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t h e  w h o l e  i s  m u c h  m o r e  t h a n  i t ’ s  ( f r a g m e n t e d )  p a r t s
Fibres and the circular economy transition 

Schandl et al. (2025) “Mission-Oriented Research and Theory of Change: Driving Australia’s Transition to a Circular Economy.” Circ.Econ.Sust. 5, 837–850

What can fibre redesign do 
for circularity?

To a circular economyFrom linear deadweight
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Fibres’ purpose: tackling the start of the fibre cycle

Images were generated by the presenter using AI, except the factory which sourced from https://sewport.com/top-clothing-manufacturers/australia/sydney

Producers           &         Consumers

• multiple fibres:   petrochemical, man-made, natural

• multiple functions: clothing; bed and bath; medical; 
home, building and vehicle upholstery and furnishings; 
transport (e.g. tyres); hospitality; agriculture

 
 survive and thrive, protection, cultural, and more
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Global fibre production in 2023
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Source: Textile Exchange. Materials Market Report 2024 (Latest; Revised Jan 2025). 



Source: Textile Exchange. Materials Market Report 2024 (Latest; Revised Jan 2025). 

Fibre 
types 
& 
volumes

Global fibre production in 2023
(mT & %) 

Global fibre production 1980 – 2025+
(mT) 



Fibres types degrade differently

Zambrano, Pawlak, Daystar, et. Al. (2019) Microfibers generated from the laundering of cotton, rayon and polyester based fabrics and their aquatic 
biodegradation. Marine Pollution Bulletin 142: 394-407
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Fibres & plastic pollution: a big problem in tiny form

Lamoree, M.H., van Boxel, J., Nardella, F. et al. Nature Medicine (2025).

microplastic and nanoplastic exposure: health impacts

brain cells

lung cells

liver cells

kidney cells

intestinal cells

placental cells

ovarian cells

blood vessels

brain

lung

liver

kidney

colon

placenta

testis

blood



Fibres’ purpose: tackling the start of the fibre cycle

Property Cotton Polyester
Water absorbing capacity  

Breathability  

Thermal conductivity
(cool summer/warm winter)  

Pilling  

Elasticity  
Weight/Density  
Strength/Tenacity  
Resilience (crease resistance)  
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Plant-generated fibres, with designer-functionality
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natural & biodegradable 
fibre gene & foreign 

protein "tool-box"

natural & 
biodegradable 

functionality of 
synthetics
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cotton leaves: image by Ray Yuan, CSIRO

• Bt: natural bacterial proteins (Bacillus thuringiensis); toxic to some specific insect pests

• cotton plants genetically-modified to make Bt protein (+ BG II ® , BG III ® …)

• since introduction, 85% reduction in insecticide use on Australian cotton farms

• significant positive impacts … reduction chemical use on-farm + in soil, yield/hectare

Photos by Unknown Author is licensed under CC BY-SA

85%

Precedent? Yes. 30+ years
Plant GM traits tackling chemical use

https://commons.wikimedia.org/wiki/File:Double_stranded_DNA_with_coloured_bases.png
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


Case study I : plant-dyed cotton fibres

natural & biodegradable 
fibre gene & foreign 
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Case study I : plant-dyed cotton fibres
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CSIRO Synthetic Biology Future Science 
Platform Novel Fibres 
L-R: Filomena Pettolino, Maddie Mitchell, 
Colleen MacMillan, Xiaoqing Li, Viv Rolland 
+ team 

2 cm

Wild type + Pigment
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Case Study II: in-planta traceability

natural & biodegradable 
fibre gene & foreign 

protein "tool-box"

natural & 
biodegradable 

in-planta tracer

Antibody-based detection

antibodies

target protein

Detectable in: 
< 0.2 mg mature 
dry fibres

Dr Xiaoqing Li
+ CSIRO team
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Plant-generated fibres, with designer-functionality

natural & biodegradable 
fibre gene & foreign 
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natural & 
biodegradable 
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Property Cotton Polyester

• Water absorbing capacity  

• Breathability  

• Thermal conductivity
(cool summer/warm winter)  

• Pilling  

• Elasticity ? 
• Weight/Density ? 
• Strength/Tenacity ? 
• Resilience (crease resistance) ? 

?
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Opportunities & challenges for plant fibre redesign
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fibres for circularity

?
t h e  w h o l e  i s  m u c h  m o r e  t h a n  i t ’ s  ( f r a g m e n t e d )  p a r t s
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