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Introduction

Transition

BIOSPHERE

Linear economy

PPWR 2025/40

1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input

SOURCE

Ellen MacArthur Foundation

Circular economy systems diagram (February 2019) ’ MINIMISE SYSTEMATIC ELLEN MACARTHUR
www.ellenmacarthurfoundation.org LEAKAGE AND NEGATIVE FOUNDATION

Drawing basod on Braungart & McDonough, EXTERNALITIES

Cradie to Cradie (C2C)

Figure 1: Butterfly diagram Ellen MacArthur Foundation(?l
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Regulation

EU PPWR 2025/40'° “1: Stretch films:
« Design for recycling by 2030 « Pallet load unitisation

« Obligation of recyclability by 2035 « Linear Low Density Polyethylene
« 35% recycled content by 2030 -
« 65% recycled content by 2040
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What is the impact of reprocessed content and multiple reprocessing
cycles on the performance of polyethylene (PE) as stretch film for

palletised loads?
 Chemical analyses

« Mechanical analyses

« Transport performance
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Materials and Methods

Materials

Raw material/granulate:
« 100% LLDPE

Lab stretch films (7):

« Cast co-extrusion

ABC-structure

23 Mm

Pilot line Fraunhofer-IVV
Reprocessing in closed-loop cycle
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20%

60%

20%

Table 1: Lab film configurations

Reprocessed content

0% | 35% | 60%
0 X
Repro- 5 X
cessing
cycles 10 X X
15 X




Materials and Methods

Methods

e Differential Scanning
Calorimetry (DSC)

¢ Gel Permeation
Chromatography (GPC)

e Gas Chromatography-
Mass Spectrometry
(GC-MS)
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e Tensile test
e Stress-relaxation test

e Slow rate penetration
test

e Tear resistance test

e Dart impact test

e 26° tilt test

e Swing test

¢ VVibrational swing test
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Chemical characterisation:
granulate samples

GC-MS

e Primary
antioxidant
depletion |

221 ma/g (1x)
9

/4 ma/a (15x)
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GPC

e 10x, 15x: M, !, D1
-> MWD 1

DSC

o T T, with 1
reprocessing:
110.73°C >
114.20°C
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Results and discussion

Thickness measurement
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Results and discussion

Mechanical characterisation:
Tensile test
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Mechanical characterisation: Stress-

Results and discussion

relaxation test
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Figure 6: Stress-relaxation test lab films
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Results and discussion

Mechanical characterisation: Slow
rate penetration test
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Mechanical characterisation: Tear

resistance
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Results and discussion

Mechanical characterisation: Dart

Impact test
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* | in mechanical performance
« Macro level: heterogeneity > differing crystallisation (and gels)

« Micro level: chain scission as primary degradation pathway | Chain sliding &
realignment

Disrupts network of
entanglements

Chains separate

Chain scission )
more easily

1 Polymer molecular

Degradation .
weight

Cross-linking
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Results and discussion

Transport simulation

Figure 10: Wrapped pallet
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Results and discussion

Transport simulation: Tilt test

© 2025 International Safe Transit Associati

Figure 14: Tilt test 10x35%  Figure 15: Tilt test 10x60%  Figure 16: Tilt test 15x35%
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Results and discussion

Transport simulation: Swing test

Figure 17: Horizontal
shock test
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Swing test: Horizontal displacement

collision
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Results and discussion

Swing test: horizontal displacement
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bottom layer

No clear trends
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Results and discussion

Swing test: Tilting

: !
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Swing test: Tilting
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Discussion: Transport performance

« Tilt: all passed

« Swing: no clear trends

- 100% pre-stretch

« 15x35% could be wrapped with tears

« 15x60% film failed during wrapping

© 2025 International Safe Transit Association. All rights reserved.
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Mechanical reprocessing - stretch film degradation - chain scission &

heterogeneity
Moderate levels of reprocessing > acceptable performance

Mechanical degradation & pre-existing defects - failure points
Open-loop recycling > more heterogeneity > more problems

Pilot line films > less representable films

© 2025 International Safe Transit Association. All rights reserved.
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 More detailed chemical analysis
« Repeat study with addition of antioxidants

« Repeat study with open-loop recycled films made on commercial lines
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Questions
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