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Zu viel Kohlenstoff in der Atmosphare
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GDP drives CO, emission

Kaya identity: drivers of COz2 emissions, World
Percentage change in the four parameters of the Kaya ldentity, which determine total CO: emissions. Emissions include fossil fuel and
industry emissions. Land use change is not included.
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coonune P = Global Population
o GDP/P = GDP per capita
E/GDP = Energy Intenst-ty
+150% corpercns  CO2E = Carbon Intensity
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Source: Qur World in Data based on Global Carbon Project; UN; BP; World Bank; Maddison Project Database
Mote: GDP per capita is measured in 2011 international-% (PPP). This adjusts for inflation and cross-country price differences.
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Struktur des Kunststoffs

ca. 80% Kohlenstoff
Preis ca. 1 CHF/Kg (LDPE)

Preis CQ 0.12 CHF/Kg (Emission)




Die 3 Elemente

C
(Kohlenstoff)

K,

H
(Wasserstoff)



Wann sind Kunststoffe nachhaltig?

Bioplastics

Bio-based I

Conventional synthesis
. *Poly (lactic acid) (PLA)
*Bio-Polyethylene «Poly (D-lactide) (PDLA) and
*Bio-Polypropylene Poly (DL-lactide) (PDLLA)

*Bio-Polyvinyl From microorganisms
chloride *Polyhydroxyalkanoates (PHA)
*Biobased PET «Polyhydroxybutyrate (PHB)
“Polytiimetyione *PHB co-hydroxyvalerate
terephthalate (PTT) (PHBV)

-BioPBS

Biomass products
*Wheat/potato/corn-based
plastics

*plant and animal protein-based
«Cellulosics

Journal of Polymers and the Environment (2020) 28:3055i 3075

Biodegradable polymers

ol

Aliphatic polyesters
*Polycaprolactone (PCL)
*polybutylene succinate
(PBS)

Aliphatic-aromatic
polyesters
*Polybutylene adipate
terephthalate (PBAT)

Poly (vinyl alcohol)
PVOH

Fossil-based

*Polyethylene (PE)
*Polypropylene (PP)
*Polyvinyl chloride
(PVC)

*Polystyrene (PS)
*Polyethylene
terephthalate (PET)
*Polyurethane (PU)
*Polyamide (PA) etc.
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Menge von Kunststoff im globalen Einsatz @ Empa
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aktuell j2hrliche Kunststoff Produktion &0.5GT

Recycled and in use : 100 Mt

Plastic currently in
use: 2500 Mt
=2.5GT

Incinerated after recycling: 100 Mt

Recycled : 500 Mt
Incinerated : 700 Mt

Plastic used so far: 5800 Mt

=5.8GT
266 Landfilled / discarded / in environment: 4600 Mt

=4.6GT

Production to discarding of plastics from 1950 to 2015

(1) https://doi.org/10.1007/s42824 -020-00012-0, https://packagingeurope.com/features/how_-new-solutions-for-recycling-thermoset-materials-are-

providing -fresh-opportunities/8129.article
(2) Peeters JRYanegasP, Tange L, VarHouwelingen J,Duflou JR.Closed loop recycling of plastics containing Flame Retardants. Resources,
Conservation and Recycling. 2014;84:3543.


https://doi.org/10.1007/s42824-020-00012-0
https://packagingeurope.com/features/how-new-solutions-for-recycling-thermoset-materials-are-providing-fresh-opportunities/8129.article
https://packagingeurope.com/features/how-new-solutions-for-recycling-thermoset-materials-are-providing-fresh-opportunities/8129.article

VON DER WEGWERFGESELLSCHAFT
ZUR KREISLAUFWIRTSCHAFT

WEGWERFGESELLSCHAFT — EIN LINEARES WIRTSCHAFTSSYSTEM
Die heutige Wegwerfgesellschaft ist eine Folga des linearen Wirtschaftssystems. Dabei werden viele Rohstoffe abgebout,
Produkte und wegg: Das fishrt zu einer Rohstoffverknappung, grossen Mengen an Abfall

Quelle: BAFU
Kreislaufwirtschaftadmin.ch)
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https://www.bafu.admin.ch/bafu/de/home/themen/wirtschaft-konsum/fachinformationen/kreislaufwirtschaft.html

i ) ) Empa
Das wirtschaftliche Potential ° mpa

Annual sales, $ billions

£99 1 Mechanical recycling

1 Solvent extraction
150-® Depolymerization
® Pyrolysis
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ResourceCompanies are placing big bets on plastics recycling. Are the
0dds in their favor? (acs.org)



https://cen.acs.org/environment/sustainability/Companies-placing-big-bets-plastics/98/i39
https://cen.acs.org/environment/sustainability/Companies-placing-big-bets-plastics/98/i39
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Vision: CONegative nachhaltige Kunststoffe
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Atoms
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Recycling
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Energiesparend®epolymerisation(side- up-cycling) @ Empa
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Polymers

Thermoplastic

v Processable

x Poor mechanical
properties

x Vulnerable to

solvents and heat

Thermoset
¥ Outstanding
mechanical properties
v Solvent and heat
resistance

x Unprocessable
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"associative stepwise bond exchange”
via a more crosslinked intermediate state

Montarnal, D.;Capelot M.; Tournilhac, FLeibler L.Scienc2011,334(6058), 965968.

Rezyklierbare Komposite @ Empa

Losbarechemisché/erbindungen

Repaif Reprocessable

breaks

W. Wu Klingler, S. Gaan et.al., Chemical Engineering Journal 466 (2023) 143051
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Nachhaltige Kunststoffe der Zukunft
C-negative Kunststoffe der Zukunft
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