U3

DTU DTU Sustain @ Maastricht University
E == .
- - Department of Environmental and Resource

o Engineering

NTE-7
ESR 3- Design Plastic for Circularity:

A multiscale approach to assess Plastic Circularity

PhD candidate, Manon LISIECKI

Main supervisor: Prof. Anders Damgaard
Co-supervisor: Prof. Kim Ragaert
External co-supervisor: Prof. Thomas F. Astrup

This project has received funding from the European Union's Horizon 2020 research
and innovation programme under the Marie Sklodowska-Curie grant agreement No.

859885.

ESR 3 - Manon LISIECKI

3rd July 2023 NTE-7 C-PlaNeT



o
—
—

i

"Turn off the plastics tap' by Canadian activist and artist Benjamin von Wong at the UN Environment Assembly in Nairobi, Kenya. Credit: UNEP/Cyril Villemain A
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Plastic Design for Circularity
4%
. Circular Econom “‘

Plastic y >

Large family of polymers, product types used in many sectors

(packaging, B&C, Agriculture, EEE, Automotive, Furniture).

Plastic Circularity

Design

A concept of a system that has been intentionally created.

Il
Fossil based E
&
Biobased

E
C

Bioregeneration

Incineration for energy recovery

Circularity

— Protect our environment and reduce marine litter

. . . A EUROPEAN STRATEGY
— Reduce greenhouse gas emissions and dependence on fossil fuels

Oiscard product

ror pLastics BT [

— Support more sustainable and safer consumption and production. R i

-

b e
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Implementing Plastic Circularity:

» Several strategies to improve Plastic Circularity:

Prevent > Reuse > Recycling > Compost > Incineration

* Design for and from recycling
Fossil based (%
Biobased g
Bioregeneration i
Incineration for energy recovery '__9}:
Landfill <
\
Y
\
\
\‘
Research questions:
How to assess the Plastic Circularity implementation ?
\\'”\\ Oiscard product ’/,”

How to assess the impacts?

-~
S -
L Y -
T e -
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Systemic Scale

Systemic scale

Tools %‘—“ -
» Indicators 7R \-ml ™
* Metrics '@ i
)
Research Gaps Th |

» Complex value chain
» Multiples actors/stakeholders
 Different plastic types, products and sectors

« Different technologies and efficiencies

3rd July 2023 NTE-7 C-PlaNeT ESR 3 - Manon LISIECKI




DTU | Aim ||  Systemicscale || Productscale || Component scale ||  Take away messages || Perspectives
>

<
<

Product Scale

Tools
« Material Flow Analysis
* Life Cycle Assessment

Research Gap
* Recyclability
« Substitutability

Product scale

l—-@ @@%‘03:‘_ ? - ==
m @ %‘ ":ggic I__\_'\-\-\_ Expected used of

i ' I A — the recycled
lastic
oQoaA P
Plastic product Collection Sorting Recycling Production

3rd July 2023 NTE-7 C-PlaNeT ESR 3 - Manon LISIECKI




DTU | Aim ||  Systemic scale || Productscale || Component scale ||  Take away messages || Perspectives
>

<
<

Component scale

Tools

» Design guidelines Research Gap

 Design for circularity « Contamination

 Plastic recycling quality * Recycled plastic properties

» Safe and sustainable
Component

scale

A
s

Plastics in this waste transfer station in Portugal. Credit: Erica Cirino
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« Provide an assessment of Plastic Circularity implementation via three different scales

Assess the link between

A

Assess the implementation of
Plastic Circularity considering
plastic value chain as a system

Systemic scale >

substitutability and waste
management to evaluate Plastic
Circularity of the product

el (NS
/ Product scale \
=)
A L ey
AN CL R
!l =
%‘ Component & Assess impact of plastic
scale S > material design on circularity

« Apply assessment to a specific study case to evaluate the impacts of the Plastic Circularity implementation
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Systemic scale 1 2

Screening initiatives focus on plastic e . . .
circularity Score initiatives with a systematic

qualitative evaluation

>

AN

2

AAAAAAANNNNNA

\\\ \\

>

Systematic evaluation
3 pillars:

framework for comparison of

« Circularity Compliance with basic

i~ initiati 54 initiaitves
plaSt|C Initiatives Circular Economy Principle
(x axis)
e . . . ] . Requirements needed for
« Initiatives are claims from reports, industries, NGOs, paper reviews implementation (y axis)
+ European context
Includ | duct t « Potential contribution from a material
nclude several proauct types circularity perspective

(bubble size)

« Based on 17 criteria and three-level likelihood ranking approach

Lisiecki et al. (2023) Circular economy initiatives are no guarantee for increased plastic circularity: A framework for the systematic
comparison of initiatives, Resources, Conservation and Recycling, Volume 197, 2023, 107072, ISSN 0921-3449,
https://doi.org/10.1016/j.resconrec.2023.107072

3

Review scoring and identify barriers
and challenge to implement plastic

circularity
» sl & /
» |}
10l L [ e "
. ) .
» 242 = L
oy
- o
6 -4 6 » ‘ﬁ) ?27 4 6
u <« P
» NUN
@&® 9 .
+fi @

» Plastic Circularity is not guaranteed.
* Initiatives are often co-dependent.

» Drastic changes are required to

reach Plastic Circularity.
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o
Landfill ‘@—%‘
)=

::: IJ K Incineration for @*
L : energy recovery d
Retail U

Production Conversion to (Consumer
of virgin ’ plastic parts and Waste
plastic into product Industrial) Use phase collection

Substitutability: Define substitution of virgin by recycled material

Substitution: Substitute the use of virgin material with recycled
material while maintaining the functionalities of the initial plastic
product.

4 ?'§a‘
seges N @
‘ Q@ ooa
Recycling Sorting Collection

» Assess the circularity of a plastic product according its substitutability

» Assess the circularity of plastic products with a dynamic MFA for European plastic flows
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Perspectives
Case study 1: Evaluate the circularity of medical packaging
Quantification of Plastic Circularity using potential substitution
_ . Mass
Circularity
Recovery
Clear film, food :
rﬂg:rte i Cat O contact, 0-100% High Low
d recycled material
Ca _
H POLYPROPYLENE 0-100% recycled material
X Physical Food Contact Layer

© Heat Seal Surface
° Provides Flexibility and Strength

NYLON
° Abrasion Resistance

Black film, non-food contact, 0- ¥
Cat 3

Example 100% recycled material ‘

A

ALUMINUM FOIL
Barrier Layer

% Coloplast

A

° Protects from Light, Gases, Odors
° Extends Shelf Life
Extrusion, non-food contact, potential
gg'tmsffyi. w Cat4 use of compatibilizers, 0-100% mﬂ

’ Ei((feilen( Printable Surface Least recycled material
B © Provides Strength

preferred

Extrusion, non-food contact,

Cat5 potential use of compatibilizers, IET

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

[Cow] [Fgnl
. . . -500 i Low High
Does recycling lead to circularity, and to what degree? S (EHEE WEIRIE

_ _ Exampl
Incineration (Energy Recovery) e
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Study case: Dynamic MFA of European plastic flows between 2020 and 2050

Quantification of Plastic Circularity with Material Flow Analysis

Example
= \ T -y -
R <G b+
\ Sl P WORK IN PROGRESS
\ L N :
@ | 1 Assess plastic
= = I,, ! ‘ circularity
18 \ per polymer, per
353 e ’ m| product, per year,
Q 2 | ) per scenario
= SN -
i
Data base MFA - Static model MFA - Dynamic Model
* 2020 . PET, PP, PE * Python '
+  Plastic quantity . 7 sectors +  Until 2050
*  Annual growth - Rigid, flexible, other rigids Scenarios Indicators
+ Lifetime .« Mechanical recycling . Improve collection + Material circularity
*  Transfer coefficients «  Complementary chemical recycling . Increase reuse * Energy recovery
« Data quality assessment . + Plastic to Plastic rate
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Study case: Mechanical recycling of flexible packaging with and without printing

- Low recycling rate: household recycling rate = 14% (PRE, 2020)

- Low-value recycled material

- Limited uptake market: non-food film, refuse bags, sacks in B&C and agriculture.

Ink

| 50% solvent

—

Ink = 1 - 3% of the total weight of the packaging

© 10% Pigments
10% Additives

P Maastricht
< University
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4 ) v 7 2. Thermal degradation of the components of the ink system 'y
| 1. Mechanical recycling and characterization B ManstrichE 1 1
University 1] |
I 1] 1
I 1] 1
: 1 [
| Y ¥ - : I
— -224 1 . =
! = o - I !
I &t FyLe L Nitrocellulose  Polyurethane -
I Shredding Compounding Etrusion Pl Blowig : : PB15-4 PR57-1 PY13 (NC) (PU) :
l\ 1] 1
N J1 o I
AN o e e e | T :
1 UNIVERSITEIT
\ GENT /J
. . . . . . “~ ’
The objective is to propose a degradation profile of the ink components to S T e e =~
assess the effects of mechanical recycling on LDPE flexible film. TGA — NC binder degradation profile
NC Binder
Example Tena (01 Tou ) Retin ot M e
. . . . 150-250C
Tensile Test — comparison recycled films (reference, NC printed and NC coated) L =
30 30
254 (LDIID?E-'?E;)’/:CZled) E>:':'<j - . ne mLD;;ZN printed on LOPE - recycled) [[>J:<j P (NC colgl-:d-Foi LDPE - recycled) D:G - ﬁ
7 / po e
20 H A 20 4 o 7
= ) - s L ¢ hs = - > a_f_ l06.03%
?2.:15 1 5}5‘ f/\/?;f/// % g
2 2 ho |
@ 10 101 o { { .
5 o <4 5 - ¢
S ——MD < G i 5
. vl = o A VAL v A vie = R O
v T v 50 wnTempgrsmre (nc;so 200 —— : - Nm(og\;ssjn\ad —
? 0 200 400 600 800 1000 120(;5 0 200 00 svai ‘E:/”) 800 1000 1205 0 200 400 600 800 1000
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<+ Learnings

@Component scale
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2

Design Safe and
Sustainable plastic
formulation.

!

EIdentify the impact of

contamination

[Plastic product 1l—>f"lastic product 1'—»}Plastic product 1”

_Ba = T :
ETES +———»Plastic product 2 |—»{Plastic product 2’ :
® ‘6" :
o H
A :

X lastic product 3 H —

x
t,—g—? L——»Plastic product X |——#Plastic product X'| :
g e :  Plastic value chain
: contribution to
: . Plastic Circularity
Product Circularity Waste as a valuable material

Identify levers and

Assessing Plastic Circularity considering material barriers toward
science and waste management is necessary Plastic Circularity
5 implementation
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oo Delivrables

Product Scale Component scale

* Industrial partnership, external stay - External Research stay
(4months, Sept 2023 — Dec 2023) (6months, Nov 2022 — April 2023)

ELSEVIER

Circular economy initiatives are no guarantee for increased plastic

— @ Coloplast
= P> Maastricht
< university

: Lisiecki et al. (tbc) How to assess
— | medical packaging Plastic Circularity?

l!lllp

Lisiecki et al. (tbc) Fate of ink during
mechanical recycling, applied to

Lodato & Lisiecki et al. (tbc) — .
~ = printed LDPE flexible packaging

E.':_' Assessing European Plastic
Circularity with a dynamic MFA

https://doi.org/10.1016/j.resconrec.2023.107072
ESR 3 - Manon LISIECKI

NTE-7 C-PlaNeT

3rd July 2023



https://doi.org/10.1016/j.resconrec.2023.107072

DTU | Introduction || Aim ||  Systemic scale || Productscale || Component scale ||  Take away messages |
>

o
o

Contributions to C-PlaNeT project’s objectives

Systemic ‘design for circularity’ support decision-makers to identify critical barriers and

enablers in relation to Plastic Circularity implementation.

» Assessing substitutability of plastic product provide a tool for industries focusing on material science

and waste management.

* Quantifying the circularity of plastic product is insightful for life cycle inventory.

* Reporting Plastic Circularity is providing data base for future research.

« Experimental work about components provides preliminary study for future plastic design guidelines.

3rd July 2023 NTE-7 C-PlaNeT ESR 3 - Manon LISIECKI




|

Product scale

Take away messages

Component scale

DTU | Introduction || Aim ||  Systemic scale
o
o
o
« Recycling is one of the strategies but not the only
Q0\\4(-(\&\.'
mateﬂa' PrOQ’(, . . . .
(\0«"" o R « Assess socio-economic, environmental impacts,...

&

o o
9%
Fossil based CQ, =
Biobased
Bioregeneration ¥
g %’% s
Incineration for energy recovery 3_ scale 2 ‘@=‘ ° EXte n d tO Ot h er re g |O ns
Landfill S, | # A\ | /2
W ()
% S
(S ‘0
K Q

Disca"d product
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How to challenge the plastics value chain?
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