieeeisiiiiiie e e e e e 78
4.3.4  Acrylic Acid Via Propylene .........c.oooiiiiiiiiiiiiic et 81
4.4 ALTERNATIVE ACRYLATE ESTER TECHNOLOGIES........cccoiiiiiie 82
4.4.1  Acrylic ESters via ACELYIENE ........uviiiiiiiiei ittt 82
4.4.2  Acrylic Esters via ACIyIONItrile .......ccoooeiieieieeee e 83
4.4.3  Acrylic ESters via KEIENE ......cooiiiiiiiiiiiic e 83
5 PrOCESS ECONOMICS ....eiiiiiitiie ettt ettt et e et e e et e e e et e e e e e e e nnes 85
5.1 COSTING BASIS .ottt t ettt ettt ettt e e e et e eeeseseeeeeeeeeennnnes 85
5,11 INVESIMENT BASIS ....iviiiiiiiiiie et 85
5.1.2  PriCING BaASIS....uuuuiuiiiiiiiiiiiiiiiiiiii s 85
5.1.3  Cost Of ProducCtion BASIS ........cuutieiiiiiieiiiiie ettt 87
5.2 PROCESS BENCHMARKING ... 88
5.2, ACKYIIC ACIH ..t 88
5.2.2 Cost Comparison for the Production Acrylic ACId ............eevvvvveeivveieiiriiiinnnns 93
5.2.3  ACIYIAIE ESLEIS ..eeiiiiiiiee ittt 99
5.2.4  SenSitiVIty ANAIYSIS.....couiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee et ee e eeaeeeeaa e e aeaararaaaaaaa 101
5.2.5 Regional Cost of Production Analysis (Cost Competitiveness) ................... 102
6 Commercial APPIICALIONS ........viiieeeieieieeie ettt eeeeeeeseeseeeeeesasssssesssssesssssesssssnssssnnnnnes 118
6.1 CRUDE ACRYLIC ACID AND ACRYLATE ESTERS .....ooiiiiiiiiiieieeeeeeeeeeeeeeeeees 118
6.1.1 CommOdity ACIYIAtES ......cevviiiiiiiiiiieiiieieeeeeeeee ettt 118
6.1.2  SpPeCialty ACIYIAES ....cooiiiiiieiiiiit et 126
6.2 GLACIAL ACRYLIC ACID ..ttt e e e eennnnes 128
6.2.1  POIYACIYIC ACIH c.eoeeeeiiiieieieieeeeeeeeee ettt aeeeeanannnnees 128
6.2.2  Superabsorbent POIYMEIS.........oiiiiiiieiiee et 128
6.2.3 Detergent APPIICALIONS ......ccoiiiiiiiiiiie e 129
6.2.4 MISCEIIANEOUS........eeiiiiiieiie ettt e e s 129
7 Regional Market ANAIYSIS.......cooi ittt e e e e 131
7.1 3 [ G 1 5 131
T7.1.1 GlODAI OVEIVIEW ...ttt 131
7.01.2 NOFEN AMEIICA ..eeeeiiiiiiie ittt ettt et ee e e 137
O Nexanr PERP PROGRAM 3
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

7.1.3  WESEEIN EUIOPE ..otiiiiiiiiiieiie ettt 140
714 ASIA PACITIC ....eeiiiii e 144
7.2 A C R Y LA T ES s 150
7.2 1 GlODAI OVEIVIEW ...ttt 150
7.2.2 NOFN AMEIICA ..eeeiiiiiie ettt 158
7.2.3  WESLEIN EUIOPE ...ttt 161
T7.2.4  ASIA PACIHIC .....eeeiiiiiiiii e 164
7.25 Rest Of the WOrI.......ooiiiiic e 167
8 GIOSSAIY ..ttt e ettt bt e e bt e e b e e e e b e e e e e e e e e 170
9 RETEIENCES ...t e e 172
Appendix Page
A Cost Of ProducCtion ESHMEALES ........eviiiiiiiiiiiiiie ettt e e e e A-1
B Definitions of Capital Cost Terms Used in Process ECONOMICS..........cccccoeeveveiiiiii e, B-1
C Definitions of Operating Cost Terms Used in Process ECONOMICS .........ccovvuvviiviieeeniiiininnnnn. C-1
D PERP Program Title IndeX (2005 - 2014) ...ccooiiiiiiiieeeeee D-1
Figure Page
1.1 AcCrylic ACIA CONSUMPLION . .....eiiiiiiiiie ittt e et e e et e e e st e e e s abaeeeeaaes 1
1.2 Glacial Acrylic Acid Regional Cost Competitiveness EStimates ..........cccceevvvveiiiiiieiiiiiieeenns 3
1.3 n-Butyl Acrylate Regional Cost Competitiveness EStimates.........cccceeeviviiviiiieeeeeiiiiiiieeeeeennn 4
1.4 Global ACrylic ACIH ENU-USES........oiiiiiiiiiiiiiiiie sttt 5
1.5 Global Breakdown of Acrylic ACid CONSUMPLION ......uuueuiiiiiiii s 6
1.6 Global ACIylateS ENU-USES .....ccoiiiiiiiiiiiie ittt et e e 8
1.7 Global Breakdown of Acrylates CONSUMPLION ........uuuuuuiuiiiii s 8
2.1 Acrylic ACId and itS DENVALIVES ........eiiiiiiiiieiiiii ettt e s s 10
2.2 ACIyliC ACIH CONSUMPLION. ...ceiiiiiiiiitit ittt e ettt e e e e e et e e e e e e e st b e e e e e e e e annbeeeeeas 12
2.3 Petrochemical-based RoOUteS t0 ACIYIIC ACIH .....coiiuiiiiiiiiiiie e 14
2.4 Acrylate ESter Value Chain ........ooouiiiiiiiieeie ettt 19
2.5 Commodity versus Specialty AcrylateS ENd-USES ........cceeviiiiiiiiiiiiiiiieiiiiee e 20
3.1 Propylene to Acrolein Reaction Mechanism (Simplified) ..., 27
3.2 Primary and Secondary Oxidation with Tandem ReactOrs ...........cccuvvveeeieiiciiiiiiee e 30
3.3 Water QUench Separation TIAIN .........oiieeiieiiiei ettt e e e et e e anbe e e e anneeee s 32
O Nexanr PERP PROGRAM 4
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

3.4 Alternative QUENCH SEPATAtION ........eiiiiiiiii it 34
3.5 Solvent QUENCh SEPAratioN TTAIN ....uuuiieieeiiiiiiiieeeeee e e it e e e e e e s s e e e e e e s e sanrraerreeeeseannnrnneeees 36
3.6 Oxidation REACIOr SCREMALIC ........uviiieiiiiii ittt 39
3.7 Incinerator Design (SIMPHfied) .....c.uviiiiiie e 42
3.8 Wastewater Treatment System (Simplified DeSIgN) .......evveiiiiiiieiiiiiieiiiie e 43
3.9 BASF Process for Production and Purification of Acrylic ACid.........ccccveeeiiiiiiiiiiiie e, 46
3.10 Methyl ACrylate ProQUCTION. .. ....ciiiiiiiiiitiiie ettt 51
4.8 Feedstock Options for BASF Production of Bio-Based Acrylic ACId ..........cccovviiiviieeeeeeiiinns 66
4.10 Acrylic Acid via Polypropiolactone (NOVOIMEN) ......c.uuiiiiiiiiieiiiiiie e 74
4.11 BASF High Pressure Reppe PrOoCESS ......cccoiviiiiiiiiiiee e 77
4.12 Simplified FIow Diagram fOr the ..........oiiiiiii e 79
5.1 Process Technology Benchmarking for Crude Acrylic ACid............cccooooiii 96
5.2 Cost Component Breakdown for Crude Acrylic Acid Technology ..........cccceviiiiiiiiiiineiiinnen, 96
5.3 Process Technology Benchmarking for Glacial ACrylic ACId.........cccevveiiiiiiiiiiiiiiiiiiiec i 97
5.4 Cost Component Breakdown for Glacial Acrylic Acid Technology..........cccccoeeiiii . 98
5.5 Sensitivity of Acrylic Acid Production to Raw Material Pricing ...........cvveeviiiiiiiieneeeee i, 101
5.6 Sensitivity of Acrylic Acid Production to Capital COStS........cccooeeeiiiiiiii 102
5.7 Glacial Acrylic Acid Regional Cost Competitiveness EStimates ........ccccccevvevvviveeeeeiiiivinnnen. 110
5.8 Estimated Regional Cost Component Summary for Glacial Acrylic Acid .............................. 112
5.9 n-Butyl Acrylate Regional Cost Competitiveness Estimates............cccccceeeviiin. 117
5.10 Estimated Regional Cost Component Summary for Glacial Acrylic Acid .............................. 117
6.1 End-use Applications for Commodity ACIYIAtES .........coiiiiiiiiiiiiieiiiiee e 119
6.2 End-use Applications for Specialty ACrylates........cccooeiiiiiiiiii 126
7.1 Global ACIYIIC ACIH ENU-USES.....cciiuiiiiiiiiiii ittt 133
7.2  Global Breakdown of Acrylic Acid CONSUMPLION .......ccooiiiiiiiiiii e, 133
7.3 Global Acrylic Acid Capacity DY REGION ......couuiiiiiiiiiieiieee et 135
7.4  Global Acrylic Acid Supply and Demand.............coooiiiiiiii 136
7.5 North America Acrylic ACid ENd-USES........ccooiiiiiiiie e 138
7.6 North America Acrylic Acid Supply and Demand ...........c.ceeeiuiiiieiiiiieiiie e 140
7.7 Western Europe ACrylic ACIH ENG-USES......ccuuiiiiiiiiiiiiiiiie et 142
7.8 Western Europe Acrylic Acid Supply and Demand ...........coooiuiiieiiiiiieiiiiee e 144
7.9 Asia Pacific ACrylic ACIH ENA-USES ......cooiiiiiiiiiiii et 146
7.10 Asia Pacific Acrylic Acid Supply and Demand ..........ccooiuiiiiiiiiiioiiiiee e 149
7.11 Global ACIYlateS ENU-USES .....ccoiiiiiiiiiiiie ettt e e et e e e e e e ee s 151
7.12 Global Breakdown of Acrylates CONSUMPLION .........uviiiiiiiiieiiiiie et 151
O Nexanr PERP PROGRAM 5
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates

September 2014 Report Contents

7.13 Global Acrylates Capacity DY REGION ........ooiiiiiiiiiiiiiieiieeee et 153
7.14 Global Acrylates Supply and DemMaANd ...........c.euviiiieeiiiiiieeie e 154
7.15 Global Methyl Acrylate Supply and DEMaNd............coiiiiiiiiiiiiiiieiiie e 155
7.16 Global Ethyl Acrylate Supply and Demand ...........cccooiiiiiiiiiiee e 156
7.17 Global Butyl Acrylate Supply and Demand ...........ccueviiiiiiiiiiiiiiie e 157
7.18 Global 2-Ethylhexyl Acrylate Supply and Demand ...........cceeeeeiiiiiiiiiieee e 158
7.19 North America Acrylates Supply and Demand............cocueiiiiiiiiieiiiie e 161
7.20 Western Europe Acrylates Supply and Demand..........ccc.uveveeeeiiiiiiiiiieiiee e e s 163
7.21 Asia Pacific Acrylates Supply and Demand ............c.ooioiiiiiiiiiiiiie e 167
7.22 ROW Acrylates Supply and Demand ............coooo oo 169
Table Page
1.1 Global Acrylic Acid Supply and DemMaNnd..............uuuuummmmmmii s 7
1.2 Global Acrylates Supply and Demand ...........coeiiiiiiiiiiiiee i 9
2.1 Licensors and Technology Holders for Acrylic ACId ... 16
2.2 Key Physical and Thermodynamic Properties of Glacial Acrylic ACId..........ccccceeviiiiiiininnnn, 18
2.3 Typical Commercial Specifications for Glacial Acrylic ACId ... 18
2.4 Key Physical and Thermodynamic Properties of Methyl Acrylate (MA)........ccooceviiiiiiiiinnn. 23
2.5 Key Physical and Thermodynamic Properties of Ethyl Acrylate (EA) ............cccc. 23
2.6 Key Physical and Thermodynamic Properties of Butyl Acrylate (NBA) .........cccccveviiviieiiinnnen. 23
2.7 Key Physical and Thermodynamic Properties of 2-Ethylhexyl Acrylate (2-EHA) ................. 24
2.8 Typical Commercial Specifications for Commodity Acrylates .........cccccveeiiiiiiiiieieee e, 24
2.9 NFPA Ratings for the Commodity ACrylate ESIErS......coccuvviiiiiiiiiiiiiieiii e 24
5.1 Prices of Raw Materials, Products, Utilities, and Labor ............cccocviiiiiiiiiciiiiiciec e 86
5.2  Crude Acrylic Acid via Two-Step Propylene OXidation ..........c..eeeiuirieiiiieeiiiiiee e 90
5.3 Glacial Acrylic Acid via Additive Enhanced Distillation of Crude Acrylic Acid (from

PIOPYIENE) ..ottt 91
5.4  Glacial Acrylic Acid via Dynamic/Static Crystallization of Crude Acrylic Acid (from

[ 0] 0)Y] =T 01 TP UUP TR PPP 92
5.5 Glacial Acrylic Acid via Polypropiolactone from Ethylene Oxide (petchem-based)............... 94
5.10 Glacial Acrylic Acid via Polypropiolactone from Ethylene Oxide (bio-based) .............cc..eee.. 95
5.13 n-Butyl Acrylate via Esterification of Crude Acrylic Acid (from Propylene) ..........c.cccoiivnneeen. 100
5.14 Plants Considered for Cost Competitiveness ANAIYSIS ........cccouiiiiiiiiiiiiiiiiiiieee e 103
5.15 Cost of Production Estimate: Crude Acrylic Acid via Two-Step Propylene Oxidation (WE) .. 104
5.16 Cost of Production Estimate: Glacial Acrylic Acid via Propylene (WE)........cccccccceeeiiiiiiinnnn. 105
O Nexanr PERP PROGRAM 6
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

5.17 Cost of Production Estimate: Crude Acrylic Acid via Two-Step Propylene Oxidation

(=1 o= U ) PRSP 106
5.18 Cost of Production Estimate: Glacial Acrylic Acid via Propylene (Japan)..........ccccccvvverninnnen. 107
5.19 Cost of Production Estimate: Crude Acrylic Acid via Two-Step Propylene Oxidation

(3 111 = ) PRSP 108
5.20 Cost of Production Estimate: Glacial Acrylic Acid via Propylene (China) ...........ccccvvveininneen. 109
5.27 Estimated Regional Cost Summary for Glacial Acrylic ACId .........cccvvvveeeiiiiiiiiiiiee e 111
5.28 Plants Considered for Cost Competitiveness ANAIYSIS .......cocuvviiiiiiiiiiiiiiieiee e 113
5.29 Cost of Production Estimate: n-Butyl Acrylate via Esterification (WE)..........ccccceviiiiieininnnen. 114
5.30 Cost of Production Estimate: n-Butyl Acrylate via Esterification (JP) .............ccccce. 115
5.31 Cost of Production Estimate: n-Butyl Acrylate via Esterification (CH) ..........ccccceeviiiiiiiiinnnn, 116
7.1 Global Acrylic Acid Consumption DY REGION .......ciuuiiiiiiiiiieiiieie et 134
7.2 Global Acrylic Acid Supply and Demand............cooooiiiiii 136
7.3 North America ACrylic ACI CaPACILY ........eeiiiiiiiiiiiiii ittt 139
7.4  North America Acrylic Acid Supply and Demand ... 140
7.5 Western Europe ACIYIiC ACIA CAPACITY......coiiiuiiiiiiiiiiieiieii ettt 143
7.6 Western Europe Acrylic Acid Supply and Demand............cccoooeoii 143
7.7  Asia Pacific ACrylic ACIH CAPACILY .....ceeiuiiiiiiiiiiie ittt 147
7.8 Asia Pacific Acrylic Acid Supply and Demand ...........cooiueiiiiiiiiioiiiieeiee e 149
7.9 Global Acrylates Consumption by ReQION........ccooiiiiiiiiii 151
7.10 Global Acrylates SUPpPly @and DEMANG ........coiuiiiiiiiiiiie it 154
7.11 Global Methyl Acrylate Supply and Demand.............ccoooiiiiiii 155
7.12 Global Ethyl Acrylate Supply and Demand ...........ccueiiiiiiiiiiiiiiie e 156
7.13 Global Butyl Acrylate Supply and Demand ... 157
7.14 Global 2-Ethylhexyl Acrylate Supply and Demand .............coouviiiiiiiiieniiiee e 158
7.15 North America Acrylate Capacity .........ccoooeiieiiii i 160
7.16 North America Acrylates Supply and DemMaNd...........ccooueiiiiiiiiieiiii e 161
7.17 Western Europe Acrylates Capacity ......ccooeeeeeiiii i 162
7.18 Western Europe Acrylates Supply and Demand...........cc.eeveiiiiiieiiiiiieiiiiiee e 163
7.19 Asia Pacific ACTYlateS CapaCIty ........uueiiiieeiiiiiiiiii ettt e e e e e e e enneeee s 165
7.20 Asia Pacific Acrylates Supply and Demand ..........c..eeieiiiiiioiiiiiee e 167
7.21 ROW ACIYIAtES CAPACILY ...eieiueeeiieitiiee ettt ettt ettt e ettt e e st e e enb e e s enneeee s 168
7.22 ROW Acrylates SUpply and DEeMaNd ..........couuiiiiiiiaiiiiiiiiie et 169
O Nexanr PERP PROGRAM 7
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103



Acrylic Acid and Acrylates September 2014 Report Contents

PERP PROGRAM

O Nexant

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

New York: Heidi Junker Coleman, Global Programs Support Manager
Phone: + 1-914-609-0381, e-mail: hcoleman@nexant.com

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

Copyright © by Nexant Inc. 2014. All Rights Reserved.

O Nexanr PERP PROGRAM 8
www.nexantthinking.com PERP 2014-3, Acrylic Acid and Acrylates

A00101.0014.4103


mailto:hcoleman@nexant.com

