Non-woven Fibers

September 2017 Report Contents

Non-woven Fibers

Table of Contents
A Report by

Process Evaluation/Research Planning (PERP) Program
PERP Report 2017S5 — Published September 2017

www.nexantthinking.com

Section Page
1 EXECULIVE SUMIMAIY ..o, 1
1.1 INTRODUCTION ..., 1

1.2 COMMERCIAL TECHNOLOGIES ......ooiieieeeeeeeeeieeeeeeeeeeeeeee et 2

13 PROCESS ECONOMICS. ... . 3

1.4 COMMERCIAL APPLICATIONS . ...ttt eennnees 4

15 REGIONAL MARKET ANALYSIS ... 4

151 GLOBAL . 4

2 [a oo [N Lot 1 (o] HA O PP O U PSR PPP PRI 6
2.1 VALUE CHAIN s 7

2.2 TECHNOLOGY OVERVIEW ..ottt s 8

2.2.1 Polypropylene Resin ManufaCturing ...........cocouueeeiiiiieeiiiiiee e 8

2.2.2  Non-woven Fiber Fabrication ............cccociiiiiiiiiii e 8

2.3 TECHNOLOGY LICENSING STATUS AND MAJOR PRODUCERS.........ccccceennnne. 9

2.4 STRATEGIC BUSINESS CONSIDERATIONS .....ooiiiiiiiiiieiieeeeeeeeeeeee e 15

2.5 PHYSICAL PROPERTIES ... 16

2.5. 1  SPUNDOUNG ....oiiiiiiiiiiiiiieieieee ettt e e ee e e e sesesssesesesnsnnnnnnes 16

2.5.2  MEIDIOWN ..o 17

2.5.3  COMPOSIES ..oiiiiiiiiiiiiiiieieee ettt ettt e et e eeeaeeeeeeaeeeesesaeaesesesesssesesssessnsnnsnnnnnnes 17

2.5 4 DIYlaid FIDEI ..eeeiiiiieeiie it 18

255  Wetlaid FIDEI ....ooiiiiiiiii e 19

3 TECHNOIOGY OVEIVIEW ......eiiiiiiiiie ettt ettt ettt e e sttt e e st e e s s e e s nnaaeee s 21
31 POLYPROPYLENE PRODUCTION TECHNOLOGY .....ccooiiiiiiiiiiiiiii 21

3Ll GaAS PRASE...cc et 21

3,12 BUIK PrOCESS ...ttt 22

3.2 FIBER/FABRIC PRODUCTION TECHNOLOGY ...ttt 26

O Nexanr PERP PROGRAM 1

www_nexantthinking.com

PERP 2017S5, Non-woven Fibers
A00101.0017.4113



Non-woven Fibers

September 2017 Report Contents

3.2.1  Spunbound TECNOIOGY .....cceiiiiiieiiiiiee et 26

3.2.2  Meltblown TeChNOIOGY........cccuviiiiiie et 37

3.2.3  MEIE SPINNMING ...ttt 39

3.3 TECHNOLOGY TRENDS ... s 48
3.3.1  Composite TECANOIOQY......ciiiiiiiiiiiiiii e 48

3.3.2  Bicomponent TEChNOIOGY .......uuuiiiiieiiiiiiiiiie e 48

3.3.3  Nanofiber ProduUCHION. .........ccoiiiiiieiiiii e 51

3.3.4 Metallocene PP for Improved Physical PropertieS...........ccccvvvvvvveeeesiicvnnnnnn. 54

3.3.5  Spunblown TeChNOIOGY .......ccoiuiiiiiiiiiieiie e 57

3.3.6  Hartge SpunbouNd PrOCESS ........uuuuuuiiiiiiiiiiiiiiiiii s 58

3.3.7  Reducing BasisS WeIght ........c.ccuiieiiiiiieiie e 58

3.3.8 Bipolymers for Non-wovens AppliCatioNS...........ccceeviiviiiiiiiiiiiiccesee 59

4 PrOCESS ECONMOMICS .. .uiiiiiitiie ettt ettt e et e e e st bt e e e st e e e nnbe e e e e nbeas 60
4.1 COSTING BASIS .ottt ettt ettt ettt te et e et e s e seeeeeeeeeennnnes 60

4.2 INVESTMENT BASIS . ... 60

4.3 PRICING BASIS ... 60

4.4 COST OF PRODUCTION BASIS ...ttt eeeenennnees 62

4.5 PROCESS COMPETITIVENESS ... 62
4.5.1  Spunbound TECNNOIOGY .....ceeieeiieiie e 63

452  Meltblown TECNNOIOGY......cuuiiiiiiiiie e 68

4.5.3  SMS TECNNOIOQY ... s 73

4.5.4  Cost of Production SUMMETY .......ccoiiiiiiiiiiiiee et 78

5 COMMEICIAL ANAIYSIS ....eeeeieieieeeie ettt et eseasesesesaessesssssessssnssssssssnsnnnnnnnnnnnnns 79
51 DIAPERS AND INCONTINENCE ..o, 79

5.2 VP E S s 80

5.3 PROTECTIVE APPAREL ... 81

54 AUTOMOTIVE ... 81

5.5 ROOFING AND CONSTRUCTION ...t 82

5.6 OTHERS . ..ottt ettt et e ee e eeeeeeseseeeeeeeeennnnne 83
5.6.1  HOME FUMISNINGS ...evieiiiiiiiiiiie et e 83

5.6.2  GEO-MEMDIANES .....uviiieiiiiiie ettt e et e e e e 83

6 MAIKEE ANAIYSIS .ottt e e e e ettt e e e e e e e st e e e e e e e nnaneeeeas 84
6.1 L 1 PRSPPIt 84

6.2 NORTH AMERICA ... 86

6.3 WESTERN EUROPE ... s 87

O Nexanr PERP PROGRAM 2

www_nexantthinking.com

PERP 2017S5, Non-woven Fibers
A00101.0017.4113



Non-woven Fibers September 2017 Report Contents

6.4 (OF o 11\ TR 88
6.5 ASIA PACIFIC (EXCLUDING CHINA) ...ttt e e ertee e e e e s sninnnee e e e e e 90
6.6 REST OF WORLD ..ottt e e e e e e e e e e e e e e e e e neneaaes 91
Appendix Page
A Definitions of Capital Cost Terms Used in Process ECONOMICS.........cccceeviviiiiiieeeeeeseiiivnnenn. A-1
B Definitions of Operating Cost Terms Used in Process ECONOMICS .........cooviuviiirieeeeiiiiiiinnenn. B-1
C PERP Program Title INdeX (2007 — 2017 ....ccciiuiiieiiiiie ettt C-1
O Nexanr PERP PROGRAM 3
winw.nexantthinking.com PERP 201785, Non-woven Fibers

A00101.0017.4113



Non-woven Fibers September 2017 Report Contents

Figure Page
1.1  Non-wovens Consumption by Polymer RESIN TYPE...uuuiiiieeiiiiiiiiieeee e et e eeeinrene e 1
1.2 Polypropylene Non-woven Fabric Full Cost of Production Comparison ...........ccccveeeviiveeennns 3
1.3 Non-woven Polypropylene Market by AppliCatioNS .........ccoeiiiiiiiiiieiie e 4
1.4 Global Non-wovens Polypropylene Demand by Region ...........cocoveiiiiiiiiiiiiiiciiieeceieee e 5
2.1 Non-wovens Consumption by Polymer RESIN TYPE....cccuuuviiieeeiiiiiiiiiieiee e e et e e e e 6
2.2 Non-woven Manufacturing Value ChaiN.............coiiiiiiiiiiiicee e 7
2.3  Polypropylene Technology Available .............c.ueeviiiiiiiiiic e 10
2.4 Spunbound/Spunmelt Polypropylene Non-woven Regional Capacity Development,

20701072020 ..ttt ettt ettt ettt £ttt £ttt ettt ettt ettt ettt sttt ettt sttt ittt nnnnnnnnnnnne 12
2.5 Recent Spunmelt Capacity Investments by Company..........cccccoiiiiii 12
2.6 Polypropylene Non-woven Fabric Production by ProCess ..........cccuvviiieeeiiiiiiiiiiiiee e 13
2.7 Spunbound Fabric StrUCIUIE .........ccooii i 17
2.8  Meltblown FabriC SIMUCIUIE.........ciiiiiiieiiie e 17
2.9 SMS NON-WOVEN STIUCKUIE .....cceiiiiiiiiiiie it 18
2.10 Carded NON-WOVEN FIDEI STIUCTUIE .....o.uviiiiiiiiii ettt 19
2.11 Airlaid NON-woven FIDer StrUCTUIE ........c.eviiiiiiiiie ettt 19
2.12 Wetlaid NON-WOVEN FIiDEI SIFUCTUIE ......veiiiiiiiiie ettt 20
3.1 UNIPOL Gas Phase Polypropylene Process, Purge, and Recovery .........ccccccceeeeeininennnn... 24
3.2 BORSTAR Bulk/Gas Phase Polypropylene Process, Feed, and Polymerization .................. 25
3.3 ReiCOfil SPUNDOUNG LINE ...iiiiiiiiii ittt 27
3.4  Extrusion Section of Spunbound Technology .........ccccooiiiii 28
3.5 Filament Spinning, Drawing, and Deposition SYSEM .........cocuiiiiiiiiiieiiiiee e 31
3.6 Spunlaid Bonding TEChNIQUES.........ccoo i 32
O A O o T= 11 T ox= 1 =To T2 o 19T R PP PRSP PP 33
3.8  Needlepunching PrOCESS ......cccooeiiii i 34
3.9 HydroentanglemeENt PrOCESS .......ciiuuiiiiiiiiii ittt ettt e e s 34
3.10 Thermal BoNding PrOCESS ......ccooo i 35
3.11 Thermal POiNt BONING PrOCESS ... ..ottt ettt 36
3.12 URIaSONIC BONAING ...ttt ettt e e e e ettt e e e e e e st et e e e e e e e e annneeeeeas 37
I eC T |V =11 (o [0 )Y W =Tt o T g To ] o o YA PRSP PPPPR 38
3.14 MEIt SPINNING PrOCESS. .. .ueeiiiiieeiiiittie ettt e ettt e e e e e e b et e e e e e e e s nbbeeeeaaeeaeannneeeeeas 40
3.15 Drylaid Non-wovens ManufacCturing SEEPS .......eeviiiiiiieiiiiiie ittt 41
SR = =1 (= @] o 1T o= USRS OP PP 41
3.17 Fiber Opener — Automatic Bale OPENET ...........uuiiiiiiiiiiiieiie e 42

O Nexanr PERP PROGRAM 4
winw.nexantthinking.com PERP 201785, Non-woven Fibers

A00101.0017.4113



Non-woven Fibers September 2017 Report Contents

3.18 NON-WOVEN Card SrUCIUIE TYPES ....eiiiiiiiieeiiieiee ittt e ittt e et e e e s anneeee s 43
G0 S I O 1 1] o = £ Yo T SRR 43
3.20 Airlaying Process Webh FOIMALION .........cuuuiiiiiiiiiiiiiii et 44
3.21 AIrlaying RANAO SYSTEIM ....uviiiiieiiiiiiiiie et e s e e e e e e e s e e e e e e e st eeaeeeseennnnennees 45
3.22 Airlaying Dan Web SYSTEIM........oiiiiiiiiiiiii et 45
G2 B A4 Fo N g To I AT = o £ SRR 46
3.24 Wetlaid ManufaCturing PrOCESS. ... ...cuiiiiiiiiiiiiii ettt 47
3.25 SMS Process FIOW DIAQIam .......ccuuviiieiieeiiiiiiiiie e e e e seiie e e e e e s st e e e e e e e e st e e eeee s s ennneneeees 49
3.26 Bicomponent NON-WOVEN STIUCTUIE .........eiiiiiiiiiaiiiii ettt ettt et e e 50
3.27 ElectroSpinning PrOCESS .....ccoc i 52
3.28 Centrifugal SPINNING PrOCESS ....ccoiiiiiiiiiiiie ettt 53
3.29 Metallocene Polypropylene Resin Molecular Distribution ...............ccco 55
3.30 Tenacity versus Calendar Temperature for POlypropylene.........cccccceviiiiieiiiiiic e 56
3.31 Tensile Srength NON-WOVENS ..........uiiiiiiiiieiiiii ettt 57
3.32 SPUNDBIOWN PrOCESS.....ccc i 58
4.1 Polypropylene Non-woven Fabric Full Cost of Production Comparison ...........cccceevvveeennnen. 78
5.1 Non-woven Polypropylene Market by Applications...........ccoooieieii 79
5.2 Wipe Market DY INAUSTIY TYPE....co ittt 80
5.3 Non-wovens End-use Applications in Automotive Sector...........ccccoeeeiiii 82
6.1 Global Non-wovens Polypropylene Demand by RegION .......c.eeveiiiiiiiiiiiiieiiiiee e 85
6.2 Global Polypropylene Non-woven Fiber Demand by End-Use.................ccccc, 86
6.3 North America Non-woven Polypropylene Fiber Demand by End-Use ..........ccccoviiiiiiiiinneen. 87
6.4 Western Europe Non-woven Polypropylene Fiber Demand by End-use............................... 88
6.5 China Non-woven Polypropylene Fiber Demand by End-USe..........ccccceeeiiiiiiiiiiine e, 89
6.6 Asia Pacific (Excl. China) Non-woven Polypropylene Fiber Demand by End-use................. 90
6.7 Rest of World Non-woven Polypropylene Fiber Demand by End-use .........ccccceviiiiieiiinnnen. 92
O Nexanr PERP PROGRAM 5
winw.nexantthinking.com PERP 201785, Non-woven Fibers

A00101.0017.4113



Non-woven Fibers

September 2017 Report Contents

Table Page
2.1 Spunbound versus Meltblown TeChNOIOQY ........cciiveiiiiiiiiiiiiie e 9
2.2 Non-woven Fiber/Fabric Technology HOIAEIS..........oiiiiiiiiiie e 11
2.3 NON-WOVEN FADIC PrOGUCEIS .....ci ittt et e e neeeee s 14
2.4 Strategic Business Considerations for Non-woven Fiber Fabrication............ccccccoocvvveiiinnnen. 15
2.5 Physical Properties of POIYMEr RESINS .......ccuviiiiiieeiiiiciieeee et e e e e 16
3.1 Polymer SPINNING SPEEU......uuuiiiiiiiii it 30
3.2  Spunlaid Fabric BONAING PrOCESSES ....ccccciiiiiiiiiiieee e ieeiiiete e e e e st e e e e e e et e e e e e e s e ennnnnaeees 37
3.3 Non-woven Properties CompariSon DY PrOCESS ........cciiuiiiiiiiiiieiiiiee e 47
3.4  Characteristics for Co PET/PET Bicomponent Fibers ..........cccccc 50
3.5 Bicomponent NON-WOVENS KEY PIAYETS ......cocuuiiiiiiiiiieiiiiie et 51
3.6 Nanofibers Production Process COMPAIISON ........cuuuiieiiuriiaiiiiieeiiiiieessiiiee et e s nnieeee s 54
3.7 Metallocene Polypropylene Grades SUMMAIY ..........ccooeiiiiiiiiie e, 56
4.1 Prices of Raw Materials, Products, Utilities, and Wages .........cccccviiiiiiiiiiiee i 61
4.2  Cost of Production Estimate for: PP Non-woven Fabric

Process: Spunbound 2.4 m; USGC (Equipment Manufactured and Used in the

0T (=T IR S] r= 1 (=) PSP P PR PPPPTPP 64
4.3 Cost of Production Estimate for: PP Non-woven Fabric

Process: Spunbound 2.4 m; USGC (Equipment Manufactured in China and Used

(1R aTS T O a1 =0 IS r= 1 1= 1) PP PPPPPPNt 65
4.4  Cost of Production Estimate for: Spunbound PP Fabric

Process: Spunbound 2.4 m; China (Equipment Manufactured and Used in China).............. 66
4.5 Cost of Production Estimate for: Spunbound PP Fabric

Process: Spunbound 2.4 m; China (Equipment Manufactured in the United States and

8= To [ N O ] = USSP OTPRTOP 67
4.6 Cost of Production Estimate for: Meltblown PP Fabric

Process: Meltblown 2.4 m; USGC (Equipment manufactured and Used in the

0T (=T BT r= 1 (=1 O RO PTPRTOP 69
4.7 Cost of Production Estimate for: Meltblown PP Fabric

Process: Meltblown 2.4 m; China (Equipment Manufactured in the United States and

8= To [ I O ] = S PP OTPRROP 70
4.8 Cost of Production Estimate for: Meltblown PP Fabric

Process: Meltblown 2.4 m; China (Equipment Manufactured and Used in China) ................ 71
4.9 Cost of Production Estimate for: Meltblown PP Fabric

Process: Meltblown 2.4 m; USGC (Equipment Manufactured in China and Used

IN e UNITEA SEALES) .....veiiiiiiiiie ettt e e et e e st e e e st e e e e anbeeeeeanes 72
4.10 Cost of Production Estimate for: SMS PP Fabric

Process: SMS 2.4 m; USGC (Equipment Manufactured and Used in the United States) 74

O Nexanr PERP PROGRAM
winw.nexantthinking.com PERP 201785, Non-woven Fibers

A00101.0017.4113



Non-woven Fibers September 2017 Report Contents

4.11 Cost of Production Estimate for: SMS PP Fabric
Process: SMS 2.4 m; U.S. (Equipment Manufactured in China and Used in the

0T (=T BT r= 1 (=) PP U P PP PPPPTOP 75
4.12 Cost of Production Estimate for: SMS PP Fabric
Process: SMS 2.4 m; China (Equipment Manufactured and Used in China) .............ccc........ 76

4.13 Cost of Production Estimate for: SMS PP Fabric
Process: SMS 2.4 m; China (Equipment Manufactured in United States and

L0 LY=o I T 4 1 0= ) PSP 77
6.1 Global Polypropylene Non-woven Fiber Demand ..........cccccovviiiiiiiiiie i 85
6.2 North America Non-wovens Polypropylene Fiber Demand ...........ccccccceeeiiiiiiiiiieeee e, 87
6.3 Western Europe Non-woven Polypropylene Fiber Demand ..........ccccccovviiiiiiiiiiciiiiiec e 88
6.4 China Non-woven Polypropylene Fiber Demand..............ccccoooii 89
6.5 Asia Pacific (Excl. China) Non-woven Polypropylene Fiber Demand...........ccccccovviiiiiiiinneen. 91
6.6 Rest of World Non-woven Polypropylene Fiber Demand .............c.ccoooiii 92

O Nexanr PERP PROGRAM 7
winw.nexantthinking.com PERP 201785, Non-woven Fibers

A00101.0017.4113



Non-woven Fibers September 2017 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:

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

Erica Hill, Client Services Coordinator, E&CA-Products
Phone: + 1-914-609-0386, e-mail: ehill@nexant.com

EMEA:
Anna Ibbotson, Director, NexantThinking
Phone: +44-207-950-1528, aibbotson@nexant.com

Asia:
Chommanad Thammanayakatip, Managing Consultant, Energy & Chemicals Advisory
Phone: +66-2793-4606, email: chommanadt@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. 2017. All Rights Reserved.

O Nexanr PERP PROGRAM 8
www.nexantihinking.com PERP 201785, Non-woven Fibers
A00101.0017.4113



