PLA August 2022 Report Contents
TECHNOLOGY & COSTS
Biorenewable Insights
PLA
Table of Contents
A Report by NexantECA, the Energy and Chemical Advisory company
Published Date: August 2022
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
11 [ aTrgoTo 0Tt i o] o T TSP PPPPP R PPPPPP 1
1.2 TECRNOIOGY ettt ettt 2
L1.2.1 LACHC ACIH .ttt e et e e e e e e e e e e 2
2 I SRR 4
1.3 ECONOMICS ... 7
L1.3.1 LACHC ACIH ..ttt ettt e et e e e e e e e e 7
R T I RPN 9
1.4 (O o - Vo] | YOS PPPPPPPPNt 11
141 LactiC ACI .o 11
A I PSPPI 13
15 StrategiC IMPICALIONS ......eiiiiiiiiieiiieieieeeeee ettt ettt aeaeaaseassasssesesssesssnsnsnnnnes 15
151 LacCtiC ACI e 15
08 707 = I NSO PP PPURRRPPPP 15
1.6 SWOT BNAIYSIS ...ttt ettt e bttt e bt e e sttt e s bttt e e b e e e annaeee s 16
2 INErOAUCTION ... 17
2.1 OVBIVIEW. ..ttt ettt ettt ettt ettt e s e e e st s e seseseaeseassssssssssssesssnsnsnsnnnnnnes 17
20 S R - o 1 o Y o [ PP PPPPPUPPPPPRPPPPPRt 17
2.1.2  POIYIACHC ACIH (PLA) ..ottt ettt 18
2.2 APPLIcatioNS @Nd ENG USES ......uiiiiiiiiiiiiieiie ettt e e e e e ee e e e e e as 21
2.2.1  LACHC ACI oottt atararararnnaaes 21
2.2.2 P e e e e e e e e e a e e e e e e aaaaas 24
2.3 MarKet OVEIVIEW ......ccoeiiieieie e 28
P T R - ox 1 (o3 Y o1 [ USSP PPUPPPPUUPPPPPPPPPIRt 28
2.3 2 PLA e e a e e e e e e e e e e e e e aaaaas 28
2.4 REgUIALONY LANUSCAPE .....vveeieiiiiiie ettt e ettt e et e e e st e e e s baeeeeane 29
241 WESEEIN BEUIOPE ..ottt e et e eeeeseennenes 29
A \\[o T 1 o 2N 0 1 =T o o= PP PPPPPPPRPPPPNt 30
2.4.3  ASIA PACIHIC ...uteeie et 31
O NexanteCcA TECHNOLOGY & COSTS 1

PLA

101392.200.2022.005



PLA August 2022 Report Contents
244 RESEOF WOII....ooiiiiiiiie et e e 33

3 TECRNNOIOGY etttk et 36
3.1 [0 To [N Tt 1o o FO SRR UPRPPPPPR 36
3.2 LaCtiC ACId ... 36
3.2.1  Lactic ACId PrOCESS OVEIVIEBW .....cieiiiiiieiiiiiiesiiiie e aiiee e atbee e aitee e e nbee e e e nntaee e 36

3.2.2 Lactic Acid TeChnology STALUS ........cuerieiiiiiieiiiie et 46

3.2.3  NAIUIEWOIKS ..ottt ettt e e et e e et e e et ae e e e 47

3.2.4  Corbion/TotalENergies CorbiON ..........cccuviiiiiie e e e s e e e e e 53

3.2.5  TNYSSENKIUPD «. ettt 60

3.2.6  GaAlACHC/FULEITO ...ttt ettt e e e e e e e e et e e e e e e e e aannees 65

3.2.7  HENAN JINGAN ..utiiiiiiiiiiiiii i nnan 71

3.2.8 COFCO BiOteCHNOIOQY .. .uvuviriiiiiiiiiiiiiiiiii s 74

3.2.9  Musashino Chemical Lab...........cooiiiii e 75

3.2.10  ClIUIAC ..t utttititititttitt e nan 76

3.3 PR OUPRPPPPPR 78
3.3.1  PLA PrOCESS OVEIVIEW....uuuuuuuuiiiiiiiiiiiaaiisaaisisnasannsnaannannan s nnnes 78

3.3.2  PLATECNNOIOQY StAtUS.....uuuuiriuiiiiiiiiiiiiiiiii s 78

3.3.3  NALUIEWOIKS ..oiiiiiiiiiiiiiiiit e naas 80

3.3.4 Corbion/TotalEnergies COrbIiON ...........uiiiiiiiieiiiie et 84

3.3.5  tNYSSENKIUPDD ..ttt s 88

3.3.6  GalACHC/FULEITO . uuuutiiiiiiiiititttt e naas 90

3.3 7 HENAN JINGAN ettt e et e e e e e e e e e e e e e aaee 94

3.3.8  COFCO BIiOtECNNOIOQY ... .eveieiiiiieeiiieie ettt 95

3.3.9  Musashino Chemical Lab...........cooiiiiii e 97

B.3LL0  SUIZET ittt e e e annes 99

3.3.11 Zhejiang Hisun Biomaterials (HISUN Bi0)........ccuvieiiiiiieiiiiieeeiiiiee e 104

R 0 2 o 1 = el o PSPPSR 105

B.3.13  ClIUIAC .ttt s 110

R T I S =11 o PRSP SS 110

R T T o Yo | PP 110

3.3.16 PLA DOWNSIIEamM PrOCESSING ..vvrieiiiiieeiiiiieeeiiite et e e et e et e et e e abee e e nnees 111

4 ECONOMICS ..o 120
4.1 Basis Of ECONOMICS ......coooiiiiii 120
4.2 =3 i gTe e (o] (oo VPSPPI 120
4.2.1  Capital COSt EIEMENTS.....cciiiiiiiiiiiiii e 120

4.2.2  Operating CoSt EIEMENTS .....cooiiiiiiiiiiie et 124

4.3 LACtiC ACIH ..o 127
L T R NN = L (1= 1A 128

G T @ o1 o T 134

G TG T 101 VASTS 1T 0 (U] ] o PR UTTR PP 141

4.3.4  GENETIC FEIMENTALION. .....citiiieiitiiee ettt ettt e st e et e e et e e e s ntaeeeeane 147

4.3.5  COSt COMPELILIVENESS ..evviiiieeeiiiiiiiiie it e e e ettt e e s s e e e e e e s e s re e e e e e e e e nnnsrnneees 153

O NexanteCcA TECHNOLOGY & COSTS 2

PLA

101392.200.2022.005



PLA August 2022 Report Contents

4.3.6  SENSItIVIEY ANAIYSIS.....uuiiiiiiiee i e e e e e s e r e e e e e 155
4.4 = Tod o A o (o T (=Y PSPPSR 159
4.4.1 Ethyl Lactate via Lactic Acid ESterifiCcation............cccocvviiiiiiiiiiiiiiecciecc e 159
4.4.2 Butyl Lactate via Lactic Acid ESterification...........ccccoccvvviveieeeiiiiiiiiieeee e 165
4.4.3  COSt COMPELILIVENESS ...oiiiiiiiie ittt et e e st eeeaaes 171
A4.4.4  SENSItIVIEY ANAIYSIS.....uuiieiiiiee e e e e e e e e s e e e e e e 172
4.5 PSPPSR 175
A.5. 1 NAIUFEWOIKS .eeeiieeeii ittt e e e e et e e e e e e e sttt re e e e e e e e e anneennees 175
4.5.2  TotalENErgies COrbiON.......ciieiii ittt e e e s a e e e e e snrrane s 181
A.5.3 Y SSENKIUPD «o ettt 187
4.5.4  COSt COMPELILIVENESS ... 193
455  SeNSItIVILY ANGIYSIS.....ueiiiiiiiiie it 195
5 (O oL ol 1 Y AN 4 F= 1Y £ PP PPPPPPt 198
5.1 Methodology for Evaluating ANNoUNCed PrOJECES .......evviiiiiiieiiiiiie e 198
5.2 = Vo £ {o3y Yo o [T PPTP PP 201
52,1  EXIStNG CAPACITY ..coiuviiieiiiiie ettt 201
5.2.2  ANNOUNCEA CAPACILY ..vuvvvrriririniiiiiniiiiieiiiiiaaann s 204
5.2.3  Capacity OUHOOK ........ccoiiiiiiiiiiiiee et 208
5.3 SR STPPPPP 209
5.3.1  EXIStING CAPACITY ...eeviiiiiiiiiiiiiiiiiieieieieiieeeeeeeeeeeeeeeeeeeeeeaeeeeaaessseseassasssssesssssessssssnnnnnes 209
5.3.2  ANNOUNCEA CAPACIY ..eeeiiiiiieiiitiieei ittt 211
5.3.3  Capacity OULIOOK ........eveiiiiiiiiiiiiiiiiieie ettt e e aeaeaeaasesasssesesesnsennnnnes 216
6 StrategiC IMPICALIONS ......eiiiiiiiiiieieeieie ettt e e eeee et eeseeeeeesassessasssesesesssssssssesssssssnsssssnsnsnsnnnnnnns 217
6.1 Scale and Market Penetration ...........ueeiieeeiiiiiiiie et e e e e e e eeeeee e e e e e e annes 217
B.1.1  KEY DIIVEIS ...ttt ettt et e et e et 218
6.1.2  Market RESIIAINTS ....coiiiiiiiiiiieiie ettt e e e e e e 220
6.2 T R 222
6.3 (@Y= = 1 I T g o] o= o] 1P PPPPPPPPRS 222
T T8 R - Vo 1 o3 A o T SO PPEER 222
TG T = N SRR STPRRP 223
Appendices
A L C] (=TT o[ PP PRRPPRN 225
O NexanteCcA TECHNOLOGY & COSTS 3
PLA

101392.200.2022.005



PLA

August 2022 Report Contents

Figures
Figure 1 [ T i [og Ao [0 IR (=T =T T Y011 1 =T £ SRR 1
Figure 2 LaCHAE SEIEOISOIMEIS ......iiiiiie ittt ettt et e e et e e et e e e 2
Figure 3 Typical Lactic Acid FErMentation PrOCESS ........cccvviiieiee ittt e e s e seer e e e e ssraree e e e e e s 3
Figure 4 Polymerization Synthesis ROULES fOr PLA ... 5
Figure 5 Cost of Producing Lactic ACId DY PrOoCESS.........uuiiiiiiii it 8
Figure 6 Cost of Producing Lactic ACid BY REGION .......cooiiiiiiiiiiiiiic e 8
Figure 7 Cost of Producing PLA DY PIOCESS .......oiiiiiiiieiiiiie ettt 9
Figure 8 Cost of Producing PLA DY REQION .......evviiiiiiiiiiiiiiiiiiieieiiteeeieseeeeeeeeeeeeeeeaaeeesaeaesasasesasesssessnnnnnes 10
Figure 9 Global Lactic Acid Capacity DY REGION. ......c.ueiiiiiiiiiiiiiiee e 11
Figure 10  Global Lactic Acid Capacity BY ProQUCET ...........uuueii s 11
Figure 11  Announced Lactic Acid Capacity OULIOOK ............ccoiuiiiiiiiiiieiiiiiee e 12
Figure 12  Probability Adjusted Lactic Acid Capacity OULIOOK...........cceeeiiiiiiiiiiiii e 12
Figure 13  Global PLA Capacity BY REQION .......uuuuiiiiii s 13
Figure 14  Global PLA Capacity DY ProUCET ........ccoiuiiiiiiiiiee it 13
Figure 15  Announced PLA Capacity OULIOOK ............uuuuumiimiiii s 14
Figure 16  Probability Adjusted PLA Capacity OULIOOK ...........occuiiiiiiiiiiiiiiiieiiece e 14
FIgure 17  PLA SWOT ANAIYSIS...uuuiuuiiiiiiiiiiiiii s 16
Figure 18  LacCtiC ACIH StErEOISOMENS .....uuuuuuuuiiiuuieiiiiiiniia s 17
Figure 19  Lactide StErEOISOMEIS .......uuiii ittt ettt e et e et e e et e et e e e nanes 18
Figure 20  Relationship of PLA Structure to Optical Purity of Lactide Monomer............cccooeeeeeiieieieeennn. 24
Figure 21  Global Lactic Acid Demand by ENA USE .......coocuiiiiiiiiiiiiiiie e 28
Figure 22  Global PLA Demand bBY ENG USE .......uuuiiiiiiii s 28
Figure 23  Comparison Beteween Conventional Lactic Acid Production and Gypsum-free

PrOCESSES ... 37
Figure 24  Conventional Lactic Acid P Production Block Flow Diagram ...........c.cccccveieiiieiiiieniiee e 38
Figure 25  NatureWorks Company TiMEIINE. ........uuuuuiiii s 47
Figure 26 NatureWorks LactiC ACI PrOCESS .......cciiiiiiiiiiiiie ettt 50
Figure 27  Plaxica’s Optipure® Technology Integrated with PLA Production ............cccccccoevieeiviiec e, 52
Figure 28  NatureWorks Methane to LactiC ACIH PrOCESS ........ccoiiiiiiiiiiiiiiiiiiieeee et 53
Figure 29  TotalEnergies and Corbion Integration for PLA Production ..........cccccveeiiiieeiniiiee e 54
Figure 30  Corbion's Conventional Lactic ACIH PrOCESS ......cciiiiiiiiiiiiiiiieeieiiee et 57
Figure 31  thyssenkrupp Lactic Acid and PLA Integrated ProCESS.........cooovieiiiiiieiiiiiee e 62
Figure 32  thyssenkrupp LacCtiC ACIH PrOCESS......uuiii ittt 64
Figure 33  Galactic/Futerro Company TIMEINE ........ccuuiiiiiiiiie e 65
Figure 34  Galactic/Futerro Lactic Acid Process from Cane JUICE ..........cccvveeiiiiiieiniiiie e 68
Figure 35  Galactic/Futerro Lactic Acid Process from COMMN .......ooouiiiiiiiiiiiiiiieiie et 70
Figure 36 Henan Jindan LactiC ACIH PrOCESS ......cciiiiiieeiiiiie ettt et 73
Figure 37  Cellulac LaCtiC ACIH PTrOCESS ....coiiuiiiiiiiiee ettt ettt e e e et e e e e e e e e ennneneeeas 76
Figure 38  Polymerization Synthesis ROULES fOr PLA ... 78
Figure 39  NaAtUreWOIrKS PLA PrOCESS ...ciii ittt ettt ettt e e e e e e ettt e e e e e e e et e e e e e e e e e annneeneeas 81
Figure 40  NatureWorks Ring Opening Polymerization of Lactide ..., 83
O NexanteCcA TECHNOLOGY & COSTS 4

PLA

101392.200.2022.005



PLA

August 2022 Report Contents

Figure 41  Corbion Lactide ProduCtion PrOCESS ......ccciiiiuiiiieiie e ieiiiieie e e e e s st e e e e e e s sstaaneese e e e e e snnnnneees 86
Figure 42  thyssenkrupp / Udhe Inventa Fischer PLANEO® PrOCESS .......cccvveeiiiiiieeeiiiee et 89
Figure 43  Futerro’s PLA Product CirCUIAIItY .........cooiiiiiiiiiiiiee e 90
FIQUrE 44 FULEITO PLA PIOCESS .....uiiiiieiiee e i sttt e e e e ettt e e e e e s e sttt e e e e e e s s s aa e e e e e e e e s snntaeaeeaeeeeeaannsnnneees 92
Figure 45 COFCO BioteChNOlOgy PLA PIOCESS ....ccitiiiiiitiiieiiiite ettt 96
Figure 46  Musashino & Toyo ENginNeering PLA PrOCESS.......ccciiiiiiiiiieiee ettt e s e e e e snaane s 98
Figure 47  Sulzer's Commercial PLA Project EXPeri€nCesS........c.uooiiiiiiiiiiiiieiiiiie e 99
FIQUIE 48 SUIZEI PLA PrOCESS .....eiiiiitiiiee ittt ettt ettt e et e e et e e e e st e e e e st e e e e e nbar e e e e 102
FIgure 49  HitaChi PLA PrOCESS ......iuiviiiiiie e e ittt e e et e e e e e s e e e e e e e e s e s aa e eeeaeeesaaanbaeeaeeaeeaaannnes 107
Figure 50  Hitachi Zosen PLA Process from GIYCEIN .......cuuviiiiiiiiiiiiiii ettt 109
Figure 51  Single Screw EXIruder APParatUsS............uuuueuuuummnii s 111
Figure 52 Injection Molding Apparatus: Clamp and EXITUAEr ...........cceeeiiiiiiiiiiicciee e 113
Figure 53 Film and Sheet Casting APPAIAtUS ..........ocuuriiiiiiiieeiiiie ettt e et eesbaeee e e 114
Figure 54  EXtrusion FOAmMING APPATALUS .......uuuuuuueeriiiiiiiiii s 115
Figure 55  BlOW MOIING APPAIALUS ......ceiiiiiiiieiiiiiee ettt e et e e bt e et e e e bb e e e e e nbeeeee e 117
Figure 56  Melt SPINNING APPATALUS .....uuuuuunieiiiiiiiiee s 118
Figure 57  Global Carbohydrate Biomass Production by Type and Region..........cccocuvveeiiiieeeiiineeenns 127
Figure 58  Summary of Regional Economics for L-Lactic Acid Produced via NatureWorks

PO LSS ..t e e e e e e aae 128
Figure 59  Summary of Regional Economics for L-Lactic Acid Produced via Corbion Process .......... 135
Figure 60 Summary of Regional Economics for L-Lactic Acid Produced via thyssenkrupp

PO S S ...t e e et e e aaae 141
Figure 61  Summary of Regional Economics for L-Lactic Acid Produced via Generic Process ......... 147
Figure 62  Cost of Producing Lactic ACI DY PrOCESS.......ccuuiiiiiiiiiiiiiiiee ettt 154
Figure 63  Cost of Producing Lactic ACId DY REGION ......coiuiiiiiiiiiiiiiiiiee ettt 154
Figure 64  Lactic Acid Sensitivity to Primary Feedstock Price, USGC .........ccccooiiiiiiiiiiiiiiiicccceceee e 155
Figure 65 Lactic Acid Sensitivity to Byproduct Price, USGC .........cooiiiiiiiiiiiiiiiiiiee e 156
Figure 66  Lactic Acid Sensitivity to ULtility Price, USGC ........cccooiiiiiiiiiiieiscs e 156
Figure 67  Lactic Acid Sensitivity to Capital COStS, USGC .......ccuuiiiiiiiiiieiiiiee ettt 157
Figure 68 Lactic Acid Sensitivity to Operating Rate, USGC .........ccooiiiiiiiiiiiiiiiiiee e 157
Figure 69  Lactic Acid Sensitivity to Economy of Scale, USGC ........cccocoiiiiiiiiiiiiiiiiicccecee e 158
Figure 70  Summary of Regional Economics for Ethyl Lactate Produced via Lactic Acid

Esterification With EtRan0l ........c.eeiiiiiiie e 159
Figure 71  Summary of Regional Economics for Butyl Lactate Produced via Lactic Acid

Esterification With BUTBNOI ...........uuiiiiieee e 165
Figure 72  Cost of Producing Lactic Acid ESters DY ProCeSsS ........cccuveeiiiiiiiiiiiiiiiiieceee it 171
Figure 73  Cost of Producing Lactic Acid Esters by Region ..........oooiiiiiiiiiiiiiciec e 171
Figure 74  Ethyl Lactate and Butyl Lactate Sensitivity to Primary Feedstock Price, USGC................. 172
Figure 75  Ethyl Lactate and Butyl Lactate Sensitivity to Utility Price, USGC .........c.cccceeeviiieiiiiineeenne 172
Figure 76  Ethyl Lactate and Butyl Lactate Sensitivity to Capital Costs, USGC.........cccoevuviiiviiiennnnins 173
Figure 77  Ethyl Lactate and Butyl Lactate Sensitivity to Operating Rate, USGC...........cccceeveviineeenne 173
Figure 78  Ethyl Lactate and Butyl Lactate Sensitivity to Economy of Scale, USGC ............cccocueeennee 174
Figure 79  Summary of Regional Economics for PLA via NatureWorks ProCess ..........cccccuveeeeeeennnnns 175
O NexanteCcA TECHNOLOGY & COSTS 5

PLA

101392.200.2022.005



PLA

August 2022 Report Contents

Figure 80  Summary of Regional Economics for PLA via TotalEnergies Corbion Process ................. 181
Figure 81  Summary of Regional Economics for PLA via thyssenkrupp PLAneo® Process ................ 187
Figure 82  Cost of Producing PLA DY PrOCESS ......ccoiiiiiiiiiiiie ittt 193
Figure 83  Cost of Producing PLA DY REGION .....uuuiiiiieiii it e e e an e e e e 194
Figure 84  PLA Sensitivity to Primary Feedstock Price, USGC .........cccviiiiiiiiiiiiiiceiiiec e 195
Figure 85  PLA Sensitivity to Utility Price, USGC .......ccoiiiiiiiiiiie et eseeieee e e e an e e e e 195
Figure 86  PLA Sensitivity to Capital COStS, USGC........coiiuiiiiiiiiiieiiiiiee ettt 196
Figure 87  PLA Sensitivity to Operating Rate, USGC........c.uviiiiiiiiiiiiiiie ettt 196
Figure 88  PLA Sensitivity to Economy of Scale, USGC ........cccooiiiiiiiiiiiiiiee e 197
Figure 89  Global Lactic Acid Capacity DY REGION..........coiiiiiiiiiiiic e 201
Figure 90  Global Lactic Acid Capacity BY ProQUCET ..........uuuueriiii s 201
Figure 91  Announced Lactic Acid Capacity OULIOOK ............cooiiuriiiiiiiiiiiiiiee e 208
Figure 92  Probability Adjusted Lactic Acid Capacity OULIOOK...........ccueiiiiiiiiiiiiiiiiiiee e 208
Figure 93  Global PLA Capacity BY REQION .......uuiuieiii s 209
Figure 94  Global PLA Capacity DY ProUCET .........coiuiiiiiiiiiii ittt 209
Figure 95  Announced PLA Capacity OULIOOK ............uuuumimmiiii s 216
Figure 96  Probability Adjusted PLA Capacity OULIOOK ...........cocueiiiiiiiiiiiiiiie et 216
Figure 97  Thermoplastics Demand, Global Total ...........cccocoiiiiiiiiiiii e 217
Figure 98  Emissions from Production of Common POIYMErS .........ccooiiiiiiiiiiiiiiiccceceeee e 219
O NexanteCcA TECHNOLOGY & COSTS 6
PLA

101392.200.2022.005



PLA

August 2022 Report Contents

Tables
Table 1 Key Comparisons Between Major Lactic Acid Technology Holders *..........cccccoeeevviiiiinneeenn, 4
Table 2 Key Comparisons Between Lactide/PLA Technology HOIdErs .........cccceeiiiiiiiiiiiicciiiiece e, 6
Table 3 Key Properties for LACHC ACIH ......uuiiiiiiee ittt s s e e e e s e st ae e e e e e e e e snnennees 18
Table 4 Key Properties for PLA RESIN ......oiiiiiiiii ittt 19
Table 5 BIOPOIYMEIS OVEIVIEW ....evviiee e e ettt ee ettt e e e e e e e e e e e e s e s st e e e e e e e e e nnnsa e e e aeeeeeannnenneees 20
Table 6 Other Natural and Synthetic Major Alpha Hydroxy ACIdS..........ocvviiiiiiiiiiiiiiiceiiee e 21
Table 7 Medical Conditions Mitigated by Lactate Minerals in Fortified FOOdS .............ccooveiiiiiccnnnnn. 23
Table 8 Common Microorganisms Used in Lactic Acid Fermentation ...............cevvevvvvevveveeeiererennnnnnnns 39
Table 9 Lactic Acid Production with Select Microbe and Fermentation Mode Combinations............. 42
Table 10 Key Lactic Acid Recovery Techniques: Summary of Advantages and Limitations................ 45
Table 11 Key Comparisons Between Major Lactic Acid Technology Holders *..........cccccccveeeviiiinnnnen. 46
Table 12 Musashino Lactic Acid Product OfferingS..........ccoiuiiiiiiiiiiiiiie e 75
Table 13 Key Comparisons Between Lactide/PLA Technology Holders ...........cccccooiii 79
Table 14  NatureWorks LLC Product Range, Properties and Applications............cccceiviveeeiiiieie e 80
Table 15 TotalEnergies Corbion PLA Grades ..........uuuuuiuiiiei s 85
Table 16 thySSENKIrUPP PLA PrOPEITIES ....cciuiiiiiiiiiieeiieie ettt ettt 88
Table 17 Futerro’s PLA Product Range..........coooiiiii 91
Table 18 SUlZer PLA SPECITICALION ...vviiiiiiieiiiiieiieeieeeee ettt aaaaaesaaeaesssesesesesesnnnsnnnnnnes 100
Table 19 YU T G o I N 1 =V [ S UPEER 101
Table 20 Typical ConditioNs fOr PLA EXUSION .....uuuuiiiii s 112
Table 21  Typical Conditions for High Heat PLA Injection Molding ........ccooviiiiiiiiiieieeeeee e 113
Table 22 Typical Conditions for PLA Sheet and Film EXruSIiON ..........ccoooiiiiiiiiiiiiiiccceecce e 114
Table 23 Typical Conditions for PLA Melt SPINNING «..ouvvviiiiiiie e 118
Table 24 PLA Modifications for Packaging ApPlICatIONS ..........cooiiiiiiiiiiieiiieie e 119
Table 25 Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (NatureWorks Process), USGC..........cccccoiiiiii 129
Table 26 Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (NatureWorks Process), Brazil...........cccoooveveiiiiiiciiiinnens 130
Table 27  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (NatureWorks Process), ChiNa........cccccovivviiiiiiiii i 131
Table 28  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Beet Sucrose (NatureWorks Process), Western Europe..........ccooeeuvveeee. 132
Table 29  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (NatureWorks Process), Southeast Asia...........ccccocveeeenns 133
Table 30  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (Corbion Process), USGC ......cc.coiiiiiiiiiiiiiiee e 136
Table 31  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (Corbion Process), Brazil ..., 137
Table 32  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (Corbion Process), ChiNa ........c.cccoviieiiiiiiiii i 138
Table 33  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Beet Sucrose (Corbion Process), Western EUrope ........ccccccevveeeeeiinvvnnnnn. 139
O NexanteCcA TECHNOLOGY & COSTS 7

PLA

101392.200.2022.005



PLA August 2022 Report Contents

Table 34  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (Corbion Process), Southeast ASia .........ccccccvvveeeeiiineeenns 140
Table 35  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (thyssenkrupp Process), USGC .......cccccceeeeiiiiiiiiiieeee e, 142
Table 36 Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (thyssenkrupp Process), Brazil ...........cccccceiiiiiiiiincens 143
Table 37  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (thyssenkrupp Process), China .........ccccoovveiiiiiiii e 144
Table 38  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Beet Sucrose (thyssenkrupp Process), Western EUrope...............ccvvvee.. 145
Table 39  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (thyssenkrupp Process), Southeast Asia.............ccccuvveee. 146
Table 40  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (Generic Process), USGC ......cccooiiiiiiiiiiiiiieiiiiiie e 148
Table 41  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (Generic Process), Brazil ...........ccccccc 149
Table 42  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Dextrose (Generic Process), ChiNa .........ccccviieiiiiiiiiiiiiiiie e 150
Table 43  Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Beet Sucrose (Generic Process), Western EUrOpe ........ccccevvveeeeiiieeeenns 151
Table 44 Cost of Production Estimate for: Polymer Grade L-lactic Acid Process via

Fermentation of Cane Sucrose (Generic Process), Southeast Asia..........ccccceeeveveevienennn.n. 152
Table 45  Cost of Production Estimate for: Ethyl Lactate Process via Esterification of Lactic

X To R 1 1 SRS 160
Table 46 Cost of Production Estimate for: Ethyl Lactate Process via Esterification of Lactic

YA ox o J =] = 4 | 161
Table 47 Cost of Production Estimate for: Ethyl Lactate Process via Esterification of Lactic

ACI, CRINA et e oottt e e e e e et e e et e e e e e e e bbb e e eaaeaeas 162
Table 48 Cost of Production Estimate for: Ethyl Lactate Process via Esterification of Lactic

o[ B VAT LTS (=T o U (oo = 163
Table 49  Cost of Production Estimate for: Ethyl Lactate Process via Esterification of Lactic

ACIH, SOULNEAST ASIA .evvviiiei ettt et et e e e e e e et e e e e e e e e st e e e e e eeseesaaaeaeeeeees 164
Table 50 Cost of Production Estimate for: Butyl Lactate Process via Esterification of Lactic

ACIH, USGC ..tttk b ekt e bt s b e et e ettt e nnne s 166
Table 51  Cost of Production Estimate for: Butyl Lactate Process via Esterification of Lactic

F (o TR = - V4 | TP UTP T PTPTPPPRI 167
Table 52 Cost of Production Estimate for: Butyl Lactate Process via Esterification of Lactic

Vo3 o JR @ o 11 = 168
Table 53  Cost of Production Estimate for: Butyl Lactate Process via Esterification of Lactic

ACI, WESTEIN EUIOPE ..ottt ettt e e ettt e e e e e e e eeeaa e as 169
Table 54  Cost of Production Estimate for: Butyl Lactate Process via Esterification of Lactic

ACIH, SOULNEAST ASIA ...eeiiiieiiieiie ettt e e e et e e e e e e e b e eeaaeeeas 170
Table 55  Cost of Production Estimate for: Polylactic Acid Process via NatureWorks Ring

Opening Polymerization of Lactide, USGC ........cc.eieiiiiiiiiiiiiee it 176
Table 56  Cost of Production Estimate for: Polylactic Acid Process via NatureWorks Ring

Opening Polymerization of Lactide, Brazil.............ccoooiiiiiiiiiiiiiieeeee e 177
Table 57  Cost of Production Estimate for: Polylactic Acid Process via NatureWorks Ring

Opening Polymerization of Lactide, ChiNa ... 178
O NexanteCcA TECHNOLOGY & COSTS 8

PLA

101392.200.2022.005



PLA

August 2022 Report Contents

Table 58  Cost of Production Estimate for: Polylactic Acid Process via NatureWorks Ring

Opening Polymerization of Lactide, WeStern EUIOPE..........c.uviciiiiieiiiiee e 179
Table 59  Cost of Production Estimate for: Polylactic Acid Process via NatureWorks Ring

Opening Polymerization of Lactide, Southeast ASia .........ccccceveeeiiiiiiiiiecee e 180
Table 60  Cost of Production Estimate for: Polylactic Acid Process via TotalEnergies Corbion

Ring Opening Polymerization of Lactide, USGC...........coooiiiiiiiiiieiiiiiiee e 182
Table 61  Cost of Production Estimate for: Polylactic Acid Process via TotalEnergies Corbion

Ring Opening Polymerization of Lactide, Brazil ............ccoccuviiiiiiiiiiiiiiiciecc e 183
Table 62  Cost of Production Estimate for: Polylactic Acid Process via TotalEnergies Corbion

Ring Opening Polymerization of Lactide, China.........ccccccveeeiiiiiiiiieicec e 184
Table 63  Cost of Production Estimate for: Polylactic Acid Process via TotalEnergies Corbion

Ring Opening Polymerization of Lactide, Western EUrope ............cccevoireiiieiie i 185
Table 64  Cost of Production Estimate for: Polylactic Acid Process via TotalEnergies Corbion

Ring Opening Polymerization of Lactide, Southeast ASia...........cccooivveiiiiiiii e 186
Table 65 Cost of Production Estimate for: Polylactic Acid Process via thyssenkrupp

PLANneo® Ring Opening Polymerization of Lactide, USGC ............ccoveeeeviiiee i 188
Table 66  Cost of Production Estimate for: Polylactic Acid Process via thyssenkrupp

PLANneo® Ring Opening Polymerization of Lactide, Brazil..............cccccooveiiieieiieee 189
Table 67  Cost of Production Estimate for: Polylactic Acid Process via thyssenkrupp

PLANneo® Ring Opening Polymerization of Lactide, China ...........ccccceviieiieiie e 190
Table 68 Cost of Production Estimate for: Polylactic Acid Process via thyssenkrupp

PLAneo® Ring Opening Polymerization of Lactide, Western EUrope ............ccccveeeevveeeenns 191
Table 69  Cost of Production Estimate for: Polylactic Acid Process via thyssenkrupp

PLANneo® Ring Opening Polymerization of Lactide, Southeast Asia ..........ccccccoeeeiieevernne. 192
Table 70 Project SCoring MethOAOIOGY .......ouuviiiiiiiiieiiiit et 198
Table 71 Calculation for Capacity AdjuStMENt FACLON ............vvviiiiiiiiiiiiieeiiiieeeieveeeeeeeeeeeeeeeeeeereaeeeeenene 200
Table 72 EXisting LacCtic ACIA CAPACILY.......eeeiiriiieiiiiiee ittt ettt e et e e e bneee e e 203
Table 73 Corbion (U.S.) Expansion Plant EValuation..................ueuviiiiieiiieiiiiiiieieieeeesreseeeeesesesesesennnnnns 204
Table 74 LG Chem — Archer Daniels Midland Plant Evaluation.............ccccccveeeviiiiiiiineee e 204
Table 75  NatureWorks (Thailand) Plant EVAlUALION ...t 204
Table 76 Corbion (Thailand) Plant EVAlUALION..............eviiiiiiiieieiiieiieieeeeeeeeeeeeeeeeeeeeeeeeveseeeaesaaesasenenenene 205
Table 77 B&F Lactic Acid Expansion Plant EVAlUALioN ............cooiiiiiiiiiiiiiie e 205
Table 78 Shandong Dongbang New Material Technology (Phase 1) Plant Evaluation..................... 206
Table 79  Orinko Advanced Plastics Technology (Phase 1) Plant Evaluation ..............cccccoeviiiieennnnn. 206
Table 80  Shougang Juneng Golden Corn Plant EValUation ............cooocuvieiiiieeiiiiiiiiiiieeee e 206
Table 81  Wanhua Chemical Plant EVAlUALION ............ooiiiiiiiiiiiie e 207
Table 82  Levima Advanced Materials Corporation (Phase 1) Plant Evaluation.............cccccoccvveennen. 207
Table 83 IS (g lo I o I N 07 T - Tox YU PRTR PR 210
Table 84 LG Chem — Archer Daniels Midland Plant Evaluation...........ccccccvvveeeiiiiiieiieeee e ccciieieeeeen 211
Table 85 NatureWorks (Thailand) Plant EValuation ... 211
Table 86  B&F PLA Expansion Plant EVAIUALION ..........ccuuiiiiiiiieiiiie e 211
Table 87  Shandong Dongbang New Material Technology (Phase 1) Plant Evaluation..................... 211
Table 88  Orinko Advanced Plastics Technology (Phase 1) Plant Evaluation .............cccccooiiiiieienenn. 212
Table 89  Shouguang Juneng Golden Corn Plant EValuation.............ccccvvviriieeeiiiiiieinece e seiiieeneeee 212
Table 90  Wanhua Chemical Plant EVAlUALION ............ooiiiiiiiiiiiiie e 212
O NexanteCcA TECHNOLOGY & COSTS 9

PLA

101392.200.2022.005



PLA August 2022 Report Contents
Table 91 Levima Advanced Materials Corporation (Phase 1) Plant Evaluation.................cc..cccvvneen.. 212
Table 92 NatureWorks (U.S.) Expansion Plant Evaluation ............cccceeeeiiiiiiiiiee e 213
Table 93  TotalEnergies Corbion (France) Plant Evaluation .............ccoocuviiiiiiiiiiiieeeee 213
Table 94  Natural Materials Plant EVAIUALION ...........oviiiiiiiiiiiiiie e 213
Table 95  Kingfa Science and Technology Plant EValuation ..............coocuvieiiiiieiiiieeeieeeeee e 214
Table 96  Zhejiang Hisun (Zhejiang Honor Phase 2) Plant Evaluation ...............ccccvveveeeesiiciivieeneeeen, 214
Table 97  Zhejiang Hisun (Zhejiang Haichuangda) Plant Evaluation .............ccccceviieiiiiiieiniieeee, 214
Table 98  Yangzhou Huitong Biological New Material Plant Evaluation ............ccccocceviiiieiiiiieeennnn, 215
O NexanteCcA TECHNOLOGY & COSTS 10
PLA

101392.200.2022.005



PLA August 2022 Report Contents

O NexanttECA

TECHNOLOGY & COSTS

Biorenewable Insights

The NexantECA Subscriptions’ Biorenewable Insights program is recognized
globally as the industry standard source for information relevant to the chemical
process and refining industries. Biorenewable Insights reports are available as a
subscription program or on a single report basis.

Contact Details:

Americas:
Marcos Nogueira Cesar, Vice President, Global Subscriptions and Reports
Phone: + 1-914-609-0324, e-mail: mcesar@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 © 2000-2021 NexantECA (BVI) Limited. All rights reserved

O NexanteCcA TECHNOLOGY & COSTS 1
PLA

101392.200.2022.005



