Recycling Options for Polyolefins December 2023 Report Contents

TECHNOLOGY & COSTS

Technoeconomics - Energy & Chemicals (TECH)

TECH 2023510 Recycling Options for Polyolefins

Table of Contents
A Report by NexantECA, the Energy and Chemical Advisory company
Published Date: December 2023

www.nexanteca.com/subscriptions-and-reports

Contents
1 EXECULIVE SUIMIMAIY ...eeiiiiiiiiiie ettt ettt ekttt e skt e skt e e s bbbt e e e sttt e e enbb e e e e e e s 1
1.1 FOCUS Of the STUAY ..o 1
1.2 POIYOIETINS MAIKEL ...t 2
1.2.1 Market Resilience and Growth Trends.........cccccoviiiiiiiiie e 2
1.2.2 Geographic Demand DYNamiCsS ........ccccoiiiiiiiiiiii e 2
1.2.3 Specialized Polyolefin SEgMENTS .....coiuiiiiiiiiic e 2
1.2.4 Specialized Polyolefin Grades and Recyclability .................cccccc 2
1.2.5 Recycling Infrastructure Adaptation ..o 3
1.2.6  Global Operating Rates and Capacity Changes...........cccccccoeiiiiiii 3
1.2.7  Global Trade DYNAMICS ......c.uuiieiiiiie ettt 3
1.2.8 Short-Term Demand and Price FIUCIUALIONS ...........ccoviiiiiiiiiiiee i 3
1.2.9 Larger Context and Future OUtIOOK.............ccooiiiiiiiii 3
13 CaPACIEY HEALMAD ...ttt e ettt e ettt e et e e e e sbb e e e e s baeeeeane 4
1.3.1 Mechanical RECYCING.......ccooiiiiiii 4
1.3.2  ChemiCal RECYCING........ciiiiiiiieiitiie e 4
1.4 Collection and SOrtiNG SYSLEIMS .....eviiiiiiiiiiiiiiieiiie ettt eeeeeeeeeeeeseaeaeesaesasssssesssssesssesesesenenes 6
15 Partnerships/Offtake AQreements ... 6
1.6 Globalization of ReCYCled PIASHICS ........ooiiiiiiiiiiiiiii e 6
1.7 RegUIAtOry ENVIFONMENT.......oiiiiiiiiiiiie ettt e e et e e e e e et e e e e e e e e e ennneeneeas 6
0 R 1 011 =T IS = L PSSR 6
1.7.2  WeSEEIN EUMOPE ... 6
R0 T 1 o1 o - PSSRSO 7
1.8 Corporate Sustainability COMMItMENTS .........eiiiiiiiiie i 7
1.9 Extended Producer ReSPONSIDIlILY ........ooiiiiiiiiiiiie e 7
1.10  Process Economics and Carbon INTENSILY .......cooiiieiiiiiiiiie e 8
1.10.1 MechaniCal RECYCING.......uuuiiiiieiiiiteeie ettt 8
1.11  Solvent Based PUNfICALION ......iceeiiiiiiiiieiie et s s eee e e e e e s e s ee e e e e e s s s nnnnaneneeeeesannnes 14
001 15 PP OUPRPPPPPP 14
1.11.2 WeSEEIN BEUMOPE ... 14
N T O o1 = PP P PP PPR PRI 14
O NexantECA TECHNOLOGY & COSTS 1

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

I O A O T [0 T [0 (=T 111 Y/ SRR 15

0 7 Y 0] V£ PRSP PREPR 16
O 2 R U 1S TP UPR TR 16

1.12.2 WESTEIN EUIOPE ...ttt ittt ettt e e e et s e e e e e e bbb e e e e e e e enaban e e e eeaees 16

O 2 T O o1 - W TP UPR TR 16

2 A O T o[0T T [ 0] (=T 1S Y/ SRR 17

1.13  Hydrothermal TrEAMENT .........viiiiiiiii ittt e s 18
0N Tt R U 15 U P RPN 18

1.13.2 WESTEIN EUIOPE ...ttt ittt e e e et e et r e e e e e et e e e e e e e eastan e e e eaaees 18

G T T 1 o1 o - PRSP 18

1.13.4 Carbon INtENSILY .cceeeee e 19

2 POIYOIEfINS OVEIVIEW ... 20
2.1 BacCKgroUNd ... 20
2.2 POIYEINYIENE (PE) ...ttt et e e e bae e e ane 21
2.3 High Density Polyethylene (HDPE) ..., 23
2.3.1  Production Technology OVEIVIEW .........cc.eeiiiiiiiiiiiiiiiiie e 25

2.3.2  BUSINESS DEVEIOPMENTS.....ceiiiiiiiieiiiiiieieieeeeee ettt eeeeeeeaeeaeesaeeseaesesesesssnsnnnnes 27

2.3.3 Technology Licensors or Technology DeVelOpers .........cccccouvvviieiiiieieiiiiiee e 27

2.4 Linear Low-Density Polyethylene (LLDPE) .........oooiiiiiiiiiiiiie e 28
2.4.1  Production TeChNOlOgY OVEIVIEW ..........cuuuiiiiiiiiiiiiiieieeeeeieseiesesessssssssssssssrerererene. 30

2.4.2  BUSINESS DEVEIOPMENTS ....ciiiiiiiiiiiiii ettt 32

2.4.3 Technology Licensors or Technology DeVEIOPErS .........cevvvevvevvveieiiieieieriieieieveiennnns 33

2.5 Low Density Polyethylene (LDPE) .......coiiiiiiiiiiiiie ettt 33
2.5.1 Production TechNOlOgY OVEIVIEW ..........ceeuiiiiriiiiiiieieieeiieeeeeeesesesssessssssssseserererere. 36

2.5.2  BUSINESS DEVEIOPMENTS.....coiiiiiiiiiiiiiiiiiiiieeeeeee ettt ee et eeeeeeeeeeeaseesaseaeaesesesesssnsnnenes 39

2.5.3 Technology Licensors or Technology DeVelOpers .........ccccccvviiiieiiiiieeiiiiiee e 39

2.6 Polypropylene (PP) ... 40
2.6.1  Production Technology OVEIVIEW .........cc.eeiiiiiiiiiiiiiiiie it 42

2.6.2 BUSINESS DEVEIOPMENTS.....coiiiiiiiiiiiiiiiiiiiieeeee ettt ee e ee e aeeeeesaesaeaesesesesssesnnnnes 42

2.6.3 Technology Licensors or Technology DeVEIOPErS .........cevvvveevvveeieeeieieieriiereievenannnns 43

3 ReCYCING POIYOIETINS ...ttt e et e e e e e e s e e e e e e e s e annnes 45
3.1 MEChANICAl RECYCING . ....iiutieii ittt et e e e s nnaeeeeane 45
3.2 Advanced ChemiCal RECYCIING .......coiiiiiiiiiiiie e 51
4 = T A B AV =T U P PSP PPPPRPTN 55
4.1 (O T Fo Yot 1Y [T 110 0 = o SRR 55
4.1.1  MechaniCal RECYCING.......cuiiiiiiiiie ettt e 55

4.1.2  ChemiCal RECYCING .. ..uuiiiieieiiitie et ee e e e 56

4.2 Collection and SOrtiNG SYSEMS .....ciiiiiiiieiiiiie ettt e s e e e e s annaeee s 57
421 NOIN AMEIICA «oeiieiii et e e e e e e e e e e e b baeeaaaeeeas 57

A.2.2  EUIOP ettt e e e 57

O T O 1 - W TSRO U R UPPUPRT 58

4.3 Recyclate AVAIADIIILY .........ooui e e e 58
O NexanteCcA TECHNOLOGY & COSTS 2

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

4.4 Partnerships/Offtake AQrEEMENLS ........cciii e e e e e e e e e e e e e e e e e eranaees 59
4.5 Globalization of ReCYCled PIASHICS .......uviiieiiiiiiiiiiicce e 59
4.6 POJICY DIIVEIS ...ttt ettt e ettt e e et e e e e ettt e e et e e e e e bne e e e e 60
4.7 Extender Producer RESPONSIDIILY .....cccceiiiiiiiieiiee et 70
4.8 Corporate Sustainability GOAIS..........ocuuviiiiiiiiieiiii e 75
4.8.1 Procter & Gamble (P&G).....c.ciiiiiiiiie ettt 75

G T U 1= =T U 76

A.8.3  INESHIE .ttt b b e e nneeas 76

B =Y o1 [ o USRS 77

G IR T ©o Tox- O o ]I RSP 77

4.9 Polyolefin Innovation and Trends..........coooo oo 78
49.1 Exceed XP 7 PE Development and Collaboration ............cccceevviiiiiiniiieiiniiieeen, 80

4.9.2 ExxonMobil's Hexene-based LLDPE Film ReSINS ........cccveeiiiiiiiiiiiiieeiiiiiiiiieeeenn 80

4.9.3  Monomaterial PP from BOrealiS .........cccooiiiiiiiiiiiiiiiec e 80

494 COIGALE ..ttt 80

4.9.5  NOVA ChEMICAIS ...ccciiiiiiieiii e 81

4.9.6  EXXONMODIl, HENKEI IV ..covveiiieeeeeeee ettt e e 81

4.9.7  APR @Nd RECYCIASS ... ..o 82

4.9.8 Industry Collaborative Efforts ..o 83

4.9.9 Circular Economy for Flexible Packaging (CEFLEX) ........ccccoeiiiiiieiniiiieiiiieeeee 85

4.9.10 Single versus Multi-Material Films .......ccooooiioiiiiiec e 88

e Tt I S = g T = 10 2= U1 T PSP 90

5 Mechanical Recycling of Polyolefing WASTE ...........oiiiiiiiiiiic e 91
5.1 High Density Polyethylene ... 91
5.1 1 INTOTUCTION ...ttt ettt ettt e s 91

5.1.2 High Level Profiles of Selected Technology Developers ..........cccccvviiiieiiiieeennne, 93

5.1.3  ECONOMIC ANAIYSIS ...eeiiiiiiiiiiiiiiiieiiieieieeeee ettt eeee e eeeeeeeeeseaeaeaesassassssssssssesnnnnnnnnes 101

5.2 POIYPIOPYIENE ...ttt 109
5.2.1  INTOTUCTION .....eeiiieiiieie ettt e e 109

5.2.2  INTOTUCTION ......eiiieiiieie ettt ettt 111

5.2.3 High Level Profiles of Selected Technology Developers ..........ccccvvvveeiiiieeennnnnn. 111

5.2.4  ECONOMIC ANAIYSIS ...teiiiiiieiiiitee ittt e e e e e e e e e e as 114

5.3 Low and Linear Low-Density Polyethylene ... 117
LIRS T A [ o1 7o Yo [ o 1o o DO TP TR UPPPPPRT 117

5.3.2 High Level Profiles of Selected Technology Providers ..........cccccoviiieeiiiiieennnn. 118

5.3.3  ECONOMIC ANAIYSIS ...eeiiiiiiiiiie ittt 120

6 Solvent-Based Purification of POIyolefins WaSEe ........c..ooiiiiiiiiiiiiic e 128
6.1 [[aLr el [0 Tox i o] IO PPRTP PR 128
6.2 SWOT ANGUIYSIS ...ttt ettt et e e e et e e e e bttt e e e st e e e e nbee e e e antes 131
6.3 High Level Profiles of Selected Technology Developers ........ccc.vevvvieeiiiiiiiiiieieee e, 132
B.3. 1 APK AG .ottt 132

6.3.2 Cadel Recycling Lab: KEYCYCLE ......uuuiiiiiiiiiiiiiiiiee ettt e e snirnenea e e e s 136

O NexanteCcA TECHNOLOGY & COSTS 3

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

6.3.3  Fraunhofer IVV and CreaCyCle ........cccuuiiieeiii i e 138
6.3.4  OBBOTEC ... ..ottt ettt 142
B.3.5  PUIECYCIE ...t 143
B.3.6  TINO ittt 148
6.4 ECONOMIC ANGIYSIS ...ttt 149
6.4.1  INVESIMENT BASIS ..ecuvviiiiiiiiie ittt 149
6.4.2  PrICING BASIS. .. eeiiiiiiiiieiiiii ettt 150
6.4.3  COSt Of ProdUCHION BaASIS .......cuuviieiiiiiieiiiiiie ittt 151
6.4.4  Production COSt ESHMALES ......c.eveiiiiiiiieiiie e 151
6.4.5  Sensitivity t0 FEEA PriCING .....cuveiiiiiiie ittt 155
7 Pyrolysis of POIYOIETINS WEASTE ......ccoiiiiiiiiiiie e 157
7.1 INEFOTUCTION ...ttt s e n e e e e e s nanneee s 157
7.2 SWOT ANGIYSIS .eeeeiiiiieiiiiieiiieeee ettt et ee e ettt aeaeaeeesaseessasesasesssssesssssnsnssnnsnsnnnnnnnnes 160
7.3 Factors INfluenCing PYFOIYSIS .......cooiiiiiiiiiiiii et 161
7.3.1 Additional Factors Affecting PyrolySiS ProCeSS ...........uuuvvveeveieeeeeirieiiiiierereeerenannnns 164
7.3.2  Types Of PYrolySiS REACIOIS. ......cciiuiiiiiiiiiieiiiiie ettt 166
7.3.3  FeedstoCk CharaCteriStiCS .........uiiiiriieiiiiie e 168
T.3:4 CALAIYST . 169
7.3.5  PYIOIYSIS PrOUUCES .....coiiiiiiiiiiiiie ettt 170
7.4 High Level Profiles of Pyrolysis DeVeIOPErs..........cooooiiiiiiiiii 170
7.5 TEChNOIOQY DEVEIOPEIS. ...eeiiiitiiie ettt e et e et e e st eeeanes 171
7.5.1  AQilyX (NON-CAtalYtiC) .....eveeeiiiiiiiiiiieiiiiiiieeeeeeeseeeteee ettt ee e aeaeaeaeaeseaesesesennrenes 171
7.5.2  Clariter (NON-CatalytiC) ........coouuiiiiiiiiieiiiie et 174
7.5.3  Fuenix Ecogy/Dow (NON-CatalYliC) ........cevurerrirriiiiiiiiieieeieeeeieieeeseseseseeeseseressnenenenns 175
7.5.4 GreenMantra (CatalYtiC) .......euviiereiieiiiiiiieiiieeeieeeieeeeeie e ee e eeeeeeeeeeeeaeaeaeaeseseserenerene 176
7.5.5  Klean INdustries (CatalytiC) .......eeeiuurrieiiiiiie it 178
7.5.6 Licella (Mura Technology) (CatalytiC)...........uueurureeieieiiieieieieieieieeeveveieeeeeveveveveneeenns 182
7.5.7 LyondellBasell (MoReTec) with Karlsruhe Institute of Technology
(22172 11V, 1 o) PR RPPUPPPRPPPRRN 185
7.5.8 Nexus Circular (NON-CatalytiC)..........uueiiurriiiiiiiieiiiiii e 186
7.5.9  OMV (NON-CAt@IYLIC) 1.eeeiiitiiieiie ettt e e e e et e e e e e e e ennnes 188
7.5.10 Plastic Energy (NON-CatalytiC) .......c.ueeeiiuiriiiiiiiieiiiiiee e 189
7.5.11 Pyrowave (CatalyliC) ......ccouuueiiiieeiiiiiiii et a e 194
7.5.12 Quantafuel (NON-CatalYiC)........uteiiuerreeiiiiiie it 195
7.5.13 Recycling Technologies (NON-CatalytiC) .........ccuuveiiieeiiiiiiiiiiieeee e 200
7.6 Multinational Energy and Chemical Companies Pyrolysis Engagement .............cccvveeee. 203
7.6.1  EXXON MODIL....iiiiiiiiii ettt ettt e e e e e e e e e e e e e e e e e e e nnne 203
T.8.2  SHEIL et 203
A 0 T = 7N Y USSR 204
T.8.4  DIOW ...tttk b e b e h bt e et b e b e anee s 204
7.6.5  Chevron Phillips ChemiCal .........ccoiiiiiiiiiii e 205
T.8.6  SABIC ...ttt 205
S T A o] = 1 = g =T o [T T TP PPPRRPPR 206
O NexanteCcA TECHNOLOGY & COSTS 4

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

7.7 ECONOMIC ANGAIYSIS .. .iiiiiiiiiee ettt s e e e e e e s et e e e e s s et e e e e e e e e s nnraaneees 207
T.7. 1 INVESIMENT BASIS ..ecuvveiiiieiiie ettt 207
T.7.2  PrICING BASIS. . .eeiiiiiiiiieiiiii ettt 207
7.7.3  CoSt Of ProdUCHION BaSIS .......ccouvieiiiiiiiieiiie it 209
7.7.4  Production COSt ESHMALES ........eiiiiiiiiiiiiiiie it 209
7.8 KEY TAKEAWAY'S ....ceeiitiieeiee e e e e sttt e e e e e sttt e e e e e e s e et e e e e e e s s e aa e e aeeeeeeanntaaeaeeaeeeeannnsenneees 212
A= 25 A U S 11 O TP UPR TR 212
7.8.2  WESEEIN BEUMOPE ..oviiiiiiiiiiit ittt 212
7.8.3  CRlIN@ et 213
7.9 SENSILIVIEY ANBIYSIS ..ttt 213
8 Hydrothermal Treatment of Polyolefing WaSTE..........cuviiiiiiiiii e 214
8.1 INEFOTUCTION ...ttt s e n e e e e e s nanneee s 214
8.2 SWOT ANGIYSIS .eeeeiiiiieiiiiieiiieeee ettt et ee e ettt aeaeaeeesaseessasesasesssssesssssnsnssnnsnsnnnnnnnnes 216
8.3 High Level Profiles of Selected Technology Developers .........cccveiiieieiiiieieiiiiice e 217
8.3.1 Mura Technology (NON-CatalytiC) ............uuuuummmmmmmmiiiies s 217
8.3.2  EnviroPower Renewable (NON-CatalytiC).........cceeerririeiiiiiieeiiiiiee e 222
8.4 ECONOMIC ANAIYSIS ..o 223
8.4.1  INVESIMENT BASIS ....uviiiiiiiiiie ettt 223
8.4.2  PrICING BASIS. ... eeiiiiiiiiieiiiiie ettt 223
8.4.3  CoSt Of ProduCtion BaASIS .........cuvvieiiiiieiiiiiic ettt 225
8.4.4  Production COSt ESHMALES .......uuiiiiiiiiiei it 226
8.4.5  Sensitivity t0 FEEU PriCING ... ..uuuuuiiiiiiiii s 228
8.5 KEY TAKEAWAY'S ...ttt ettt ettt ekttt ekttt e skt e e s bttt e e e bt e e e e e s enbaeee s 229
B.5. 1 USGC . ittt 229
8.5.2  WESIEIN BUIOPE ottt e e e e e e e e eenenen 229
ST T @ 1 11 - TSRS 229
8.6 SENSIIVILY ANAIYSIS ..oeiiiiiiiiiiiiiiiieee ettt ettt e et eaeaseeaessseseeeaessaesesssesnsssnsnnnnnnes 230
9 Carbon INTENSIEY ANGIYSIS ......veiiieiiiiiiiieieeeeeeeeeeeeeeeeeaeeeaaesaeesssessaeseessssesssssesesssesssesssssssssssessssssssssnnnnnes 231
9.1 (@ YT 11 OO PPEER 231
9.2 Mapping Scope 1 & 3: QuantitatiVe SCOPE 2 .....veiieiieiiieiiiiiie et 232
9.3 SCOPE L EMUSSIONS ..ttt ettt ettt e e e e ettt et e e e e e e e bbb bt e e ee e e s e annbeneeeaaeeaaannnes 232
9.3.1 Mechanical Recycling of Polyolefin Flakes (HDPE, PP, LDPE, LLDPE)............. 233
9.3.2 Pelletization of Recycled Polyolefin FIakes............ccoeeviiiiiiiiiiiiieeeeen 233
9.3.3 Dissolution of Recycled Clear PP PelletS...........ccoiiiiiiiiiiiiiieeee e 233
9.3.4 Pyrolysis of Mixed Polyolefin Waste to Produce Plastic-Based Naphtha............ 234

9.3.5 Hydrothermal Treatment of Mixed polyolefin waste to Produce Plastic-
Based NaPNtNa..........oueiee e 234
9.4 SCOPE 2 EMISSIONS ...ttt ettt et e e e et e e e e st e e et e e e e nbr e e e e nnees 235
9.4.1  MechaniCal RECYCHNG......coiiiiiiiiiii et 237
9.4.2 Solvent Based PUTIfICAION ........ovoiiiiiieiiiiie e 239
Dissolution of Recycled PP Flakes & Pelletization ... 239
0.4.3  PYFOIYSIS ettt et a e e e eaaa e s 239
Plastic-based NaPhIN@ .........cccoiiiie e e e e e e e e s e rr e e e e e e e nnne 239
O NexanteCcA TECHNOLOGY & COSTS 5

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

9.4.4  Hydrothermal TreatMeENt .........ccceeiiiiiiiiieie e e e e e s e e e e e e s e annes 240
Plastic-based NaPhINa ..........cooiiiiie e e e e e e rr e e e e e 240
9.5 SCOPE 3 EMISSIONS ...ttt ettt ettt s et e et e et e e 240
9.5.1 Mechanical Recycling of Polyolefin Flakes (HDPE, PP, LDPE, LLDPE)............. 240
9.5.2 Dissolution of Recycled Clear PP PelletS...........ccoiiiiiiiiiiiiieceee e 241
9.5.3 Pyrolysis of Mixed Polyolefins Waste to Produce Plastic-Based Naphtha........... 241
9.5.4 Hydrothermal Treatment of Mixed Polyolefin Waste to Produce Plastic-
Based NAPhtha..........uuuiiiiice e 242
O NexanteCcA TECHNOLOGY & COSTS 6

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Appendices
A Cost Of ProduCtion ESHIMALES .......coiiiiiiiiii ittt 245
B Definitions of Capital Cost Terms Used in Process ECONOMICS.........ccceiiiiiiiiirieeeeiiiiiiiiineeeeeseennns 281
C Definitions of Operating Cost Terms Used in Process ECONOMICS .......c..cccuvvvireeeeeiiiiiiiiineseeesninnns 286
D TECH Program Title INdeX (2013-2023) ....uuviiieeiiiiiiiieeie e e s eiireee e e e e s e st e e e e e e s s nsnaaeeee e e e e s snrsnneees 289
E RETEIENCES ...ttt e et e e e e e e e s e e e s e 292
Figures
Figure 1 Global Plastics Demand by TYpPe Of PIASHC. .......cuuviiiiiiiie e 1
Figure 2 Capacity BreakKdowWn DY POIYMET.........ouiiiiiiiiiiiieieiiieieieeeeeeeeeeteee e eeseaeaeaaaeseaesesesesnsnnnsnnes 4
Figure 3 Total Installed (Input) Capacity Growth in Chemical Recycling .........cooovveeiiiiiiiiiiiiiciiieeee 5
Figure 4 Cost of Production Summary for Recycled HDPE Pellets ..........oovvvviiiiiiiiiiiiiiiiiiiievieeveveiivaiens 8
Figure 5 Cost of Production Summary for Recycled PP PelletS........c.oooiiiiiiiiiiiiiiceeieee e 10
Figure 6 Cost of Production Summary for Recycled LDPE Pellets ..........ccccooiiiiiiiiiiiiiiiiieeieeeee 11
Figure 7 Cost of Production Summary for Recycled LLDPE PelletS ............ouvvviieivieveiviiieieieieiiiiieiiinns 12
Figure 8 Cost of Production Summary for Recycled Polypropylene Pellets via Dissolution ............... 14
Figure 9 Summary of Pyrolysis-based Naphtha Production COStS ...........ccevvivivivieieieieiiiiieiiierevevenninns 16
Figure 10  Summary of Naphtha from Mixed Polyolefin Waste (via Hydrothermal Treatment)

[ (o To 18 Tod T o I @0 1] £ SRS 18
Figure 11  Global Polyethylene Demand by End Use, 2023 ..........cooiiiiiiiiiieiiiiiieeeie e 21
Figure 12  Global High Density Polyethylene Demand by End Use, 2023-€ .......cccoeeeieieiiiiieeeieeeceeeeennn 23
Figure 13 HDPE Manufacturing DESION.......ccciiuiiiaiiiiieeiiiie ettt e st 25
Figure 14  Linear Low Density Polyethylene Demand by End Use, 2023-€.......ccccooeeiiiiiiiiiiiieieicceeeeennn 29
Figure 15 Global Low Density Polyethylene Demand by End Use, 2023-€ .........ccooovieeiiiiiee e, 34
Figure 16  Fully Implemented Preparation of Impact Polypropylene Copolymer (IPC)........ccccceeeeieinnn. 41
Figure 17 Ideal Characteristics Manufacturing for PP Recyclability ..........cccooooiiiiiiiiiiiiiiiciiiciecccccceeen 41
Figure 18  Typical Mechanical ReCyCliNg SChemME ........cooiiiiiiiii e 45
Figure 19  Climate Change - Net IMPACT ..........uuiiiiiiieiie et e e e 50
Figure 20  Advanced Recycling ClasSifiCatiONS .........c.uiiiiiiiiieiiiiie e 52
Figure 21  Opportunities and Challenges for Advanced Recycling Technologies............cccccceiiviininen. 54
Figure 22 Capacity Breakdown DY POIYMET .........cooiiiiiiiiiiee e 55
Figure 23  Total Installed (Input) Capacity Growth in Chemical Recycling ..........cccocveeiiiiieeiiiieeeenn, 56
Figure 24  States with Advanced ReCYCING LAWS ........ouuuiiiiiiiiiiieeit e 63
Figure 25  European Map, European Union LegisIation............ccoieiiiiiieiiiiiieiice e 65
Figure 26 Global EPR DY ProdUCE TYPE ...ttt e e 72
Figure 27  Circular Economy for Flexible Packaging (CEFLEX) Initiative ...........cccoooivieiiiiee e, 86
Figure 28  Example of Five-Layer Barrier FilM ... 89
Figure 29  Circular Economy for Plastic Packaging ...........ueeiiiiiiiiiiiiie et 89
Figure 30  Days of Embrittlement of Recycled HDPE BOttES ..........vvvvviieeiiiiiiiice e 93
Figure 31 EREMA HDPE RecyCling MacChiNEIY........cooiiiiiiiiiiiaaiiiie et 95
O NexanteCcA TECHNOLOGY & COSTS 7

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Figure 32  Krones MetaPure W-PO Washing ModUIE ............cccoiiiiiiiiiiiiee e 96
Figure 33  Starlinger recoSTAR HDPE FG+ Recycling Machinery .........ccccoecvvevieeeesiiiiiieeee e 98
Figure 34  Starlinger recoSTAR Dynamic with C-VAC Degassing Module and Downstream

Odor Reduction Technology Recycling Machinery ............cccceiiiiiiiiiiiiec e 99
Figure 35  Cost of Production Summary for Recycled HDPE FIaKES..........ccccccvviivieeeiiiiiiiiieece e 105
Figure 36 Cost of Production Summary for Recycled HDPE Pellets ........ccccovviiiiiiiiiiiiiiiiicc e 107
Figure 37  Effect of Changes in HDPE Scrap Price on Recycled HDPE Flake Economics................. 109
Figure 38  Cost of Production Summary for PP FIAKES ..........ccceiiiiiiiiiiiiiiee e 114
Figure 39  Cost of Production Summary for Recycled PP PelletS...........oooiiiiiiiiiiicciecc e 115
Figure 40  Effect of Changes in HDPE Scrap Price on Recycled PP Pellet Economics............ccccuun... 117
Figure 41  Cost of Production Summary for LDPE Pellets ...........ccoiiiiiiiiiiiiiiiiiceiee e 120
Figure 42  Cost of Production Summary for Recycled LDPE PelletS .........cccooooiiiiiiiiiiiiiiiciiccceeececeeenn 121
Figure 43  Effect of Changes in LDPE Scrap Price on Recycled PP Pellet Economics ............cccc..... 123
Figure 44  Cost of Production Summary for LLDPE FIAKES ..........coiiiiiiiiiiiiiiiiiiceiec e 124
Figure 45  Cost of Production Summary for Recycled LLDPE Pellets .........cccooooiiiiiiiiiiiiiiiiiicceceeeeen 125
Figure 46  Effect of Changes in LLDPE Scrap Price on Recycled LLDPE Pellet Economics.............. 127
Figure 47  Simplified Block Flow Diagram of Polyethylene/Polypropylene Waste Dissolution

PO S S .. 130
Figure 48  Newcycling® Process for Polyethylene/ Polyamide...............ccoovvieiiiiiiiiiiiiiec e, 135
FIQUrE 49  CreaSO0IV® PrOCESS ....iiiuiiiiiiieitiie it eite et e stee e st et e e bt e anbe e e aseeeasbe e s bt e e smteeanteeanneeeanneeeaneeas 140
FIgure 50 PUIECYCIE PrOCESS ....uuuuiiiiiiiiiiii s 147
Figure 51  Cost of Production Summary for Recycled Polypropylene Flakes............ccccoviiiiiiiiiiniene 153
Figure 52  Cost of Production Summary for Recycled Polypropylene Pellets via Dissolution ............. 154
Figure 53  Effect of Changes in Polypropylene Scrap Price on Recycled Polypropylene Pellet

[T olo] g T0] 11103 TP PRTT PR 156
Figure 54  Total Installed (Input) Capacity Growth in Chemical Recycling ..........ccccoovuvvieiiiiiieiiinneens 158
Figure 55  Typical PYrOlYSIS PrOCESS ... .uuuuiuiiiiiiiiii s 159
Figure 56  Plastics to Liquid Fuel RECYCIING PrOCESS ......cocuuiiiiiiiiii ittt 163
Figure 57  Reactor Comparison for PIastiC PYIrOIYSIS ........uuiiic s 168
Figure 58  Main Products from Catalytic Pyrolysis of Polyolefins with Different Catalysts .................. 169
Figure 59 Typical PYrolYSiS PrOUUCTS.......i.uiiiiiiiiiie ittt e et e e 170
Figure 60  AQIlYX PYFOIYSIS PrOCESS ......uiiiiieiiiiititie ettt ettt e e e e e e e e e e e e e e e e annnes 173
Figure 61  Klean Industries/Sapporo Plastics Recycling Plastic to Fuel Flow Diagram...................... 180
Figure 62  Mura Technology Cat-HTR™ PrOCESS ......cciiiiutiiiiiieeeiaiiieiie et ee e e e e 184
Figure 63  Nexus Fuels - Plastics to Fuel Pyrolysis TeChNOIOQY .........ccoiiiiiiiiiiiiiiiiiiee e 187
Figure 64  PlastiC ENErgy — TAC PrOCESS ....cooiitiiiiiiiiiie ettt ettt ettt e et e et e e e nnaeeeeane 192
Figure 65 Quantafuel Plastic to Liquid Fuel Process SchematiC...........cccccoiiiiiiiiiiiiiiiiiiieeee 197
Figure 66  Quantafuel SIMPIified ProCeSS SEPS ....cciiuuiiiiiiiiiee ittt 197
Figure 67  Quantafuel Product Distribution for PTL Process — Initial FOCUS ..........ccccciiiiiiiiiiiienninns 198
Figure 68  Quantafuel Product Distribution for PTL Process — Current FOCUS...........ccveeiiiieeeiiieeeennns 199
Figure 69  Recycling Technologies RT7000 FIOW DIiagram .......ccoooiuuueeiiiieaaiiiiiiiieeee e e e e e 201
Figure 70  Summary of Pyrolysis-based Naphtha Production COStS ...........coocuviiiiiiiiiiiiiiiiiieiceeeee 211
O NexanteCcA TECHNOLOGY & COSTS 8

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Figure 71  Effect of Changes in Mixed Polyolefin Waste Price on Pyrolysis-based Naphtha

[T oTo] o] 1 1o SRR 213
Figure 72 Typical Hydrothermal Treatment PrOCESS .......c.uuviiiieeiiiiiiiiiie e et e e e s an e e e e 215
Figure 73 HYArOPRTSM PrOCESS .. ..ciiiiiiiiieiiie ettt sttt ettt ettt et e bt e et e e st e e nnbe e s beeeenneas 221
Figure 74  Summary of Naphtha from Mixed Polyolefin Waste (via Hydrothermal Treatment)

PrOGUCTION COSES ..iiiiiiiiii ettt ettt ne e 227
Figure 75  Sensitivity to Mixed Plastic Waste FEEUSIOCK ..........curiiiiiiiiiiiiiieeciiieec e 228
Figure 76  Summary of Naphtha from Mixed polyolefin waste (via Hydrothermal Treatment)

PrOUCTION COSES) ..itiiieiiitiie ettt ettt et e e st et e e st e e e aba e e e e e breeeeaaes 230
Tables
Table 1 Comparison of Film Properties by Type of Polyethylene ..........cccccooviieiicic e 22
Table 2 Commercial Properties for HDPE Resins — Blown Film, Cast Film .........c.ccocceviiiviiniiiceiee 24
Table 3 Commercial Properties for HDPE Resins — Film EXIIUSION .......cccoeeicviveiiiieee e 24
Table 4 Commercial and Physical Properties for LLDPE — BlIown Film.........cccocoiiiiiiiniiciciecieies 30
Table 5 Commercial Properties and Physical Properties for LLDPE — Cast and Blown Film................ 30
Table 6 Commercial Properties for LDPE — BIOWN FilM .......ooiiiiiiii e 35
Table 7 Commercial Properties for LDPE — for Blown and Cast Film..........c.ccooviiiiiiiiiiiiieiiciecnes 36
Table 8 Commercial and Physical Properties Polypropylene Resins - Biaxially Oriented Film.............. 40
Table 9 Sorting Techniques by TYPE Of PIASTHICS ......coiuiiiiiiii i 46
Table 10 Sorting Methods fOr PIASHICS.......cociiiie it e e sraneeens 47
Table 11 Mechanical Recycling Advantages and Disadvantages ..........ccooveiieiieiieneeneenee e 51
Table 12 Comparison of Advanced Recycling TEChNOIOGIES .........cieiiiiiiiiiiiee e 53
Table 13 States with Advanced Recycling Legislation by Date of Enactment..............coccooveeviiieee e 64
Table 14 Regional PlastiC TaX LANUSCAPE ........ciiuieiieiieitie ettt ettt bbbt 68
Table 15 Revisions Proposed for the EU Packaging and Packaging Waste Directive (subject to

(o3 0= g o = ) I SRR OPPRRPRR 69
Table 16 EPR Frameworks in India, Philippines, South Africa, Singapore, and the European

(6101 o] o T TP P U PP PP PP PPPPRPTPR 72
Table 17 Extended Producer Responsibility SUMMANY .........cccoiiiiiiiieiieie e 73
Table 18 Designing for a Circular ECONOMY GUIAEIINES ........ccuieiiiiiiiiiii e 87
Table 19 Comparison Single Film versus Multi-Material Film ... 88
Table 20 Krones Polyolefins RECYCIING SYSIEMS.......coiiiiiiiiiiiie e 95
Table 21 Starlinger reCOSTAR HDPE FG+ SPECIfiCaAtIONS ......c.ceiveeiieeiiieiie ettt siee st 98
Table 22 Prices of Raw Materials, Products, Utilities, and Labor............ccoviiiiiiiiiiicccceee 103
Table 23 Cost of Production Summary for Recycled HDPE FIaKes ..., 105
Table 24 Cost of Production Summary for Recycled HDPE Pellets .........cccoooiiiiiiiieniienieneeneee 106
Table 25 FUIl COSE OF PrOGUCTION ...ttt sttt e bt sne e e snbeesnnee e 109
Table 26 Cost of Production Summary for PP FIAKES ..........cciiiiiiiiiieeeee e 114
Table 27 Cost of Production Summary for Recycled PP Pellets...........ccoccoiiiiiiiiciceeecee e, 115
Table 28 Full Cost of Production ($ per ton, sensitivity to rPP Flakes Price, COP + ROCE) ................ 117
Table 29 Cost of Production Summary for LDPE FIAKES .........cccvieieiiieiiie e 120
O NexanteCcA TECHNOLOGY & COSTS 9

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Table 30 Cost of Production Summary for Recycled LDPE PelletS.........ccccocvviiieeiii e v 121
Table 31 Full Cost of Production: ($ per ton, Sensitivity to rLDPE Flakes Price,

COP + 10% ROCE) ....uetiuiiiiiiiiii ittt sttt sttt sttt ettt te ettt nbe e beebe e beebeebeentee e 123
Table 32 Cost of Production Summary for LLDPE FIaKES .........ccccviiiiiiiiiiieeeeee e 124
Table 33 Cost of Production Summary for Recycled LLDPE Pellets..........ccocvvieeiieeviee e 125
Table 34 Full Cost of Production ($ per ton, Sensitivity to rLLDPE, Scrap Price,

COP + 10% ROCE) ....uiiiiiiiiiiiiie ittt sttt e te st te e e aste e s e e s e e beanbeenbeebeenbeesbeenbeenteenes 127
Table 35 Solvents and Non-Solvents for Selective Solvent EXIraction..........c.cccocvviiiiiiiiniecnienicseen 130
Table 36 YT @ Y =1 Y2 OSSR 131
Table 37 Purification Technology Developers for Polyolefins WaSte............ccccviiiiiiiiiieee 132
Table 38 Prices of Raw Materials, Products, Utilities, and Labor...........cccoieiiiieiiieiiiieee e 150
Table 39 Cost of Production Summary for Recycled Polypropylene Flakes ..........cccooeiiiiiiiiniennenn, 152
Table 40  Cost of Production Summary for Recycled Polypropylene Pellets ..........ccccoveiieiiiniinieneenn 153
Table 41 Full Cost of Production ($ per ton, Sensitivity to rPP flake price, COP + 10% ROCE)........... 155
Table 42 SWOT ANAIYSIS ...ttt ettt ettt ettt e ettt e b b 160
Table 43 Plastic Feedstock Type and Pyrolysis Product TYPE ......ccuveeiiiiiei et 161
Table 44 Results from Selected PYrolySiS STUIES ........oiiiiiiiiiiiiiieiec e 164
Table 45 Energy Values of Polymers and FUEIS..........ooooiiii i 166
Table 46 Advantages and Disadvantages of Furnace Type for Plastic Pyrolysis ...........cccccccveviciveeennee. 167
Table 47 GreenMantra CERANOVUS ProOUCES.........ciiiiieiiie ettt stee e snee e 177
Table 48 Mass Balances for Plastic ENergy TAC PrOCESS.........cuciiciiiieiiiieeeiitieee s siieeessieeaessrieaessreeaeans 193
Table 49 Recycling Technologies RT7000 Parameters ..........cuiviieiieiiiiniiniese e 202
Table 50 Prices of Raw Materials, Products, Utilities, and Labor...........cccoiiiiiiieiiiiicecciee e 208
Table 51 Summary of Pyrolysis-based Naphtha Production COStS .........ccccocvviiieeiieeiiee e 211
Table 52 Full Cost of Production ($ per ton, COP + 10% ROCE versus

MiXEd PlASHICS WASEE COSL).....eiueiiueiiiiiitieitieitee sttt sttt 213
Table 53 YL@ I AN g = £ LSS 216
Table 54 Mixed Plastic Waste Hydrothermal Treatment Technology Developers ...........ccccovivnennne. 217
Table 55 Prices of Raw Materials, Products, Utilities, and Labor...........cccoieiiiiieiiiiiicecciee e 224
Table 56 Summary of Naphtha from Mixed Polyolefin Waste (via Hydrothermal Treatment)

[ oTe [0 Tox 1 o] o I 00 1S £ T PP OU SR URRUPRTPRN 227
Table 57 Full Cost of Production, $ per Ton (COP+10% ROCE versus Mixed Plastics Waste

L©0 ) SRRSO 228
Table 58 Full Cost of Production, $ per Ton (COP+10% ROCE versus Mixed Plastics Waste

L0 1 SOUPEPUO PR PPPRRPPP 230
Table 59 Consolidated Electrical Grid POWET SOUICES .........uiiiuiiiiiiaiiie ittt stee e 235
Table 60 ULility EMISSIONS FACTON ...oviiitiiitie ettt sttt 236
Table 61 Mechanical Recycling Polyolefin Flakes HDPE, PP, LDPE, LLDPE Flake Scope 2

(0= 15 aTo] o I 01 (] 01571 VSR O PO 237
Table 62 Mechanical Recycling Polyolefin Pellets Recycled HDPE Pellets..........cccovvveiveiee i 238
Table 63 Mechanical Recycling Polyolefin Pellets Recycled PP Pellets ... 238
Table 64 Mechanical Recycling Polyolefin Pellets Recycled LDPE/LLDPE Pellets.........ccccoooeiiienieenne 238
Table 65 Dissolution: Recycled Clear PP PelIELS ........ccoeiceiiiiee e see s e stee s e e 239
Table 66 Pyrolysis of Mixed POIYOIefin WASLE ...........cciiiiiiii e 239
O NexanteCcA TECHNOLOGY & COSTS 10

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Table 67 Hydrothermal Treatment of Mixed Polyolefin Waste..........cccccoveiie i 240
Table 68 Cost of Production Estimate for: Recycled HDPE Flakes

Process: Sort/Wash/Grind/Separate; USGC BaSIS .........ccccvveiieiiiieeeiieeiieessieseseeeseeesveesnseeans 245
Table 69  Cost of Production Estimate for: Recycled HDPE Flakes

Process: Sort/Wash/Grind/Separate; Western EUrope BasiS..........ccvvireiiiiiiiiieniesieneeees 246
Table 70 Cost of Production Estimate for: Recycled HDPE Flakes

Process: Sort/Wash/Grind/Separate; China BaSiS ..........ccccvveiieriiiee i ciee e see e sie e sie e 247
Table 71 Cost of Production Estimate for: Recycled HDPE Pellets

Process: Pelletization of Recycled HDPE Flakes; USGC BasSiS........ccccocvevieriiieeeiieesieesiienns 248
Table 72 Cost of Production Estimate for: Recycled HDPE Pellets

Process: Pelletization of Recycled HDPE Flakes; Western Europe Basis..........cccccvevrienne. 249
Table 73 Cost of Production Estimate for: Recycled HDPE Pellets

Process: Pelletization of Recycled HDPE Flakes; China BasiS.........ccccoovvvviivinieeiiee e 250
Table 74 Cost of Production Estimate for: Recycled PP Flakes

Process: Sort/Wash/Grind/Separate; USGC BasSIS.........cccoveiiiiriiiiieiee e ssiiee e sieeee e 251
Table 75 Cost of Production Estimate for: Recycled PP Flakes

Process: Sort/Wash/Grind/Separate; Western EUrope BasiS ..........ccovvvieiiiiniiiieniesiesienees 252
Table 76 Cost of Production Estimate for: Recycled PP Flakes

Process: Sort/Wash/Grind/Separate; China BasSiS ..........ccocvviiiiviiieeiiee e 253
Table 77 Cost of Production Estimate for: Recycled PP Pellets

Process: Pelletization of Recycled PP Flakes; USGC BaSIS .........cccocveiiiieeeiiiieee e siieeees 254
Table 78 Cost of Production Estimate for: Recycled PP Pellets

Process: Pelletization of Recycled PP Flakes; Western Europe Basis .........ccccocvvinieniennnn, 255
Table 79 Cost of Production Estimate for: Recycled PP Pellets

Process: Pell Pelletization of Recycled PP Flakes; China Basis .......ccccccccveieviiieicee i 256
Table 80 Cost of Production Estimate for: Recycled LDPE Flakes

Process: Sort/Wash/Grind/Separate; USGC BasSiS.........ccccveeiiiiiiiiiiiee e sie e ssiee e 257
Table 81 Cost of Production Estimate for: Recycled LDPE Flakes

Process: Sort/Wash/Grind/Separate; Western EUrope BasSiS ..........ccvvireiiiiieiiienieiienenees 258
Table 82 Cost of Production Estimate for: Recycled LDPE Flakes

Process: Sort/Wash/Grind/Separate; China BasSiS ..........ccoovvviiireiieeiiee e se e 259
Table 83 Cost of Production Estimate for: Recycled LDPE Pellets

Process: Pelletization of Recycled LDPE Flakes; USGC BasSiS ........cccccccvveiiiieeecciieee s 260
Table 84 Cost of Production Estimate for: Recycled LDPE Pellets

Process: Pelletization of Recycled LDPE Flakes; Western Europe Basis ..........cccccvvvvreennne. 261
Table 85 Cost of Production Estimate for: Recycled LDPE Pellets

Process: Pelletization of Recycled LDPE Flakes; China Basis .........ccccvevevieriiieeesinesieesiienns 262
Table 86 Cost of Production Estimate for: Recycled LLDPE Flakes

Process: Sort/Wash/Grind/Separate; USGC BaSIS .........ccioueiiiiiiiiieiiie e 263
Table 87 Cost of Production Estimate for: Recycled LLDPE Flakes

Process: Sort/Wash/Grind/Separate; Western EUrope BasiS ..........ccovvvieeiiiiieiieniesieseenees 264
Table 88 Cost of Production Estimate for: Recycled LLDPE Flakes

Process: Sort/Wash/Grind/Separate; China BasSiS .........c..cocvvviieierieeeiee e sseeesieeseesieesieeens 265
Table 89 Cost of Production Estimate for: Recycled LLDPE Pellets

Process: Pelletization of Recycled LLDPE Flakes; USGC BasSIS .......cccccoeeiieieniieiiee e 266
Table 90 Cost of Production Estimate for: Recycled LLDPE Pellets

Process: Pelletization of Recycled LLDPE Flakes; Western Europe Basis .........cccceveveiivennns 267
O NexanteCcA TECHNOLOGY & COSTS 1

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

Table 91 Cost of Production Estimate for: Recycled LLDPE Pellets

Process: Pelletization of Recycled LLDPE Flakes; China Basis .........cccccevieviiiieiieeiieeiieene 268
Table 92 Cost of Production Estimate for: Recycled Mixed Color PP Flakes

Process: Sort/Wash/Grind/Separate; USGC BaSIS .........cccciveiiieeiieeeiieeiieesieseseeeseeesveesnseeans 269
Table 93  Cost of Production Estimate for: Recycled Mixed Color PP Flakes

Process: Sort/Wash/Grind/Separate; Western EUrope BasiS ..........cccovireiiiiiiiininiiiieneeeee 270
Table 94  Cost of Production Estimate for: Recycled Mixed Color PP Flakes

Process: Sort/Wash/Grind/Separate; China BasiS ...........ccuvviieiiiiiiiiiiiiiie s 271
Table 95  Cost of Production Estimate for: Recycled Clear PP Pellets

Process: Dissolution of Recycled PP Flakes & Pelletization; USGC Basis............ccceeevveiiiennns 272
Table 96  Cost of Production Estimate for: Recycled Clear PP Pellets

Process: Dissolution of Recycled PP Flakes & Pelletization; Western Europe Basis............. 273
Table 97 Cost of Production Estimate for: Recycled Clear PP Pellets

Process: Dissolution of Recycled PP Flakes & Pelletization; China Basis..........cccccceveveiiieenne 274
Table 98 Cost of Production Estimate for: Plastic-based Naphtha

Process: Pyrolysis of Mixed Polyolefin Waste; USGC BasiS..........cccccevvcvieeeiiiiee e 275
Table 99 Cost of Production Estimate for: Plastic-based Naphtha

Process: Pyrolysis of Mixed Polyolefin Waste; Western Europe BasiS.........c.cccocvvviiennnnnne. 276
Table 100 Cost of Production Estimate for: Plastic-based Naphtha

Process: Pyrolysis of Mixed Polyolefin Waste; China BasiS .........cccccccvevieiiiiinieeiiee e 277
O NexanteCcA TECHNOLOGY & COSTS 12

TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



Recycling Options for Polyolefins December 2023 Report Contents

O NexanttECA

TECHNOLOGY & COSTS

Technoeconomics - Energy & Chemicals
(TECH)

The NexantECA Subscriptions’” Technoeconomics - Energy & Chemicals (TECH)
program is recognized globally as the industry standard source for information
relevant to the chemical process and refining industries. Technoeconomics -
Energy & Chemicals (TECH) reports are available as a subscription program or
on a single report basis.

Contact Details:

Americas:
Adam Chan, Managing Consultant
Phone: + 1-914-609-0326, e-mail: achan@NexantECA.com

Erica Hill, Client Services Coordinator, Subscriptions and Reports
Phone: + 1-914-609-0386, e-mail: ehill@NexantECA.com

EMEA:
Anna Ibbotson, Vice President, Sales and Marketing
Phone: +44-207-950-1528, aibbotson@NexantECA.com

Asia:
Chommanad Thammanayakatip, Managing Consultant
Phone: +66-2793-4606, email: chommanadt@NexantECA.com

NexantECA Subscriptions and Reports provide clients with comprehensive analytics, forecasts and insights for the chemicals, polymers,
energy and cleantech industries. Using a combination of business and technical expertise, with deep and broad understanding of markets,
technologies and economics, NexantECA provides solutions that our clients have relied upon for over 50 years.

Copyright © 2000-2024. NexantECA (BVI) Limited. All rights reserved

c NeYaanm TECHNOLOGY & COSTS 13
TECH 2023510 Recycling Options for Polyolefins
100101.200.2023.010



