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How to boost plastics circularity in Europe?

Harmonised Design for Recycling guidelines are
essential to give one reference for the industry;

It covers the need to STANDARDIZE definitions,
testing protocols and methodologies to assess
recyclability with a scientific approach;

Having the circularity of plastics as target, it is
necessary focus on high end applications as
benchmark.

Citeo France recyclability assessment tool (LCA-based, free)

Cotrep France DfR guidelines (do & don't approach)

Danish Plastics Federation Denmark  |DfR guidelines

Der Grune Punkt (DSD) Germany | DfR guidelines

EPBP Europe DfR guidelines + lab protocols technology approvals
EXPRA Europe DfR guidelines + tool

FH Campus Wien Austria DfR guidelines + methodology

HTP-Cyclos Germany  |recyclability assessment (certification) certification

IK Germany  |Eco Design of Plastic Packaging

KV Netherlands |DfR guidelines (do & don't), decision tree (for rigids)

OPRL (on pack recycling label) UK recyclability assessment (tool and labelling, only for members) certification

Petcore Europe Europe DfR guidelines + recyclability protocol technology approvals
Recoup UK DfR guidelines + tool (Packscore) - aligned with RecyClass certification
RecyClass Europe DfR guidelines, recyclability assessment (free online tool) + certification, lab protocols  |technology approvals
Suez.Circpack Global DfR guidelines, recyclability assessment - aligned with RecyClass certification

WRAP UK DfR guidelines (yes please/no thanks approach)

Zentrale Stelle Germany | DfR guidelines + methodology certification

APR us DfR guidelines + lab protocols technology approvals

RecyClass




What does CIRCULARITY mean?

‘A circular economy is one that is restorative and regenerative by design and aims to keep products,
components and materials at their highest utility and value at all times’ (MacArthur, 2015)
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RecyClass

make certain packaging hard to
be designed for closed-loop
recycling systems.

However, design choices
leading to the longer multiple-
step cascaded recycling must
be favoured.



What we need is data!

Design for Recycling RecyClass Tool
Guidelines

PE Transparent Flexible Films

YES - FULL COMPATIBILITY NO - LOW COMPATIBILITY
RecyClass : D-E-F* +
ri testin it Materials that passed the testing protocols if certain
OR conditions are met OR
rials n materials that have not been tested (yet), but pose a low
in ng risk of interfering with PE recycling
Film PE-LD, PELLD; PE-HD mutialyer ~ anyoherpoymer (e PET.PVC.etc)
Colours unpignenie; ransparet gt oo s | dakeoorsbecccaonteck
Barrier barrier in the polymer matrix; SiOx and AIOx without additional < 5% EVOH (in polys bination film); metalized
‘coatings layers without High Plus; YO+ LLDPE
i L ———
G syt FELD FED 74D el s, P, P sy < e
Liners, Seals and Valves PE-LD, PE-LLD, PE-HD PP, PET, PETG, PS, PLA, removable aluminium fasteners _
= E pE—— e
Adhesives for labels Water soluble or waler-releasable at less than 60°C _
——— e
Direct Printing Laser marked print printing covering < 50%**
Printed production or expiry date
thr At PELD,PEULD PED PP PET,PETG.PS.PLA el s, PAC, e s i Sy <o’
Last update - June 2020
* Class ranking resulting by the RecyClass assessment. B class is reported two times because of the 90-95% amount of PE in the packaging or because of slight incompatibilities in the design
** temporary solution

Test on recygled product with ~ *  The DfR Guidelines are transposed to the tool. * Recyclability S@f-Assessment
and withoutgfnovation. * The overall recyclability of the finished « Recyclability igcpert-checked
Comparisor™f properties package can be assessed. » Recyclability Certification

Technology/Product Approval
RecyClass



What we need is data!

Recyclability Design for Recycling RecyClass Tool
Evaluation Protocols Guidelines

PE Transparent Flexible Films

I YES - FULL COMPATIBILITY NO - LOW COMPATIBILITY
. RecyClass AB* D-E-F*
Materials that passed th ing protocols with no Materials that passed the tasting protocols if certain
ne i ct OR conditions are met OR
materials that have n (vet), butare knownto  materials that have not been tested (yet), but pose a low
a ng risk of interfering with PE recycling

Film PE-LD, PELLD; PE-HD muitialyer PEFPP ~ anyoherpoymer (e PET.PVC.etc)
Colours unpgmentec; ransparet it clours;bansicent colours | Gatcdous;beck catontck
Barrier barrier in the polymer matrix; SiOx and AIOx without additional < 5% EVOH (in polyolefinc combination film); metalized
‘coatings layer tings; EcoLam High Plus; VO+ LLDOPE
= i T m——
Gl Sysims PELD FEUD PEHD PP PET, PETG P57 L s, P, on POt s ity < gor?
- Liners, Seals and Valves PE-LD, PE-LLD, PE-HD PP, PET, PETG, PS, PLA, removable aluminium fasteners
= e
e = s e
Adhesives for labels Water saluble or water-releasable at less than 60°C _
e s
Direct Printing Laser marked print printing covering <50%**
Printed production or expiry date
e Atschmrts PELD,PEALD,PEHD PP PET,PETG.PS PLA e, ameium PG, pepr oams i ersy < geri

Last update - June 2020
* Class ranking resulting by the RecyClass assessment. B class is reported two times because of the 90-95% amount of PE in the packaging or because of slight incompatibilities in the design
** temporary solution

Test on recycled product with ~ * The DfR Guidelines are transposed to the tool. * Recyclability Self-Assessment
and without innovation. * The overall recyclability of the finished « Recyclability Expert-checked
Comparison of properties package can be assessed. » Recyclability Certification

Technology/Product Approval
RecyClass



What do protocols do? RecyClass

6\ f;::j& VV%%
Recyclability Protocol for PE films g YRS A%
RecyCIa bility PrOtOCOI for HDPE CO ntainers HDPE bales Bale breaker Permanent magnet Air separation NIR separation
Recyclability Protocol for PP containers z

. . i — P ) ) e
Recyclability Protocol for PP films (to be released soon) O O
Dryer Separation Wiashing Crushing / grinding

Washing Protocol for label adhesives (under development) —
Protocol for paper labels (under development) g o —_—

5 Air separation HDPE flakes Extr:sion Plastics granulates

 Sorting Protocol (draft)

https://recyclass.eu/recyclability-evaluation-protocols/



https://recyclass.eu/recyclability-evaluation-protocols/

Recyclability Protocol for HDPE containers RecyClass

Pretreatment test ° Pre-treatments

(grinding, washing, floating, drying)

Input:
10 kg innovation
25 kg control
PRE-TREATMENT
Floke Blends: A0 AZ5:A.%0 * Extrusion and pellet characterization
A.0 A.25 A.50 .
100% control container | | 75% control container 50% control container ln pUt'
25% innovation container | | 50% innovation container 3 fla ke blends Of ContrOl and in novation

Extrusionto pellets —> Pellet properties ﬂa!(es o o
(with 0, 25% and 50% of innovation)

Pellet Blends: B.0; B.25; B.50 + Converting (50% dilution with virgin)
B.0 B.25 B.50 Input:
50% virgin pellet 50% virgin pellet 50% virgin pellet

50% A0 50% A.25 50% A.50 3 pellet blends of control and innovation
pellets

(with 0,12,5% and 25% of innovation)

CONVERTING




RecyClass Protocol — Pre-treatment tests RecyClass

1) Grinding

) JUU
Beptasn S0

Innovative sample Control sample
2) Air elutriation

Innovative
sample

—ul Y we ol

Control
sample

'.‘“1 v -

Wash water

3) Washing

Rinse water

4) Floatation

Innovative sample flakes after washing

Floatable (HDPE) Sinkable (PET)



Extrusion test

Benchmark recommendation

Bulk Density [kg m—3]

> 550
. + 10 for A.25 and A.50 vs. A.O;
Density [kg m~J] < 995 (A.50) ’
Melt Index [dg min~'] 02-09
Ash Content [wt.-%] <2 (A.50)
Filtration no build-up
Moisture [wt.-%] —
Melting Point [°C] 130 — 140

Impurities

Surface Appearance

Volatiles [wt.-%]

+ 0.1 % for A.25 and A.50 vs.
A.O0

PP content [wt.-%]

<2 for A.25 and A.50

Delta Pressure
[MPa]

<10 % for A25and A50vs. AO

RecyClass

k

mlgmAmpl ene e RA=



Converting tests

Benchmark
recommendation

Bottle Appearance

Bottle Integrity

Bottle Dimension (Height) +5%vs.B.O

Bottle Weight +5%vs.BO

Bottle Capacity +5%vs.B.O
Thickness (top side wall) > 0.3 mm
Thickness (mid side wall) >2 0.3 mm
Thickness (bottom side wall) = 0.3 mm
Thickness (shoulder) > 0.3 mm
Thickness (base corner) = 0.3 mm

Top Load

<5 % decrease vs. B.O

Drop Impact

>95 % vs.B.O

Additional Observations

no more than for B.O

RecyClass

Tensile properties

Standard

Stress at Yield [MPa] ISO 527-2
Stress at Break [MPa] ISO 527-2
Elongation at Yield [%] ISO 527-2
Elongation at Break [%] | ISO 527-2
Strength [MPa] ISO 527-2
Elongation at Strength [%] | ISO 527-2




Technology / Product Approvals

Evaluation Protocols test with RecyClas
Accredited Laboratories TEroup desgpation

Test on recycled product with and
without innovation

Comparison of properties R

custom design

Approvals given by the RecyClass TCs

RecyClass



Thank you
for your attention

fabrizio.digregorio@plasticsrecyclers.eu



mailto:fabrizio.digregorio@plasticsrecyclers.eu
http://www.recyclass.eu/

RecyClass An insight into the
RecyClass Unwrapped scientific functioning
< of the protocols and
testing

Ing. Vanessa Gutiérrez Aragonés -
Mechanical Recycling Group




® AIMPLAS

 AIMPLAS Overview

* Protocols scheme
* Pre-treatment
* Blending

» Converting

« Remarks and conclusions

15



Excellence in Plastics @ AIMPLAS




Technology center with
more than 30 years’
experience in the plastic
sector.

Covering the whole value
chain

9.000 m2
Of cutting-edge facilities

5.000 m? pilot plants

PATERNA (Valencia)
SPAIN

4.000 m? Labs

® AIMPLAS




AIMPLAS in Figures

tUR 9.9M

revenues

+2.400

customers

More than 160 highly qualified professionals 6 10

associated companies

® AIMPLAS



Comprehensive management to provide global solutions

TECHNOLOGIES Projects
Agriculture and Aquatic
Management Environment

services Construction and Renewable
Energies

Descarbonization
Engineering
Sustainable and Future Mobility LABORATORIES
Pa'ckaging - SR ions Physical-Mechanical
Mechanical Recycling Laboratory
Chemical Recycling |dentification

Health Food Contact
Chemical Technology

Business

Multipurpose Tenders and
group standardization

® AIMPLAS 19
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Review on Protocol Scheme
film

Technology Approval protocols consist in different phases Washing Test & Record
that simulates a recycling process: . AR

Control
film
Flotation test e Ret;ord
Properties
PRE-TREATMENT

- Pre-treatment: grinding and washing tests

- Extrusion: pelletizing different blends

Flake Blends Preparation
. A.0 A.25 A.50
- Convertlng: 100% control film 75% control film 50% control film
_ Fllm eXtrUSion 25% innovation film 50% innovation film
- Blow-film extrusion for LDPE films |
- Cast film extrusion for PP films Extrusion topellets =

- Blow-extrusion for rigid HDPE and PP
- Injection moulding for rigid HDPE and PP B0 — 850

- Sheet extrusion for r|g|d HDPE and PP 50% virgin pellet ﬁvirgin pellet 50% virgin pellet
509% A.0 50% A.25 50% A.50

Produce Blown film samples st Re;ord
Properties

CONVERTING

® AIMPLAS




Pre-treatment

In the pre-treatment phase the evaluations corresponds
to the following parameters:

Grinding process:

« Homogeneous size and easy-flow flakes
* No stringing.
« Adequate bulk density

Washing/flotation/drying (only for printed, labelled,

or glued products)

« Water colour
« Floating/sinking particles
« Water intake

® AIMPLAS 22




Pre-treatment

Main reason to evaluate pre-treatment behaviour is: Assure Innovation materials will behave as
regular materials, in standard recycling streams.

Low water content after
drying to avoid problems in
in a PO stream extrusion, such as pellet

Right flowability and

Full separation by flotation <uitable size to fit the

extruder entrance

foaming.



Extrusion

In the Extrusion Phase two Innovation material blends are prepared, filtered and pelletized, and compared to
Control material, to guarantee processability, process stability and pellet quality.

Extruder intake: no blockage of hopper
No die-build up
Pellets aspect homogeneous, low yellowing compared to

The following aspects

are monitored: control
Process stability: torque and pressure.

Physical properties




Extrusion

Stable pressure and torque
(30 minutes run-time)

e i Ve P et G iz AT
7:41:06 7:48:36 7-56:06
08/03/2020 20!

I 08/0/2020 _ 08/03/2020

e I s s VPSR! PPy —

Stable torque, rising pressure 00
(60 minutes run-time) 3

11:23:13 11:38:13
08/03/2020 08/03/2020

® AIMPLAS



Extrusion

Low filter build-up High filter build-up

® AIMPLAS 26




Converting

In the Converting Phase two Innovation pellet blends are
prepared, processed and compared to Control, to verify
effect on a final product, regarding processability,
process stability and product performance.

The following aspects are monitored:

* Process stability: torque and pressure.
« Bubble/film/sheet stability

« Achieve aimed blow-up ratio/stretching and
thickness without rupture

« General aspect (gels, specks, melt-fracture,
etc)

« Mechanical performance

® AIMPLAS



Converting

No specs or gels High amount of gels




Remarks and conclusions

Main objective of RecyClass Technology Approval Protocol is: verify recyclability of novel and innovation
materials (PP and PE bases) in a standard recycling stream.

Protocols verify the effect of these materials/structures in a controlled scenario, taking into account the most
restrictive scenario: a post-industrial recycling process.

If in this type of recycling process, materials have low or no effect on standard PE or PP performance,
they will also have low or no effect on a post-consumer recycling stream.



Thank you!

Q@ AIMPLAS REDIT

INNOVATION NETWORK

www.aimplas.es

Valencia Parc Tecnologic
Calle Gustave Eiffel, 4
46980 Paterna (Valencia)
ESPANA

info@aimplas

(+34) 96 136 60 40

fo ! GENERALITAT  iVACE -
Follow us @ Q o VALENCIANA i, Sosee Eﬁdlt ﬁ

A\




Colgate Tube
Recyclability Protocols & Technology Approval



Colgate Internal Work
Tube Redesign




Recyclable Tubes: Begin with the End in Mind

‘ Pack Design Collection Sorting ‘ Reprocessing
(Materials Recovery Facility, MRF)

-— e
s 0000

QOO =) 000000

Material Flow

Colgate
) g




Requirements for Recycling

e Identify the recycling path - to HDPE bottle stream
e Can the tube be sorted and directed in the HDPE bottle stream (compatibility)

e Specify the range of the key parameters to meet recyclability requirements: melt index
(0,2-0.9), density (+/- 0.01 from that of control bottle)

e Develop the right Laminate according to the technical requirements

Colgate
v



Recyclable Tube Initial Dev Milestones

Phase I: 2014 —— —
Orange peel surface, Wavy laminate ..

Phase Il: 1H 2015
Flavor scalping, Surface finish
Shoulder resin inadequate

Phase lll: 2H 2015
Web curling, Tube ovality

Phase IV: 1H 2016
Flat, non-curling laminate was made
¥ Tube making at multiple CP facilities

Colgate

) g



Recyclable Tube Development — Phase V

e Scaled up film making

e Scaled up tube making

e Structure passed qualification protocols
Laminate Quality

Formed Tube Quality

Printing Quality

Tube Performance

O O O O

These tubes are designated as Samson Tubes

Colgate
v




Plastics Recyclers Europe (PRE) / RecyClass

e Represents European Reprocessors and the whole value chain
e HDPE Technology Approval received January 2020

o Tube was first HDPE item to be tested under PRE protocol
o Minor difference testing from APR

o \C
PLASTICS RE\YCLERS EUROPE

Colgate
v



/o Plastics Recyclers Furopa Fhone +32 23152460

™
Avenue de Broqueville 12 recyclassmplasticsrecyclers ou
1150 Woluwe Sairt-Fierre, Brussels  yane recyclgss e

Colgate-Palmolive
RECYCLASS PRODUCT APPROVAL Brussels, 21 January 2020
TheRecyClass HDPE Technical Committee was requestedtocarry — 5 == ~- -t ofrb o msbm sl

‘Samson tube’ by Celgate-Palmolive to verify its impact on the gu
cfo Plastics Recyclers Europe Phone: +32 2 315 24 60

™
R e C I a S S Avenue de Broqueville 12 info@recyclass.eu
The innovative packaging is a decorated multi-layer toothpas C 1150 Brussels, Bejgium st lin)
laminate tube making machine, which mounts the tube sleeve ¢
shoulder assemkly centains a HDPE shoulder and a PET insert. T Forimmediate release

of the total weight of the package. PRESS RELEASE Brussels, 21* January 2020

Colgate-Palmolive’s Recyclable toothpaste tube tested by RecyClass

An independent laboratory testing of ‘Samson Technology’ by Colgate-Palmolive shows that it can be
recycled in a high-density polyethylene containers (HDPE) recycling stream, with minor recyclability
issues. ‘Samson tube’ is a directly printed toothpaste packaging made of HDPE containing 5% (by
weight) of ethylene vinyl alcohol (EVOH) barrier, and a polyethylene terephthalate (PET) insert.

) g



RecyClass Methodology Diagram

(grinding, washing, floating, drying)

Objective:

AU Compare Pellet properties vs Benchmark

Flake Blends: A.0; A.25; A.50

A.0 A.25 A.50

100% control container | | 75% control container 50% control container CO m p a re B Ott I e p ro p e rt i e S VS B e n C h m a r k

25% innovation container | | 50% innovation container

v

Extrusion to pellets |—> Pellet properties

Pellet Blends: B.0; B.25; B.50

B.0 B.25 B.50
50% virgin pellet 50% virgin pellet 50% virgin pellet
50% A.0 50% A.25 50% A.50

Blow molding Plague production

CONVERTING

Colgate
) g




Commercialization in EU

e Jan., 2020 ground-breaking new
toothpaste Smile for Good :

I 1 " - = . b Slllile
o Minimal number of ingredients listed  smile - forgood
on the front of the pack clearly e

explaining their purpose - an industry =+~ o
first .

o Packaged in Colgate's first-of-its kind =
recyclable plastic tube. &

THH LWETHE
DI RN FHTTLERD

Colgate
v



ELLEN MACARTHUR
FOUNDATION

USA

o BUSINESS TODAY
% &oc

LAS VEGAS.,

Plastics PAC

Innovation and Plastics Magazine

BEAUTY : PACKAGING c I S I 0 N

0 Packaging [ iNEWSHOUR
N’

Mchebebd I PACKAGING EUROPE

B/ NEWS BREAK







RecyClass

RecyClass Unwrapped Questions & Answers session

IH\III\-

Use the Q&A box on the top-right
corner of your screen



RecyClass

RecyClass Unwrapped

Thank you for your participation!

Next webinars:

27 January 2021 28 April 2021
24 February 2021 26 May 2021
24 March 2021 23 June 2021

More information to follow
Www.recyclass.eu
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