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Z Fraunhofer

Fraunhofer 1ZM - Environmental and Reliability Engineering

=) Resource Efficiency, Circular
EcoDesign Economy, Obsolescence
‘ Developing sustainable and circular products & processes ‘
through systematic assessment methodologies

Failure mechanisms, Lifetime <)
Modelling, Material
Characterization

Reliability Requirements,
Accelerated Test Methods



Policy Background

15t Circular Economy Circular Plastics Alliance _ _
Action Plan (CEAP) Pledges from > 300 organisations Design of sustainable products,
Close the loop of from industry, academia, public promoting C|rcular|ty,_ensur|ng
product lifecycles authorities resources used are kept in the EU

Dec 2015 Jan 2018 Dec 2018 Dec 2019

CE Plastics Strategy EU Green Deal

All plastics recyclable by design by Transform the EU into a fair and
2030; 10 Mt target by 2025 prosperous society, with a modern,
resource-efficient and competitive

economy

economy for as long as possible

T

Ecodesign for Sustainable Products
Regulation

Legislative measures for more sustainable
products (durable, reusable, repairable,
recyclable, with recycled content and
energy-efficient)



Assessment of voluntary pledges

From virgin plastics demand to recycled plastics demand

In Million Tonnes - All Sectors - 2016 Data

60
49.9
50
40
30 27.1
20 10
0 ] I I
Demand for Plastic Waste Plastic Waste Plastic Waste Demand for Demand for
Plastics Collected Going To Going To recycled recycled
Recycling  Recyclingin plastics (2016) plastics (2025
the EU Target)

Source: European Commission, Assessment report of the voluntary pledges under Annex Il of the European Strategy for Plastics in a Circular Economy, 2019



Innovations happen in new density ranges

. PPl el
Future PCR plastic types to be developed iopc} @
(€ 3 ) HDPEj mmm
from the “heavies bpod | =
(HIPS| ™
Glass and stones; 2% Fines and others; 3% ABS| | i
Woord and fluff, 5% ABS; 17% PPE+PS| | t
Cables and metal containing pa PFR PPE+PS|
6% PAG/PAGS | (—
PC+ABS| | pr—
Elastomers; 5% PP30) *
BFR HIPS| | ==
BFR ABS
Soft PVC]| |
PMMA -
HIPS; 14% PFR PC+ABS | |
PC]| |
Other polymers; PPAO| =
17% PS30] I o
PC+ABS20)] -
PBT] |
Hard PVC| L
o PET]| I —)
Plast.lcs with ' PC & PC-ABS; PC20-40]
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1% ° 09 11
. - Density [kg/L]
Plastics containin; PE; 1%
BFRs; 8% & o PP;12%

Source: Chris Slijkhuis, MGG Polymers



Innovations happen in new density ranges

Future PCR plastic types to be developed
from the “heavies”

Glass and stones; 2%
Woord and fluff, 5%

Cables and metal containing pa
6%

Fines and others; 3%

ABS; 17%

Elastomers; 5%

HIPS; 14%

Other polymers;
17%

Plastics with
restricted BFRs;
1%

PC & PC-ABS;
12%

Plastics containin, PE; 1%
BFRs; 8% & 1R PP;12%

Source: Chris Slijkhuis, MGG Polymers
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CloseWEEE (;L@sgv@

Dec 2014 to Nov 2018

Funding: € 5.9 million,

supported by Horizon 2020

Consortium: 12 partners from 7 countries

Challenge:
Develop a cost effective, high-gloss

piano black ABS with comparable

mechanical properties as virgin.

Recycled ABS coming from different
sources with different separation
technologies:

QD

Virgin ABS Coolrec @ Z Fraunhofer GAIKER
Mechanical "

. CreaSolv® Sens_.or

recycling sorting

CloseWEEE has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No

L) Aam )




PolyCE

June 2017 to May 2021

Funding: € 8.3 million, supported by Horizon 2020
Consortium: 20 Partners (11 countries)

Main objective: Increase the uptake of

recycled plastics in new electric and

electronic devices.

("\o PolyCk
J POST-CONSUMER HIGH-TECH RECYCLED

POLYMERS FOR A CIRCULAR ECONOMY

Poly
1
£
, B0 ®
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LN o W
W Tt
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~1= PoluCE vo
@ PR -CONSUMER MIGH-TTCH RECALED N:’:::.
POLYMENS FOR A COIRCULAR ECORDMY
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INCREACE @\) INGREACE

June 2022 to May 2026

Funding: € 7.2 million, supported by Horizon Europe
Consortium: 17 partners

Main objective: Enable an increased uptake

of recycled plastics in added value products

through innovative and systemic solutions

along the entire recycled plastics value chain.

INCREACE kick-off| Berlin| 5-6 July 2022

INCREACE Recycling Technologies INCREACE Business Cases

% Maastricht University

Mechanical Solvent-based Chemical

A = Fraunhofer NESTE
WORKING FOR THE FUTURE CreaSolv® v %ﬁkaza & CABKA PAS

> PHILIPS VORWERK

INCREACE has received funding from the European Union’s Horizon
Europe research and innovation programme under grant agreement

NTA1n"n1nArO /704




Closing the gap requires switching from linear thinking...

World of
development

...to be able to
implement
here?

Product design

GateB
Design

Jfrom
Recycling

What should
we get here...

Moulding

Compounding

Sorting

Shredding

End of life

Collection

Pre-treatment

to circular thinking

What should
we do here...

Gate A
Design

for
Recycling

...to improve material
re-use here? Quality
and Quantity

World of
resource recovery



With 8o+
experts we
Innovate
products
everyday

PEZY
GROUP







Get to work!

World of
development .
Product design Production Usage

Moulding End of life
Gate B Gate A
Design Design
from for
Recycling Recycling

Compounding

Sorting Pre-treatment

. World of
Shredding
Resource recovery



Gate B: Design from Recycling
A quick fix!

Processing Processing
Visual Visual 7
Mechanical - Mechanical ]
Chemical - Chemical
= L3
o o0 '
%% o0 * o%00
Y # ¢ 0.0:0.0 VS5 1
%e%e *% 1\ } N
Virgin grade Recycled grade N ‘



__d
Gate B: Design from Recycling

Level3

1. Roadmapping & Scoping

Level 2

Complexity

v

Time to implementation

2. Material selection

3. Property testing & Pilot moulding

4. Large moulding trial



rPlastics in high-end products

Existing product...to learn apply r-plastics New product...based on r-plastics knowledge

Lid cover
top part and lever in recycled PC in
Nougat colour with speckle effect for
aesthetic imperfection appearance

Side panels

In recycled ABS from post-
consumer plastic in high gloss
Sene? Deep black colour. With a

' subtle print

Lid / Housing / Base plate
in recycled ABS from post-consumer

plastic in high gloss Deep Black colour Other parts

In recycled PC from post-
industrial plastic.

Buttons / front cover / Lid window
buttons and front cover from recycled
black post-consumer ABS




Gate A:
Design for Recycling




Different product, different category

Specific policies

Batteries and accumulators

EU rules on batteries and accumulators.

End-of-life vehicles

EU measures to prevent and limit waste from
vehicles once they come to their end-of-life.

Packaging waste

EU rules on packaging and packaging waste,
including recycling targets and recycled
content.

Sewage sludge

EU rules regulating the use of sewage
sludge, and promoting its use in agriculture.

Waste oil

EU rules on collecting and treating waste
oils.

Biodegradable waste

EU measures on treating bio-waste, including
by limiting the amount sent to landfill.

Landfill waste

EU rules to reduce the amount of waste sent
to landfill, as this is the most polluting way to
deal with waste.

Polychlorinated biphenyls and
polychlorinated terphenyls (PCBs/PCTs)

EU rules on the safe disposal of PCBs and
PCTs.

Ships

EU rules on making ship recycling greener
and safer.

Waste shipments

EU rules on transporting waste within and
beyond EU borders.

Construction and demolition waste

EU rules on the management of construction
and demaolition waste.

Mining waste
EU rules on the proper management of
mining waste.

Restriction of Hazardous Substances in
Electrical and Electronic Equipment
(RoHS)

EU rules restricting the use of hazardous
substances in electrical and electronic
equipment (RoHS).

Waste containing POPs

EU rules on waste containing persistant
organic pollutants (POPs).

Waste from Electrical and Electronic
Equipment (WEEE)

EU rules on treating waste electrical and
electronic equipment (WEEE).

[ ]
L5
Category 1

Temperature
exchange equipment

A

%

Category 3
Lamps

Category 5
Small
equipment

Category 2
Screens
& monitors

.
Category 4

Large
equipment

El

Category 6
Small IT

& telecom
equipment



E-waste recycling process
Category 5: Small appliances




E-waste recycling process
Category 5: Small appliances

«
. \ ) R “  Plastic
Separation: g Separation: (68  Fine € sorting +
Optical ., Density (¥ ¥ shredding :
-

Value Rough Separation: ("
recovery 1 shredding Magnetic 4

o
Remove hazardous Large PCBAs Ferro metals Non-ferro metals Copper Non-target Leftover metals & Non-target | Z | > | g | o |Q
Components plastic organic materials plastic |3 | R [T | §

e.g. batteries

Remove pollutants Cables
e.g. wood, Loose metals
cardboard, foils e.g. motors

g




Combined
parts



Silicon stuck

Combined parts

Screws stuck




Designing for Recycling = closing the gap

World of
development

Gate B
Design
from
Recycling

Product design

Production Usage

Moulding End of life

Compounding Collection

o

Sorting Pre-treatment

/Shredding

Gate A
Design

for
Recycling

World of
waste recovery



DESIGN FOR &
FROM RECYCLING

Four yars 898, o coracrtium of 20 expect o-gariaone
foined foroes t ifive:cigate how to IMprove the croor
e & phasties In BroBy<t dovelopment. Our goal we to
shgnificatly rodUEe e usc of virgin PIastics ond Mkreass
the tme of recycied sicatics in oieclronk dsukes.

uvidelines

DESIGN
GUIDELINES

The gédetnas can be used 1 e
rebvont ospects for your projec! =
Whether @ guidalre s remwant depends on i "

Where YoU Gre I yUr dewgn process. We have
@vided our guideines into two levels. Whare
10 167t epends on What you want (o Seveiop.

I g8 woret to deveion nw product concapts

e U a8 o the procuct levw, IF you wan to PARY LEVEL - . o . o ST —
T Hurther diyecp 0 determined prociict concent " avimtong > . r st
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