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Textile industry: 3 value chains to produce 3 fibre types

What is biobased textile?
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1 Natural fibres 

Biobased fibres of biological 
origin formed by plants, 

animals

Resources: Produced by 
farmers that produce fibre 

crops or breed animals for 
their hairs

Fibres: Cotton, flax, hemp, 

wool etc

2 Semi-synthetic fibres 

Man-made fibres of biobased
polymers (cellulose), often 

called regenerated cellulose 
fibres or MMCFs

Resources: Produced by 
forests owners that produce 

wood

Fibres: Viscose, lyocell, cupro
etc.

3 Synthetic fibres

Man-made fibres made by 
polymers build up from 

monomers (fossil or 
biobased)

Resources: Mainly fossil oil, 
but also biobased options

Fibres: Polyester(s), 
polyamide(s), elastane etc.



3 Value chains – 3 Fibre types
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At a certain point in the value chain the 3 fibre types 

come together in the creation of textiles
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Resources for textile fibres
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Natural fibres 

(29%)

Man-made cellulosics

(6%)

Man-made synthetics 

(65%)

Animal

Plant-cotton

Plant-other

MMCFPolyester (PET)

Polyamide
Synthetics-other

Worldwide fibres 116 Mtons/y (2022) 



Textiles are made of carbon
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▪ From fossil carbon to 

renewable carbon:

● How and where do we 

source the carbon-

based feedstock?

▪ What needs to change in 

production and use of textiles 

to make them circular?

Harmsen, P., W. Post and H. L. Bos (2022). Textile for circular fashion. Part 2: From 

renewable carbon to fibres. Wageningen, Wageningen University & Research.



Sources of renewable carbon
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▪ For circular textiles we aim to 

● Reduce the use of (virgin) resources

● Phase out fossil resources

● Prevent the release of harmful microfibres to the 

atmosphere

▪ As renewable carbon source we have three options

● Biomass

● Recycled content

● CO2

Carbon sources for future circular textile fibres
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Today & Tomorrow
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Tomorrow? Fossil Biomass Recycled CO2

Natural fibre Not possible Mature In development Not possible

Semi-synthetic fibre Not possible Mature In development Not possible

Synthetic fibre Mature In development In development In development

Today Fossil Biomass Recycled CO2

Natural fibre Not possible Mature In development Not possible

Semi-synthetic fibre Not possible Mature In development Not possible

Synthetic fibre Mature In development In development In development



▪ Production

● Production start with farmers

● Requires land, water, pesticides

● Harvest is labour intensive

▪ Consumers

● Cotton is accepted, bast fibres (linen, hemp) less attractive

● Wool and other animal hairs less attractive for vegetarians/vegans

▪ Environment

● Fibres are biodegradable

1 Natural fibres; common characteristics
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Overview natural fibres
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▪ Cotton

● Sustainable production

▪ Bast fibres

● European crops, is growth possible?

● Improve isolation of bast fibres (retting processes)

● Invest in European processing facilities

▪ New alternatives

● What are promising new crops that can grow in Europe?

1 Natural fibres; challenges/gaps
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▪ Production

● Production starts with forest owners or farmers

● Requires land, water, pesticides?

● Based on cellulose; mainly wood, but also other (fast growing) crops 

like bamboo can be used

● Processing to cellulose pulp and spinning to fibres are chemical 

processes

▪ Consumers

● No big issues, accepted by customers

▪ Environment

● Fibres are based on cellulose and thus biodegradable

2 Semi-synthetic fibres; common characteristics
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Overview semi-synthetic fibres
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Fibre name/Material Explanation fibre type polymer class specific polymer sources

Cellulose, acetate   Semi-synthetic fibre Polysaccharide Cellulose Biobased

Cellulose, carbamate Semi-synthetic fibre Polysaccharide Cellulose Biobased

Cellulose, cold alkaline Semi-synthetic fibre Polysaccharide Cellulose Biobased

Cellulose, ionic liquid Semi-synthetic fibre Polysaccharide Cellulose Biobased

Cellulose, microfibrillated Semi-synthetic fibre Polysaccharide Cellulose Biobased

Lyocell Generic classification for solvent-spun cellulosic fiber approved for use in the U.S. by the FTC. The process used to produce the fiber is considered more environmentally friendly than the production of rayon. The fabrics made of lyocell exhibit excellent drape and provide comfort for the wearer. Problems with fibrillation or splintering may show premature signs of wear with color loss from use and laundering. Used in men’s golf pants and women’s apparel. See tencel®Semi-synthetic fibre Polysaccharide Cellulose Biobased

Milk fiber  Milk fibers are regenerated protein fibers made from a chemical substance and casein, which is derived from milk. It is produced in the same way as viscose rayon. Semi-synthetic fibre Polyamide Biobased

Modal British generic fiber category for manufactured fibers of cellulose having a high breaking strength and high wet modulus. See high wet modulus rayon fiber.Semi-synthetic fibre Polysaccharide Cellulose Biobased

Rayon A generic fiber category defined by the Federal Trade Commission as “a manufactured fiber composed of regenerated cellulose as well as manufactured fibers composed of regenerated cellulose in which substituents have replaced not more than 15% of the hydrogens of the hydroxyl groups.” Originally known as artificial silk, wood silk, and glos, rayon is characterized by its high absorbency, bright or dull luster, pleasant hand or feel, good draping qualities, and the ability to be dyed in bright colors. Variations of rayon (see high wet modulus rayon) have been developed that partially overcome the tendency to wrinkle easily and the tendency to stretch when wet. Uses include apparel, household textiles, and, in high-strength varieties, auto tires and industrial fabrics. See also cuprammonium rayon, viscose rayon.Semi-synthetic fibre Polysaccharide Cellulose Biobased

Rayon, Cuprammonium rayon (Cupro) Rayon yarn or staple made by the cuprammonium process. It is a regenerated cellulose. In this process, which was developed originally in Germany, cellulose derived from wood pulp or cotton linters is dissolved in an ammoniacal copper solution. This cellulose in solution becomes the spinning solution that is extruded downward into a coagulating bath. During the stage of coagulating, the filaments are elongated in a process called stretch spinning. Then they are treated with an acid solution to remove the copper residue and then washed and dried. During the early days of the rayon industry, it was possible to spin finer denier filaments by the cuprammonium method than by the viscose system. No longer manufactured in the United States due to the cost of cleaning waste water to meet clean water standards, this fiber currently is manufactured by several European countriesSemi-synthetic fibre Polysaccharide Cellulose Biobased

Viscose, wood One of the three types of rayon and that which is produced in the greatest quantity and diversity. See bamboo rayon, rayon, viscose process.Semi-synthetic fibre Polysaccharide Cellulose Biobased

Viscose, bamboo Regenerated cellulosic fiber produced from bamboo.  Semi-synthetic fibre Polysaccharide Cellulose Biobased



▪ Use of land, water, pesticides

▪ Growth is possible, based on European crops

● Invest in European processing facilities?

▪ Not only cellulose but also proteins can be processed into semi-

synthetic fibres (e.g. based on milk protein)

● Is there potential?

2 Semi-synthetic fibres; challenges/gaps
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▪ Production

● Mostly outside Europe

● Starts with the fossil industry

● Monomers and polymers are produced by the chemical industry 

● Dominated by one type of polyester (PET)

▪ Consumers

● Attractive for consumers due to price, availability and performance

▪ Environment

● Fibres are often not biodegradable, accumulate in nature 

(microplastics)

3 Synthetic fibres; common characteristics
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Overview synthetic fibres
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Fibre name/Material Explanation fibre type polymer class specific polymer sources

Acrylic  Synthetic fibre Polyacrylic Polyacrylic acid Fossil (oil)

Aramide Synthetic fibre Polyamide Aramid Fossil (oil)

Elastane Synthetic fibre Polyurethane Elastane Fossil (oil)

Elastodiene (British usage) A generic name for fibers of natural or synthetic rubber Synthetic fibre Fossil (oil)

Elastoester A generic name for fiber defined by the FTC as at least 50% by weight aliphatic polyether and at least 35% by weight polyesterSynthetic fibre Fossil (oil)

Elastomer A synthetic rubbery material, which has the excellent stretchability and recovery of natural rubber. According to ASTM, an elastomer should be capable of repeated stretching to three times the original length; and recovery to its approximate original length upon release of stress. See spandex.Synthetic fibre Fossil (oil)

Fluoropolymer Generic name for fiber defined by the Federal Trade Commission as “a manufactured fiber containing at least 95% of a long-chain polymer synthesized from aliphatic fluorocarbon monomers.” Fluoropolymers can be formed into fibers, formed into molded products, made in sheet form, or applied as a coating to other products. Industrial use take advantage of its flame and chemical resistance. Consumers may know the trademarked Teflon™ coatings and Gore-Tex™ fabrics.Synthetic fibre Fossil (oil)

Micropolyester More absorbent, breathable, and more comfortable.  Synthetic fibre Polyester Polyethylene terephthalate Fossil (oil)

Neoprene A generic name for a type of synthetic rubber made from the monomer chloroprene. Can be made into fibers. See rubberSynthetic fibre Rubbers Fossil (oil)

Nylon 11 Synthetic fibre Polyamide Nylon 11 Fossil (oil)

Nylon 4 Synthetic fibre Polyamide Nylon 4 Fossil (oil)

Nylon 6 Synthetic fibre Polyamide Nylon 6 Fossil (oil)

Nylon 6,12 Synthetic fibre Polyamide Nylon 6,12 Fossil (oil)

Nylon 6,6 Synthetic fibre Polyamide Nylon 6,6 Fossil (oil)

Nylon fibre A generic fiber category defined by the Federal Trade Commission as “a manufactured fiber in which the fiber-forming substance is a long-chain synthetic polyamide in which less than 85% of the amide linkages are attached directly to two aromatic rings.” There are various types of nylon made from different carboxylic acid and amine monomers; see nylon 4, nylon 6, nylon 7, nylon 11, nylon 66. See also amide group, aramid. Nylon, developed by W.H. Carothers for the DuPont Company, was the first of the fully synthetic fibers to be marketed in 1938. Characteristics include high strength, elasticity, abrasion-, rot-, and mildew resistance, low water absorption, quick drying, and resistance to chemicals. Uses include hosiery, a wide range of apparel, and household items including carpets, auto tires, and industrial and geotextiles.Synthetic fibre Polyamide Fossil (oil)

Polyacrylate Any addition polymer based on one or more esters of acrylic acid, CH2 =CH–COOR. Various polyacrylates can improve a fabric’s wrinkle resistance and recovery, abrasion resistance, tensile strength, and crease retention. Synthetic fibre Polyacrylate Polyacrylic acid Fossil (oil)

Polyacrylic acid Addition polymer based on acrylic acid, CH2 =CH– COOH. Used as a water-soluble sizing material Synthetic fibre Polyolefin Polyacrylic acid Fossil (oil)

Polyacrylonitrile (PAN) Synthetic fibre Polyacrylic Polyacrylonitrile Fossil (oil)

Polybutadiene Synthetic fibre Rubbers Polybutadiene Fossil (oil)

Polybutylene furanedicarboxylate (PBF) Synthetic fibre Polyester Polybutylene furanedicarboxylate Biobased

Polybutylene succinate (PBS) Synthetic fibre Polyester Polybutylene succinate Biobased

Polybutylene terephthalate (PBT) Synthetic fibre Polyester Polybutylene terephthalate Fossil (oil)

Polyester fibre Generic name for “a manufactured fiber in which the fiber-forming substance is any long-chain synthetic polymer composed of at least 85% by weight of an ester of a substituted aromatic carboxylic acid, including but not restricted to substituted terephthalate units, and para substituted hydroxy-benzoate units, (1) Where the fiber is formed by the interaction of two or more chemically distinct polymers (of which none exceeds 85% by weight), and contains ester groups as the dominant functional unit (at least 85% by weight of the total polymer content of the fiber), and which, if stretched at least 100%, durably and rapidly reverts substantially to its unstretched length when the tension is removed, the term elasterell-p may be used as a generic description of the fiber. (2) Where the glycol used to form the ester consists of at least 90 mole percent 1,3-propanediol, the term “triexta” may be used as a generic description of the fiber.” Characteristics: crease resistance, quick drying, shape retention in garmentSynthetic fibre Polyester Polyethylene terephthalate Fossil (oil)

Polyester Recycled fibre Recycled polyester (rPET) is a synthetic textile fiber and is obtained by melting the plastic and trimming it into one polyester fiber. Synthetic fibre Polyester Polyethylene terephthalate Recycled

Polyether fibre Manufactured fiber from a polymer containing ether (R–O–R) groups. Various experimental fibers with high chemical resistance and high thermal stability have been developed containing ethermide, ethersulfone, etheretherketone, and other ether-based groups joining the monomers together.Synthetic fibre Fossil (oil)

polyethylene (PE) fiber Olefin fiber made by extruding polyethylene. For many years, the features of a low melting point and the tendency to be deformed if stretched more than 10% limited textile applications. Advances in gel spinning have permitted the development of high-strength polyethylenes that are being used for cables, cutresistant fabrics, high technology fiber composites, rope, twine and sail cloth.Synthetic fibre Polyolefin Polyethylene Fossil (oil)

Polyethylene furanedicarboxylate (PEF) Synthetic fibre Polyester Polyethylene furanecarboxylate Biobased

Polyethylene terephthalate (PET) Synthetic fibre Polyester Polyethylene terephthalate Fossil (oil)

Polyimide fibre (PI or PEI) Manufactured fiber that is used in high temperature, flame-retardant applications. The polymer is formed from an aromatic dianhydride and an aromatic diisocyanate; is named for the 5-membered organic rings, which contain one nitrogen atom that join the monomer residues together. Uses included protective apparel and as a fire blocking layer in furniture.Synthetic fibre

Polyisobutene Synthetic fibre Rubbers Polyisobutene Fossil (oil)

Polyisoprene Synthetic fibre Rubbers Polyisoprene Fossil (oil)

Polylactic acid (PLA) A manufactured fiber in which the fiber forming substance is composed of at least 85% by weight of lactic acid ester units derived from naturally occurring sugars such as corn and sugar beets. Approved as a new generic fiber classification by the Federal Trade Commission in 2002.Synthetic fibre Polyester Polylactic acid Biobased

Polyolefin Any long-chain synthetic polymer composed of at least 85% by weight of ethylene, propylene, or other olefin units (monomers), except amorphous (noncrystalline) polyolefin qualifying under Rubber 1, as defined by the Federal Trade Commission (ASTM).Synthetic fibre Polyolefin Fossil (oil)

Polypropylene (PP) Olefin fiber manufactured from the addition polymer of propylene, CH3 –CH=CH2, obtained from natural gas. Characteristics include good strength, low specific gravity, excellent elastic recovery, good resilience, excellent stain resistance. This latter property has led to its use in carpets and upholstery fabrics. Good wicking qualities that allow rapid transport of moisture from perspiration and its evaporation have made it a popular fiber for active sportswear where wicking is desired. Other uses include various applications in woven and nonwoven industrial and geotextile materials.Synthetic fibre Polyolefin Polypropylene Fossil (oil)

Polystyrene (PS) A manufactured fiber made of melt- or dry-spun polystyrene. The fiber has low to medium tenacity, low moisture regain, low specific gravity, and a relatively low softening point. Uses include low temperature thermal insulation, soundproofing, floats, life vests, and absorbing mats. Polystyrene is used more widely for non-fibrous plastics.Synthetic fibre Polyolefin Polystyrene Fossil (oil)

Polytetrafluoroethylene (PTFE) Synthetic fibre Polytetrafluoroethylene Fossil (oil)

Polytrimethylene terephthalate (PTT) Synthetic fibre Polyester Polytrimethylene terephthalate Fossil (oil)

Polyurethane (PU) fibre A synthetic fiber that was produced in Germany during the Second World War and later the subject of experiments elsewhere. The fiber had high strength and elongation, with low moisture absorption. Used in competitive swimwear to reduce drag. See polyurethane, spandex.Synthetic fibre Polyurethane Fossil (oil)

Polyvinyl alcohol (PVA) Synthetic fibre Polyolefin Polyvinyl alcohol Fossil (oil)

Polyvinyl chloride (PVC) Synthetic fibre Polyolefin Polyvinyl chloride Fossil (oil)

Rubber, synthetic A manufactured elastomeric polymer. Includes synthetic polyisoprene, polybutadiene, certain other diene and amorphous olefin polymers, copolymers of acrylonitrile and a diene (see lastrile), and polychloroprene or chrloroprene copolymers.Synthetic fibre Rubbers Fossil (oil)

Spandex A generic fiber category that has been defined by the Federal Trade Commission as “a manufactured fiber in which the fiber-forming substance is a long-chain synthetic polymer composed of at least 85% of a segmented polyurethane.” Characteristics include excellent elongation and elastic recovery, similar to that of rubber. The flexibility, abrasion resistance, strength, and resistance to deterioration by body oils and perspiration are better than rubber. Although spandex can be made as an uncovered filament, the fiber always is used in conjunction with other fibers, most often in covered or corespun yarns where the spandex is covered by other fibers. Uses include activewear, support products, hosiery, jeans, swimwear, and other applications where its ability to stretch and elastic recovery are important. See corespun stretch yarn, elastomeric yarnSynthetic fibre Polyurethane Elastane Fossil (oil)



▪ Production

● Fully biobased polyesters (PLA, PEF, PHAs) and  partly biobased 

polyesters (PET, PTT, PBT) available/in development

● Application of new polyesters in textiles in development

● Biobased polyesters/polyamides volumes low due to price, availability 

(land use) and questions about sustainability

▪ Consumers

● Drop-ins are no issue, as materials are similar

● Fully biobased alternatives (PLA, PEF, PHAs)?

▪ Environment

● Drop-ins not biodegradable, fully biobased ones are being 

investigated

3 Synthetic fibres; challenges/gaps
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Biomass decision tree
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Is fibre extraction 
possible (length/
fineness/purity)

Yes

Is yarn spinning 
possible

(like cotton/wool/
linen)

Does the fibre have 
attractive properties?

Yes

Is fibre revenue 
attractive for farmer at 
industrial scale (yield/

price)?

Is fibre revenue 
attractive for 

manufacturer at 
industrial scale (yield/

price)?

Yes

Yes

Is cellulose extraction 
possible?

Is sugar extraction 
possible (low costs/

high yield)?

Natural fibre Man-made: semi-synthetic Man-made: synthetic

No

Is spinning possible 
(extrusion/drawing)? 

Yes

Yes

No

No

Non woven?

Forget it

No

No

No

Is there other value to 
be extracted from the 

crop?
No

No

Yes Go for it!

Yes
Yes

No

Yes



▪ Biomass discussions for food, energy and biobased products (e.g. 

textiles)

● What if fossil resources are phased out? 2/3 is of fibres is now fossil-

based

● Food vs fibre discussions; Building vs textile discussions

▪ Consumer behaviour

● Price, availability, properties

● Not level playing field (import China)

▪ Circularity

● R-ladder

● End-of-life options

Overarching challenges
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▪ Growth of biobased fibres for textile in Europe is possible

● Land use is a big puzzle; competing uses

● #Ha?

● Which biomass streams/fibre crops?

● Which fibre types in particular? 

● Gaps in processing infra-structure need to be solved

● Consumer behaviour/acceptance needs to be addressed

▪ All is dependent on the availability of fossil resources in the future

Outlook (in my view)
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Thank you

Paulien Harmsen, MSc l Senior Scientist 
Program Sustainable Textiles
T: + 31 (0) 317 480224 | M: +31 (6) 13520083 
E: paulien.harmsen@wur.nl

Wageningen Food & Biobased Research
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• Natural fibres 29 wt%
• Plant 31,5 M tonnes
• Animal 1,9 M tonnes

• Semi-synthetics 6 wt%
• MMCFs 7,3 M tonnes

• Synthetics 65 wt%
• Polyester (PET) 63,3 M tonnes
• Polyamide 6,2 M tonnes
• <1 wt% is biobased

Global fibre production*

*Apparel, home, footwear, others

23

App. 1/3 of the global fibre 
production is biobased
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