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1aBLE 3 Overview of Different Chemical Recycling Technologies

Pros:
e Selectivity
e Mixed/multi-layer material can be addressed
e Output can be used directly (no polymerization necessary)
e Removal of hazardous substances
Dissolution Cons:
e Requirements on composition of input material
e Limited to thermoplastics
e Purification of solvents necessary
Technology Providers*: Six with capacity up to
8000 tons/yr, based in Europe

Pros:

e Selectivity

e Mixed/multi-layer material can be addressed

e Removal of hazardous substances

Cons:

e Requirements on composition of input material
e Purification of solvents necessary

e Processing of polyolefins or PS excluded
Technology Providers*: 14 with capacities of up to
10,800 tons/yr, based in North America and Europe

Solvolysis

Pros:

e Wide range of input materials

e Large spectrum of resulting products
e Removal of hazardous substances

Cons:

Pyrolysis e High energy demand, emission of pollutants
e Less selectivity for products (wide product spectrum)
e Products often must be further processed/ upgraded
e Low tolerance for PVC

Technology Providers*: 44 with capacities of up to 38,000
tons/yrin North America, Europe, Asia, Australia

Pros:

e Very robust regarding input material

e Various applications for produced synthesis gas

e Removal of hazardous substances

Cons:

e High energy demand due to high temperatures and
pressures; generation of pollutants

e Generation of higher tar contents, limits utilization in
turbines/engines and further processing is necessary

e Reduced caloric value of product due to oxygenation

Technology Providers*: Eight with capacities of up to
100,000 tons/yr based in North America and Europe

Gasification

Pros:

e Depolymerization via biocatalysts

e Highly specific (chemo-, regio-, enantio-, stereo-)

e« Mild conditions (e.g.: room temperature, atmospheric pressure)
e Fine tuning via enzyme-and metabolic engineering

Cons:

e Rarely developed

e Lab-scale

= Relatively slow turnover

Technology Providers*: 1in Europe

Enzymolysis

*As of November 2020

(H#:Plastics Technology)
https://www.ptonline.com/articles/chemical-recycling-ready-
to-take-off
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(4) BHADTIAIIYADY T DERHLH

Market-Ready Products Made

TABLE 1
from Chemically Recycled Plastics
: : Producer of
= = P mer
Timeline Product OEM/Brand the Recycled ?I'l;,pee
: 7 grades
Food-Grade Packaging
Aug. Ice-Cream Unilever SABIC PP
2019 Tubs (Magnum) (TruecCircle)
June Meat Z”';S':’L”uh;e” BASF & rPA (BASF),
2020 Packaging (Gutfried) SABIC rPE (SABIC)
Sept. Cheese Bradburys
2020 Packaging Cheese SABIC ree
Nov. Pet-Food Mars (pet-food
2020 Packaging brands) atile LER
Dec. Yogurt 5
2020 Tubs Yoplait Total rPs
March Chocolate Nestle
2021 Wrapper (KitKat) LyondellBasell rPP
Tupperware
(ECO+
Food- products incl. Eastman
Apr. Storage Cifich=It (Tritan rCo=
2057 Containers, containers Renew) POLYESTEY
& sandwich
keepers)
May Milk LACTEL (Lactel
2021 Bottles milk bottles) INESS MHDEE
j - Reusable Eastman rCo-
2021 Water Eco Ello Bottle (Tritan SIVEStST
bottles Renew) RO
Home and Personal Care Packaging
October ;i:’nne‘{?’af; Henkel BASF -
2019 Packaging (Perwoll) (ChemCyclingT)
Estée Lauder
October Cosmetic (Clear Improve- SABIC rPP (Cap),
2020 Packaging ment™ Active rPE (Tube)
Charcoal Mask)
PET Refine
Kao Twany
Jun Cosmetic (cosmetics  Technology Co., Gt
2021 Packaging bottles/ Ltd., ( JEPLAN,
containers) Inc. BRING
Technology)
Jun Cosmetic SV castnan rCo-
= (Dior Addict (Cristal
2021 Packaging Lip Maximizer) Renew) polyester

(484 : Plastics Technology)
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(5) TZAHIWITFADIVEEEIC L DR MBI (HE: Plastics Technology)
5.1 SABIC D7 HIIHA2ILD PP hSfESNZ1=)—IN\DY T T LT7A
A0V )—=LF T HRFRTHEENICERIN TS,

5.2 XRALDFYE
vk F3aL—hrowY
IN—IE I FIUN
—TIb.
LyondellBasell @
TEXHIVIGA2ILD PP TESN TS,

5.3 IRT40O—%—.Estee Lauder DOVTPATIV—T AP OT747T
FvI—IL¥ XY, Clear Improvement Active Charcoal Mask [&.
SABIC @7 X HIIGAZIVED PP BNy FIC T HIVITA2ILD PE N
F1—TJICHATNTLS,

5.4 Zur Muhlen Group ® Gutfried F—XD/\v4o—T1d. BASF D4
SHIVITAOI 102 & SABIC D= AIITAD)U PE TfESNTLD,

5.5 AUTILD Perwol 5R1)— Henkel’ s Perwol laundry. /\vo—
Jl%. BASF @ ChemCycling 7Ot X%{#ERUT rPE TfE5NTL\ S,
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(6) BEICHEHTITLUADARMERED/N\A1AFTTHOERIEEITHOHN TS,
6.1 Neste f(T125UFR) EEHBERE. =FHEFEIYRNSIIARICED/N
AARRFT IHEREREVETI/ —IVBREDNAARZMEERORIAL T4 0%
[FUSHEULNAARRATSRAFVIDESE - —T 741 7 ERtE, >

£ 8- 15

2 O NAARAEE
i..@is%& E = 00000

2300000

00008
® HitiB R

B ORIETOLR- SHATRERIEFSE
JHARATRIZIA HEFI-> BERRICHY

HATHD TONAARZFT IS DNA AR RAFERDEEERHIA
6.2 TN YRNSUZARICELBNAAVRAERZH 50%BEXERLIEX
FLUREBENRGE. ©

FIHYOSYh—
(=an) [RRNS>ZAR]
SHRPSRE HRA SRPSERRS HRA
o 25% 25% 00% 0%
BHERF Y 3’ é‘ &

nRB ERC HEB ERC

o 25% 25% 0% 0%
SAAF Y -

JAAF THRASE SRS
e e R T L MRS ) AT RS BDBTBZ (LD 100%) A AT
sl s ~ ZEREHICRBENEHRUET
(B) BHERF TH75%, ) B CE=mEL b CHEANSS)
FTB25%0%E =
¥ ERORIBUFRRD/ A F v AERBRORALEEET OTHD Y £ A,
I{AZZOPST (LA
100%/84 = ZEFRICKE GBso
Shi b a5 D 1-PSHR AL
-{—cn,—c»—cn,—c»—cm-cn—cu.-c»t —{»c ”””””””””””””””
e R Se
IRFRIERE (SRR L AF

RRNSDRBRD) A AT ZERFEHDSED50%L ERBESICREL I A IIVABELET .
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(7) 5:%RINS R EFA EEICADZAIVITGADIVTHDIN. T
SHIVITFADIVEITONEI DO ELTN D,

7.1 XAZHIIFA0UT
Bottle to Bottle M1 MMEDFIUELTZAR—IL
DmBEEEERETOERTO IV IEZ LEIFD7HD
BEtEERICH D,

6 PET RELDUAIL 7

7.2 XAZHIVITAOIV IRTLA—H—
ERDXAZHIVITA2) D T8RE(PET bL—. PET ML) X—H—(CIEE

[CTFERVRATLAAX—HA—DEENEAINTLD,

EREMA EREMA Plastic Recycling Machine & Plastic Recycling

Plant

Starlinger Recycling: Starlinger

Buhler PET Recycling | Bihler Group (buhlergroup.com)

(8) ERDTIHIITATUITDIRA

8.1 FRIEFEASEMLFEIL 2030 FXTICRIAL T VRET ATV
M5 IFLeTOEL VR EDEREFRADENZ SR TERRET D
LAV A==

B’75

(=1} y =5 ->-> ISR
2 53

ABETORI

M7 FHEAA—D

8.2 BASF &E=FMEFE BFRERNICH T2 TIAIVITAIIVDOHEEICEITF =1
st ERE ¥

(9) UM DIVERRIEZEEDENSEA DEREICDOVWTRZREREZH T 57
[ CT&HY. FDA. EFSA HICRU M ZR> TS,
9.1 USAOIEREICERSINSZEE
A O IVBIREICIEBEM E L TOmBERAFINBE THDE,
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SHEHENCBEM CTHEIECPHEOBEMEBLEEDIIANNETHDE,
HEVCHEICEITA N —TEU T RRHENDE,
9.2 FRARDNTIL
-FDA
Guidance for Industry: Use of Recycled Plastic in Food
Packaging: Chemistry Considerations
HARSAICEWCT. BETSRAF VI EREA TSI AFYVIDAFIELCIT
120D IRZZHTHFEEEI CICFHHIND,
-EFSA
BETSRAFVvIZEMEUVCHVWTEHEVEZEEREMMBICDWVWT,
Regulation (EC) 282/2008 [CEWTHELTL\D,

(51&]

(1) BHBFk. BLEHHRE (certified resins). Bio-based Polymers Hhig
MOEE. IR FINRETHATNERRIFEUNSNERER Y —
ELTHEEBARTNS,

(2) BEHIEREIIEBIEXA—NT—DTERICEB< BEOEHELT.O
ExxonMobil DAL T1 UhbUERELT Berry Global &Y r PP (S
DWTYRNSUVAARZEHRBAL TS,

(3) EE=FHDIIHREE U TRUMIE ISCC PLUS 3L (B Rr e sett h—iR
VEBE) R E T DOMBEEREL TV, BAEMEERDESS,

(4) PET RMUIZEEC r PET RNUDZERIESNTWLWBID T HIVITAD
IWEERBIND,

(5) BERBARYNRNVITA2ILDEF 'O

i

3) TS RAFVIBRN BRS

4) #RT I =PI DT X DTFIZAERINIILVI EKM)ERD)

5 =fMtx=—1—XUJIJ—X 2021.12.14

6) YRANSIZRARDNAAR R T JVALIGB50 D EFHICDWVT | TSRFY
DhINZ— | JoEPHAEH (gunze.co.jp)

7) PET MBIV A O) D TSRS RHRESE 2020 P14-15
202011pet report print h0104 (petbottle-rec.gr.jp)

8) FRibx=—1—X-1J1J—X2022.02.18

9) BASF &E=#Hb*F. HAERICHFTDTIAIVITADIVOHEEICHEIT/Z13E
BEtERIE | 2021 | —a1—XUJ—R | = EHERS4t
(mitsuichemicals.com)
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https://www.gunze.co.jp/plastic/detail/118
https://www.gunze.co.jp/plastic/detail/118
https://www.petbottle-rec.gr.jp/nenji/2020/bk_pdf/pet20_2020.pdf?211124
https://jp.mitsuichemicals.com/jp/release/2021/2021_0601.htm
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10) R DELERBARY MRNVIGRED to RBV) EEIR(2019 & 10
B) | % | vV &7P1-ih—IT12F R (7andi.com)

V. SDGs EERDF LW\ EEDEIE

O SDGs & ZEDRER
B&(E SDGs DEEHEUTOLDICEARLTLD,

O SDGSHIS TCEBENRT CEHFICTSAFVIICDOVTIER E 1 ISR T,

O Reproduced Polymers. Circular Polymers. Certified Circular
Resins (CCR) WEHARXRD TSI AFVIERGFERAIN. BYRVWERIE
bio-based resins "FATN. B -BEER -FLICHEDRND
Circular DEIEHED,

[SDGs0ER | |SDGsTRENLTAEIL | GERIHEG+ABERNLA

BREXMBAECOVT, BEAAN—BEDIER
ORFEFOOEZ
FEALZSEMHEHHOEEICHIINDLT,
Hi 33 Z1FCircular Economy. Circular Packaging®D=E iz %R $HTLVD
OB A A Eelo A14EER ST  Bio-based PolymersZEDLSIC#H ANZH
COBMFEDLSICIBEINZIRENEZ B LEELHRETRD B,
BB CIaERTEOEME. ZEAH . RALKFETZIHINZ
EL777\?J’70){§FEE¢I|LWT H_C(i 1iE5E@@.a§ qutﬂbE’)Oh\'t;L\o

SDGs(itransformmgtﬁ)éJ:’)L’ii’&*&)?t‘é SDGSE#{JC(;B(75757\
FUOERDRECODNT ., SEDBERTOENAEEZLL,

B48;SDGs DBENR T ANEXT G

1. Bio-based Polymers O#F|H

(A=

(1)  HIXREROEK. CO2 HRHERIRIC X S:RRILM L TEERREREM L.
renewable resource HRDEMPNSEEINDS TS IAF VI DI4EE
BT MBOERNNEE RS,

(2) FHREENINHFLERTSIAFVIEEDERERY, BRER)Y—
(Reproduced Polymers. Circular Polymers. Certified Circular
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Resins (CCR)) &EUTHEIN., FATND ZEHRYRE N, HIEKEIRD
B, CO2 BEHERIRIC K BRRIEPALEICERT 5.

(E{ArEH]

(1) NAARIS—DIE DT

(2) Bio-based Polymers (TS RAFVIDEEEDEEE % THDINEA
SHOMELE U TBRETEH S,

(3) TISRTLD bio-based PE ENBECEZLDHEHFTHEINTLS,

(4) —MBVRINAATSIRAFYOIE 7T BB T (TPS)., iR
A (PLA). Bio-PBS(Z&45=H)) . RUTFLIPZIR—LFTLITIL—
~NPBAT). RUEROF2TFL—K(PHB). ir#41 PHBH. 3—kbRrOFY
JFL—b— co—3—EROFIAFT /I—FEENR,

(5) Bio-based Polymers OFFBICHz> Tl&k. BEAIBERMEDMA A,
(ZEFRZEMRED [IBZEIDHEEZIT IRV EDLSICEETN
Sh. (ERNOBEFT—EBU GBI CE M) ADBRICX T 2225
M. BEREZ%E, FDA. EFSA(BRM B mZ 2 #E . European Food
Safety Authority) REBEZ I PUTVIHDZEHERNNETH D,

SMATSAFYIOES EEAE S R 2E A (UPACK
— (A2 T5AF 90 1040
[ /544752595 |
7 <o [ AR— 2T — VNS RIS
Fy RT3 ERIEE

TS5RFVY

« J4APA « PHA + PBAT fﬁ%ﬁ(:ﬁf—ﬂ:’:éﬂtjﬁl?“ﬂj(is tti
octee (S : pas ENRETEOCLRIERTHS.

« IMFAPE
» 1IR4FPET
« {4PP ¥

© RBRUTZTL MR S NAFR=ADTZAF VD& T Al BETS
HRESNRBICELVREEZRETD
=B, TEBREFTZLOBEAARER
BRAOKRFZRH ST IO ILD

ﬁb{__ﬂ;‘ Fp— . Reviews examine biobased
1. F5AFYENBZA R ER9,920 F hV (2018 ) THN. polymers | Food Packaging
2. 3BIMAIRTIAF Y (LS BRE) 3841 Fh2 (2018 &) . Forum

3. IMAIAT SAFVHERBOE N EEE 4972 F b (2018FE)
4. ESMBHETSATVDEHI4 F (2018 F)EBOTLVS

008_s05_00.pdf (meti.go.jp) [HBF1A RESE BFEEE BWKES XEHEFE

O NA AR —DFESE

(6) WMRONAATSAFYVIEENSHE S FHE(2021-2026)T 3 ELLE
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LUFEIRADEREH
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https://www.sappi-psp.com/insights/innovation/can-barrier-paper-replace-plastic-packaging
https://www.sappi-psp.com/insights/innovation/can-barrier-paper-replace-plastic-packaging
https://www.huhtamaki.com/en/blueloop-barrier-paper/
https://www.upmspecialtypapers.com/sustainable-packaging/eco-friendly-packaging-chilled-foods/
https://www.upmspecialtypapers.com/sustainable-packaging/eco-friendly-packaging-chilled-foods/
https://www.packworld.com/issues/sustainability/article/21389835/nestles-smarties-now-in-100-recyclable-paper
https://www.packworld.com/issues/sustainability/article/21389835/nestles-smarties-now-in-100-recyclable-paper
https://www.packagingdigest.com/sustainability/kraft-heinz-test-paper-bottle-ketchup
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3. R EERMOBEAEDE

[Bx

(1) EB/NTU7ZILDEYR stream([BIUND R T L - BUNGED B EREIE A\ DR
Ti5) DML 5 MEICEFEINTLDID T, EDIL—rZEFRINL,
FALT42DE/RTITIVHREH D VWIEEREIN TS,

(2) AL T1UTAIWLDE/ITUTIVDOREIFEROKEZLDD/NITHEN
+ATRNRTH D,

(3) ZFDOR\ZEMO=6H. OPP o—#HiE{® PE(MDOPE)A®M AlOXMFERA
HERMENERLEINTNS,

(4) AlOx/SiOx TIZBIEFER 7~8%DHERE CTHREZHITTL\D,

(E{ArEH)

(1) BOBST IZ OPP J1JLAIZKU AlOx GEN II i EREL TS,V

(2)  EBANUTBIEX. UT10)VESY | BEEYDZER RIS CRERN S REE
BRI,

(3) 2EEEBT1ILLZEED Brickner Maschinenbau GmbH & Co.
KGRI, I—=DRRIVD)BFLORIN——T1 VTS LUBHED XA —h
—THD=HFEI—0Ov/\ GmbH &1/, BOPP R—ZX T+ JLAlK. =3
PRY—ZRWE 3 BHIBE I IAT=HYTIVID AT UE(BRERE
B)d—FT127L. &EEd 3,

(4) NUPHEDEH, BICHEHLTTHN AIOX &=iE{L BOBST CO750
[ BOBST &M MFB 5770 /N\U7k~y 1—bE2E,

Table 3 - AIOx GEN II barrier performance on UHB BOPP including topcoating

Sample/structure OTR WVTR
23 "Cé 50 % RH 37.8°C, 90 % RH
cm?/(m? d) g/(m?d)
BOPP ~300* (0 % RH) =~ 7.5%
BOPP/AIOx 0.14 £ 0.03 0.54 £ 0.05
BOPP/AIOX/MFB 5770 0.06 £ 0.05 0.21 £0.04

* Barrier data taken from film data sheet
(51%]
(1) OPP./AlOx. OPE(OHDPE) /AlOXIZFIANEL=5D,
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AERHIRR/NWD 2022 [ZHVWTEEIVHIVI MR UZ/NRIV
4 MOHRHRATY . BEROBEFRTHYEEIIERDEITFHIRL. ZORNHYIC
NEATNTVSHHAIX QR I—RFRZFRRUTVWERID T, 7IEZRAUL LY IEREE
EH TS,

P EXABULSBREVEUET,
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