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Fibres and the circular economy transition

the whole is much

From linear deadweight

Convenience culture
Market disincentives

Lack of accountability

Poor design
Linear use

Landfill

Inequity - Il health - Unsustainability

Value erosion

more than it’s (fragmented) parts

To a circular economy What can fibre redesign do
for circularity?
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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



Fibres’ purpose: tackling the start of the fibre cycle

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

X X X

> » survive and thrive, protection, cultural, and more
2025 2030 2050 2100

Images were generated by the presenter using Al, except the factory which sourced from https://sewport.com/top-clothing-manufacturers/australia/sydney colleen.macmillan@csiro.au
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F|b re Global fibre production in 2023 Global fibre production 1980 — 2025+

(mT & %)

types S—— T

(mT)

Cotton: ~24.7 (~19.9%) @ Wool (sheep): ~1.1 (~0.9%)
Other: -6.7 (-5.4%) Other: ~0.13 (~0.1%)
& Flax: ~0.4 (~0.3%) Silk: ~0.09 (~0.1%)
Hemp: -0.2 (-0.2%) Other fibers: -0.05 (-0.04%)

Other fibers: ~6.1 (~4.9%)

volumes

~124
million
tonnes

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Manmade cellulosic fibers: -7.9 (-6%) Synthetic fibers: -83.8 (-67%)

@ Viscose: ~6.3 (-5.0%)

® Other: ~1.6 (~1.3%)
Acetate: ~1.0 (~0.8%)
Lyocell: ~0.4 (~0.3%)
Modal: ~0.2 (~0.2%)
Cupro: -0.01(~0.01%)

@ Polyester: ~711 (~57.2%)
Polyamide (Nylon): 6.7 (~5.3%)
Other: ~6.1 (~4.9%)

Polypropylene: -3.1 (-2.5%)
Acrylics: -1.6 (-1.3%)
Elastane: ~1.4 (~1.1%)

Source: Textile Exchange based on data from CIRFS, FAQ, ICAC, IVC, IWTO, Maia Research, and its own modeling.

Note: This chart includes recycled fibers. Other animal fibers included here are alpaca, angora, camel, cashmere, guanaco, llama, mohair, vicuna,

and yak. Other plant fibers included here are jute, coir, sisal, abaca, ramie, kenaf, kapok, and agave. Leather, down, and rubber are not included as they
are considered non-fiber raw materials for the purpose of this report.

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

@ Silk
Animal, other
® Wool
® Plant-based, other
@ Cotton
® MMCF
Synthetics, other
@ Polyamide (nylon)
® Polyester
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Manmade cellulosic fibers: -7.9 (-6%)

@ Viscose: ~6.3 (-5.0%)

® Other: ~1.6 (-1.3%)
Acetate: ~1.0 (~0.8%)
Lyocell: ~0.4 (~0.3%)
Modal: ~0.2 (~0.2%)
Cupro: ~0.01 (~0.01%)

are considered non-fiber raw materials for the purpose of this report.

Animal fibers: -1.3 (-1%)
Wool (sheep): ~1.1 (~0.9%)
Other: ~0.13 (~-0.1%)

Silk: ~0.09 (~0.1%)
Other fibers: ~0.05 (-0.04%)

Synthetic fibers: -83.8 (-67%)

Polyester: ~711 (~57.2%)
Polyamide (Nylon): ~6.7 (~5.3%)
Other: ~6.1 (~4.9%)
Polypropylene: -3.1 (-2.5%)
Acrylics: -1.6 (-1.3%)
Elastane: ~1.4 (-11%)

Source: Textile Exchange based on data from CIRFS, FAQ, ICAC, IVC, IWTO, Maia Research, and its own modeling.

Note: This chart includes recycled fibers. Other animal fibers included here are alpaca, angora, camel, cashmere, guanaco, llama, mohai, vicuna,
and yak. Other plant fibers included here are jute, coir, sisai, abaca, ramie, kenaf, kapok, and agave. Leather, down, and rubber are not included as they
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Source: Textile Exchange. Materials Market Report 2024 (Latest; Revised Jan 2025).



Fibres types degrade differently

Microfibre % biodegradation over ~ 8 months (aquatic)
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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



res & plastic pollution: a big problem in tiny form

microplastic and nanoplastic exposure: health impacts

brain
blood

lung

liver
kidney
colon
placenta

testis

Brain
4,97 pgml”
Particle size range: 100-200 nm

Blood
11ug ml'-80 pg ml" /2 MPs g ™-114 MPs g
Particle size range: 0.3-3,000 pm

ung

L
0.56 MPs g”-1.19 MPs g
Particle size range: 1-2,475 pm

Liver
433ugml’ /3.2 MPs g’
Particle size range: 0.4-30 pm

Kidney
404 pg ml™ / 26 MPs
Particle size range: 0.4-29 pm

Calon
281MPs g™
Particle size range: 800-1600 pm

Placenta
1268 pgml’ /052 MPs g ' - 18 MPs g
Particle size range: 5-300 pm

Testis
328.4 pg ml™'/ 11,60 MPs
Particle size range: 22-287 um

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

Brain cells
1 08, disruption BBB
4 Gene expression crugial for neural progenitor development

Blood vessels
1 08, cytokines, GT
cy

Lung cells
08, DNA damage, changes in MC, death, disruption LB
+ €V, OCR

Liver cells
08, death, cytokines, AST and ALT
+ €V, antioxidant molecules, proliferation

Kidney cells
+ 08, death, LDH leakage, cytokines
'\ + ¢V, proliferation, disruption KB

Intestinal cells
+ OS5, cytokines, disruption IB, DNA damage
+ CV, mitochondrial depolarization

Placental cells
Cvarian cells

+ 0, death, cell cycle arrest
4 Proliferation, MMP, antioxidative markers

1t Death, LDH leakage, metabolic activity, DNA damage
1 Proliferation, trophoblast migration and invasion

brain cells
blood vessels
lung cells
liver cells
kidney cells
intestinal cells
placental cells

ovarian cells



Fibres” purpose: tackling the start of the fibre cycle

Property Cotton Polyester

Water absorbing capacity v %
Breathability v %
Thermal conductivity v x
(cool summer/warm winter)

Pilling v x
Elasticity x v
Weight/Density x v
Strength/Tenacity x v
Resilience (crease resistance) x v

colleen.macmillan@csiro.au; with the team g
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Plant-generated fibres, with designer-functionality
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Precedent? Yes. 30+ years

Plant GM traits tackling chemical use

* Bt: natural bacterial proteins (Bacillus thuringiensis); toxic to some specific insect pests v
* cotton plants genetically-modified to make Bt protein (+ BG 11 ®,BG Il © ...)
* since introduction, 85% reduction in insecticide use on Australian cotton farms

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

cotton leaves: image by Ray Yuan, CSIRO  Photos by Unknown Author is licensed under CC BY-SA OFFICIAL


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 | : plant-dyed cotton fibres
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Case study | : plant-dyed cotton fibres

Plant Biotechnology Journal

Plant Biotechnology Journal (2023), pp. 1-3 doi: 10.1111/pbi. 13990 natural &

biodegradable

Brief Communication

‘Pink cotton candy’—A new dye-free cotton
Xiaoging Li"" (%), Madeline Mitchell'-*7% (3, Vivien Rolland' (%), Sue Allen', Colleen MacMillan' (%) and plant-dyed fibres
Filomena Pettalino’"

'CSIRO Agriculture and Food, Canberra, ACT, Austialia
“Food Agility CRC, Sydncy, NSW. Ausiralia
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Case Study Il: in-planta traceability
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fibre gene & foreign
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in-planta tracer

Antibody-based detection

Dr Xiaoqing Li
+ CSIRO team

e o oY antibodies | Detectable in:
< 0.2 mg mature

YYY ® _ dry fibres

*
iy S Australian Government
" Department of Agriculture,
CRDC Fisheries and Forestry
ABARES

colleen.macmillan@csiro.au; with the team
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Plant-generated fibres, with designer-functionality
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Opportunities & challenges for plant fibre redesign
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fibres for circularity

the whole is much more than it’s (fragmented) parts

REDESIGN
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Thank you

Agriculture and Food Research Unit

Colleen MacMiillan | Principal Research Scientist | Cotton Fibre Quality; Circular Economy

colleen.macmillan@csiro.au

Australia’s National Science Agency
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