Thermoforming WG Intro

Q
-
@
©
o)
c
X
o
=
o)
c
S
o
@
S
w
<
T
L
al
O
o
)
LL
L
e
O
O
T
LL
al

May 2(Q

Dijon,

PETCORE EUROPEhermoforms Event,

2025

May 27th,



QYJ

"c;i'PETCOREg

" EUROPgﬁ

Q‘.
2

( \)END wAsTES

£

Goals

Advocate to trigger an increase in
PET thermoforms recycling

Work on the standardization
activities that will stablish
conditions ofDfR and recyclability
protocols of PET trays

Activities aligned with the
requirements of collection, sorting
and recycling as set for in the
PPWR (towards 2028)

Collect and increase
communication on trayto-tray
development



Addressing the challenges

Investment in Innovative
sorting, separation M Advanced Cleaning decontamination
and collection Technologies: methods and
systems closedloop systems

Recycling
Infrastructure
Improvements

Integrating cost
effective solutions
with sustainability

goals

Regulatory Harmonizing EU a
Compliance International Economic Viability:
Alignment: standards
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Thermoforming Working Group: &= 2\
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%PETCORE*

Our heritage PR LR

ANA FERNANDEZ
Who has been decisive in the creation of the Thermoforming working group



u\"

Thermoforming Working Group: g™ A\

Chairs and Task Force Leadersz®“ )
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Chair Co Chairs PETCOREUROPE Taskforces leaders
Samuel Pardo (Klockner Pentaplast) Sebastien Richard@(illinEmballages Raphael Jaumot (Petcore) AntoineBoulery(Pellenc)
Liliana Orban (Starlinger) Jose Antonio Alarcon (Secretary) Michael Kerner (Starlinger)
Argiris (TCEP) Samuel Pardo (KP)

Sergio ColladdSulay)
José QueipdHcosense
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Taskforces structure

A What has been done since the last TC?
V TF1- Collection and Sorting Lead by Antoine Bourely (Pellenc).

V Sharing information about EPRs and tray collection in major countries. Currently FR is covered and detailed.
and IT are ongoing. Others need action.

V Working to conduct external State of Play focused on PET thermoforms recycling across main EU countries &
UK.

V TF2-Recycling technologies Lead by Michael Kerner (Starlinger)
V Collaborative discussions on actual stafehe-art technologies, developments, technical challenges.
VTF3: Food contact Lead by Samuel Pardo (KP), Rui Biledi§ and Swan Cecatto (AMB)

V Standard Operation Procedure and Methodology developed to evaluate food contact We@adocontact in
PET thermoforms bales. German case study finiddeed to replicate across other countries feedstocks and
market differ.

V TF4- Standardization lead by Sergio Colla8aléy)
V Focus on TCEP activities regarding D4R guidelines for multilayers.
V Kickedoff delamination protocol development.

VTf5- Communication lead by Jose Queig@@senske

V Communication plan developeNext step is implementation. Covering internal and external communications
and feedback collection.
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Actual landscape: PPWR driving circularity beyond purely recycled conten
Further roll out requires retailer and packers' commitment.

A Many early-stageprojectsbut only regularsupplyfrom few projectsascollectionand sortingmustincrease

@ Projections by 2025 expected
305kton

Country

Belgium 10,500
France 10,000 - 21,900
Italy 31,100
The Netherland. 25,000 65,000
Romania 10,000
Spai 22,000 167,000
Total - 57,000 05,500
Table 1: Installed ut) capacity
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@ Dedicated PET Thermoforms sortigg
70kton

PET Thermoforms sorting output after
collection (2024)
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) Recycling projects with active capacity on the
~ market ¢ 130kton
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Communication Taskforce

PETCORE EUROPE Thermoforming Working Group

PETCORE EUROPE Thermoforms Event,

Dijon
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INTERNAL COMMUNICATION

In modern collaborative projects ensuring timely and accurate
communicationof plannedactionsis critical t both within the team
andto external stakeholders

THEOBJECTIVE
% To outline the INTERNALand EXTERNAIcommunication
channels establishedto share upcoming activities of our
w workgroups, ensuring alignment, feedback, and stakeholder
engagement
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INTERNAL COMMUNICATION

H | SUGGESTION BOXAnonymous or Identified): Provide a channel for partners to share ideas and suggestions confidentially if
they wish to do so.

N Invite partners to contribute articles for the INTERNALBLOG, success stories from their companies, or to
@ participate in interviews.

@@ ONLINE DISCUSSION FORUMS Integrate forums into the intranet to facilitate the exchange of ideas,
ﬁ@ﬁ resolution of doubts and debate on relevant topics.
Theyallow for asynchronous communication and participation of all: realtime channelsare essentialfor fast

decisiormakingin critical phases

| e |
= Conduct REGULAR SURVEYSIS find out partners' opinions on different issues and the effectiveness of internal
@vE communication.

Communicate honestly and openly about the challenges and achievements of ThWG. Send periodically an email with the
NEWSLETTERto show project progress, new additions, upcoming events, collaboration opportunities, member
achievements, etc.

FACETOFACEDISCUSSIONFORUMS This is the best example
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INTERNAL COMMUNICATION

Collection And Sorting Recycling (Technology and Operation) Food Compliancle:(glzg), At 6, 5% Non Standarization-TCEP
State of the Art Strategies and  State of the Art Technologies fc Demonstrate food contact Reference body for the
Technologies for Tray collection Tray Recycling to all the compliance of PETfrom trays in Recyclability evaluation ¢
Promote and deploy the best stakeholders both direct contact and functioni  Thermoformed packaging
barrier technologies.

technologies available for effecti
selection of Quality Tray Bales
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Collection and sorting

What is not sorted is not recycled

PETCORE EUROPE Thermoforming Working Group
PETCORE EUROPE Thermoforms Event, Dijon, May 20
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A THERMOFORMS CONEHNEE 2025

PELLENC ST IN A NUTSHELL

I Manufacturer of optical sorters
I Leader in France, Japan,
AustraliaX 2 O O 1

. . YEAR FOUNDED
I International reach

I Independentcompany
I Main customers: 270
AMaterial Recovery Facilities EMPLOYEES

APlasticrecyclers 3 O O O

ATextile sorters / recyclers Machines in operation

worldwide

I A midcap company!

15%

AVERAGE ANNUAL
GROWTH FOR 6
YEARS

81

MILLION EUROS
2024 TURNOVER
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A THERMOFORMS CONEHNEE 2025

Specific sorting tasks for PET thermoforms

Separate trays from bottles

Separateamonolayertraysfrom mutlilayers

Separatecoloredor opaquetraysfrom transparenttrays
Separatdood from nonfood trayswith watermarks
Separatdood from nonfood trayswith Al Ghapeand aspect)?



Thermoforms confeence 2025

DifferentiatingBottlesfrom TraysWith NIR

NIRlab images

Clearbottles Clearmonolayertrays

Sortingimages

Processedlata

Clearbottle Oilbottle Cleartray

Efficiency Bottles Travseiected
when ejectingbottles ejected ySel

Onesorting step

92-94%

< 5%



Thermoforms confeence 2025

Whensortingtrays, bottles are still the priority

[ Positive Fraction J

Scenarioejectionof trays
Settingsoptimized

A to maximizebottle purity: > 98%
A to minimizebottle losses 1%

A Resultingray purity isacceptable

IllpELLENGST | Bottes | Tms | Tow | Py

Box 2 Positive (kg) 0,84 5,6 6,44 87,5%
Box 1 Negative (kg) 73,76 1,08 74,84 98,6%
Total 74,6 6,68 81,28

Efficiency. 1,1% 83,8%




Thermoforms confeence 2025

B Otherplayers TOMRA

Advanced sensor-based solutions in the waste to
value process of PET

NIR/VISufficient State-of-the-art NIR- A'/C[-i)AIanfext u§ingf AUTOSORT FLAKE T[())i'gvi‘ts‘l\sloll{tigss I”(()?C
eep Learning for nsi or
for bottles Vstrays ( AJ}%tS(EOC:?;)LOng advar?ced sortiﬁg Fizt'i(tl_l\le%S[:_CT)Rgo systems of ogr partner
A0 k PET food Ors. / Polyperception to
PET color sorting or tas,s S:«;%-food o flake purifying e.g. monitor the process in
PET bottles vs. trays aavanced PET <10ppm PVC or recovery and recycling
cleaning (textiles, <100ppm color facilities (process

inati analysis, online
opaque bottles etc.) contamination qual?ty St



Thermoforms confeence 2025

— SeparatingMultilayer vsMonolayer Trays

Multilayer stream

This separation is key to enable tray to tray recycling

Sorting task eject monolayer trays from PET/PE multilayers
Much easier application, because clear chemical difference

Results (with NIR only):

I | | PELLENC ST FEIT P“I_EIT Contaminants Total Purity
Box 2 Positive (kg) 34,4 0,22 1,74 36,36 94,6%
Box 1 Negative (kg) 0,84 19,2 4,92 24,96

Total 35,24 15,42 6,66 61,32
Efficiency. 97.6%

Proved at Wellman France for the first time in 2021




Thermoforms confeence 2025

Otherplayers SESOTEC

Applications
Twotypes of Al:

A Onobijects | - A
A Onspectra(NIR) “ n oem ~~~~~

Bottle / Tray Bottle
Sorting Mono / Multi / Additives Mono / Multi

Food / NonFood

Bothare usedfor:
A Bottlesvstrays
A Mono vs multitrays

Standard

=

Al based

- sesotec Petcore, Tobias Eder



Thermoforms confeence 2025

— SeparatingColoredand Opaque from Transparefitrays

Pellenc ST test on 12 opaque or colored trays :
NIR signal is reflected by the dye => the second layer is not always detected in a multilayer
2 options:
* To sort them with the multilayer trays
* To sort them with colored bottles




Thermoforms confeence 2025

Food vs nokrfood
PE Ttrays

Digital Watermarks
and
Artificial Intelligence




Thermoforms confeence 2025

Separating food from nofood with Digital Watermark@©W)

Printedversion (2D)

The markers a higlresolution pattern (150 dpi) that can be
A Printed (2D) orMoulded (3D)all around packaging

A Wide encoding capabilitfike a QR code)

A Fortrays, the mouldedversionis used

A Thewatermarkmustbe readfrom either side

I, mmw llll
1R A
nnmmm unn

Looks Like This Performs Like This

Moulded Version (3D)

Excellentsorting capability: > 95%provenon PETrays

Main challenges:
A Data management and standardisation needed

23



Thermoforms confeence 2025

— Separating food from noefood with Al?

Not offered yet (to our knowledgg

Key question: dave haveenoughaspectdifferencesto playwith ?

A The methodology of food contact task force could be use

Aalye OKFffSyasSa | KSIRX

Examples Foodmarker Hook: showsion-food use

24
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Recycling Technologies TF update

TASK FORCE GOALS:
Report State of the Art Technologies for Tray Recycling to all the stakeholders

PETCORE EUROPE Thermoforming Working Group
PETCORE EUROPE Thermoforms Event, Dijon, May 20
1,
. Ok
o

/
/

May 27th, 2025
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Challenges material stream

AI\/IateriaI guality varies

U Country, collection system & recycler

APurity of the material stream
U Higherorganiccontamination
0 Many colours
U i1Visgenerallylower

U Otherpolymers(bags films, blisterz X 0
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Challenges for washing

AFood /| nonfood (95%) challenges sorting
AModified and more robust washing lines
AMore fines occur (tray flakes are more brittle)
AWater treatment

A(Delamination integrated in washing)




Mono- / mulilayerrecycling
Gt 9¢ Aa GKS YFGSNRIE 68 élmvsgé

Monolayer: MONOLAYER MULTILAYER

From the point of view of processability and final results
U PET monolayer is clearly superior to multilayer!
U Top results with a wide range of technologies

U Highly transparent end products achievable
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Mono-/ mulilayerrecycling

Gc2 ONBLGS | aSyas 2F RAFFSNBYOS Ay
rPETtray made from excellent P@konoPETrays

| - y .
| e

:}'}, rPETIm made from PCR trays with remaining multilayer content
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Multilayer recycling

A Multi-layer films are used for a wide range of packaging materials, particularly in the f
industry

A Multilayer trays represent a particular challenge for recyclers as they consist of variou
materials. Separation of those materials is the key for high quality recycling.

A Typical 2 different process approaches

U Thermo lamination
U Co-extrusion

A Structure of multilayer PET trays:
U PET as the primary structural material
U Adhesive layer to bond different materials together (usually called tie layer)
U PE sealing layer (with or without barrier properties)

U EVOH (in case of barrier film) oET

Adhesivo

EVOH

Adhesivo

\26 r_ircu/arf_
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Multilayer recycling

a £ I NRA 2-84T materials make mechanical recycling more challengi
YR G0KSeé KIgS | yS3IraAargdgsS AYLI
As an example:

U PE & EVOH lead to cloudiness, haze
U! RKSaA®S (2 wasSt aI2iaqQ s RAAO02f 2dzNX {

U Delamination therefore plays a key role in multilayer tray recycling!
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Delamination

Process of separating the different plastic layers from a
multilayer tray so that each type of polymer can be

recycled individually
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Delamination

A Not all lamination techniques available on the market can be dissolved
A Impact factors on delamination process:
U Adhesive type has a significant impact on the delamination process
U Acrylic, waterbased adhesives are the most suitable type
U Fast delamination under caustic conditions
U Thermolamination adhesives based on EVA are less suited, but feasible
U 2 component polyurethane adhesives halevest compatibility or are not

solvable

-
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Delamination — e

AI\/IechanicaI approach:
U{dsLl mY t9 £ &8N AAgglantalond &8 RNIF N&zY S ¢
U Step 2: PE is separated byndshifting.

U Disadvantage: only works for some special tray types

ACombination of hot washing and mechanical approach:

U Common practice
U Most of the multilayer packaging can be dissolved

U Process is usually patented




Delamination

ACombination of hot washing and mechanical approach:

A = S
. L0 .
@ Float sink ? . Float sink

Lo I
separation v separation | Final sorting
A4 ot

Grinding {o T Hot washing T MeCh- drylng T
obtain flakes with centrifuge

u Delamination takes place
U Caustic soda & detergents

U Temperature

u Mechanical friction
Tcircu/arfé e . .

gw b, f\ i Residence time

Cemgones  Apoue Y




Overview of technologies

Washing and delamination

Tas kforce\ ‘

recyclng
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Closethe loop for Trays

with Krones Recycling GmbH

. ¢Nikolas Wolf / May 2025 ”
N . . . ,



What Krones Recycling offers

Whether PET, PE, PP or PS: At Krones Recycling, you will find

recycling systems for almost every type of plastic. Here is our
portfolio:

A Turnkey recycling plants for all common packaging plastics

A Individual modules for washing, grinding, sorting and
decontamination

A Single machines and retrofits ~ for upgrading existing plants

A Waste water management

A Recycling Technology Center for carrying out teBSgts for and with
our customers

A Lifecycle Services

Our goal: Saving energy and resources, while
maximising the yield and quality of the recycled plastic.

Krones Recycling: From
Waste to Resource



PET Bottle vs. PET Tray

Shape Curved Flat

Mechanical.oad Brittle Very Brittle

Capacity Low IV Value

Composition monolayer Partiallymultilayer

Residual Load low High Content of Organic
Residues

BulkDensity 250¢ 280 kg/ms3 120¢ 150 kg/m3

Krones Recycling: Crafting Sustainable

Futures <

PET Trays are more challenging, sensitive, and lighter than PET
Bottles! Our Recycling Technology can be adapted to meet
these needs.

Example Output PCR PEIays
(without flakesorting)




The Innovation: Our concept for PHTay
Recycling

Krones Recycling x Pac2Pac

A ChallengesTrays are brittle and lighter than RET
Bottles.

A Solution: Reduction of friction in the recycling - | -,
process while ensuring higjuality washing
results

A Versatile ProcessingHandles PET trays, LDPE
films, PP yogurt cups, HDPE cleaner bottles, an
HIPS/XPS/EPS

A Project PAC2PACollaborating with partners,
Krones provided expertise in plastics and washir®
technology to recycle PET packaging into new |
packaging, promoting a circular economy. g

Our innovative tray recycling concepts minimizes fines,
enhancing efficiency and reducing waste, while
consistently delivering high -quality outpuit.



Successtory: PAC2PAdnnovative Recyclingf PETPackaging

Our Partners:
Bachmann Group, PETMAN GmbH, Sesoteg Starlinger viscotec

The Goal: To create a perfect cycle for PET packaging

The Result:

"PAC2PAC" shows an innovative way in which

PET packaging from Swiss collection bags can

be recycled into new packaging, ensuring a circular economy

Our part in the project:

To support the project with our From Waste to Resource:
High -quality Trays.

expertise in plastics recycling and
especially with our high-quality washing technology.




Krones Recycling x BAStosedoop
for Multilayer-Trays

Partners:
I Sudpack: Leading producer of PET/PE materials.

I Tomra: Market leader in sensorbased sorting solutions for
waste management.

I Krones: Innovator in PET washing modules, including
pretreatment, caustic cleaning, and hot post-washing.

Collaborative Achievements:

I Advanced Sorting: Evaluated the capability to distinguish
various multi-layer materials using Tomra's sorting technology.

I Innovative Recycling: Achieved successful égebonding of PET/PE
mdMinates at Krones Recycling Technology Center.

Proof of Concept: Demonstrated the technical and practical feasibility of
recycling multi -layer materials using existing recycling infrastructure.

Krones Recycling: From Waste to
Resource



Multilayer Tray Recyclingzhallenging
but achievable

a! G 2dzNJ FFOAfAGET 46S LINROYSR
layer films works. However, the separation of the films can
still be improved by optimizing individual process
parameters as well as, for example, the particle size of the
FEl1Sadé

Thore Lucks a

Head of Engineering & Order Processing
Krones Recycling GmbH

lcoesll  SiLOPACK
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@ HydroDyn®

Cleaning and Purifying of PET Trays

Valuable Polymers from Waste

Petcore Conference Thermoformed Trays
In Dijon from 27th to 28th of May, 2025

Hamburg, 16.05.2025

Autor: Michael Hofmann



Al-supported Sorting improves@ HydroDyn®

1. Shape Recognition makes PET Sorting efficient

NIR Sorting solely is not enough. Precision of sorting PET Trays and Bottles in pure fractions is
mandatory, because of the difference of PET: IV, crystallization, degree of contamination.

2.  The HydroCleaner does not need hatish for a perfect cleaning.
Removing glue and paper labels completely in a HydroCleamashd

3.  The HydroCleaner compensates LDPE detection defects from NIR sorting by delamination.
Below 60C UItraPure hoetvash detaches residual LDPE laminates withoutdAEstalization

Photography rights
are atFaerch

2025 | HydroDyn Recycling GmbH | HydroDyn®©is a registered trademark 46



The Challengeof Cleaning PET Tray$rom PCR

1. Challenge #1: Lots of full size, printed paper labels with moistesistant adhesives.

Much more glue than with PET bottles. Print inks causing recontamination.
2.  Challenge #2: REBminates for sealing with lidgilm

HydroDyn has developed high performance tools for the removal of the LDPE laminates.
3.  Start of crystallization at lower temperatures beginning from @D

Makes flakes brittle. Mechanical dryers will cause fines.

U S

2025 | HydroDyn Recycling GmbH | HydroDyn®©is a registered trademark 47



The HydroCleanerd How it works

@ HydroDyn®

PA D BING®, A =
B OO0 A PTO 200
» » . . ' . DD . D
water
nozzles —
rotating
tool
drive rotor
cap
adjustment . static tool )
of gap connected to the lid
:

2025 | HydroDyn Recycling GmbH | HydroDyn®©is a registered trademark 48



How it works @ HydroDyn®

HydroCleaner

Complementary Rotor and Stator applying
surface friction and water turbulences

HydroClean Col#Vash

Takes of any extrinsic contamination from the
PET flakes surfaces.

Ultrapure HotWash

Detaches LDPE Laminates from the PET flakes
surfaces at temperatures < 0.

Hyd roCIeanér with
opened StatoiRotor

Stator-Rotor with Friction
Zones as a Cut

Rotor Segment

with tangential Friction applies in
Friction Zones the cleaning gap

2025 | HydroDyn Recycling GmbH | HydroDyn®©is a registered trademark 49



Results @ HydroDyn®

1.  Purified Flakes with less than 100 ppm
residual contamination

Hot-melt glue is transformed to colloids.
2. Process Water Treatment

Splittedwater circuits support rinsing
with low water consumption.

3. Reduced Fines

Working with temperatures not causing
crystallization during the wasprocess,
but detaching LDRPEaminates.

PurifiedFlakedrom PCR PET Trays

2025 | HydroDyn Recycling GmbH | HydroDyn®©is a registered trademark 50



@ HydroDyn®

Contact:

HydroDyn Recycling GmbH
Michael Hofmann
Strategic Business Development

michael.hofmann@hydrodyn.de
+49 (151) 1884 1901

© HydroDynRecyclingsmbH All rightsreserved Confidentialand proprietary document

Thisdocumentand all information containedhereinis the soleproperty of HydroDynPreOneRecyclingsmbH Nointellectual property rights are grantedby the deliveryof

this documentor the disclosureof its content Thisdocumentshallnot be reproducedor disclosedo athird party without the expresswritten consentof HydroDynPreOne
RecyclingsmbH Thisdocumentand its content shallnot be usedfor any purposeother than that for whichit is supplied Thestatementsmadeherein do not constitutean

offer. Theyare basedon the mentionedassumptionsandare expressedn goodfaith.

51


mailto:michael.hofmann@hydrodyn.de

Chalenges

Decontamination

Tas kforce\
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Challenges for extrusion & decontamination

APE, adhesive remains favour lump formation
AContaminations have a negative effect on final quality
Aln many cases a larger filter surface Is often necessary

AIV buildup may be slowed down during polycondensation




Decontamination

U Restore food grade suitability \\yefsa R

U Flake, melt or pelletbased

U Twin screw extruder & high vacuum degassing




Decontamination
Flake based

A Different process approaches
U IR drying with downstream dehumidified air drying
U Under vacuum & temperature
Location
U Before extrusion
U Ideally combined in front of sheet extrusion

A Requirements:

U Lower tolerance for foreign polymers / adhesive content

U Limits at 2% PE content

U Lower values are required for transparent material

AAdvantages:

U Good retrofitting option for sheet extruder

iU No AA buildup

iU Depending on the processyY build-up is possible
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Decontamination

Q

/A Melt Based Process
U Decontamination of plastic melt under vacuum
Location:
U Directly downstream of extrusion
A Advantages:
U FastiVbuild-up
U  Works with a higher multilayer / foreign polymer contgmitel] muitilayer transparenci )
U Good input quality leads to good colour results

A Pellet Based Process

U Pellets are processed in a reactor vessel: (‘\
U Residence time + defined temperature SSP
U Protective atmosphere ( e.g.: N) or under vacuum oo0e
Location: K
0 Extra unit, downstream pelletiser Q:'j
A Advantages:

u ControllediV build-up

U Decontamination after recycling extruder (AA, benzene, limonene, etc.
U ldeal for transparent materials

U Established technology from P@RBrecycling

©
;
®
)




Decontamination

Twin screw extruder & high vacuum venting

AProcess:
U Combination of twin screw extruder &igh power vacuum degassing

Location:
U Directly into the extruder process with downstream sheet extrusion

A Advantages:
U Energy efficient as no préreatment is needed
U Quick recipe changes feasible
U Robust against foreign polymer in the process
2GSy FT2NSAIYy L2t applseddoall tectinbbgyed)LIr NSy O& X
Consider:
U NoiV bulid-up possible
U Limited possibilities to get rid of AA, benzene and co.

ﬁ ﬁ high power vacuum degassing
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Overview of technologies

Tas kforce\ ‘

recycling

T
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Overview of technologies

AFIake based decontamination followed by sheet extrusion
U Very energy efficient

U As decontamination always is linked to drying
u 1V build-up is possible

U Common practice / often also retrofitted
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Overview of technologies

AI\/IeIt based decontamination combined either with

U Very energy efficient (if directly implemented)

pelletising or directly implemented in film extrusion
u 1V build-up
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(Alternatively)
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Overview of technologies =

Melt based decontamination directly implemented in film extrusion

Multilayer flakes Sheet
V. ~ 0,62 dl/g IV: ~ 0,70 dl/g

PEe Sieatffldke

direct to sheet
Multilayer PET / PE Flakes Inline produced sheet
(~ 57% Polyolefin/EVOH content with melt based

decontamination




Overview of technologies

Pretreatment - extrusion- pellets- SSP

+ Higher multilayer content possible
+ Good colour values with multilayer remains

CSD + Higher process stability

+ Wider range of input streams
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Thanks!

q
#aw .[For further information please contact or join us!

| s

@EQ\Documents on specific tray recycling technologies of participating compan

are at your disposal!

i"’%ﬁ?‘?\AII technologies are available for trial runs! Get in touch with us!
% J

U From laboratory scale

U To industrial scale

FI@MCH eexensorc® ) KRONEs  EREMK® (QMIUD S75

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

< dircu,, : Starlinger
P AN Ckp NGy IllpELLENC ST Sagf- neifeiauser

3
}?‘ o =1

£YPETCOREZ (¢ YENDWASTE WE CAN SORTIT

" EURDP.E = Al £ FRECYCLET!

HE ol @ 3 W 0 4 PLASTIC RECYCLING TECHNOLOGIES CAST SHEET COATING
V



h

8
®
(-
4
p)
©
T

[ray Recyc

1]
al
-
)
O
-
®
m
&
®
O
4=
O
®
.
-
®
O
[®
®
®
LL

O

PETCORE EUROPE Thermoforming Working Group

PETCORE EUROPE Thermoforms Event, Dijon

May 27th, 2025



Strategy overview

THE GROWING RELEVANCE OF RECYCLINGTO ACHIEVE CIRCULARITY ENSURING DEMONSTRATE FOOD CONTACT
IN CIRCULAR ECONOMY GOALS CONTACT COMPLIANCE IS A MUST COMPLIANCE G¥PETFROM TRAYS
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Key challenges in PET recycling

Contamination and Purity of Materials: Food residues,
adhesives, inks, other physical contaminants

Safety Regulations: EU (EFSA) food contact safety
requirements

Standardization and Traceability

Lack of consistent recycling protocols and material origin
traceability

0?6 C“'C“fa,-,(-l

& -

'3 N =]

§ wpetcore o ¢ Nenp wasTE

S FUROPETS S £ 3RECYCLETHE ’

" =



95% Food Contact
Guarantee of Origin

Bales Characterization

Guidelines Development

Testing & Validation

Feedstock Library
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Our focus

Creation

wEnsure traceability and compliance with food safety standards and regulations (e.g., EU
10/2011, EU 2022/1616, FDA).

wDevelop certification or verification protocols for feedstock origin.

wStandardize how bales (e.g., plastic, paper, organic) are assessed for quality,
contamination, and composition.

wUse spectroscopy, visual inspection, cbAs$ed sorting tools.

wCreate a harmonized framework for sampling and testing material classification
wPilot across multiple countries to ensure adaptability to local feedstocks and regulations

wConduct crossountries trials with industry partners.
wValidate methods with realorld data and feedback loops

wBuild a digital database of characterized feedstocks.
winclude metadata: origin, composition, contamination levels, recyclability, etc



Initial findings: mono and multi material clear

Total weight

Type of material Origin reported (kg) Percentage (%) < 5% of non FGM
Mono clear (FD3) France 305kg 95,7% YES
Multi clear (FD9) France 160kg 97,5% YES
Mono and multi clear (FD12 France 167kg 98,9% YES
Mono and multi clear Germany 33kg 95,4% YES

Mono clear Germany 23kg 86,0% NO

Multi clear Germany 35kg 99,8% YES
Mono and multi clear Portugal 5kg 99,6% YES
Mono and multi clear Portugal 5kg 97,4% YES
Mono and multi clear Portugal 5kg 99,0% YES
Mono and multi clear Portugal Skg 99,6% YES
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Next steps

Clear mapping

Market Share of PET
collection/sorting of PET

Thermoforms food vs nen

food thermoform
) O ¢ Coordinate procedures with . Digital product/wat_ermarklng
(o Recycling technologies _\@,_ or other technologies such as
!" é Taslz/force \ &/ vision & IA to help proving
food vs norfood
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Background / Regulatory framework
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Background

PET packaging (bottles and trays) in Europe is
recycled through established systems- deposit
return, separate collection, or comingled
collection.

To be used in food-contact applications,
recycled PET must meet Regulation (EU)
2022/1616, Article 6 and Annex |.

Although PET in the EU is generally food-
grade, contamination from non-food packaging
IS possible.

It must be shown that no more than 5% of the
input comes from non-food uses.

06.06.2025 | 71 | Interzero

Scope

This methodology developed by
PETCORE members defines the
standardized approach for
evaluating post-consumer PET tray
waste to ensure compliance with
EFSA criteria, specifically Article 6
and Annex .

The procedure helps categorize
PET waste as food or non-food
packaging, ensuring the proper use
of PET from post-consumer bales.
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Operating procedure of analysis

Bale Quality Bale Selection: Define a process for random bale
Check selection with recorded sample size, frequency,
and full traceability. Follow standard methods;
Bale >5% —— (K for further ECM justify any deviations.
non FCM  NO processing Measurement: Cut the marked bale, take a

YES

sample, sort by category, weigh fractions, and
record results.

Output >5% OK for further FCM

NO .
non FCM processing Type of Minimum Sample  Frequency
YES : :
collection size (kg) (sample/t treated)
Blending to reduce —— OK for further non ~ Comingling 50 100t
the non FCM<5% NO  Fcwm processing Separate 25 200 t
l YES collection
OK for further FCM beposit 10 400t
processing
6/6/2025 | 72 | Interzero j§;COR; interzero' ALBAGroup
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Material sorting and classification guidelines -
Principles of decision tree analysis

Inclusion

Materials excluded

Non-plastic materials such as: Metal; Cellulosic
materials (e.g., paper, cardboard, wood)

Discard the following items: Materials larger than A4
size; Polymers other than PET, films/flexible packaging,
and textiles

Materials included

The sorting into food and non-food categories, for the
purpose of determining material share, is limited to PET
trays and bottles.

Special cases

Stacked material that is cut and smashed during the
sorting process is classified as lumps, as it becomes
unidentifiable and cannot be properly sorted.

06.06.2025 | 73 | Interzero

Classification

Calculation
Path dependency implemented to allow
differentiation between recycling processes
that handle either colored or only transparent
trays and bottles.
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Databank of criteria's

9 Food and 6 Non-Food Criteria with 10
sample photos per category support operator
decisions. The photo database is
continuously expanded with examples from
other countries.
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Food grade criteria

Criteria : Soaker
pad

Criteria : Label

Labels or images
show food was
stored inside.

Soaker pads
absorb moisture to

prevent leaks.
Include names,

ingredients, or Preserve
expiration dates. freshness in food

- like meat or
Clearly indicate berries.

food packaging.
Indicate food-
grade packaging.
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Food grade criteria

Criteria: Bottom | | Criteria :
P =S Ventilation

Ventilation holes
preserve
freshness and
extend shelf life.

Drainage
channels prevent
moisture and
maintain food

quality.

Designed for food
packaging, not
needed for non-
food items.

Common in
perishable food
packaging, like
berries.

Strong indicator of
food use.

Clearly indicates
food application.
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Non food grade criteria

Criteria : Label Criteria : Paper

: on boarder
Labels or images

show non food
was stored inside.

Paper borders
protect and
stabilize non-food

Include names, products.

ingredients, or

pictures Used for items like
- toothbrushes or
Clearly indicates batteries.
non ood
packaging. oy Typical for non-
¥ food, not food
L packaging.
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Non food grade criteria

Criteria : Hanger Criteria : Folded +

Hangers enable sealed

shelf display for Folded/sealed

non-food items. packaging
protects non-food

Common in items.

electronics, tools,

personal care. Used for
electronics,

Signal non-food cosmetics,

packaging use household goods.

Suggests non-
food application.

§‘§€§71¢ircu/sf@%\ . .
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Non food grade criteria

Criteria : Shape, Criteria : Medical
based on

functionality Aluminum blister

packs signal
Packaging shape pharmaceutical
fits specific non- use.

food items. Common for pills,

Designed for not food.
products like

toothbrushes or Clear non-food

: ackaqin
batteries. P ] ging
indicator.
Clearly indicates
non-food use.
ﬁggcu@@% . . .
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Reporting structure

General information
for traceability
according to EN
15347-1: 2024: Origin
(household,
commercial), pre or
post consumer; type
of collection; supplier
information: batch
size, load reference
and sample size)

06.06.2025 | 79 | Interzero

Type of material

PET food + non-
food material

PET from food
consumer
applications

PET from non-
food consumer
applications

Total weight reported (kg)

Indicate the weight of PET
food + non-food material.

Indicate the weight of PET
from food consumer
applications.

Indicate the weight of PET
from non- food consumer
applications.

< 5% of non

Percentage (%) FGM

100%

Indicate the % of
PET from food
consumer
applications.
Indicate the % of
PET from non-
food consumer
applications.

YES /NO
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| Nt er z@mnEEEente
centre f or pl ast |

Material analysis in our accredited laboratory in
Slovenia.

Internationally accredited for analyses of
mechanical, physical, thermal, rheological and
optical material properties of recyclate

(SIST EN ISO/IEC 17025)

Involved and trained for the material analyses
according to the developed methods

Contact: manica.ulcnik-krump@interzero.de
& fabian.storz@interzero.de




