Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

TECHNOLOGY & COSTS

Technoeconomics - Energy & Chemicals (TECH)

TECH 2023S2 Glycolic Acid and Polyglycolic Acid

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

www.nexanteca.com/subscriptions-and-reports

Contents
1 EXECULIVE SUIMIMAIY ...eeiiiiiiiiiei ittt ettt ettt e sttt e e ea b et e e e sab bt e e e snbe e e e e snbe e e e e anbneeeeas 1
1.1 (€11 Y/elo] {3y o [0 [ (©7 . TR PPRPPTOP 1
1.2 POIYGIYCOIC ACIH (PGA)... ettt e et 3
1.3 Current State of Glycolic Acid and Polyglycolic Acid Process Technologies........................ 5
1.4 COSt Of PrOAUCTION ANGIYSIS ....eeiiiiiiieiiitii ettt e e e e e sbe e e e 6
15 [DL=T 4= o [ TP PP PR OPRPPURPRPP 8
T8 A €11 Voo ] [oay Y o o PP PPRPTPP 8
1.5.2  POIYGIYCONC ACIH.....eeiiiiiiiiiie ittt e s eee e 10
1.6 (21 o= T |2 TSP PURT T UPPPPPRRRT 11
1.6.1  GIYCONC ACIH ..ottt e et e s e e 11
1.6.2  POIYGIYCONC ACI....eeiiii it a e e e 12
2 T igele (¥ o1 To] o U U PO PP PP PP PP TP PPRPP 14
2.1 (€1)Y/elo] {3y Yo [0 [ (C7 A OO PUUT R UPPPPPRRPT 14
2.2 POIYGIYCOIC ACIH (PGA) ..ttt et e 17
2.3 (1Yo ] o = PSR PSPPPPRRPR 20
2.4 Poly(lactic-co-glycolic ACid) (PLGA OF PLG) .....uiiiiiiiiiiiiiieie et 21
2.5 Technology Holders and Potential LICENSOIS..........uuviiiieiiiiiiiiiiieee e a e 22
2.6 Strategic BUSINESS CONSIAEIALIONS .......uuiiiiieiiiiiiiii it e e et e e e e e e eaeae e e 22
2.7 RegUIAtOrY REQUIFEIMENTS. ....ciiiiiiiie ittt e et e et e e e e nnbe e e e neee 23
2.7.1  Health HAZAIUS. . ...ttt 23
2.7.2 Storage and TranSPOIrtatioN ...........ocuueieoiierreeiiie e 23
3 TECRNOIOGIES ...ttt e e e b e e e e ea et e e e st e e e e st e e e e e nabe e e e 24
3.1 Current State of Glycolic Acid and Polyglycolic Acid Process Technologies...................... 24
3.2 OVBIVIBW. ...ttt ettt a et oo et e ekt ee ekt ee ettt e et e e et e e e 25
3.3 (€11 ol ] [Ty ox o PRSP 27
3.3.1 Formaldehyde Carbonylation ... 27
3.3.2  Hydrolysis of Chloroacetic ACIH...........uiiiiiiiiiiiiiie e 30
3.3.3 Coal Gasification to Glycolic Acid through Dimethyl Oxalate..............cccccvvvvveeeennn. 30
3.3.4  Methylal Carbonylation............cueiiiiiiiiiiiii e 35
O NexanteCcA TECHNOLOGY & COSTS 1

TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

3.3.5 Biochemical Routes to GlyCOlIC ACIO........uuuiriieeeiiiiiiiie e e sreer e e 36

3.4 [0])Y/o] Y ele] | Toly AN ox o F TP PR 42

R R = - Tod (o | (0¥ o T IO PP PP 42

3.4.2 Polyglycolic Acid via Bulk Polymerization .............ccuueeiiiiiiiiiiiiiiiecee e 43

3.4.3 Polyglycolic Acid via Glycolide Polymerization ...........cccccuevieiiiiieeiiiiiee e 44

3.4.4  Polyglycolic Acid Production from Methyl Glycolate ............ccccvvvveeeiiiiiiiiiieeeeeee 50

3.4.5 Other Telechelic Approaches to PolyglycoliCc ACId..........cccvveriiiiiiiiiiiieiiieee e 52

3.5 LIC=Ted ] o] FoTe YA I 1= o £ SRR SSSPPPSRR 53

4 Lot o o] 12103 RSP 56

4.4 Scale SeNSIIVIEY ANGIYSIS......ueiiiiieiiiiti e a e e e a e e e e e 76

5 COMMEICIAL ANAIYSIS ...ttt e e e e e bbbt et e e e e e s bbb e e e e e e e e e annbaaeeeeens 77

51 D=0 =g o SRR PRSPPI 77

L0 N 1Y/ oo o 2 o [ SRR SPPPPRRSR 77

5.1.2  POIYGIYCONC ACIU. ...ttt 80

5.2 (0= o= ol | PP RP 81

5.2 1 GIYCOHC ACIH ...ttt e e e et e e e e e e 81

5.2.2  POIYGIYCONC ACIH. ...ttt 81

6 (1[0 1St YOO PR P TP PP PUPPP 85
Appendices

A CoSt Of ProduCtion TaBIES ... ..eiiiiiiiii et e e et e e e e nbee e e e 89

B Definitions of Capital Cost Terms Used in Process ECONOMICS.........ccccovviiiiiiiiieeeeiiiiiiiieeeee e e e 92

C Definitions of Operating Cost Terms Used in Process ECONOMICS ..........occvviiiiieeeisiiiiiiieeee e e 97

D TECH Program Title INdeX (2013-2023) ....ceeiiuuiiieiiiiieeiiieee ettt et e et e e e e snneeas 100

O NexanteCcA TECHNOLOGY & COSTS 2

TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

Figures
Figure 1 Overview of Routes to Glycolic ACId and PGA .......cociv oot 2
Figure 2 SErUCtUIe Of GIYCONC ACIH ...ttt sttt sbee e saee s 3
Figure 3 Structure of PolyglyColiC ACIH (PGA) ......eoiiiiiiitie ittt 3
Figure 4 Biodegradability Of KUFEAUX®..........c.cciiieiiiiiiiiee ettt sttt re sttt 4
Figure 5 A Panoramic View of the Polyglycolic Acid Degradable Material Demonstration

o (0] 1o TP PP O PR PPRTOPROPROPRTPN 6
Figure 6 Cost Comparison of Glycolic ACid ProduCtion ...........cccccveeiieeiec e 7
Figure 7 Cost Comparison of Polyglycolic ACid ProducCtion.............cocieiiiiiiiiiii e 8
Figure 8 Global Glycolic ACIA DEMANG.......ccuuiiiiiiiiiii ittt 9
Figure 9 Regional Glycolic ACI DEMAN...........oiiuiiiiiieiiee ettt sae e saee s 10
Figure 10 A Panoramic View of the Polyglycolic Acid Degradable Material Demonstration

PIOJECT ..t 13
Figure 11  Structure of GIYCONC ACIH ....cuvieiiieiiee e e et e e srae e snbe e sbe e e nree e e 14
Figure 12  Dichloroacetic Acid Tests on Glycolic ACid Products ..........c.ccoceeiiiiiiiiiiiiiiie e 16
Figure 13 Structure of PolyglyColiC ACIH (PGA) ......ooiiiiieie ettt 17
Figure 14  Biodegradability Of KUIEAUX®...........cciiueiiiiriiicice ettt sttt as st ve e b e nis 18
Figure 15  Degradability of Kuredux® PGA Ball in WALET ..........ccereiriiieiieeeeese et 19
Figure 16  Flexural Strength of Kuredux® versus Other POIYMEIS ........c.cocoveeeeeeeeieceeeee s eeeeee e 20
Figure 17  Abrasion Resistance of Kuredux® versus Other Polymers (Taber Abrasion Test) ................... 20
Figure 18  StruCtUre of GIYCONTE ......ccuioiiiiii bbb e 21
Figure 19  Structure of Poly(lactic-CO-glyCONC ACIH) ... ..ciiueieiiieiiie et 21
Figure 20 A Panoramic View of the Polyglycolic Acid Degradable Material Demonstration

[ (0] 1T o SRRSO 25
Figure 21  Overview of Routes to Glycolic ACId and PGA ........ccov ittt 26
Figure 22 Glycolic Acid Production via Formaldehyde Carbonylation ............cccccoiiiiiiiieeiic i 29
Figure 23 Glycolic Acid Production by the Hydrolysis of Chloroacetic ACId...........cccocvveiviiiiinieeieeieeen 30
Figure 24  Coal t0 GIYCOIIC ACIH.......oouiiiiiee ettt ettt sb e smb e s be e e be e ees 31
Figure 25  Coal Gasification and SYNQas RECOVEIY ........cciiiiiiiiiiiiieie ettt 32
Figure 26 Production of Glycolic Acid from Dimethyl OXalate ............cceevveeiiiiiiie e 34
Figure 27  METEX Glycolic Acid and PGA BIock FIOW Diagram...........ccccieiierieneeneeneese e 36
Figure 28  GlyCOPUMUS PANWAY ......ccuiiiiiiiiiiii ettt ettt et 36
Figure 29  Enzymatic and Catalytic Pathways to GlyCOlIC ACIH.........cooeieiiiiiiiie e 37
Figure 30  Liquid Light Tree of Target MOIECUIES. .........cooiiiiieiee e 39
Figure 31  Biochemical Production Generalized ProCeSS.........cccviiuiiiiieeiiec ittt 41
Figure 32 Reactions to FOrm POlYgIYCOlIC ACIH .......cc.eiitiiiiiiiiii et 43
Figure 33  Purification of Glycolic Acid via Crystallization ...........cccceevieeiieeiiec e 46
Figure 34  Polyglycolic Acid Production from GIYCOlC ACIH........ccoiiiiiiieiiie e 48
Figure 35  Pujing Chemical's Process to Polyglycolic Acid from Methyl Glycolate .............cccceeiveiienennn 51
Figure 36 Polyglycolic Acid Fiber Production from Japanese Patent JP 2002070091A ........c.ccccoveevveenee 54
Figure 37  Cost Comparison of Glycolic ACId ProdUCHION ............cccieiiiiiiiiiii e 59
Figure 38  Cost Comparison of Polyglycolic Acid ProducCtion ............cccceeiieeiiiiiiiiiiiecce e 61
Figure 39  Effect of Methanol Price on Glycolic Acid Production Cost, USGC.........ccccccoiiiiiiiiiiieeninnnnnen. 75
O NexanteCcA TECHNOLOGY & COSTS 3

TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

Figure 40  Effect of Glucose Price on Glycolic Acid Production Cost, USGC..........ccccevevveveevieeiiineenieeenns 75
Figure 41  Scale Sensitivity of Polyglycolic Acid Production, Inland China.............cccccoeviiiiiiiiieennnnnee. 76
Figure 42 Global Glycolic Acid Demand, 2022 ...........coueiieiieiiee e 77
Figure 43  Regional Glycolic Acid Demand, 2022..........cccuue ittt 80
Figure 44 A Panoramic View of the Polyglycolic Acid Degradable Material Demonstration

PIOJECT ..t 83
O NexanteCcA TECHNOLOGY & COSTS 4

TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

Tables
Table 1 Existing and Planned Glycolic Acid Production Capacity............ccceeiriuiiieeieeeiiiniiiiiieeaeeeans 11
Table 2 Existing Polyglycolic Acid Production Capacity ............cocueiiiiiiiiieiiiiiee e 12
Table 3 Planned Polyglycolic Acid Production CapacCily ..........cccceeuiiiiiiiiiieaaiiiiiiiiee e e 13
Table 4 Glyclene™ D70 Technical Sales SPecCifiCation ...........ccccoiiiiiiiiiiii e 15
Table 5 (€11 U I e e o o] 0 1= 1= SRR 15
Table 6 CABB Glycos™ Clear 70 (Hydroxyacetic Acid) Delivery Specifications............cccceevvvveeenne. 16
Table 7 General Characteristics of KUIEAUX®.........ccviiiiiie ettt ee e 18
Table 8 Mechanical Properties of Kuredux® Injection Molded Test Specimens ..............ccccoveeveeueenne. 19
Table 9 (€11 olo] [To T e T 1= = PO PR TP 21
Table 10  Theoretical Yields of Various Glycolic Acid Engineered Metabolic Pathways ..................... 37
Table 11 Kureha Comparison of GlyCOlide PrOCESSES........cuuviiiiiiiiiiiiiii et 44
Table 12 Prices of Raw Materials, Utilities, and Labor...........c.cccoiiiiiiiiiici e 57
Table 13  Cost Comparison of Glycolic ACid ProdUCtiON.............coiiiiiiiiiiiiiiiieeeiiiie e 59
Table 14  Cost Comparison of Polyglycolic ACid ProduCtioN............ccoouviiiiiiiiie i 60
Table 15  Cost of Production Estimate for Glycolic Acid

Process: Carbonylation of Formaldehyde, USGC..........ccooiiiiiiiiiiee e 62
Table 16  Cost of Production Estimate for Glycolic Acid

Process: Carbonylation of Formaldehyde, Western EUrOPe ..........coovviiiiiiiieeeiiiniiiiieeeeees 63
Table 17  Cost of Production Estimate for Glycolic Acid

Process: Carbonylation of Formaldehyde, Inland China............cccocvvviiiiiiiiiiiiece e, 64
Table 18  Cost of Production Estimate for Glycolic Acid

Process: Fermentation Of GIUCOSE, USGC.........ccoiiiiiiiiiiiiiieiiiiie et 65
Table 19  Cost of Production Estimate for Glycolic Acid

Process: Fermentation of Glucose, WeStern EUMOPE .......cooiuuuiiiiiieeiieiiiiiie e 66
Table 20  Cost of Production Estimate for Glycolic Acid

Process: Fermentation of Glucose, Inland China.........cccooiiiiiiiiiiiiie e 67
Table 21  Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from

Formaldehyde)

Process: Ring-Opening Polymerization of Glycolide, USGC ..........c.cccvviieiieeeiiiiiiiiieee e 68
Table 22 Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from

Formaldehyde)

Process: Ring-Opening Polymerization of Glycolide, Western EUrope...........ccococvveeeeeeennns 69
Table 23 Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from

Formaldehyde)

Process: Ring-Opening Polymerization of Glycolide, Inland China ...........cccccoooiiiiiiinennn, 70
Table 24  Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from Glucose)

Process: Ring-Opening Polymerization of Glycolide, USGC .........ccccceviiiiiiiiiiiieiiiee e 71
Table 25  Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from Glucose)

Process: Ring-Opening Polymerization of Glycolide, Western EUrope...........ccooccvvveveeeeeens 72
Table 26 Cost of Production Estimate for Polyglycolic Acid (Glycolic Acid from Glucose)

Process: Ring-Opening Polymerization of Glycolide, Inland China ............cccccooiiiiiiiiiiennnn, 73
Table 27  Cost of Production Estimate for Polyglycolic Acid

Process: Polyglycolic Acid via DMO from Coal, Inland China.........c..cccccvvivvieeeiiiiiiiiieeeeeens 74
Table 28~ Cost Comparison of Polyglycolic Acid Production..............cocciuiiiiiieeiiiiiiiiiiec e ceciiieee e 76
O NexanteCcA TECHNOLOGY & COSTS 5

TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 2023 Report Contents

Table 29 Personal Care Uses for GIYCOIIC ACIH .....uuviiiieeiiiiiiiii et see e e e e e ee e e e e 78
Table 30 Benefits of Glycolic Acid in Cleaning ProdUCES............ccoiiiiiiiiiiieeeiee e 79
Table 31  Existing and Planned Glycolic Acid Production Capacity............cccueeeiiiurieeiiiiieeeiiiieee e 81
Table 32 Existing Polyglycolic Acid Production Capacity...........cceeeeiiiiiiiiiiieeeiaiiiiiiee e eeiiieeee e e e 82
Table 33  Planned Polyglycolic Acid Production CapacCity ..........cccueeeiiirieeiriiieeeiiieee st e s e 83

Table 34  Cost of Production Estimate for Formaldehyde (Contained Formaldehyde Basis)
Process: Silver Catalyst, Complete Conversion without Methanol Recycle,
U.S. GUI COBST ittt ettt e et e e ettt e sttt e e st e e e s bt e e e e snan e e e snneeas 89

Table 35  Cost of Production Estimate for Formaldehyde (Contained Formaldehyde Basis)
Process: Silver Catalyst, Complete Conversion without Methanol Recycle,
WV ESTEIM B UMD ...ttt 90

Table 36 Cost of Production Estimate for Formaldehyde (Contained Formaldehyde Basis)
Process: Silver Catalyst, Complete Conversion without Methanol Recycle,
INIANA ChINAL.. ..o 91

c Naaana TECHNOLOGY & COSTS 6
TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



Glycolic Acid and Polyglycolic Acid June 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 Naaanm TECHNOLOGY & COSTS 7
TECH 2023S2 Glycolic Acid and Polyglycolic Acid
100101.200.2023.010



