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The Background

But only 

9% is 

recycled
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L. Dilkes-Hoffman, P. Ashworth, B. Laycock, S. Pratt, P. Lant, Public attitudes towards bioplastics – Knowledge, 

perception and end-of-life management, submitted to Resources, Conservation and Recycling, 28th June 2019
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https://www.nature.com/articles/ncomms15611/figures/1

https://www.nature.com/articles/ncomms15611/figures/1
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Bioplastics and Biocomposites Research at 
UQ 
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Examples of current projects
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Survey – attitudes to plastic

Responses to the question ‘please indicate how serious you think each 

of the following environmental issues are (scale 1-10)’. N = 2529

Environmental Issue Mean rating 95% confidence interval

Plastic in the ocean 8.90 0.06

The amount of plastic waste 

produced
8.59 0.06

The amount of general waste 

going to landfilla
8.45 0.06

Water pollutiona,b 8.34 0.06

Endangered species and 

biodiversityb,c 8.26 0.07

Natural resource depletion 

(forest, water, energy)c 8.14 0.07

Air pollutiond,e 7.93 0.07

Water shortagesd,f 7.93 0.07

Climate change (global 

warming)e,f 7.73 0.09
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End of life feedback
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Q32 Please indicate your level of support for each of the following waste management options: 

Strongly oppose Somewhat oppose Neutral Somewhat favour Strongly favour
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Confusion over bioplastics
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Q17 Please record the first two words/phrases that come to mind when 
you hear the word 'bioplastic'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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Circular economy design considerations
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LCA – PHA/starch packaging versus PE
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Journal of Cleaner Production Volume 180, 10 April 2018, Pages 325-334
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Journal of Cleaner Production Volume 180, 10 April 2018, Pages 325-334

kg CO2e emissions for the full system boundary for 1kg of packaged beef

consumed at the house.

One result: The full system boundary
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Rapid processing – reactive extrusion

Example of 

approach to 

repurposing of 

polymer waste
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Controlled release of agrichemical

CA – cellulose 

acetate

WF – Wood fibre

PLA, PHA and commercial product blends @ 3, 9, 20 weeks in 3 different soils

Commercial 

product

PHA/wood 

product
PLA/Calcium 

product

PHAproductPLAproduct

Predictability of functional lifetime and performance 

in practical application a critical driver 
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Rumen fermentation trial: slow release of toxin
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Laycock B, et al. Lifetime prediction of biodegradable polymers. Prog Polym Sci (2017), 

http://dx.doi.org/10.1016/j.progpolymsci.2017.02.004 
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Complexity of environmental biodegradation

Polymer 

characteristics

Material bulk 

characteristics

Environmental 

factors

Degradation 

environment

Biological 

environment

Aerobic vs. anaerobic, soil (type, 

WHC etc.), air, fresh water 

(sediment, mid column, surface), 

marine (sediment, mid column, 

surface), anaerobic digestion, in 

vivo, stomach (ingestion)

Temperature, pH, oxygen, rainfall, 

pressure, metals present, 

nutrients, UV exposure (less 

important)

Microbial community (density, enzymes 

available), fungi, roots, hyphae, 

macrofauna

Particle size, shape, pore size, 

distribution, geometry, localised 

stress, mechanicals, hetero- vs. 

homogeneity, surface 

properties (roughness)

Diffusivity, morphology, crystallinity, 

density, voids, surface properties 

(chemistry, charge, 

hydrophobicity), micro- and macro-

phase separation

Processing

Solvent cast, melt pressed, 

extruded, pressure formed, 

orientated vs. non-orientated, post 

processing (annealing)
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BUT….Marine biodegradation - literature
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AND……heterogeneity effects

For PHA in literature (also observed in this work): Observed from wood-
PHA composites:

Non-Arrhenius behaviour - Localised stress leading to 

crazing/stress cracking/crack propagation and 

pathways for permeation
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Before 

elution/

degradation –

2.3% voids

After elution/

degradation –

8.5% voids
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Release profile 
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ANOTHER OPPORTUNITY

$131 million research program over 10 years – integrates 

packaging with waste transformation  
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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
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Concept for plastics innovation for the 
new economy
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Polymers in the Environment

• Type

• Morphology

• Material 

characteristics

• Mapping 

strategies

• Model studies

• Mechanisms

• Lifetime 

estimation

• Structure-

property 

relationships

• Toxicity

• By-products

• Toxin 

concentration 

potential

• Physical 

impacts
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UQ capabilities more broadly
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