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The ambition: Policy for a safe and sustainable future?

European regulations (in force as of 2019)
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International treaties & policy frameworks

Fantke et al. 2019 JESEE (accepted)
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Known problems: Plastics in the Circular Economy

EXTRACTION AND IMPORT OF NATURAL
RESOURCES, INCLUDING ENERGY CARRIERS
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Problem example: Plastic cross-contamination with PBDE

High levels of PBDE & PBDD/F in recycled plastic in
sensitive uses

Challenge to control recycling in developing &
emerging economies

- For a circular economy, control materials
along entire life cycles & identify safe
alternatives

PBDE in flooring

DiGangi et al. 2011 OHC

PBDE in children toys

Chen et al. 2009, ES&T 43: 4200

PBDE in kitchen ware

Samsone k & Puype 2013 FAC 30: 1976
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Problem example: Complex wastes hamper management

_]-/— Br FR plastics

Plastics

Small particles in mgtal
fractions

= ABS BrFR (1%) , |
LL = HIPS Br FR (9%) | | |
| 08 = Unknown Br FR (2%) |

0

o = PC/ABS PFR (15%)
LL. == HIPS/PPE PFR (4%)

== Unknown PFR (1%)
[ = ABS (3%)

= HIPS (25%)
E = ABS/PMMA (4%)
o ™ Unknown no FR (2%)
% Z = PET (10%)
B == PC or PMMA (17%)
S| ™ PC+GF (4%) 100%

TV Housing
Color/NIRsorter

 49%

65%

-30%

Size reduction + Screen
Magnet + Eddy current

Blower or classifier
j XRF sorter with rota

LCD

Peeters et al. 2014. RCR 84: 35-43

&

E-waste plastic complex input stream of polymers and flame retardants
(BFRs/PFRs) from TV housings and LCD modules

43%

White plastics

PC/ABS PFR (79 %)
PC or PMMA (8 %)
HIPS Br FR (4 %)
ABS/PMMA (2 %)
Unknown PFR (3 %)
Unknown no FR (2 %)
Unknown Br FR (1%)
Others (1 %)

PC+GF
14%

Further Density
separation

- For a circular economy, combine separation/recovery technologies
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Problem example: Missing market for plastic waste

Some recycling of plastic
has started in African
countries, e.g. Ghana

Large share of plastic
fractions (currently) does
not have a potential
market

Missing policies for
enabling capacity to use
plastic waste

- For a circular
economy, all major
plastic fractions need to
be addressed

HIPS, ABS, with BFRs PVC and PE m SUSTAINABLE

RECYCLING
INDUSTRIES
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Solutions: Push substitution into product design processes

Current practice

- Performance needs to be
Trade-offs combined with environmental
sustainability during design

L - Qualitative metrics need to be
Qualitative replaced by quantitative
life cycle-based metrics

_ - Relative improvement needs to
Relative be increased to meet targets for
absolute sustainability
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Solutions: Focus on intersections between life cycles
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Fantke & lliner 2019. Curr Opin Green Sustain Chem 15:91-97
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Solutions: Defining science-based pollution targets

Earth system trends
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Solutions: Full chemical supply chain information

Chemical (C)

Chemical

Synthesis integration steps
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Fully mass balance based, emission data from generic databases or spatial inventories

- Enables coupling to exposure models over full chemical life cycle
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Solutions: Integrating consumer, worker, population exposure
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- Enables full life cycle based exposure and toxicity based substitution
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Take-home messages: Managing chemicals in CE

1. Push substitution into design for reuse & recycling
2. Manage supply chain and life cycle information

3. Consider absolute sustainability targets
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Thank you!
Contact: Peter Fantke (pefan@dtu.dk)
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