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Bio-based textile fibre alternatives

(excluding cotton, wool)

—

Annual cellulose bast fibres:
— Flax, hemp, jute,...
Man-made cellulose fibres:
— Viscose, Lyocell
— Cellulose carbamate, cold alkali, ionic liquid
— Microfibrillated cellulose
Recycled end-of-life cotton and viscose fibres
Bio-based synthetic polymer fibres:
— Polylactic acid (PLA)
— Partly biobased polyesters: PPT, PBT
— Furandicarboxylic acid (FDCA) polyesters
New fibres under development:
— Polyhydroxyalcanoates (produced by microorganisms)
— Protein based: casein, silk

— CO, based polyesters _
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Renewable bio-based
fibres in the circular
economy
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Comprehensive Concept of Circular Economy
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Product life cycle for textiles

Source: Sustainable Fibre Toolkit 3
The Foundation for Swedish textile
research - TEKO
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Bio-based textiles value chain - overview

Natural fibres

Annual plant bast fibres

Man-made cellulose fibres

Viscose

Lyocell

Cellulose carbamate
Cold alkaline

lonic liquid

Bio-based synthetic polymer fibres

Polylactic acid (PLA)

Partly biobased polyesters: PPT,
PBT

Furan dicarboxylic acid (FDCA)
polyesters

Mechanical processing

Chemical processing

Large scale polymer
processing and fibre
melt extrusion
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Biopolymers — the alternatives

Extract polymers from
biomass

carbohydrates, proteins, PHA

polyesters, lignin

between cellulose molecules
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Biopolymers — the alternatives

Polymers produced by microorganisms

Polyhydroxyalcanoate
polymers, (PHA)

Use CO, as carbon source for

polymers o
o)
0=C=0 + /Q HOV{\K\OJ\O%/TOI—I
Carbon
dioxide Carbonate polymer

Requires carbon capture and utilisation (CCU)
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Annual cellulose bast fibres

Flax, hemp, jute,...

A mechanical process involving many
steps, labour intensive, long historical use
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Man-made cellulose fibres

Viscose

A chemical process involving dissolving
and regeneration, in use scince 1893

Wood pulp Viscose process
¥ =
Alkalisation |<=—— NaOH
v
Dissolving

v
Spin dope
formation

v

«—  CS,/NaOH = Chemical process

Spinning
v
Regeneration | *— Sulphuric acid

¥
Post

Qroc%ssing
Post Fabric

. N -
Fibre/yarn treatment weaving

MSK 20240609 6

Viscose staple fibre

ol
MSK 20240609 Jr,'
A

=

UNIVERSITY OF BORAS

SCIE

==

(S



Man-made cellulose fibres

Lyocell

Cellulose dissolving by solvent and fibre precipitation

Woad puln Lyocell process
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Man-made cellulose fibres — new

developments

Cold-alkaline process, cellulose carbamate process, ionic liquid
process, microfibrillated cellulose process

Chemical and mechanical processes, recent commercial introduction
Recycling of end-of-life textiles one driving force for development
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Microfibrillated cellulose process
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Synthetic biopolymer fibres

Polylactic acid (PLA), FDCA polyesters, PBT/PPT polyester,
Polymerisation of biomonomers, can be partly of biobased origin

Melt spinning extrusion into filaments

Biomass waste streams can be used for monomers
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Value chains — Bio-based fibres

Characteristics to consider:

= Very different process steps depending on fibre type

= Huge variation in time of industrial introduction — from historical
times to very recent times

= Large variations in production scale and production rates
= Production investment costs varies for different bio-fibres

= Environmental impact is different, and can be related to different
stages in the value chain

= Can be very manual labour intensive, or highly automatized

= Process technology level can vary from rather simple to very
advanced

= Can be integrated in other industrial production or can be on its
own o
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New material
technologies and
concepts
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Renewcell — Circulose dissolving pulp made from
100 % recycled textiles

Textile collection &
sorting businesses
The total level of apparel waste is

huge — most clothes end up in
landfill or are incinerated.

Fiber production

A liquid solution, made from
Circulose® pulp is forced
through tiny nozzles to form
fibers by a fiber producer.

Consumers

Yarn spinner

A grouping of fibers with
the addition of a twist
creates a yarn.

People buy billions of pieces of
clothing each year, and the
number is rising.

Apparel brands

Retailers buy fabrics, or ready-
made clothes, and sew and
sell every kind of garment you
can think of.

Textile manufacturers

Almost all woven fabrics are
made from two or more sets of
yarn interlaced at right angles.

Allows alternative production of regenerated cellulose
textile fibres (Viscose, Lyocell) without using wood

End of life textiles can be recycled to new textiles

www.renewcell.com www.circulo.se



Waste and end of life products is seen as a material
source — Pure Waste
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Pure Waste — manufacturer of yarns,
fabrics and garment made from 100 %
recycled materials www.purewaste.com



Covestro: Yarns from carbon dioxide — Cardyon®

Dress with CO-
Innovative precursor

Up to 20% CO2 in new

material cardyon® - less crude ol
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Sustainable solutions
for the textile industry
and medical textiles

Environmentally friendly spinning process
Production of elastic textile
fiber without solvents

https://interplasinsights.com/covestro-develops-
elastic-textile-fibres-made-from-carbon-di/
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Emerging technologies — Additive manufacturing

3D printed kayak - Recycled plastic reinforced with wood fibre by
Biofiber Tech, Melker of Sweden and RI.SE
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Biomimetics — traditional and modern technical
material solutions
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https://www.npmarathon.com/polar-clothing
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Challenges for bio-based textiles — to be
discussed.:

1.

2.

3.

Resources and raw materials for bio-based textiles
Technology for conversion from raw material to textile

Production infrastructure and value chain from raw material to
end-product

Fibre properties according to customer demands and market
specifications

. Existing or developing market demand with end-use customers
. End-of-life handling methods and strategies
. Position in the circular economy system

. Market value and feasibility, end-use product costs



Thank you for the attention!
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