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The Background

But only
9% is
recycled
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Fig. 2. Global production, use, and fate of polymer resins, synthetic fibers, and additives (1950 to 2015; in million metric tons).
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World Plastic Flows
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= There is a large range of uncertainty due to:

- not knowing the exact amounts of plastics treated via incineration, recycling or landfill

- uncertainty regarding the amount of plastic that is littered X
- not all plastic being collected, especially in developing countries 10 Entermg
- waste disposal through illegal dumping and uncontrolled burning the ocean
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https://www.nature.com/articles/ncomms15611/figures/1
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Bioplastics and Biocomposites Research at

UuQ
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Examples of current projects

Biopolymers Lignin based
from waste polyurethane
and methane foams

Starch derived
industrial
products/nutrient
recovery/films

Carbon fibres
from waste PE
and bhioderived

sources
Biobased
Wood controlled
biopolymer release
composites products

Conducting self-
assembled peptide

nanowires
credale cnange

Low temperature
’ catalytic
depolymerisation
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Oxo- and bio-degradables, accelerated aging, lifetime estimation, mechanistic studies

DSC, NMR, FTIR, TGA, rheology, etc

Compositional distribution, micro-scale architecture, thermal and mechanical properties,
polymer synthesis and modification

)—&—E

Extrusion, injection moulding, solvent casting, blending

Accelerated & environmental degradation, diffusion
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Survey — attitudes to plastic
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End of life feedback

Q32 Please indicate your level of support for each of the following waste management options:
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making a new milk bottle from recycling plastic food to produce energy) applicable)
a recycled milk bottle) packaging to make park
benches)

CRICOS Provid
rovieet Strongly oppose Somewhat oppose  ®Neutral ®Somewhat favour ™ Strongly favour



Q10 Please rate plastic food packaging/durable plastic/biodegradable plastic against the

Reduces food hygiene

Makes my life harder

Increases food waste
Bad for my health

Bad for the
environment
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Bad
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Confusion over bioplastics

Most Australians select ‘'unsure’ when asked to respond
to statements such as ‘all bioplastics are biodegradable’,
‘all plastics made from plants are biodegradable’, some
bioplastics are indistinguishable from regular plastics’,
‘bioplastics can have negative environmental impacts'’.

The public is also unsure whether they have used a
bioplastic before.

When asked about bioplastics in open-ended word
association questions, the most common response is
‘don’t know’.
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Comprehensive Concept of Circular Economy
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Circular Economy Design Considerations

4 « Reusable \ « Sustainable biomass\
« Recyclable « Supply chain waste
« Reprocessible . « Recycled materials
- Biodegradable Waste - (0,
S 76|dance J
- Lifespan desing « Atom economy
- Tailored design « Reusable catalysts
for disassembly - Less energy intense
- Extended producer chemicals
responsibility - Green solvent
« Energy minimisation - Isocyanate alternative

-
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LCA — PHA/starch packaging versus PE
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One result: The full system boundary

Landfill of the packaging
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consumed at the house.
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Rapid processing — reactive extrusion
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Controlled release of agrichemical
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Rumen fermentation trial: slow release of toxin
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Complexity of environmental biodegradation

Environmental

Polymer factors

characteristics
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BUT....Marine biodegradation - literature
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AND......heterogeneity effects

For PHA in literature (also observed in this work): \
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2.3% voids

After elution/
degradation —
8.5% voids
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Release profile
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ANOTHER OPPORTUNITY ~(T)

Value-chain Food Waste losses: $19 billion p.a.

® o
POST-HARVEST &£, HD> PRO(ESSING&‘ pistRIBUTION IR M= FOOD SERVICES | ;™ — HOUSEHOLD E

$ 1.6 billion $ 1.0 billion $ 1.0 biflion S 1.7 billion S 3.5 billion S 10+ billion

CRC Programs

REDUCE TRANSFORM ENGAGE

food waste throughout unavoidable waste into with industry and consumers
the supply chain valuable co-product to deliver change

$131 million research program over 10 years — integrates
packaging with waste transformation BIH) THE UNIVERSITY
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Unlocking the Potential

Partnerships to better understand and model:
 Polymer flows/pathways — from manufacture to end of life

« Types, morphologies, applications, particle sizes, design and
tailoring, repurposing

» Degradation product analysis
* Mechanisms of breakdown, toxicity assessment, physical impacts
« Degradation modelling and lifetime estimations

« Systems framework for understanding the impact of polymers in the
environment and integration of biopolymers into a sustainable circular

economy

Q000006
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Concept for plastics innovation for the
new economy

* Technoeconomics * Material redesign

 Systems analysis * Full lifecycle
& integration consideration

+ Disruptive
technologies

+ Data collection

* Excellence in
education * Waste recycling

* Informed policymakers -+ Bioderived feedstocks

« Stakeholder  Biodegradable
engagement packaging
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Polymers 1n the Environment

A Systems Approach to Quantifying Impact

Polymer Polymer Polymer Polymer
Characterisation Flows Degradation Impact
« Type . Mapping « Mechanisms « Toxicity
* Morphology strategies « Lifetime « By-products
+ Material - Model studies estimation * Toxin
characteristics « Structure- concentration
property potential
relationships « Physical
impacts
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UQ capabilities more broadly

THE UNIVERSITY
N OF QUEENSLAND

23" AUSTRALIA

CCCCCCCCCC ider No 000258 Create change



33

CRICOS Provider No 00025B

Lead: Prof Helen Ros s

Resource management

Environmental
Stakeholder psychology Behavioural
engagement modeling

Ecological
economy

Governance :
conservation

Public policy Ecological

Ocean plastics
solutions

Social
dialogue

Lifecycle analyses | Polymer degradation

Lifetime Material
estimation development
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OCEAN PLASTICS

S q

MATERIALS MANUFACTURE SUPPLY CHAIN CONSUMPTION DISPOSAL

15 MT/year

« Economic incentives
Supply « Improved management
Chain « Safety and health
= Supply chain impact

« New designs

« Alternative additives
» Renewable feedstocks Materials
» New polymers

« Changing behaviour
Consumer * Product & material use
behaviour « Awareness

» Understanding

« Environmental impact

+ Material flows

« Intervention optimisation
« Geographical differences

Data

» Stakeholder engagement . _ « Higher efficiency recycling
- Targets and agreements End of life « Alternative products

« Data-driven policy (ERECENREM - Biodegradability
» Enabling change « Closing the loop
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