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Textile production/consumption ↔ Waste generation
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Estimated consumption

92 million tons of TEXTILE WASTE

15 kg/PERSON
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https://fashion-responsibility.fiveofus.com/#/
sito/fashion-responsibility.fiveofus.com/index.html


Blended textile waste

Blended textiles
represent a challenge in terms of separation and recycling
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The polyethylene terephthalate (PET)

UPCYCLING

Textile

40%

Packaging

60%
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Enzymes are able to degrade PET

From science 
fiction (1971)…
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The Plastics-Active

Enzymes Database

Buchholz 2022 - doi.org/10.1002/prot.26325C

218 enzymes active on plastics…to reality (2016)

Leaf-branch compost 
cutinase (LCC)

Esterase from I. sakaiensis
(IsPET)

Active on PET

1
0

4
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Workflow for the in vitro evolution of LCC

biochemistry

Stabilization by 

rational 

engineering

Production and 

biochemical 

characterization

Bioinformatics

Residue 

identification

Evolutionary conservation

analysis

Literature

knowledge

3D structure

Molecular docking

MD refinement

(per-residue energy contribution 

to substrate binding)

Enzymatic 

hydrolysis of PET

Kinetic 

characterization on 

PET nanoparticles

Biotechnology

0.2 μm

Synthesis

of nanoparticles

0.2 μm

molecular biology

Colorimetric 

screening

Smart 

libraries of 

variants

Site saturation 

mutagenesis

(NNK primers)

Identification of 

promising 

positions by 

bioinformatic 

analysis

Simple, 

rapid HTS 

method

Biochemical 

characterization 

of LCC variants

Biotechnological 

applications
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Biodegradation of post-consumer PET

Terephthalic 
acid
TPA

mono(2-hydroxyethyl) 
terephthalic acid

MHET

+ +

Polyethylene
terephthalate

PET

Ethylenglycol
EG

Tailored biocatalyst
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Biopolymers

Biopolymes

Improved PET 

hydrolysing

enzymes

NICE PET

PROPLANODES

PET2POLY

Water

microplastics

Protein

Lipids

AAs

Water

microplastics

FORSU

microplastics

Textiles

A circular economy for PET → Research Projects
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Valorization of textile waste

PET
as a complex 

structure

SET UP of the DEGRADATION PROCESS: MECHANO-PHYSICAL PRETREATMENTS

Textiles

10%

➢ Ultrasounds

➢ Ball-milling

➢ Microwaves

➢ Thermal treatment

➢ Ball milling + 
Thermal treatment

94%

290 °C
15 min
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Enzymatic treatment of PET & cotton textiles

290 °C, 15 min

Cellulase cocktail 30 Hz, 15 min

NaOH

Untretated 

GLUCOSE

>99%

Glucose

TPA
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Valorization of blended textile waste
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Cellulase treatment of polycotton textile

Ball-milling effects:

✓ Fiber defibrillation

✓ Crystallinity disruption

✓ Surface area increase

✓ Particle size reduction

75% glucose yield 
(2.5 g)

Valorization of blended textile waste

10 g PET/COT
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Heat treatment & enzymatic hydrolysis of pretreated PET

>96% TPA yield in 48 h

Valorization of blended textile waste

1 g PET → 760 mg TPA
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Valorization of blended textile waste

Whole-cell bioconversion 

of textile derived 

TPA to PCA

1 g PET → 500 mg PCA

PCA

TPA

TPA

PCA
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The Nobel laureate Bruce Beutler at TPF2.0 (June 2024)
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