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Executive Summary

A The Automatic-Sorting for Circular Textilesproject aims to catalysethe development of an Automated Textile Sorting and Pre-
processingfacility (ATSPYor Non-ReusableTextiles(NRT) Work packages3 and 4, presentedin this document, were focussedon
conducting a market review of the commerciallyavailabletechnologiesfor Conveyance,Fibre Identification, Size Reductionand
Disruptor Removal,in the contextof the ATSP

A Thisreport sharesthe findings of interviewswith key playersin the textile industry, from university& academiato collectorsand
sortersto textile recyclersand reviewsthe technologiesfor the aforementionedareas In addition, the challengesof each process
are highlighted as potential limiting factorsin the overall efficiencyof the facility

A Thereviewhasemphasisedthat the textile recyclingmarketis a developinglandscapeand in general,there is not a one-size fits-all
solution for any of the technology areas Automated Fibre Identification Technologyis the most developed,with some technology
providers expanding their municipal waste recyclingtechnology into the textilesmarket, but all technology areasface challenges
with throughput. A key insight from the interviewsthat affectsboth Size Reductionand Disruptor Removaltechnology surrounds
the feedstockspecificationfor recyclersparticularlychemicalrecyclersand the lackingspecificationfor physicalswatchsizesdue to
technologystillbeing in its infancy

A In summary,there are many technologiesavailablethat could be utilisedin an automated textile sorting and pre-processingfacility,
and the specificationfor the facility is critical in selectingthe correct equipment, accompaniedwith an experiencedplant designer
to combine and configure the equipmentin a layout that satisfieghe specification
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Automatic Sorting for Circularity of Textiles
Artificial Intelligence

Artificial Neural Networks

Automated Textile Sorting and Prerocessing facility
Convolutional Neural Networks
Fibre-to-fibre
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Machine Learning

Manufacturing Technology Centre
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Project Aim

To catalysethe developmentof an Automated Textile Sorting and Pre-processingfacility (ATSP ¥or
Non-Reusablelextiles(NRT)

Project Goals

N
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A Createa world class state-of-the-art blueprint for an ATSP
A Buildunderstandingof the nextgenerationsorting and recyclinglandscape
A Incentiviseregional materialrecyclingversusexport/dumping of NRT
A Drivethe transitionfrom linearto circulartextilesin the UK
A Createnew markets,jobs and foreign, direct investmentopportunities whilstcementingthe U K 8 s
position asa global leaderin innovationand textilescircularity
This InnovateUK consortium is formed of 18 companies.
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MTC Deliverables

1. Partner and Supplier Interviews

Conduct oneto-one interviews with key sorters, collectors, recyclers and leading
technology suppliers to identify, discuss and assess existing andievelopment
technologies, as well as broader information surrounding the textiles recycling
markets.

2. Market review of available technologies in context of the ATSP

Report on the technologies available for Textile Fibre Identification, Conveyance,
Size Reduction & Disruptor Removal. Highlight strengths and weaknesses of the
technologies, and potential areas with further opportunities for development &
trials.

IMPORTANT: Information / recommendations in this document are based on information available at the
current stage of the project. Some aspects are liable to change during the life of the project due to the
iterative nature of the design process and external factors.
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Need & Challenge

More than 15 kilograms of textile waste Is generated per person in Europe, with discarded clothes and
home textiles from consumers accounting for approximately 85% of the total wéste |l n t he
estimated that less than 1% aofiaterial used to produce clothing is recycled into new clothiflg with

most textile waste sent to landfills and incineration.

While methods like mechanical textile recycling of pure fibres into new yarns or mechanical/open loop
recycling into other applications (insulation, rags, mops etc) are already established, there is an
opportunity to leverage new technologies in chemical recycling to enable fitcefibre recyclingd

turning textile waste into new fibres of the sanwpiality that can be used to create new textile products
of the same value and performance.

To enablefibre-to-fibre recycling to be scaled, the technologies to collect, sort and fpeocess textile
waste into suitable feedstock need to be developed and made efficient. To aggregate and sort non
reusable textile (NRT) waste in the UK into feedstock for F2F recycling requires the development of a
costeffective, high volume, automated fibre sorting and pngerocessing facility.

[1] McKinseyScaling textile recycling in Europ@irning waste into valu¢€2022)
[2] Ellen MacArthur Foundatioldh new textil es economy(@01Redesigning fashionds future
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MAJORITY OF ALL TEXTILES

Current Routes of Textile Recycling
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The Aim of the Automated Sorting & Pre -Processing Facility

Of the over 1 million tonnes of used textiles generated every year in the UK, estimates suggest that a
third of these are nonreusable textiles (NRT) which are currently being lost to landfill/incineration or are
being exported in regions with lower labour costs!

While there are some UKbased sorters and markets available for extending the life of NRTs (wiping
rags, insulation, etc), closed loop fibt®-fibre recycling in the UK requires a transition from exporting
and manual sorting of NRTs to automated sorting in the UK.

The primary (mechanical) and emerging (chemical) recycling routes for NRTs require their feedstock to
match certain specifications, such as fibre contents and physical size. Chemical recyclers in particular
face difficulty in acquiring consistent and reliable feedstock for their recycling process at production
volumes large enough to allow for financial sustainability.

The objective of the ATSP is to sort these NRTs into categories based on their fibre contents & colour
(if required), and then process them to remove any disruptors, such as buttons and zips, before cutting
the textiles to the specific size requirements of the recycler(s) and supplying the feedstock to close the
loop of fibre-to-fibre recycling.

[3] ACT UK: Automatksorting for Circularity in Textiles (2023) Available [tps://www.ukft.org/innovation/actuk/ (Accessed: 10 January 2024)



https://www.ukft.org/innovation/act-uk/

1

KA MATERLALS

32,500 MT
CIRCULAR PET

3 50,000MT PrA

POLYMER

RECYCLING PLANT

Impaats 52A8HNT 50 |
feedstockpla |

o
I____
¥
-
=
CHEMICAL RECYCLERY 44
-
MECHANICAL RECYCLEHRS g¢
=
=

MECHANICAL (OPEN LOOH)  #£
RECYCLERS

1
1’ "tc ‘ Background Information

PRODUCTION SUPPLY CHAIN
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OCustomer so of t he ATSP

The ATSPs will initially have three potential output routes for their feedstock. For-tdnBbre recycling there are two
options, Mechanical (closed loop) Recycling and Chemical Recycling, both of which have different feedstock specifications
for their processes but aim to maintain or increase the overall value of the raw material. The third potential customer is

open loop mechanical recyclersvho break down textiles into material of a lower quality and functionality, which can be
used in nonwovens, wiping rags, or insulation stuffing.

While the textile recycling market is developing, the ATSP needs to be adaptable to supply to any customer, though it is
hoped and expected that the industry will see a shift to more chemical fHboefibre recycling.

Mechanical Recycling Chemical Recycling Mechanical Recycling
(closed loop) (open loop)
Process is energy & chemical
Energy efficient & cost Intensive

Low energy requirements &

effective process environmental impact

Challenges exist with the % mix
Well-established process of fibre blends

: _ Loose specification
iIndustrially Primary Focus for the ATS

requirements
Large scale plants are not yet

Mixing with virgin fibres widely available
necessary for good quality
yarn

Reduced need for raw
materials
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Mechanical Recycling

Recycling & Virgin Spinning into new

Textile Shredding Fibre Extraction Fibre Collection Fibre Mixing Yarn

Mechanical recycling is the process of recycling the textile fabric back into fibres without the use of any chemicals.

This process includes shredding and carding to extract fibres from the fabric, and then spinning these extracted fibreswmto
yarns. Mechanical recycling requires long fibre lengths to maintain quality. For some fibres, such as cotton, this proeess ca
have a negative effect on the quality as the individual fibre lengths are shortened during the shredding process. Thismroble
can be addressed by spinning the recycled fibres with virgin fibres to increase the strength and quality of thel§farn

Feedstock Requirements Input Composition Other Fibres Output
A Textiles must be sorted 100% Cotton N/A Cotton
gﬁzeélocl)gulrzlbre composition > 9505 Cotton 5% Other, inc. Elastan rCotton
A Hard Trims must be removed > 89% Cotton, 10% oo, iher inc. Elastan rCotton
Cellulose Fibres

> 95% Wool 5% Other, No Elastane rWool

> 950 Cashmere 5% Other, No Elastane rCashmere

50% Wool 50% Acrylic N/A rWool/Acrylic Blend
> 80% Wool < 20% Qinen, e rWool Blend
Elastane

[4] Saha, S. (2020b) Textile Recycling: The Mechanical Recycling of Textiles Wastes, Online Clothing Study.
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Chemical Recycling

Dye Removal Dissolving the fibres Remove the solvent Press into pellets Extruggrlergo NEw
Chemical recycling Is any process that changes a pol ymer 0

materials to manufacture new products. Sometimes called advanced recycling, chemical recycling is a generic term that
Includes several recycling processes (Gasification, Pyrolysis, Depolymerization).
Depending on recycling processes: energy consumption, yield and output can vary broadly; reaction outputs are syngas, olls,

monomers, polymers, cellulose pulp. The recycling process produces substances that can be used as raw material to
manufacture new materiap

Process Input Composition Other Fibres Output Feedstock Requirements
Thermomechanical 100% Polyester N/A rPET A Textiles mu:_st be sorted N
97% Nylon 3% Other rNylon (rPA) based on Fibre Composition
>95% Cotton 5% Other, inc. Elastane r'MMCF Pulp A Hard Trims must be removed
>85% Cotton, 10% MMCF 5% Other, Inc Elastane rMMCF Pulp A Contaminants in the process
Solvent Dissolution >60% Cotton, <40% Polyester 5% Other, Inc Elastane rMMCF Pulp, rPET (paper, dirt, tape, Etc') must
>60% Polyester, <40% Cotton 5% Other, Inc Elastane rMMCEF Pulp, rPET be removed*
<95% MMCF 5% Other, Inc Elastane rMMCF
Chemical Hydrolysis >70% Polyester <30% Other, Inc Elastant
Enzymatic Recycling Nylon, Polyester, Elastane rNylon (rPA), rPET, rElastane

Source: ACT UK WP6 MMCF: Marmade cellulosic fibres (Viscose, Lyocell, Modall, Tencell, Bamboo Viscose, etc.)

*Contaminants can be dealt with in the chemical recycling process, but

[5] The Alliance of Chemical Textile Recyclers (ACTR). (2D&8nitions. comes at a commercial cost which can affect an already slim margin.
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Automated Sorting Facilities in Europe

A brief review of current automated sorting facilities across the EU revealed a growing
number of projects across Europe tackling the textiles recycling challenge, and identified

Technology Providervalvan the main technology providers who are offering & developing solutions for automated Technology ProviderTOMRA
textile recycling, such agalvan Tomra, PellencSTand Picvisa Further research is required
Technology:Fibersort into the classification of these facilities, and how much of their capacity is relating to Technology:Autosort
RT/NRT to provide clear comparisons for the target volumes of ATSP facility in this project
Facilities: d focusing on NRTs only. In addition, this research identified R&D projects inclufietig, Facilities:
The Salvation Army, UK Soex and the ReHubsEuratexinitiative* Siptex, Sweden
(1000 T/Yead NRT) (24,000 T/Yead design target)

Cetia, France
(Capacity TBC)

Wieland Textiles, Netherlands
(10,000 T/yead RT & NRT)

Technology ProviderPellencST Technology ProviderPicvisa

Technology:Mistral Connect Technology:Ecosort Textil

Facilities: Facilities:
Nouvelles Fibres Textiles, Coleo, Spain
France

(5,000 T/Year, targeting 25,000

(3,000 T/Year, increasing to Tlyear by 202% RT & NRT)

25,000 T/year by 2025)

*Information Source Refashion Technical monitoring of optical
sorting, recognition and disassembly technologies for textiles
at European scale, [2023]
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Partner/Supplier Interviews

Interviews were conducted with other partners in the ACT consortium, as well as suppliers of
relevant ATSP technology and other stakeholders in the industry (detailed in the next slide).

Interviews were sempstructured with prearranged questions relating to the four ATSteéchnology
areas (Fibre identification & sorting, Size reduction, Disruptor removal, & Conveyance).

A combination of open and closed questions were asked to ascertain interviewees knowledge on
specific existing technologies and broader knowledge ofdaevelopment technologies and market

considerations (seédppendix 03).

Questions were adapted and omitted accordingly dependent on the interviewees' particular area of
expertise or stake in the supply chain (for example, questions posed to textile recyclers re: different
ATSP steps were adapted to understand how the technologies used in each step affects their

processes). @

\

®-@



Future State Circular Textile Supply Chain

Interviews by stakeholder area
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N CHEMICAL UK X
ATSP FACILITY | RECYCLERS
( ) e N p ~
POST CONSUMER SIZE N MECHANICAL

\\§ J

> < TEXTILE COLLECTOR TEXTILE SORTERS N~ N e N
POST INDUSTRIAL/ 4 N [ ] MECHANICAL [open
CONVEYANCE / MATERIAL MOVEMENT — loop] RECYCLERS

INSTITUTIONAL \
TEXTILES RIS > e
e)de
M ACADEMIA Several shared their hesitation to make big capital investments into recycling pre-
processingequipmentif the ROlsare not proven and would like to seean ATSPbe able to

Researchas proven that technologiesexistto recycleall textile waste,but research : _ _
de-riskthe pre-processingtechnologiesfor the industry

is lackingaround understandingthe industry to make economic senseout of
recyclingre: speedsand yieldsneeded,and costsof implementingnew technologies

Academiahasalsoidentified a gap to quantify recyclingfeedstockstreamsin order ii@ TECHNOLOGY PROVIDERS

to develop strategiesfor each

Thelack of commerciallyviable fibre sorting technology limits the options for recycling
textile waste Technology providers bemoaned the notion that it is simple and easy to

ce hanicall | le ¢ d 3 Whersi fact th
n TN mechanicallyopen loop recycle 6 a rrandom t ext ersim fact t ere are many
\ y TRADE ASSOCIATION/ NGO barriers and expenseto do so and little market value at present Insulation and filling
materialsmust be accuratelysorted to meet safety standards,so it costsmore to do than

Similarlyto academia,stressedthat technology for sorting and segregatingtextiles usingvirgin material

isthere, but biggestcommercialchallengeto the textile industryis having marketsfor Sharedthat customerswith textile wastewant to pay for 6 t hpmllem to go
recyclinggrades to makethe collectingand sorting of them lucrative a w agEsimatethat customerswould pay approximately1® more to know their product
IS going to be recycledrather than incinerated d but are not prepared to pay 20%-plus

more.

% COLLECTORS & SORTERS
oo TEXTILE RECYCLERS

Usedtextile collectorsorter organisationshave ambitionsto seetheir NRTproducts Y
be recycled as circularly as possible, but are under extreme pressureto make The post-consumer textile waste supply chain today is not set up to supply to
profit. Theyare incentivisedto selltheir wastetextilesto the highestpayer,often 6 d o-wn r e ¢ y démandsd Recyclersequire a transitionin the economicsof NRTsto enable
c y ¢ (em.dviper rags)marketswith shorterlife cycles the output of high volume, consistent,fibre-sorted, contaminantfree, low-

costfeedstock
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Postconsumer NRTs pose the greatest challenges for recycling the lack of
information about the t e x thistbrg viashingand chemicaluse will affect processes

downstream Academicsare beginning to explore how material structure and
material history impact the fibre outcome that comesout of the recycling

process
«0

“"’.\ TRADE ASSOCIATION/ NGO

All intervieweesstressedthe need to automate sorting of NRTsfrom RTsto

increasethe amount of sorting that occurswithinthe UK

Most countriesin the world allow for used textile products to be imported into their
countries However,UKlegislationprohibits the export of textile wasteto most non-OECD
countrieswhen this would otherwisebe destinedfor viablerecyclingroutes. It istherefore
vital that NRTsare removed before shipmentsto these countriestake place and this means
that theseneed to be sorted here

{%} COLLECTORS & SORTERS

All collector/sortersspoken to share that they focus on sorting for re-use, their
NRTrecyclingstreamsusuallyoperate at a financialloss

Severalsharedthat more legislationneedsto be implementedrequiring mandatory
recycled content in new products to incentivisewide-scale investmentin recovering
NRTswhichare otherwisesentto waste/incinerationstreams

NRTsof similarfiore compositionswould likelyneed to be aggregated from various
sortersin the UKto meetr e c y dekdstockMOQs ; this was also reiterated by trade
associationsNGOs

C((iﬂ TECHNOLOGY PROVIDERS

Earlystage startups are developing solutionsto use Al and machine learning to
identify and sort NRTsfrom RTs but nothing is commercially available and there are

limitationswith singulatingand flattening garmentsto be scanned

a) TEXTILE RECYCLERS
&S

Most chemicalrecyclershave developed and demonstrated their processeswith
homogenous post-industrial waste, but anticipate that t0 meet future demand,
their feedstockwill be suppliedfrom up to 70% post-consumerNRT
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POST NSUMER
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> < TEXTILE COLLECTORH TEXTILE SORTERS — ) ¢
4 N MECHANICAL [open
PIC?\IS’STT#S%?)LFXfL/ [ CONVEYANCE / MATERIAL MOVEMENT ] " loop] RECYCLERS
TEXTILES RTS h g
R ~ -
A
.
Il ACADEMIA The technology availablehas been optimised for detecting mostly polyesterand cotton
Highlighted gaps and areas of weaknessin existing Fibre ID technology (more plus elastane blends as these are most applicable fibre types for end-of-life textiles and
detailsgivenin State of-the-Art TechnologyMarket Reviewsection). ensuring elastane % is within r e ¢ y ddlesances6There is a balance to be struck

Severalacademicsinterviewed stressedthe obstaclesof dyes and finishingin the betweenthe level of sophisticationin a spectroscopyscannerfootprint of the
recyclingprocess,and that technology to remove dyeswould makeit easierto  devicesneeded,and costs

achieve economies of scaleon mono-colour feedstock, but at a huge chemical ii(ﬁTECHNOLOGY PROVIDERS

footprint cost

== Highlighted the pros and cons of the main establishedsuppliersin Fibre ID/sorting
“ Y TRADE ASSOCIATION/ NGO systems(more detailsgiven in State of-the-Art TechnologyMarket Reviewsectior). Several

collector/sorterssharedtheir initial impressionsand preferencesbasedon factorsimportant
to their facilitiesd

A spaceconstraintss value systemsthat can navigate 90 degree turns
A sorting accuracy - capabilityto scanan entire garmentsvs a singleisolatedlocation

A sorting breadth & want a tech that can sort all NRT collected 8 not have large
guantitesinadot her 6dinbgener al &

TEXTILE RECYCLERS

Highlighted the pros and cons of the main establishedsuppliersin Fibre ID/sorting
systems(more details given in State of-the-Art TechnologyMarket Reviewsectior), but

expressedinterest in trialling Tomra technology at the front of end of the

processand Valvantechnology at the back end & as the Tomratrummel system
waseffectiveat separatingtextilesand feeding them onto the conveyor

It wasdiscussedhat the variousFibrelIDs y s t reporsed accuraciesare difficult to
compare againsteach other as they are based off of different proprietary data sets | t
understood that these suppliershave collaborationswith textile mills/manufacturersto
validatetheir readingsto improve accuracy

Recyclerseported differing levelsof accuracywhich were suitablefor their
% COLLECTORS & SORTERS processes While some reported that the quality of feedstock from NIR automatic

sorting systemswas excellentwith no failuresreports, other recyclersstated that they still
The main establishedproviders in the field started in general waste sorting and  verify feedstockwith lab testsas NIR scannedinfo for baleswasnot accurateenough.
plastics recycling and have adapted their technologies for textiles, but there are One recycler shared that they are investigating further into how different fabric
numerousstartups and other industriesadapting technologyfor textilerecyclinguses structures(wovenvs knitted) affectshow much wastegeneratedin their process
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Similarly to the trade associations, highlighted the desire to see fibre-opening
Highlighted challengesin size reduction in knitted vs woven textiles and also technologies that can retain fibre integrity for mechanicalrecycling so materials can be
managing dust generatedfrom the process closedloop/not down-cycled

Stressedhat asdemand from recyclersfor feedstockgrows, recyclerswill
find waysto deal with sizereduction themselvesto be competitive Thiswas '{CEQ TECHNOLOGY PROVIDERS

reiterated by discussionaith leading recyclerswho have made the decisionto investin

sizereductionand disruptor removalthemselves Expressedsome frustration with the variationin r e ¢ y sizeeeguirdinentsand trial
«o and error processin trying meet their preciseneedsd need higher demand volumes
“l'h TRADE ASSOCIATION/ NGO to be ableto setup machineryto make efficientand economical

Severalstated that servicecontracts with providers are the most important

aspect re: size reduction equipment 8 maintaining blades, and re-welding knives are
criticalwhen handling many variationsof post-consumertextiles

Stressedthe benefits of having size reduction/shredding carried out at a central
ATSPO astoo difficult and costlyfor individual collector/sortersto take on themselves

Also highlighted that size reduction techniques remain a limitation for
mechanicalrecycling 8 lack of size reduction capability that retains fibre integrity

requiresmost mechanicallyrecycledfibresto be spuninto yarnswith at least80% virgin GD TEXTILE RECYCLERS
fibresto achievesameperformance &Y

Therecyclersinterviewedall shareddiffering requirementsd some willing to do all
size reduction themselveswhile others want feedstockpartially size- reduced
% COLLECTORS & SORTERS Those willing to the size reduction themselvesshared that they investedin this step to

Numerous collector/sortershave enquired into purchasingsize reduction equipment, Open themselvesgp to more feedstopksgurcgs _ _
but are daunted by the size of capital investment and are pleasedthat chemical Dust generation and safetyimplicationsis a concernwhen dealing with small swatch
recyclersare now more willing to do this pre-processthemselves sizes and requires separating the size reduction operations from the chemical plant
operations
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_ _ A _ _ S Collector/sorterssharedthat it is commerciallyideal to work with recyclerswho do
Whilstdyesare not consideredo t r I ms 0 / adadesmicsstessedihat dyesare  the disruptor removal themselvesd but if not possible, would like to see trials on

disrupting to the recycling process While researchis ongoing for removing and disruptor removalto improve efficiencyand remove waste
recyclingdyes,no commercialequipment exists

With trim removal, it was highlighted that work has been done for many
years to get a garment flat with robots/automation but has not been (ﬁ TECHNOLOGY PROVIDERS

b

achievedyet Air separationtechniques,over-band magnets,and binary sorting systemson pre-
«0 size reduced swatchesare all available for automated disruptor removal with varying
“"’.\ TRADE ASSOCIATION/ NGO degreesof speedand accuracy(more detailsgivenin State of-the-Art TechnologyMarket
Reviewsection.
Stressedthat vastly different methods of disruptor removal would be needed for Startup companiesare developing Al-assistedlaser disruptor removal
different recycling outputs and could require different ATSPfacilitieswith different pre-  and technologyto dissemblegarmentswith dissolvingthread to reduce waste,but these
processingsteps are not yet commerciallyavailable

Also highlighted that yield loss from disruptor removal should be

consideredfor a future ATSPand businessmodel, as well as an energy consumption GD TEXTILE RECYCLERS
comparisonbetweendifferent removalmethods &

All chemicalrecyclerswill require a massiveincreasein textile aggregation (volumes)

%COLLECTORS & SORTERS and efficienciesin sorting and processingto bring the cost of feedstockdown, which will

likely involve centralisedprocessingfacilities(ATSPs)yather than individual recycling plants
havingto investin their own pre-processingsteps

Severalemphasizedthat disruptor removal is the top challengeto address

Lgiofxﬂgiéﬂ-yigcﬁgztdone to date is done manuallyat a smallscaled not enoughto  rpay shared that they are interested in emerging disruptor removal
One sharedtheir opinion on Va | vTaimQeansystemd asé i mp r & s | @wtgchnologles, particularly if this could be done in a central location more

and far too expensiveto put all NRTthrough. efficientlythan themselves
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| While conveyanceis not a pe}rtlcularresearchareafor the academicsinterviewed, Severalshared that conveyancetechnology is the limiting factor in the size of
it was shared that pneumatic processes and chute feeds should be jarmentswhichcanbe inputted.

considered as they are useful for soft textiles rather than conveyor belts for Also reiterated that the speed of feeding the sorting systemand singulation of
overheadhandling textilesis the biggestlimiting factor/bottleneckin the entire process
«0 Leading suppliersin textile processing equipment estimate that segregating to
“"’»‘ TRADE ASSOCIATION/ NGO singleitemscan be done at 1garment/secondbut is very difficult to achieve
Sharedthat they have heard from industry that automatic and robotic feeding
systemsdo not havethe speedneeded ”
y P S TEXTILE RECYCLERS
%COLLECTORS & SORTERS Recyclers emphasized that their processes require as minimal manual
Highlighted the pros and cons of existing conveyance options and robotic arm handlingaspossible o | |
feeding systems(more detailsgivenin State of-the-Art TechnologyMarket Reviewsection. Somerecyclersdo not even de-bale their inputs so require that any bale coverings

Severalcollector/sorterssharedtheir initial impressionsand preferencesbasedon factors and strappingsalsomeet their fibre specifications/weightolerances
important to their facilitiesd

A spaceconstraintss valuesystemghat can navigate 90 degree turns

A speed including ability to reduce labour headcount

A overlapd singulationon conveyorreiterated by most collectorsasa large challenge
A shagging/wrapping & particularlywhere requiresconstanthuman monitoring
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Interviews: Key Themes

An ATSP is desired to desk sorting and preprocessing technologies for all stakeholders in the
textile recycling supply chain. By helping to alleviate
support the goal to make economic sense out of circular textile collection, sorting;precessing and
fibre-to-fibre recycling by making new markets for NRT more lucrative.

Automating sorting of NRTs from RTs is an ongoing challenge in the industry with limited early
Pre-sort NRTs from RTs stage technologies available. This step shares the same challenges as sorting NRTs, particularly around
singulation and flattening of garments.

Overall Market & Commercial
Considerations

Automated FibrelD systems on the market have proven useful for sorting good quality feedstock for
Fibre ID & Sorting established recyclers but there are vgnd-coming technology competitors aiming to provide feasible
solutions at a lower cost.

Size reduction equipment should be invested in as part of working hamdhand with a recycling

Size Reduction partner's requirements the method of size reduction is dependent on the output needed for recycling
process.*
Improving efficiency and minimising waste is the main consideration for a future ATSP. Just as with
Disruptor Removal size reduction, the method of disruptor removal is dependent on the output needed for recycling
process.*

*Advancing methods of size reduction and disruptor removal has the potential to unlock more
opportunities for mechanical recycling by maintaining fibre integrity.

Conveyance/Material Conveyance and the speed of feeding any sorting system if the biggest limiting factor for the
Movement throughput of the entire process.

®-®
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State of the Art Market Review

This section of the report conducts a market review that researches the availabtemmercially

ready - technologies for Textile Fibre Identification, Conveyance, Size Reduction & Disruptor Removal
and assesses their suitability for the ATSP It highlights strengths, weaknesses, and challenges that
have been identified through the interview process and technology reviews.

Each process step has specific technology requirements, extracted from-fegkl documentation
provided by work pack lead Circls.

Key technology providers were interviewed to discuss their technologies and developments, and this
Information has been collated and reviewed against the technology requirements for the ATSP.

In a future report, emerging and taevelopment technologies will be explored further.

Conveyance

Fibre
Identification

NRTdebaled

Size Disruptor Feedstock

Reduction Removal

& fed into
ATSP

|

’-----—\

& Sorting Baling

L R L L L T T

\
~

cope of Market Review

IMPORTANT: This simplified process flow is used for convenience of explanation in this report. The process
steps may not necessarily be in sequential order in relation to a-8dhle ATSP.
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High-Level ATSP Requirements & Scope of Market Review

Conveyance

Fibre
|dentification & Size Reduction
Sorting

NRTdebaled & Disruptor Feedstock

Removal

fed into ATSP

|

’-------\

Baling

\------—'

Scope of Market Review

The main driver behind the ATSP facility is to AT SPThroughput Requirements

provide high volumes of feedstock for textiles Initial TargetVVolume 25,000 Metric Tonnesper Annum
recyclers. This throughput requirement will be Future TargetVolume 50,000 Metric Tonnesper Annum

the base criteria for all technology areas. No. of Shifts 3

Note: Technology requirements for the market AnnualHours per Shift 1800*

review have been extracted from documentation Initial Implied FactoryVol. Output: 4.6 Metric Tonnesper Hour
provided by lead partner Circl8. Futurelmplied FactoryVol. Output: 9.2 Metric Tonnesper Hour

*based on 225 working days,
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Conveyance

Conveyance connects all processes across the ATSP faclility. There are several considerations
surrounding conveyance to ensure reliability and efficiency for following processes. Conveyance
dictates the throughput of the facility and provides the conditions for the Technologies (Fibre
Identification, Disruptor Removal and Size reduction) to operate.

Technology Requirement
Metric Tonnes per Hour 4.6

Garments Per Second (Initial Target) Approx. 4
Challenges Singulation (Bulk to Individual Garments)

Garment Handling- Presentation to
scanners

Garment Handlingd Sorting into Aggregate
Bins

Conveyance

|
Fibre _

l ldentification L4 et P4
i & Sorting

__________________________________________________________________________________________

N
\

Disruptor - Feedstock

/
/

NRT debaled

& fed into
ATSP

Scope of Market Review

*Based on an average garment weight: 300 gran
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Background

A fully automated ATSP facility would require the transfer of textiles between different modules to
effectively process a large volume of textiles. The whole process can be broken down into 3 distinct
conveyance challenges:

1. Feeding & Isolating Out of original scope

2. Conveyance & Scanning

3. Handling & Sortingd Out of original scope

Although this market review focussed on assessing suitable conveyance options, it is important to
consider all challenges of conveyance when reviewing equipment for the ATSP. As such, a small

Insight into feeding and handling options has been provided for consideration despite being outside
of the original scope of work.

: Challenge 3:
Challenge 1. Challenge 2: S _dg ° |
. Transporting garments around Putting individual items In
_ _Se_parat_lng the faC|||ty and presenting Correspondlng bins based S~ \ m
f |nd|\l/3|d|ukaIF|ter3$ individual items to a scanner to on composition/colour
rom bulk (Feeding detect fibre composition/colour

mechanisms)

Bale of Clothes Singulated Garment Handlingg Garment Handling;
Garments Presenting to Scanner Sorting into

Aggregate Bins
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Structure of Review

There are highTRL solutions available for solving the challenges outlined in the previous sliaguding
multiple types of conveyors, bespoke automation solutions, as well as robotic arms; all of which are
discussed in the following slides. These include:

A An introduction to main types ofconveyor systems
A An introduction to main types ofeeding systems
A An introduction to maingripper typessuitable for textile manipulation.

The interviews held by the MTC highlighted in slidesdZ5 gave key insights from industry stakeholders
and revealed notable drawbacks in current technology. A summary of the outputs from the literature
search and interviews are shared in the slides.

Investigating lowTRL options for these challenges could be helpful to support some of these challenges.
Equally, learning from material handling strategies in industries outside of textiles might be
advantageous. These will be investigated in further detail in a later edition of this report.
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Horizontal Conveyors

Simple horizontal conveyors are the industry standard and have been
proven as a reliable method for textile transportation. They often
have lower initial cost and are more accessible for maintenance. This
IS an efficient transportation method, with a simple loading
mechanism and natural versatility, capable of handling all types of
garments.

The most relevant conveyor subypes include Belt and Slat
conveyors. Other horizontal conveyor types include roller and chain
conveyors however these are not a good fit for textile movement.

Belt Conveyor Slat Conveyor
Source: JRMHoldings.co.uk [2023] Source: SpaceGuard.co.uk [2023]
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Advantages Disadvantages

Industry standard. Easy to load and  Low visual surface area of garments &
unload objects risk of overlapping

Easily adaptable to changes in
production layout. Modifications can be Textiles can potentially wrap around the
made without major disruptions to the conveyors and cause disruptions
existing floor plan

Positioned at floor level, making them
easily accessible. But takes up significe
floor space

Versatile and capable of handling a wid
range of materials/garment lengths

Generally easier to access and maintai Does not provide any garment control
Repairs and routine maintenance tasks and relies on a separate feeding
can be performed at ground level mechanism

Generally lower initial cost compared tc
overhead conveyors

Easier to integrate with existing
workflows

Roller Conveyor Chain Conveyor
Source: AlbionConveyors.co.uk [2023] Source: HRIButomatic.com [2023]
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Overhead Conveyors

Overhead conveyors cost more but provide some additional benefits
such as freeing up valuable ground space, more precise positioning g g

May require more careful integration

of individual parts and allowing more versatile layouts in 3 Mounted above the working area, due to the need for a stable and

dimensions. opt|m|2|ngofllg;)arl"s%a:)(;erﬁ]r;d TELUIEITE properly designed overhead support
P system.

Overhead conveyors are better suited to processes that require the Increased visual surface area of the May require specialized equipment or

garment for following processe$

: . . access platforms for maintenance.
potentially enabling more efficiencies

products to be hung (paint line, garment line, cooling/curing etc) but

efficacy Is yet to be demonstrated for loading inconsistent form More complex installation process due

factors e.J. Towels, Bedsheets, from bulk volumes to Single items due Individually hung garments to the need for overhead support
operational complexity. structures.
Less risk of Mechanical Higher initial cost due to the need for ar
disruption/tangles. overhead support structure.

Requires additional safety measures to
prevent falling objects.

Hanging and loading items onto them
can be complex.

Untested technology for inconsistent
form factors e.g. Towels, Bedsheets

SPIRA Hanging Conveyor with Curve

Trolley Trahspc_)rt Systems. Source: Vettefoerdertechnik.com [2023]
Source: PSBMBH.com [2023]
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Pneumatic Conveyors

Pneumatic conveyors use air pressure or vacuum to transport
materials through pipelines. Pneumatic conveying systems are widely
used in the chemical, pharmaceutical and food industries, aiming to
transport particulate materials between storage locations using either
positive pressure, negative pressure, or a combinatiéh.

Pneumatic conveyors typically work with particulates, so some
consideration to the form factor of the garments should be
considered when assessing pneumatics. For textiles, large garments
may not be handled efficiently by a pneumatic conveyor. This would
likely mean that size reduction would have to occur to allow this
method to be used. The ATSPs current process flow would limit
pneumatic conveyors to being used at the end of the process, after
the size reduction step.

s ! N; };‘x(\)an :
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UK

Advantages Disadvantages

Flexible routing, allowing for an High energy consumption, contributing
optimised floor layout to higher operational costs

Dustfree operation, promoting a
cleaner working environment which ma' Distance limitations, impacting the layot

be a consideration when working with of the facility
fibres
High throughput Noise Generation

Gentle material handling, maintain the

Integrity of the material during transport High upfront cost

No risk of entanglement Limit on size of garments

Diverter Valves

Filters

Supply

0O

Disc
Blower Discharge Hoppers

A Typical positive pressure Pneumatic

Conveyance system
Source: Handbook of Pneumatic Conveying, David Mills [2023]

[ 6] Levy, A. (2001) o6The i nfluence of a bend Handbodkbfé&owldr Teehnotodiysaviar Stieace B.Y,tpp. €89. i n pneumati c conveyiI
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Market Review Summary

Technology limitation

Floor Conveyors

Overhead Conveyors

Pneumatic Conveyors

Future Opportunities

The input mechanism of feeding the textiles onto conveyors needs to allow for high levels of control of the garments
dispensing position, to maximise the efficiency of later processdisis has been noted as théargest bottleneck for fibre
identification as garments need to beingulated and selecting a conveyance method that affords more control over
the input method of the garments could see large increases in throughput efficiency of the facility.

Industry standard, and offers wersatile, costeffective and simplesolution for transporting textiles.

An expandable option when looking at increasing the throughput of the ATSP facility from 25,000 to 50,000 metric
tonnes.

Has alarge footprint so may face difficulty if the layout of the facility becomes complexh potential for
interference or congestion in busy layouts.

Have known issues surrounding maintenance, such as chain stretch, as wiieggotential for entanglement with
textiles which was evident on some of the site visitscducted in this project.

ST ST S

Offer an efficient use of spaceand potentially smaller overall footprint of the facility.

As garments would be attached via fixed runners, it is more suited to complex layouts and cornering, as well as
providing more visible surface area of the garments for later processes such as identifying and removing disruptors.
Limited flexibility for layout changes once installedd has a higher initial investment when compared to floor
conveyors.

No automated solutions for loading garment8om bulk bales onto an overhead conveyor.

Typically operate with particulates/small sized material.

May not be suitable for whole garment transport butould offer a solution that optimises the use of space via
intricate routing of piping, after the textiles have gone through size reduction

The piping could allow for increased utilisation of floor space, reducing the overall footprint of the ATSP,

To o To  To  To T o

Available floor space, flexibility requirements, expansion capability, garment presentation and budget constraints are the
top considerations for an ATSP. @éombination of conveyance methods in different areas will provide the most efficient
use of resourcesbut other complementary technologies such asbotic grippers and material unloading should be
explored further.
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Out of original scope u
_ Robotic Feeding System| Roller Feeding System
Feedlng & ISOIatlng Ability to handle individual o e oo implement
_ _ _ _ _ _ Advantages items with high precision.
Multiple high TRL systems exist that are capable of unbaling, isolating, | |
: : . Smaller footprint Easy setup and operation
and feeding textiles onto a (conventional) conveyor. The two most | |
used methods are described here i.e. Robotic feeding systems and Expensive and requires Reduced control over
_ advanced programming and . dividual i
Roller based feeding systems. robotics expertise.. Individual items
Slower processing speed ltems are randomly engaged
Some industry and partner interviews pointed to the limitations of Sisadvant compared to a rotating drum and hence are not
" : . ISadvanitages indivi i indivi i
successfully implementing robot arms as a feeding system. Issues J S:iiifg'”d""d”a' tem individually isolated.

surrounding speed, accuracy and tangles were concerning and the - . 1

: . .. _ peed is slow enough to be ¢ : : :
technology is still underdevelopment. Similarly, rollebased feeding limiting factor. Tangling of multiple pieces
systems come with their own set of challenges so there are distinct
advantages and disadvantages for each. Depending on the
operational requirements, site design, complexity of operation and
compatibility with technology being used down the chain, either one
can potentially be a good fit for the ATSP.

Larger footprint

Rough Cost: 0 RoughCost: TBC

Bale of Clothes

&

THOR | Robot Separator Spiked Roller
Source: Inwatec.dk [2023] Source: StadleEngineering.com [2023]
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Handling & Sorting

There are different gripper types used for grasping and manipulating
workpieces. The most common gripper types are:

A Vacuum Grippers

A Mechanical Grippers

A Soft Grippers

A comparative analysis of various gripper types, including Needle

Innovate
UK

Getting a Grasp of Grippers!

Mechanical

Vacuum Gripper: Grippers

Soft Grippers Needle Grippers

Grippers (designed specifically for textiles), is presented in the table,
outlining their strengths and weaknesses in textile handling.

Manipulation
Method

Mechanical
clamping provides
a strong, stable
hold.

Suction force from
vacuum creates a
secure grip.

Flexible surfaces
conform to the
shape of the object

Needles penetrate
and secure textiles

Many additional gripper designs exist in the market to address distinc
needs, and there is potential to develop a hybrid gripper for textile
sorting in the ATSP facllity.

Surface
Compatibility

Excellent on flat

surfaces; may Versatile on a wide

struggle with range of textured

ded or textured surfaces.
fabrics.

fol

Adaptable to
irregular shapes Suitable for most
and various fabric fabrics.
textures.

Precision flat surfaces, less c

Good precision for
defined shapes;
may struggle with
irregularities.

High precision on

irregular shapes.

Moderate precision
influenced by
needle design and
placement.

Moderate precision
may not be as
accurate as others

Complexity o
Setup

Relatively simple May require precis
setup with minimal adjustments for

Simple setup but
may need tuning i
for specific

May require fine
uning for different

mgﬁiﬁz’iﬂgﬁ,?3?,,’,‘5?;““?3;’;?fjj‘?ﬁgi‘}'ﬁ““' SRUFER adjustments. different shapes. applications. fabric types.
Flat garment handling Soft Grippers . SNy 2dzf £ AQa INRARLIISNI 2y LI LISNI, Y &l Regular -
Source: YouTube.com/rochusoftrobotic [2023] Source: YouTube.confiacchannel7325 [2023] . Mmm?al _ maintenance Mmlmal Regular
. maintenance with : maintenance; maintenance
Maintenance = . . required for - : :
periodic checks or : resilient to wear required, especiall
mechanical
vacuum systems. and tear. for needles.
components.

[7] The Manufacturing Technology Centre (2023tting a Grasp of GripperdJK.


https://www.youtube.com/watch?v=RVTyvGO5LSE&t=3s
https://www.youtube.com/watch?v=dFOzceCc4Cw
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Challenges of Conveyance

Conveyance methods in the recycling industry are typically reliant on tried and tested conveyor belts
to handle large volumes of material in a consistent and reliable manner. For textiles recycling, belt
conveyors (and alternate technologies) pose some challenges for how the materials are presented
for the following processes.

Common challenges that are faced across all conveyance technologies are:

A Controlled feeding onto the conveyor (or other conveyance technology)

A Bulk textile tosingulatedmaterial

A Overlapping of textiles

AMaterial oOohangupo

AoDouble Pickso6 (when picking from bins)
A Transport to and from storage and Large Storage Areas

Bulk Clothing on conveyor Robot handling textiles Pneumatic Garment Sorting
Source: marenengineering.com [2023] Source: kuka.COM [2023] Source: Sorting for Circularity Europe, Fashion for good [2023]
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Fibre ldentification & Sorting

NRTs are collected in mixed collection
bins which include Reusable Textiles (RTs)
ATSPs will require textiles to arrive at
facilities with RTs already sorted out
and/or will require a simple, manual or Al
sort at thebeginning of the sorting
process to remove the RTs.

To allow the ATSP to produce
consistent and highquality feedstock the
mixed textiles need to be categorised
Into aggregate bins based on their fibre
composition and if required, their colour.

__________________________________________________________________________________________

Conveyance

NRTdebaled

& fed into
ATSP

Technology Requirement
Detectable Fabrics Cotton
(In any blend combination) Polyester
Wool
Viscose
Nylon
Acrylic
Accuracy >95%
Colour Detection Yes
No. of Sorting Bins 12+
Metric Tonnes per Hour 4.6
Garments Per Second (Initial Target)* Approx. 4

|dentification ‘

& Sorting

Scope of Market Review

Size
Reduction

N\
\
\

Disruptor - Feedstock

/
/

__________________________________________________________________________________________

*Based on an average garment weight: 300 gran
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Background Information

The market review has shown that Fibre identification solutions utilise a few key technologies to accurately categoriseratiok gextiles
based on their material composition. Neanfrared Spectroscopy, RGB Cameras, Ultravidletual Spectroscopy and Machine Leangiwill
be briefly explained over the next few slides to provide context for the technology review.

Near-Infrared Spectroscopy (NIR)

Near-infrared spectroscopy is a type of spectroscopy operating NIR spectroscopy Identify fibre type (often supported by ML techniques)
bet ween 780nm andi abo@nemgdothegionme mf t ha

electromagnetic spectrum. In general, spectroscopy can be
characterised by its spectral and spatial resolutions.

For fibre identification, the NIR Camera takes an image of the material
and produces a Spectrograph of the composition of the material, _— WE A S BE aR 4

which can then be compared to a validated database to identify the / \ Wavelenght, A (m)
Visible light

mate”al(s)' Electromagnetic Spectrum, NIR Indicated in Yellow

In the case of multispectroscopy each pixel covers several S ey DA A 2y 1 AT T ARy X tomnnos
wavelengths and hypeispectroscopy aims to provide a continuous
spectrum for each pixel. Most of the ready solutions presented herein
utilise a linear scanner which can produce the 2D image when the
objects are moving on the conveyor. NIR is also commonly used in the

food, chemical, agrochemical and petrochemical industriés.

uv IR Microwaves Radio and TV waves

&«
-

7-Rays X-Rays

NIR Camera
Source: geEurope.com [2023]

[8] Scientific, TThe use of neainfrared spectroscopy for raw material identification[2023]
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RGB Camera

A camera that captures the light across three wavelengths in the visible
spectrum, corresponding to the colours: Red, Green and Blue (RGB).
This allows to capture information such as colour of the material and

Its shape. Potentially image processing techniques can be used to
identify objects in the image frame (including machine learning
classification, object detection and segmentation techniques). This

allows for classification based on colour as well as giving the potential
for further object classification.

Innovate
UK

RGB camera

Identify colour (and potentially shape and position of
materials)

RGB Camera

Source: jai.com [2023]

Ultraviolet -Visible Spectroscopy (UV-Vis)

UV-Vis is imaging that uses multiple bands across the electromagnetic
visual spectrum, typically 190nm to 900nm. While RGB camera covers
three wavelengths (Red, Green, Blue), VIS spectroscopy encompasses

a wider variety of spectral bounds beyond RGB. This allows for further
classification based on colour.

7-Rays IR Microwaves | Radio and TV waves

X-Rays
2
=

1014 1012 10-10 108 106 104 1072 10-1 102 104
Wavelenght, A (m)
Visible light

Electromagnetic Spectrum, UVIS Indicated in Orange

VIS spectroscopy

More comprehensive information than RGB camera
Identify colour, shape and position

UV-VIS Camera

{2dNDSY /FEAYANRES adl 03 L2yATAy3 NIRAFGAZY FT2NJ LINBLI N} GAZYy FyR Fdzy Od A 2y PHE MPEexren 12023]
[2023]
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Machine Learning

Machine Learning (ML) 1 s a field
computers the ability to | earPHtiswi
often considered a subset of Artificial Intelligence (Al). Compared to
conventional programming, where the rules to solve the problem are
provided by the programmer, in ML the user/programmer provides
examples (data) and the rules are supposed to be found/formed by the
algorithm.

A common subfield of ML are Artificial Neural Networks (ANN) where
the learning process is inspired by the functionality of the brain neurons.
Types of ANN include Convolutional Neural Networks (CNN) which are
utilised to process image data. Convolution operation in the hidden
layers allows the network to interpret the data as 2D or 3D structdréhe
model takes into account the spatial arrangement of the inputs (not just
their values).Different types of CNNs are used for image classification,
object detection and segmentation.

1

All Fibre Identification solutions utilise Machine Learning to compare the
Images taken by the system to a database of known fibre compositions.

[9] Samuel, Arthur L. "Machine learning." The Technology Review 62, no. 1 (1959%.42

__Technique

Innovate
UK

Use case ) |

Fibre classification based on the spectral input, objecd I

Machine Leaming detection, localisation, and type classification

ALGORITHM EARNING

uﬂﬂﬂ

IMPROVES

f%%@? DEP&MNM}O|'|\||\J\|EE

# LEARNING | g
T B &

NEURAL

CLASSIFICATION NETWORKS

AUTONOMUS

Machine Learning Graphic
Source: fsm.ac.in [2023]
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Tomra AUTOSORT® NIR VIS

Facility SIPTexd 4 AUTOSORT Machines

The AUTOSORT uses nesnfrared and visual spectroscopy (NIR / VIS). Textiles are
sorted by fibre composition and colour. A Single AUTOSORT can progeSgonnes per
hour. The incoming material is delivered in bales, typically weighting 350 to 500 kg, and
requiresdebaling and feeding onto the AUTOSORT machiné’]

Tomratechnology originates from sorting other waste materials such as, packaging
waste, plastics etc. There are several adds available for the AUTOSORT, but they
typically do not have applications for fibre identification. Technologies and amits

AUTOSORT offer: | e Auteson

A DEEP LAISER sensors (amt) 8 to improve performance, laser 3D object detection Source: Tomra.com [2023]
(detection of black polymers, glass, overlapping objects)

A Electromagnetic (EM) sensors (admh) d to detect metal fractions

Near-Infrared spectroscopy

hyperspectral linear scanner

A GAIN, Albased camera sensod classification previously inseparable objects Identify fibre

For textile sorting irSIPTexonly NIR and VIS are used Visual Spectroscopp |
: : |dentify colour
hyperspectral imaging
Machine Learning no more Classification based on the
details provided spectral input
Accuracy/Purity Categories Sorted Per Maching Conveyer Speed Throughput
9506* or above 2 (up to 3)** SIPTex: 3.2 m/s 4.5 tonnes/hour £130kd £304k
P Standard: 3 m/s (per Autosort machine) (150kd 350k euros)

*  Accuracy of the whole process, including scanning, detection and sorting, corresponds of the purity of final samples
** One category- unsorted

[10]https://www.tomra.com/wastemetalrecycling/products/machines/autosort



46

e
1’ ’,l(_ ‘ Market Review | Fibre Identification & Sorting

O
Innovate M
Qb

Commercially Available Technologies oK

Tomra:AUTOSORT® NIR VIS
Facility SIPTex

Advantages Disadvantages

Could be limited to the manufacturer's technolog
. 7 — Sorting solution proven in other waste industries @ difficult to add external modules or request
T —— { nonstandard changes

Autosort used in another high throughput textile  NIR spectroscopy might not work correctly for
facility- SIPTex fibre blends of 3 or more

Tomra claims they can detect elastane blends

(even 1% elastane in cotton) Carbon black dye affects the scanning results

Highest throughput of the main solution Multiple machines needed to categorise differen
providers textile fibres (42 blends per machine)

Hyperspectral Line scanner gathers large datast

oer garment Materials cannot overlap for scanning

Tomra equipment in SIPTex
Source: Tomra.com [2023]

Initial Recommendations & Remarks

This solution is well established in the waste market from a reputable company who are now branching into the textiles market

The TOMRA Sensor deck and capabilities are advanced and shows good potential for further throughput increases if an apjgropria
feeding/singulation method could be developed.

Some technological details were not provided during enquiries due to IP related concerns, around the classification methddsauracies
The Autosort machine is modular with a number of adoins being available although they have limited applicability to textiles the moment.

Due to the limited number of categorisation bins per machine, and the high number of categorisation bins required in the fac8i®y, the overall
cost for a Autosort solution could be higher than expected.

TOMRA are setting up a dedicated textiles machinery department which could see texdjpesific developments occurring in theext 12 months
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Valvan Fibersort"
FacilitiesThe Salvation ArmyCetig Wieland Textiles

The Technology is based on a combination of nearfrared (NIR) spectroscopy and

RGB camera. Textiles can be sorted by fibre type and colour. Nominally 6 fibres have
been distinguished: wool, cotton, polyester, viscose, acrylic and n@ahnis can be
extended as long as there is sufficient data for new fibres to teach the system. A single
Fibersortline is designed to process 1 textile per second. There is also a-semi
automated offering with the average capacity (where feeding is manual) 5.200

11 :
kg/h- [11] Render of a Fibersort line

. _ Source: Valvan.com [2023]
The length of the sorting conveyor and the number of blower positions depend on the
number of different fibre/colour compositions the customer wishes to distinguish. The

sorting conveyor has a minimum of 6 categories and extra categories can be added

optionally (max. 50 categories). Different layouts are available upon request.
Near-Infrared spectroscopy

The algorithm returns a precise estimation of the fibre concentration in a textile. Mature hyperspectral linear scanner Identify fibre
and welttrained systems can achieve accuracies as high as 95%, provided that there is RGB Camera Sty el
enough clean data in the library. Machine Learning Classification based on the
TheFibersorts sold as a complete solution, including deballing, robotic pick and Convolutional Neural Network spectral input

singulation and thefibersortsystem.

Accuracy/Purity Categories Sorted Per Maching Conveyer Speed Throughput

; ; . 0/a% **
Slggll?bfrlgr;ebrl]edr.]i.put% t§52/2*/° Up to 50 (for dual conveyer) 0.7 m/s 1'%53”&?(’!2;23 £1 Million per Complete Line

*  Accuracy of the whole process, including scanning, detection and sorting, corresponds of the purity of final samples
**  The limiting element in speed is the feeding system (if two prototype feeding robots used, each can provide 600 kg/h)

[11]https://www.fibersort.com/
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Valvan:Fibersort"
FacilitiesThe Salvation Army, Cetia, Wieland Textiles

Advantages Disadvantages

Flexible solution, with manufacturer supportin NIR might not work correctly for fibre blends of 3

the design process or more
Customizable number of fibre/colour categories Each fabric needs to be singulated before
scanning

Many fabric blend types sorted/detected using Carbon black dye affects the scanning results
one scanner (up to 50 types)

Additional system for wet material detection Relatively low throughput for the machine
COTToN [ | POLVESTER | |PoLYCOTTON Valvan solely dedicated to textiles development Elastane blends in cotton are difficult to be
._ detected

Animation showing pneumatic sorting

Source: Valvan.com [2023]

Initial Recommendations & Remarks

This solution can detect up to 50 defined blends, aligning with the high number of categories that are required for the ATSP

Fibersort solution was designed directly for textile sorting, and Valvan seems very flexible with making changes and adbptsygtem to
customers requirements

Two step classification process provides information about the percentage of each fibre type in the blend
Valvan were relatively open with information about their technology and are flexible to adapt their solution

The throughput of the Fibresort is below the requirement of the ATSP and would require multiple lines to meet requirements

The company have developed a robotic feeding system that singulates garments for a fully automated solution
Valvan developed another syste@ TrimClean, that cuts the fabric in to smaller pieces and removes disruptors


https://www.fibersort.com/en/technology
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PellencST:Mistral Connect e Dl i
Facility:Nouvelles Fibres Textiles =L (T |

Nouvelles Fibres Textiles Pilot line is the first to implemere | | e autmrdaled sorting
technologies to process high volumes of pesionsumer textile waste and turn it into
Industrial grade feedstock.

The Mistral Connect utilises a unique spectrometer for complete coverage of the NIR/VIS
spectrall?li3lThe Machine also offers a multream spectrometer that utilises focused light to
Increase the accuracy of the signal, and this option increases the number of output categorie

as it allows for two conveyor streams. Mistral Connect
. . . . ) . Source: PellencST.com [2023]
The same machine is used in Spain fimisertega capable of 4 tonnes/hour with purity
levels of more than 98% (for natural fibres and petroleurti}! Sensor Deck Purpose
Note: The Feeding system is the bottleneck of the system, with an estimated throughput  NearlInfrared spectroscopy dentify fi
. : : : : : ) y fibre
capability of 60 7 Tonnes per Hour, if the feeding mechanism could provide this. hyperspectral linear scanner

Visual Spectroscopy

Main features of Mistral Connect: . .
hyperspectral imaging

A Multi-stream spectrometer
A Focused light for accurate signal
A Complete coverage of NIR VIS spectra Machine Learning Classification based on the
A 2D object stabilisation DS Il

Accuracy/Purity ing Conveyer Speed Throughput

|dentify colour

Improve sorting efficiency by

FEIR) (I AIUIE eI providing higher resolution

Single fibre blend: 97%?* 2 (up to 3)** 3-4 tonnes/hour
cotton, above 90% polyester; Or 4** categories when multi 3 m/s (per machine) TBC
2 Fibre blend: above 75% Stream P

_ : : *  Accuracy of the whole process, including scanning, detection and sorting, corresponds of the purity of final samples
[12]https://www.nouvellesfibrestextiles.com/ *  One categoryd unsorted

[13]https://www.pellencst.com/andritnouvellefibrestextile newpartnership/
[14]https://www.pellencst.com/textiescycling
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Pellenc STMistral Connect
FacilityNouvelles Fibres Textiles

Advantages Disadvantages

The solution can handle 15 types of blends, and
depending on the market demand their solution
can be expanded to include more blends

NIR spectroscopy might not work correctly for
fibre blends of 3 or more

Multiple machines needed to detect higher
number of textile fibres (only a few blends per
machine)

New development utilises Midnfrared (MIR) to
combat the challenge of Carbon Black Dye

unuum'mm .ﬁ'.'{,'l,'{f,,'}ggmmlmll|u|nr | 4 Relatively high throughput of the machine Materials cannot overlap for scanning
Wi ﬂﬁmﬁll%|ﬁ||' i :
5 |

LR Multi-channel conveyer stream availabée
= I allowing one machine to detected more fibre

blends categories

Mistral Connect
Source: PellencST.com [2023]

Initial Recommendations & Remarks

This technology is tried and tested across multiple waste streams, and proven in textiles through the Nouvelles facility.

Limited number of aggregating binsvould require multiple lines to meet the ATSPs requirements, but the Msiteam option provides additional
output bins compared to traditional ballistic separators

Additional option of a multistream spectrometer and prototype technology for black carbon dye detection.
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PICVISAECOSORT TEXTIL optical sorter
FacilityColeo
The ECOSORT TEXTIL optical sorter allows the automatic classification and separation c

‘4 Sorting Conveyor Belt

textiles by composition (NIR), colour (VIS) and/or shape (deep learning). Can be configure
to make quick changes in the automatic classification of the different textile materials.
ECOSORT TEXTIL is designed to work on 1000 mm belts and can be combined with botl

pneumatic sorting system and a robotic arm such as ECOPICK (an artificial intelligence (/
based robot that recognizes and classifies a wide variety of objects on a conveyor belt) to

Feeding System

Lateral Blowing System
Manual / Automatic

*Customized N° Outputs

separate the different textile categorié®!A Single senseibased scanner can have from 6 B e
(for single conveyor) up to 38 outputs (double conveyor) with throughput for the double Ecosgrtgptlcal Sorter
conveyor of up to 2000 kg/h (air consumption 2400 Ipm). Source: Picvisa.com [2023]

The design options include automatic feeding, automatic sorting and a double conveyor.

: : : _ NearInfrared spectroscopy
PICVISA also offer solutions for Disruptor Removal (reviewedlode 7§ and waste hyperspectral linear scanner

recycling, The ECOPACK optical sor&A Ballistic Separator similar to th&utosortand RGB Camera Identify colour and shape
Mistral Connect

|dentify fibre

Classification based on the

Machine Learning spectral input

Accuracy/Purity Categories Sorted Per Maching Conveyer Speed Throughput

Double Conveyor: 2 tonnes/hour About £301k

O/n% *%
95% 38 SO Single Conveyor:-1.5 tonnes/hour (350k0)

*  According to companies' online catalogue, depends on the training sample and this can include blends of more than two fibres
**  The number depends on the conveyer configuration, and it can be higher, the presented number come from one implemented solwith double conveyer

[15]https://picvisa.com/en/ecosortextil/
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PICVISAECOSORT TEXTIL optical sorter
FacilityColeo

Operation scheme: Advantages Disadvantages

Flexible solution, with manufacturer able to adju Each fabric needs to be separated before scanni
the design to fit the customers requirements

@ A =

O O Customizable number of fibre/colour categories  Carbon black dye affects the scanning results
- JU; J[l; Jll; Many fabric blend types sorted/detected using Relatively low throughput for the machine
C// L——= I i \) one scanner (up to 70 types)
| | Several solutions available for sorting such as Feeding the garments onto the conveyor is the
I ECOSORT and ECOCLIP bottleneck of the system
\( f Established manufacturer in the waste sorting
oA >70

industry

Graphic showing pneumatic sorting
Source: Picvisa.com [2023]

Initial Recommendations & Remarks

High number of categorisation bins meets the requirement of the ATSP

PICVISA offers several sorting solutions of varying scale and seems to be flexible in their design.
PICVISA offers a few solutions for textile sorting, for both whole garment sorting (Ecosort) and trimmings (Ecoclip, shehda #v)
Multiple (Min. of 2) systems would be required to meet the ATSPs throughput requirements
The company claims that can identify complex blends with 3 fibres, depending on the training sample



53

! ’,tc ‘ Market Review | Fibre Identification & Sorting

Summary Table AUTOSORT Fibresort Mistral Connect ECOSORT
2 y Tomra Valvan PellencST Picvisa
| criteria_____| Specification | | Specification | | Specificaton | | Specification | |

Lower
Limit

Upper

Measures Limit

Acceptable

: Polyester,
DIESE I [FEISliIce Cotton & | All Al Al Al
(Listed on slide 34)
Elastane
Single fibre: up to Smglg;‘:ﬁie: 90
0)
Accuracy/Purity 75% 95% >05%| 95%* or above : 99% _ Dualfibre blend: 95%*
Dualfibre blend: up
above 75%
to 95% )
(polycotton mixes)
: 2 (up to 3)
Categories §orted e 12 ~12 2 (up to 3)* Up to 50 (for dual Or 4* (with multi 38+
machine conveyer)
stream)
e ] 1 45 | >45 4.5 1.2 4.0 2.0
machine (Tonnes/hou
Colour Sorting No Yes Yes Yes Yes Yes Yes
UK Support Offices| No Yes Yes ves, UK enhgineerl No Sales only: Irelan No
support available
NIR NIR I\\l/:g NIR
Sensor Deck VIS RGB
: : : : RGB RGB
Machine Learning Machine Learning : :
Machine Learning
Approx. £1Mper
Cost £130k- £304k complete line, inc. TBC Approx. £301k
feeding

Note: Information has been provided by technology suppliers and has not been validated through testing/trialg """

Suitable |

Potentially
Suitable

Not
Suitable

Disclaimer: All the equipment reviewed above are proven, commercially viable options. The RAG status reflects a brief asse$she equipment

specifications against the t he

requirements of

ATSP and does
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HAND SCANNERS FOR QUALITY CONTROL AND ASSURANCE AUDITIN

In addition to fully automated sorting solutions, there are a number of
handheld spectrometers available.

Similar to the automated solutions above, these handheld spectrometers / j
use a single point neainfrared scanner to assess the wavelength of the AR
fabric and compare this to a database of known fabrics.

These handheld spectrometers, may be suitable for biil&@mogenous NRT
lines, and can be used anywhere in the facility for quality control and quality
assurance.

FabriTell Textile Identification Device
Source: Matoha.com [2023]

Scanner Sensor Deck Resolution Identifying Battery Measurement

- Supplier Colour Operated Time

:\:/Ia;ggzn W?i:nfé%(%oig%glsm ~ 10% No 6-82h6o(l)£zmb§t]tery ~ 1 Second £3,499 + VAT
R S “

Tk SeRNR L LRTL e POT noumeiae T
SNéré)cr]tfa?Eigri]neers WSLi:nféZC%OiggglrI?m Una:\lj;(i)lable No 010 Ho uinfodnavailable TBC
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Market Review Summary

Technology Limits

AUTOSOR® /Mistral
Connect

Fibresort"/ECOSORT

Future Opportunities

Throughput is limited by the feeding of the garments into the fibre identification system, and not by the
sensor decklf automated feeding can be improved, overall throughput will follow.

The accuracy of the sorting system is entirely dependent on the validity and size of the data library that is
being used as reference.

There are numerous hand scanner options available that are viable options for quality control and auditing.

The Ballistic Separator sorting technique, such as the AUTOS®RIi1d Mistral Connect, have been
introduced to the textiles market from municipal recycling applications

They offera high throughput but have limitations on the number of categories that each machine can
sort. This would mean thamultiple machines would have to feed into each other to reach the desired
number of categoriesincreasing the overall cost of the system and the floor space requirements.

The Fibresort' and ECOSOR®ffer a more compact design with better scalabilithould more
categorisation bins be required (by extending the output conveyor), givingpatentially higher initial price
point but may be a more futureproof optionIf more categorisation bins are required with AUTOSGIRT
or Mistral Connect, whole machines are required and additional floor space.

However, these systemisave a slower throughput and would require a minimum of 2 separate lines
to meet the ATSPs requiremenfgain, the limiting factor on throughput is the singulation and feeding
mechanism of the system.

No single technology on the market satisfies all the ATSPs requirements, and some collaborative

opportunities should be exploredTwo i nt er vi ewees commented that they w¢
(Sensing technology) in the front and the Valvan Fibrest&t{ Sor t i ng System) in the back
a site visit with Tomra, the technology provider state

companies 0O
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Fibre Identification & Sorting Conclusions

No single Fibre ID & Sorting system is specifically tailored to meet the needs of the ATSP. Of all the technology on the
market reviewed,] o mr AJBOGESOR® andV a | vRbresode" systems were the closedit suitable options for an ATSP, each

with their own benefits and drawbacks.

K TOMRA == VALVAN

A Long proven track record in the textile sorting industryarticularly in baling

and conveyance systems
A Have been advised by industry experts that they are keen to enter the UK market
A Track record of automatic sorting demo plant collaborations in The Netherlands,

A Long proven track record in the recycling industry

A Larger size company with dedicated textile R&D machinery facility

A Proven track recordiovo r | d 8 s  f -scalsautonmiateddtextdes r i a
sorting facility (SIPTex, Sweden) ; feedback from chemical recycler who
uses feedstock fromSIPTee [ on arri vNiOt hinmg eh a i %\rf pd| agdghe gk

willing to collaborate with other technology providers garment singulation (in development), conveyance and thé@resort"

AUTOSOR® Fibresort"

A Highest throughput, but struggles with scalabilityhe limited number A Throughputis slower h a n TAUTOIS@ORE but system is astomisablein

of categorisation bins available requires multiple machines to be number of fibre/colour categoriesd potentially up to 50 sorting categories if dual
Integrated together, taking valuable floorspacéour machines used at the conveyors used
SIPTex plant A Throughput is limited only by garment feeding system. Increasing rate of feeding will
A Claims that they can detect elastane blends (even 1% elastane in cotion) increase throughput capacity.
useful for chemical recycler 0s r e @uompaditstaible design minimises floorspace requirements
A Lower up-front investmentas individual machines are a fraction of the A Elastane blends in cotton difficult to be detected.
cost of oneFibresort" system A Higher up-front investmentfor one Fibresorf" system, however system is more

adaptable and scalable for developing sorting needs



https://www.tomra.com/en/waste-metal-recycling/media-center/customer-stories/sysav-industri-ab
https://www.tomra.com/en/waste-metal-recycling/media-center/customer-stories/sysav-industri-ab
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Challenges of Fibre Identification & Sorting y
A g
The technologies on the market for fibre identification and sorting have been || | NI g/ '
developing well, with more manufacturers particularly from a waste recycling I — N N
background transitioning into textile sorting. Fibre classification appears to be of e
relatively high TRL, however each manufacturer faces distinct challenges that do nf - - =
yet have solutions. Compositon \dentiicatior

Common challenges that are faced across all the Fibre Identification technologies
are:

A Lack of availability of reliable fibre data for creating reference database

A Overlapping of Garments during scanning

A Multi-layer fibre identification

A Carbon Black Dye identification

A Elastane identification s S o e S g o

A Pigment & Dye Classification o S g

A Fabric Structure Identification (Knitted vs Woven) kNt

Fabric Structures, Knitted vs Woven
Source: AutoTextile.com [2023]
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Size Reduction

Both mechanical recycling and some chemical Technology Requirement
textile recycling methods require the garments to
be pre-processed into larger cut/filleted pieces
(mechanical) or cut into smaller swatches

Chemical Recyclers Short Fibre Lengths, No individual Fibres
8mm?2 to 80mm?

(chemical). Feedstock requirements vary across theMechamcal Recyclers Individual, Long Fibre Lengths

recycling methods, with mechanical recycling 18D

requiring long fibre lengths to be preserved and Metric Tonnes per Hour 4.6

chemical recycling requiring small cut swatches Garments Per Second (Initial Target)* Approx. 4

which are easier to feed via higholume hoppers,

and then broken down chemically. o Existing manufacturers have been contacted to try and determine the best system for the
Discussions with industry figures showed existing role, including Andritz, Wagner Shredder, and Dellorco & Villani.

technologies but none tailored for the purpose of

producing feedstock for textile recyclers. The

greatest challenge currently is determining a clear

feedstock specification for recyclers. e

N

\

Conveyance ‘

- Size Disruptor i Feedstock
Idgrggﬁﬂ:;)n ‘ Reduction Removal ‘

/
U

__________________________________________________________________________________________

Scope of Market Review

NRTdebaled

& fed into
ATSP

*Based on an average garment weight: 300 gran
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Shredders

Similar to paper shredding, a single shaft or
dual shaftshredder relies on either one
bladed cylinder against a fixed edger two
cylinders rotating into each other, with a
sievelike grate underneath to allow
sufficiently small material to pass through.

Twin-shaft shredder, Proshed 800
Source: WagneBhredder.com [2023]

Background information 0 Technigques TN

rrrrrrrr
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Innovate w
UK

Advantages Disadvantages

One of the highestthroughputs  Produces irregular outputengths
out of availabletechnologies, but with raggededgesand loosefibres
information unavailable for textile:

Shaft shredders
tend to be easierto maintain

Limited precision, only allowing
contr ol over t he
size of the textile

Large amounts
of loosefibresor textile 'dust’

Versatile, capable of handling a
variety of fabrics including woven
and knitted

Guillotine Cutters

Relies on a scissor effebetween a fixed blade and second
reciprocating blade edgeusually attached to a connectingod and
flywheel, with the distance between blades determining the output

material size.

fiber material

cuttings

Production direction

>

Schematic of Guillotine Cutting
SourcePierret.com [2023]

Source: Dellorc/illani.it [2023]

Advantages Disadvantages

Typicallya lower
throughput compared to other
continuoussize reduction
operations

Precise cutting, with good control
of output sizes

Minimised fraying due to sharp
cuts

Versatile, capable of handling a
variety of fabrics including woven
and knitted

Produces minimal 'dust' comparec
to alternative processes

Output Swatches from Guillotine Cutting Machine
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Rotative Cutting Machines

The core of the operation involves a set
of blades rotating rapidly, while textile 3
material passes through the cutting area.,
The circular motion of the blades allows S
for continuous cutting along the length —

(or width) of the material.

TRM Rotative Cutting Machine
Source: Dellorc/illani.it [2023]

J Capable of handling a broad

Background information 0 Techniques -

ACT

FFFFFFF

Innovate v
UK

@ 2 Advantages Disadvantages

High throughput capabilities due
to high-speed rotative cutters

High initial cost

Complex setup and maintenance,
dependent on setup

Large footprint

range of materials
Precision cutting

Tearing Machines

Fabric passes between sevetahring cylinders fitted with needl@ins,
Increasing in number asnaterial size is reduced to pass ®ach
cylinder. This process reduces fabrics down to a streahfibrous tufts

I

r N N , \
:

E.\\\dg@ a- =

Uo—

| i i I i) 8 L1l |

Tearing Machine Schematic
Source: Andritz.com [2023]

Advantages Disadvantages

Often has a higher
throughput compared to cutting
or guillotine machines

Cannot perform precise cuts
or produce specificsizing'sof
fabrics,'swatches'

Aids in retaining fibre length for
recycling

Process produces
loosefibresand textile 'dust’,
requiring PPE fooperators or
pose along-term hazard

Not suitable for all fabric types

Large footprint
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Del | &VYillami:®IGC Guillotine Cutting Machine

Del | &¥Yillam gell complete recycling lines for specific output use cases as well as Advantages Disadvantages

individual machines. Good range of cut sizes, covering The cut size potentially needs to be
Their MGC Cutting Machine has a Omedium ¢ much of the specification for customized to operate at smaller 5 D
handling waste, textile fibres, paper, and various plastic materials. The process begins as chemical feedstock than 10mmto satisfy some chemical

the material is placed onto the feeding conveyor, which then employs a dpatssing recyclers

cylinder delivery system to position it in front of the cutting assembly. The "medium Integrated blade sharpening,

scissor effect cut" is an engineered blade mounted on a support connected to a unigue increasing uptime and reducing

linkage mechanism with an inertial flywheel, complemented by a counter blade securely maintenance requirements

affixed to the central, monolithic crossbar of the machine. This setup ensures a clean cut
without any unsightly filaments, all while maintaining the efficiency and production
capacity typically associated with higtut machines boasting 700mm cuts, but with a Dellorco-Villani have been in the
significantly lower total power consumption. textile industry since 1964

Low power consumption

The machine comes equipped with a mechanical blagege restoration system that
functions while the machine is in operation, guaranteeing continuous performance. With
the capability to handle materials stacked up to approximately 350mm in height on the
feeding conveyor, this machine offers both flexibility and reliability. Users have the
freedom to select their desired cut length, ranging from 10mm to 60nt¥i.

*De |l | &Wilani cepresentatives advised this machine is best suited for synthetics
and filament wasted while rotative cutting machine is most suited for second hand
clothes.

Installed Precision Cut Size Throughput | Dimensions (LxXW x H Cost

Power + Working Width
12.85 kW 10mm to upto2T/h 4164 x 1220 x 1587mm ~ £57,000
60mm
Working width: 700mm MGC Guillotine Cutting Machine

Source: Dellorc/illani.it [2023]

[16]MGC Guillotine Cutting MachineDe |l | 6 Or c.o & Vil |l ani
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Advantages Disadvantages

Pierret N45 & N60 Guillotine CUtting Machine Automatic cutoff in case of a material Requires manual operator, no signs o

Cutting machine is driven by two thre@hase asynchronous motors, seEly Lo automation integration

advertising405/290 cuts/min, respectively. Very low power consumption Lower throughput than other options
. . : : : FOR available

Border Technologies (UK supplier Bierre) representative advised that N60 Large cut 3'2‘: F';?:g:i’OVr‘]"th high levels

offers a higher overall throughput if you can feed it in at the maximum width.
Blades are much quicker to change

Pi e rtnial_efatciﬁxie_s In Belgium can run a trial for the ACT project to see what compared to shredder blade® Pierret
throughput is possible. offer a blade swap service
The material is conveyed on a feeding belt to an awaiting hardened steel roll Pierret have specialized in guillotine
assembly. The rolls compress the material on the feed table and dravwewards cutting machines since 1925, dedicate
the cutting knives. The scissor effect produced between the mobile knife and the  for textiles preparation UK service
fixed knife edge guarantee a cleardged, meltfree cut and the roll adjustments providers available, already several
allow for easier loading of varying shapes of garment and textil€he flattening selElalBlst) GBS 1N i Ulx
rollers mean that this system could handle bulkier garments or sampléth one Pierret offer an automatic feeder
less preprocessing stage whilst the rapid scissors effect provides accurate cuts. capable of being placed upstream

The fixed knife edge would result in clean edge cuts, reduciiiye size but
ensuring a lack of frayed edges and loogires!i’]

Installed Precision Cut Size Throughput | Dimensions (L x W x Cost
Power + Working Width

7.1kW O2.54mm at From 3mmto Upto 1.5 T/hr 3,700 x 1,080 x £47,500 forbase
3mm cuts 125mm. 1,330mm unit, potential for
Working Width: additional options

450mm

N60 13 kW + at3.81lmm From4mmto Upto3T/hr 3,720 x 1,234 x 1,475
at 4mm cuts 118 mm N45 Guillotine Cutting Machine

Working Width: Source: Pierret.com [2023]
600mm

[17]N45 Guillotine Cutting Machine Pierret
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WIPA:WGA/WGAD Guillotine

Continuous qguillotine cutter relying on one moving and one stationary blade Advantages Disadvantages

resulting in a precise scissor effect. Materials can be fed into the cutter manually Highest throughput of the observed Requires additional feeding devices
or by means of a specially conceived feeding device. This system is designed to systems for bulky materials

shred fabrics and textiles, additionally able to process films, foils, fleeces, and Good range of cut sizes, covering

nonwovens. Materials are transferred to a compression device to be moved much of the specification for

towards the twin knives. The cutting gap can be adjusted by two handwheels chemical feedstock

during operation, perhaps an unnecessary addition to be able to adjust during A Metal detector can be equipped,

running operations. The system can handle infeed material of thickness up to supplied by WIPA

500mm, making it asuitable system for thicker textiles found outside of fashion

Easily adjustable cutting sizes
markets.[18] Y&t J

WGA Guillotine Cutting Machine
Source: wipagermanny.de [2023]

Installed Precision Cut Size Throughput | Dimensions (L x W x H Cost
Power + Working Width

22kW 10mm to Upto 2.5 T/h  Working width: 600mm
200mm

WGA Guillotine Cutting Machine
Source: wipaGermany.de [2023]

[L8]WGA Guillotine Cutting Machiné WIPA Germany
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Commercially Available Technologies

Del | &VYillami:oRM 1000 Rotative Cutting Machine

De |l | &Villam sell complete recycling lines for specific output use cases as well as individual machin
Rotative cutting machi nensamerclothimmlredyclingdinepar t of

It is designed with blade
longevity in mind, reducing the
need for frequent blade
replacements and maintenance.
This not only enhances
operational efficiency but also
contributes to cost savings over
time. the TRM 1000 Rotative
Cutting Machine offers a
powerful solution for efficiently
managing textile waste while
maintaining the highest
standards of precision and
productivityl1®]

N&w

198v

Post-consumer Clothings and Hard
Wastes Recycling - HIGH CAPACITY

* Auto feeder for cutter

Rotary Cutters

* Mixing-Storage chamber

* Hopper Feeder

Pre-Shredder 2 cylinder
Cleaner-Removal machine BM
Hopper Feeder

* Final Tearing 3 cylinder

Metal Detector

Bale Press Carousel type

ani

D
Textile Recycling & Blending

Dimensions (L X W x H) +

18.7 kW 14mm to 68mm  upto 2 T/hr

Working Width
5240 x 1580 x 1470 (H) mm

£56,500

Working Width: 980mm

& Vil |l ani

Innovate
UK

Advantages Disadvantages

Blades are designed for  The cut size potentially need:
longevity, reducing to be customized to operate
maintenance and increasing at smaller thanlOmmto
operational efficiency satisfy some chemical
recyclers

Fair range of cut sizes,
covering much of the
specification for chemical
feedstock

Higher installed power than
Guillotine Cutting Machines

Dellorco & Villani offer demos
and trials in their [aboratory

DEMO trial in our facility

TRM 1000 Rotative Cutting Machine processing textiles
Source: YouTube.com/Dellorco&Villani [2023]



https://www.youtube.com/watch?v=OKhwpLAEsFM&t=8s
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Innovate < S i
Commercially Available Technologies UK o S

Andritz LarocheStarcut500"

Uses a rotary cutter machine that features a cutting head equipped with either 2

or 4 flying knives. The Laroch8tarcut500 is a rotary cutter designed to handle Used in the Nouvelles Fibres Textile Lack of information online
a wide range of processible materials, making it suitable for various industries facility

and applications. Some of the materials that can be effectively processed by the Andritz have over 100 years' Andritz have not responded to
LarocheStarcut500 include: textiles, paper and cardboard, plastics, foam, experience in developing automatior enquiries

rubber, fibrous materials, composite materials, films and laminate, and-nhon equipment for natural fibres

ferrous materials. It has a feeding conveyor that extends from the machine,
allowing for easy access and hasdiee material placement and retriev&®

\ 1 <a "~
,L_ﬂ\/y

STARCUT

Laroche Starcut 500 Schematic
Source: Andritz.com [2023]

Installed Precision Cut Size Throughput | Dimensions (L x W x H Cost
Power + Working Width

Working Width: 500mm Laroche Starcut 500

Source: Andritz.com [2023]

[20] Laroche Rotary Cutting MachineAndritz
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Commercially Available Technologies UK

Dellorco& Villani:Mondial M1900 Tearing Machine

Composed of a series of independent modular units, the first unit is equipped

with two feed rollers, while the second unit is equipped with a cylinder wrapped System configuration allows for easi Undefined output, not yet clear what
on rigid wire as well as a dish feed. The series of independent units allow for easy  of access for maintenance cycles,  size limitations the tearing can
extension simply by implementation of additional units if more tearing is reducing downtime operate at

required. An external device collects any unopened materials that get rejected Direct drive motors eliminate the ~ Output generates large amounts of
by the machine and can return them to the hopper feeder for reprocessing. A NEel Sl U =1 Ol E RS et ﬁbrefégli?;:‘;t usable by

device positioned on each unit can adjust the guality of returned material. The

cylinder top covers can be opened in two parts that can easily slide onto the Fibre 'dust’ can present long term

health hazard to operators if left

frame of the r_nachine_ for ease c_)f access. | unmanaged& is a potential fire
Whilst wellsuited for implementing in greater numbers, the tearing process hazard
proves unreliable in managing output quality and produces a mass of torn High installed power

[rp?terlal of reducedfibre length, reducing the suitability for mechanical recycling.

Installed Precision Cut Size Throughput | Dimensions (LxW x H Cost
Power + Working Width

115.87 kW 2 T/hr 5050 x 3650 x 1660mm
Working Width: 1900
mm

Mondial Tearing Machine
Source: Dellorciillani.it

[21]Mondial Tearing MachindDe |l | 6 Or c.o & Vil |l ani
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Commercially Available Technologies

Wagner Shredder:Wagner Single Shaft Shredder Procut 1900

Unsorted textiles are fed into the singlshaft shredder, where a rotary drum
fitted with 99 knives will reduce the material down to a size determined by a
screening unit with varying holes, shapes and sizes to vary output. Each knife
offers a quickchange system for shorter downtimes as well as a maintenance
flap for quick and easy access to tools. Inside, a swing pusher shifts material
towards the rotating drum tominimisematerial leakage.

The largest modelin the Procut selection in order to ensure the throughput can
meet demands from recyclers, the 1900 model has the greatest input feed but
the throughput cannot be quantified at this time.

The single shaft shredder was determined to be more suitable than tshaft
shredders due to an increased throughput and twishaft shredders being more
susceptible to downtime from stray disruptors jamming the mechani&ah.

Installed Precision Cut Size Throughput | Dimensions (LxW x H Cost
Power + Working Width
1x110/1x 10mm to 3750x2300x2720
132 kW 80mm Cutting spacevolume:

3.7/m"3

[22] Procut 1900 Shreddéy WagnerShredder

o
Innovate w
UK

Advantages Disadvantages

Can be outfitted with an output ~ Shredded output may not be suitable
conveyance method for constant  for chemical recycling needs due to
movement of shredded textiles out o  loose fibres and 'dust' produced
the system

Externally mounted motor unitto  Shredded product cannot be cut to a
reduce time required for motor specific size, only reduced to the
maintenance if overloading occurs minimum size required to fall
through the screening filter

High installed power

Wagner Single Shaft Procut 1900
Source: Wagneghredder.com [2023]
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Vecoplan VAZ 1600

The VAZ range fromVecoplanoffers a robust, powerful and energy efficient

shredder capable of being adapted to meet a variety of requirements. The VAZ Can be equi pped Slhiradded dutput may Fot bie pujiadle 6
series has a wide range of configurations available, with rotor lengths ranging to prevent damage for chemical recycling needs due to
from 800 to 2500mm and associated throughputs ranging from 0.2iFup to loose fibres and 'dust’ produced
25T/hr. : : |

The Vaz 1600 has been used by shredding companies for textiles, and can have  High throughput options, matching - Shredded product cannot be cut to 2
output sizes as small as 6mm, determined by the design of the screen. the requirements of the ATSP specific size, only reduced to the

minimum size required to fall

The VAZ seri es can be eqg-tensiponeeaunteri t h t through the screening filter

knife that prevents damage by tramp materi&f! Verified by ACT Consortium membe

for textile shredding

Vecoplan®
“a
Installed Precision Cut Size Throughput | Dimensions (LxW x H Cost
Power
55 & 90kW 6mm to 6T/hr 4295x2625x1500
80mm

Vecoplan VAZ1600

Source: vecoplan.com [2023]

[23] VAZ Shredder for reusable materidVecoplan
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Note: Information has been provided by technology suppliers and has not been validated through testing/trials.

MGC Guillotine N45 Guillotine WGA Guillotine

Summary Table TRM 1000 RCM Starcut Mondial M/1900  Procut 1900 VAZ1600
ummary Dellorco & Villani Pierret WIPA Dellorco & Villani Andritz Dellorco & Villani Wagner Shreddel Vecoplan

| Criteria_____| Speciication | _Specification | _Specification | _Specification | _ Specification | _ Specification | _Specification | _ Specification _

quﬁr Acceptable 7]

Measures

Lim Limit
Machine Type N/A Guillotine Cutter| Guillotine Cutter| Guillotine Cutter| Rotative Cutter | Rotative Cutter | Tearing Machine Shredder Shredder
Throughput per
machine 0.5 4.5 >4.5 2.0 15 2.5 2.0 TBC 2.0 TBC 6.5
(Tonnes/hour)
M'”(ﬁ‘r‘rf)s'ze 100mm  10mm | 3mm| 10to 60 . 3t0 125 10 to 200 14 to 68 TBC 10 to 80 6 to 80
'”Sta'('lf\‘;'vf owel S1251 75 | <50 | 12.85 71 22 18.7 TBC 114.87 . 110 55-90 .
X S_u Flpet NoO Yes Yes No NoO NoO NoO Yes NoO No Yes
Offices
e G 700 450 600 980 TBC 1900
(mm)
[()L”:‘(evr\‘/s)'(olr_‘s 4164 x 12203700 x 1080 RO 5240 X 1580 RO 5050 x 3650 (3750 x 2300 [l4295 X 2625
1587 1330 1470 1660 2720 1500
(mm)
Cost £57,000 £47,500 TBC £56,500 TBC TBC TBC TBC

Suitable |

Potentially
Suitable

Not
Suitable €

MTC have faced some difficulty in obtaining information for some size reduction technologies due
to the lack of understanding around feedstock size requirements for Chemical Recyclers. Many
technology providers believe they can configure their systems to match the physical feedstock

specification if it was provided.

Disclaimer: All the equipment reviewed above are proven, commercially viable options. The RAG status reflects a brief asse$she equipment
speci fications against the requirements of the ATSP and d:
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Market Review Summary

Interviews with technology providers highlighted the lack of specification of feedstock for chemical
recycling. There is not enough information surrounding physical feedstock requirements to provide a detailed
specification to technology providers. Technology providers have stated that tisuld be able to configure
machinery to create a desired output, if the output specification was clear.

Feedstock Requirements

: : Theguillotine cutting systems offer the most control over the swatch output sigdich is critical for
Cutting vs Shredding some chemical recyclers, as well as offering moderate throughput that can be bolstefadnultiple units
running simultaneously.

Shredders offer the greatest throughput option, but their design limits the control on output sizéth
screening grates being the only control feature. This poses potential issues for the feedstock specification of
some chemical recyclers.

Consideration must be given towards particulates and irritants that these systems will produce and whether
Health & Safety a production line using multiple systems should be contained within barriers to trap dust and
loosefibresthat can be a fire hazard, as well as a lortgrm breathing hazard to operators irctlose

proximity for extended periods of time. PPE can mitigate some of the operator's risk via respirators.

No single size reduction machine can meet the needs of both chemical and mechanical recyclers. For the
ATSP to be able to process feedstock for botmultiple lines will be required depending on the feedstock
specificationand this may also vary from recycler to recycler meaning tirres will need to be rapidly
reconfigurable dependent on the recipient of the feedstock.

Future Opportunities
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Challenges of Size Reduction

There aremany existing technologies capable of reducing the size of textiles, but
none are perfectly tailored for the purpose of producing optimal feedstock for the
broad range of different types of textildo-textile recycling processes.

The greatest challenge currently is being able to cater for the variety of different
feedstock specifications for both mechanical and certain chemical recyclers.

Some technology providers have been running trials with chemical recyclers to tryf,;
and determine the appropriate specification, although feedback on these trials  ACESRES Sy sl 08 7 268 by
showed little progress in defining the specification. | ;ofrt'erefe‘iﬁg, etg)gtdl[ez%%;]
Further trials to determine a specification for feedstock will allow a moralepth
analysis of technologies and should explore the tolerances around the specificatic
to allow for overlap between recyclers. Interviews with chemical recyclers
suggested some uncertainty on whether the ATSP should be responsible for size
reduction or if the individual chemical recyclers should own this step, respective tc
their own specifications.

Long swatches of Denim
Source: sourcingjournal.com [2023]
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Disruptor Removal

To prepare the textiles for the recycling process, all the disruptors (hard trims and sof
trims) need to be removed.

Technology Requirement

[ No Disruptors

|dentifiable Disruptors Metal (Zipper, Button, Rivet, Buckle, etc.)
Plastic (Button, Snap Button, Zipper, etc.)
Fabric (Elastic, Embroidery, other fabrics, etc.)
Other (Leather, Fur, Print, Sequin, etc.)

Removable Disruptors

[ Non-removable Disruptors

Metric Tonnes per Hour* 3.2
Garments Per Second (Initial Target)** | Approx. 3

Source: Circle Economy and Fashion for Good (2022)

__________________________________________________________________________________________

Fibre
Identification
& Sorting

NRTdebaled Feedstock

Size Disruptor

A0 e Reduction EYE

ATSP Baling

- \\

___________________________________________________________________________________________

Scope of Market Review

* Approx. 70% of material have disruptors
**Based on an average garment weight: 300 gramn
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Ballistic Separators

Ballistic separators are commonly used in waste recycling,
for sorting municipal waste such as bottles, glass, metals,
etc. This technology has been adapted to textile recycling,
utilising a similar sensor deck to fibre identification (NIR,
VIS) and including an additional electromagnetic sensor the
system can identify disruptors and separate them.

This technigue requires the textile garments to be pogit

into swatches (approx. 100mm x 100mm

Garment extile square
- R | 1N T
* 1.—‘\ (u‘tlng * l\ J\/ 2!“‘ (ulting * ] r\/
machine ' machine | |
6 l
PPN
tiie sguares [ - \<J
.-
|.\< ~ \‘“\;_ Separation of
/ textile squares
! ) . v
Textile sguares 3
with harg points ) ( y ;

Size reduction for ballistic separators

Source: Technical monitoring of optical sorting, recognition and disassembly technologies for textiles at Europeanasiade,. 2023)

Background information o Techniques
Al ACT

&

Innovate
UK

Advantages Disadvantages

Difficulty seeing both sides of the
swatchd depending on how the
swatch falls onto the conveyor will
determine if the disruptor is seen by
the sensor deck or not.

Technique proven in multiple recyclin
iIndustries

Emerging in the textile recycling
market and has good scope for
development

Requires preprocessing of garments
(size reduction)

Low material yield Textiles are cut
Into swatches and if a disruptor is
present the whole swatch is rejected

Both Metal and Plastic disruptors cal
be removed

#03 SEPARATION

Pneumatically separated

trims and textile

#01 CLIPPINGS

#02 DETECTION

Textiles are fed onta Ferro & non ferro metals

a cutting line Undesired (non-) textile material

Trimclean operational process
Source: Valvan.com [2023]
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Garnetting/Tearing

Garnettingis a method of mechanical recyclingarnetting

machines combine mechanical and alrased separation

. . Mechanical process not reliant on
methods to create individual strands of fibres that can be P

. : . Lack of control over the disruptor
vision or machine detection

collected and processed into recycled textil@d. technology TEIMIEE! [IEEEEE
This technigue can be used to remove disruptors from the
textiles during the tearing process but requires the machine Both Metal and Plastic disruptors cal  Output of the process is likely not
to be built for this purpose with multiple separation stages. be removed suitable for chemical recycling

_ _ _ _ _ Capable of handling large volumes Requires preprocessing of garments
Separation stages may include; Magnets, Air Separation via (200T/day) (size reduction)
Density, etc e Already being used on an industrial Requires fine tuning to get an

scale optimised system

Most developed disruptor removal Cannot differentiate some disruptors.
technology for textiles to date such as logos, tags or alternate fibres

Exemplary textile waste conditioning system
Source: Andritz.com [2023]

[23] What is garnetting® Textile Glossary (2023)
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Valvan Trimclean
Type:Ballistic Separator

The Trimcleanis designed to extract trims like zippers, buttons and labels from
fiber-sorted textile materials. Th@&imcleansystem utilizes two optical cameras,
both above and below the conveyor belt allowing for both sides of the trimmings
to be viewed and assessed using object detection and furtloeour sorting if
required. In addition, a metal sensor detects both ferrous and régrrous metals.

Clippings with disruptors are pneumatically separated into 2 material flaws
Sorted and Unsorted

The Trimcleanis offered with a builin size reduction unitapable of cutting the in
feed garments to swatches between 20 and 100mm. v . =
alvan Trimclean System

The Trimcleandoes not have an NIR sensor attached, and as such cannot provide Source: Valvan.com [2023]

any quality control on thefibre compositiond assuming the presort step has been Technical Specification
100% accurate.

: _ _ _ S — 2 VIS, Above and Below
TheTrimcleanis a new product offering frorwWalvanand has not been commercially Electromagnetic

Implemented tedate. Official rollout planned for 2024.

-

Ejection Method Pneumatic
#03 SEPARATION
Preumatically separated EjECtIOI'I BinS 2
trims and textile
Conveyor Speed ?
Conveyor Width 2m
Footprint (LxXWxH)* 7m X 6.5m x 4.5m
#01 CLIPPINGS #02 DETECTION Throughput 1 Tonne/hour
Textiles are fed onto Ferroc & non ferro metals
a cutting line Undesired (non-) textile material Price £3 O Ok- £5 O Ok

Trimclean operational process _ _ _
Source: Valvan.com [2023] * Includes size reduction equipmen
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Tomra Autosort

Type:Ballistic Separator

T o mrAatdosertoriginates from waste recycling, sorting other materials such as
packaging waste, plastics etc. The system uses a combination of cameras, sensors
and Artificial Intelligence to assess objects and sort accordingly.

This technology has been demonstrated to the MTC and Cir8deam at the
Tomrashowroom. One limitation of the system may be that it can only view
swatches from the top down, meaning there is a strong chance that the disruptor
will be hidden on the underside of the swatch and need additional cycles.

The Autosort has a number of optional adelons to tailor the system to the

applications needs. Technologies and a¢ths in AUTOSORT offer: < jomra rﬁﬁgﬂ%m]
N tocton (detocuon o plack oy mers. Gabe. overapong sbjecsy .
A Electromagnetic (EM) sensors (adth) & to detect metal fractions Sensors U:FSQ
A GAIN, Albased camera sensod classification previously inseparable objects Electromagnetic
Ejection Method Pneumatic
Ejection Bins 20r3
Conveyor Speed Up to 6 m/s
Conveyor Width 1m up to 2.8m
Footprint (LxXWxH)* 0.55m x 2.3m x 0.6m
Throughput 4.5 Tonne/hour
Price £130k- £300k

Animation of Tomra Autosort Ballistic separation

Source: Tomra.com [2023] * Based on conveyor width of 2m


https://video.tomra.com/autosort-sorting-animation
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Commercially Available Technologies

PicvisaEcoclip

Type:Ballistic Separator

P 1 c vHclgi$ @n optical sorter that is capable of classifying disruptors, as well as
fibre composition & colour, to separate textiles into the different output streams
(Sorted and Unsorted). ThEcoclipis equipped with an NIR sensor which allows for
further fibre composition classification, which can act as quality control on the-pre
sorted batches that it will be processing.

The system utilises Artificial Intelligence to build the classification model, and as such
can be otaught 6 what to recognise, with
created for referencingThe Ecocliprequires a minimum clipping size of 25mm2.

ThePicvisasystem utilises a camera from the top down, which has the limitation of
only viewing one side of the swatch/garment and can lead to some trims/hardpoints
being hidden, requiring additional cycles through the system to increase the accuracy
of removal.

Ecoclip operational process
Source: Picvisa.com [2023]
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Picvisa Ecoclip machine
Source: Picvisa.com [2023]

Technical Specification

NIR
Sensors VIS
Electromagnetic
Ejection Method Pneumatic
Ejection Bins 2
Conveyor Speed Up to 4 m/s
Conveyor Width 1.5m up to 3m
Footprint (LXWxH)* 1.9m x 2.6m x 2.1m
Throughput 2.5 Tonne/hour
Price £175k- £275k

* Based on conveyor width of 2m
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Commercially Available Technologies UK

Del | &UWilanio
Type:GarnettingTearing

Al

Del | &¥Yillam gell complete recycling lines for specific
output use cases as well as individual machines.

As part of their postconsumer clothing & hard wastes
recycling line, they offer a fibre opening and cleaning system.

The Ocl eani ng sy Satiaimaquipped wish@
perforated grill positioned under the beating reel for the
suction ofthe dust and small impurities connected to a suction .
fan and dust collector with filter bags. A high efficiency
adjustabledevice allows the interception and removal of
foreign matters such asron particles, buttons, plastic
impurities, etc. andheir rejection into a collecting box*.

58Sttt QhND2 g *AftlryA YIOKAYySa I

SOourceCETIA | From goods to materif2024]

[24] BM Cleaning Willoé@De |l | 6 Orco & Vil |l ani


https://cetia.tech/home-en/
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Commercially Available Technologies UK

Ken Mills Engineering
Type:GarnettingTearing

Ken Mills Engineering offer machinery solutions to remove trims &
disruptors via ballistic separation and density/air separation.

In addition, they offer solutions for textile recycling pmrocessing
Including baling, balebreaking, sorting, conveyance, and size
reduction/disruptor removal.

Ken Mills Engi neefmade(Guteaty st e msj §&
customer 06s requirements. Their |
recyclers in the UK, as well as key suppliers in automated textile

sorting equipment.

al

UK based, they have over 40 years of experience in the industry and
can provide initial concept and system design as well as installation
and service support.

Wiper rag metal detection with auto feed line
Source: Ken Mills Engineering[2024]
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Andritz
Type:GarnettingTearing

AT Qe

Andritz has recently partnered witPellencSTand Nouvelles Fibres
Textiles to create an automated textile sorting and recycling facility.

Within this facility, Andritz have designed a system that is capable of
removing ohard partsoé such as b

There is not much public information regarding the technology being
used for this task, how accurate it is or how repeatable.

MTC have attempted to contact Andritz and are awaiting a response.

Nouvelles Fibres Textiles Sorting Facility, France
Source: Andritz.com [2023]
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Note: Information has been provided by technology suppliers and has not been validated through testing/trials.

Trimclean Autosort Ecoclip

SUNER 1E18E Valvan Tomra Picvisa
Measures Lower Limit  Acceptable Upper Limit
VIS
VIS NIR 2 x VIS NIR NIR
: : : VIS VIS
Sensor Deck N/A Electromagnetic|Electromagneti¢ Electromagnetic : :
: : : : . Electromagnetic Electromagnetic
Machine Learning Machine Machine Learning : ) : )
] : Machine Learning Machine Learning
Learning
£300k- £500k, £130k- £300Kk, £175k- £275k,
Cost £500k £200k £100k including size excluding size excluding size Bespoke Machine
reduction reduction reduction
Throughput per
machine 0.5 3 >3 1.0 4.5 2.5 Bespoke Machine
(Tonnes/hour)
CRUEERNES SONEe]  ppon 2 2 2 2 (up to 3)* 2 N/A
per machine
Yes, UK
UK Support Office: No Yes Yes No engineering No TBC
support available

Disclaimer: All the equipment reviewed above are proven, commercially viable options. The RAG status reflects a brief asseéshe equipment F2/o)(=1aliE1 )

speci fications

agai nst

Tearing / Garnetting

Suitable |

the requirements of the ATSP and

Suitable

Not
Suitable

r
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Market Review Summary

Ballistic separation

Ballistic separation limitationg

Garnetting/Air Separation

Future Opportunities

Ballistic separation technology has good potential for disruptor removal buheavily reliant on the pre
processing of the textiles to create suitable swatches for detecting the disruptors.

Valvan Tomraand Picvisaechnologies all use the ballistic separation technique that has been used in other
waste recycling industries with high levels of success. There is little difference in the technologies being
Implemented by these companies, with the key distinguishing factor across them being their throughputs,
generally correlating with the companies experience in other recycling industries.

Material yield is a large problenith ballistic separators as any swatch that has a disruptor present is
rejected, taking a percentage of the textile with it.

There are alsdimitations with the presentation of the swatches on the conveyor bélvith some of
the disruptors being hidden from the sensor deck and being missed the first time they are processed
Technologies such as-Ray could increase the Right First Time percentage and will be explored further in the
next edition of the report.

Other disruptor removal techniques, such as garneting, usinglaased separation have less information
available relating to their function, throughput, technology and processes being used for disruptor removal.
MTC have experienced some challenges finding this
Investigation into this method is being completed.

Disruptor Removal is gritical step in the purification process of the feedstock for recycliggnerging
technologies utilising different methods of removal will be a key area of further research for the following
edition of this report.

nf o
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Challenges of Disruptor Removal

There are limited technologies available on the market for disruptor removal with th
level of throughput and control that will be required to create consistent and high &
quality feedstock. Traditional disruptor removal methods are manual and time/labot}
Intensive, while current automated methods have poor material yield and control
over the disruptor removal. With more manufacturers moving into the textile
recycling market, emerging technologies can play a substantial role in improving th
efficiency of the disruptor removal.

-
=

Common challenges that are faced across all the Disruptor Removal technologies Robot handiing textlies

are:

A Disruptor removal requires praprocessing (size reduction)

A Poor material yield AlS

A Disruptors hidden from detection

A Feeding/orientating textiles " ©

A Lack of control removing disruptors '

A Lack of information/consensus regarding the physical output (feedstock)
requirements for chemical recyclers

X-Ray of Hoodie showing disruptors
Source: AlSXray.co.uk [2023]
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Equipment Morphology Overview
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This report has reviewed the commercially available technology for Conveyance, Fibre Identification, Size
reduction and Disruptor Removal. When considering the suitability of the equipment for use in the ATSP,
the integration of the equipment and configuration of the layout is critical to achieve efficient operation of
the facility.
A High-Level Overview table below highlights the input and output methods of the reviewed equipment.
Standard Hopper/Conveyor inputs and outputs pose minimal challenges for machine bonding. Differences

In throughput capacities of the equipment identifies some potential transitional bottlenecks from process
to process depending on the equipment chosen.

Conveyance

Fibre Identification & Sorting

FIBRE IDENTIFICATION & SORTING
Throughput Requirement: 4.6 T/hr

—

Size Reduction

SIZE REDUCTION
Throughput Requirement: 4.6 T/hr

—

Disruptor Removal

DISRUPTOR REMOVAL
Throughput Requirement: 3.2 T/hr

ROTATIVE
| MISTRAL | ECOSORT GUILLOTINE TEARING

AUTOSORT FIBRESOR CONNECT TEXTIL SHREDDER CUTTERS ﬁzgﬂmg MACHINE TRIMCLEAN AUTOSORT| ECOPICK
Throughput 4.5 T/hr 1.2 T/hr 4.0 T/hr 2.0 T/hr ~ 6.5 T/hr ~ 2.0 T/hr ~ 2.0 T/hr ~ 2.0 T/hr 1.0 T/hr 4.5 T/hr 2.5 Tlhr

Conveyor | Conveyor | Conveyor | Conveyor Hopper
Input Method Belt Belt Belt Belt Hopper |[Conveyor BellConveyor Bel Feeder Conveyor Bel Conveyor Bel|Conveyor Bel
Output Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate : : :
Method Bin Bin Bin Bin Bin/Conveyolr| Bin/Conveyor Bin/Conveyor Bin/ConveyorAggreg‘fJlte BinAggregate BinAggregate Bir
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When looking at the potential combinations of equipment, there are potential areas where bottlenecks may form.
Bottlenecks can be overcome in design by introducing buffers and/or increasing the number of
equipment/processing lines.
The systems engineering aspect of the facility design should not be understated. It is recommended to complete
design studies and simulations of equipment combinations under various operational scenarios to inform the
engineering design.

FIBRE ID
TO

AUTOSORT RN

MISTRAL ECOSORT
SIVASgNSelv[egl AUTOSORT FIBRESOR CONNECT  TEXTIL

6.5 T/hr

GUILLOTINE
SHREDDER: CUTTERS

2.0 T/hr

ROTATIVE
CUTTING
MACHINE

2.0 T/hr

TEARING
MACHINE

2.0 T/hr

FIBRESORT

MISTRAL
CONNECT

ECOSORT
TEXTIL

1.2 T/hr 6.5 T/hr 2.0 T/hr 2.0 T/hr 2.0 T/hr
4.0 T/hr 6.5 T/hr 2.0 T/hr 2.0 T/hr 2.0 T/hr
2.0 T/hr 6.5 T/hr 2.0 T/hr 2.0 T/hr 2.0 T/hr

Fibre ID &
Sorting

Size
Reduction

Disruptor
Removal

SIZE REDUCTIO
TO
DISRUPTOR REMO

SHREDDERS

GUILLOTINE CUTTE
ROTATIVE CUTTIN(

MACHINE
TEARING MACHINI

GUILLOTINE
SHREDDER: CUTTERS

ROTATIVE
CUTTING
MACHINE

TEARING
MACHINE

The colour coding in the tables
highlights potential bottlenecks
based on the throughput

capacities of aingle machine

TRIMCLEAN AUTOSORT ECOPICK

6.5 T/hr
2.0 T/hr 1.0 T/hr 4.5 T/hr 2.5 T/hr
2.0 T/hr 1.0 T/hr 4.5 T/hr 2.5 T/hr
2.0 T/hr 1.0 T/hr 4.5 T/hr 2.5 T/hr
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Conclusion

Having reviewed the commercially available technologies for Conveyance, Fibre Identification, Size Reduction and DisruptmaR & is evident
that there is generally not a onesize fits-all solution for any technology area, and each has challenges that require furtlkeseearch and development.
A combination of commercially available technologies and furthéeveloped emerging technologies should be integrated into a ther ATSP,

dependent on the ATSPOs output customers (continued next sl i de)
_’“ Y (}onvc_eyance o Size Red_uction | | |

A Horizontal belt conveyors are proven in industry and A To provide feedstock for recyclers who require a partially sizsgluced
should be utilised in an ATSP in floor and overhead Or ough c utsliaft sheedderavoulal be mog appropriate as it can
configurations dependent on the space available achieve the highest throughput

A Pneumatic conveyors should be used in an ATSP after A To provide feedstock for recyclers who have very specific requirements of
textiles have been sizeeduced to control dust, fire their optimum swatch size, a guillotinéype cutter would be most suitable.
risks, and optimise space. A To provide feedstock for certain mechanical recyclers, a tearing machine

would be most suitable, as it best preserves the length of the fibres,
Fibre Identification although many mechanical recyclers would do this processhiouse.

A Tomra & Valvands equi pme
the most viable candidates for this ATSP, [benefits and
risks outlined onslide 54.

A The decision on which system to procure should be
based on a detailed capacity and simulation of an
ATSP to be completed in WP5

L2 DisutBrRemdvar 1 1 ed as

A The least developed technology area; no commercially available technology
IS entirely suitable for an ATSP.

A Ballistic separation technology has good potential but has high wastage and
IS heavily reliant on the prgrocessing of the textiles to create suitable
swatches for detecting the disruptors and challenges from singulation and
presentation Iinto the detector to
getting through.

A Garneting/Air separation disruptor removal could be utilised where textiles
can be accurately presorted into streams where the types of disruptor are
known (metals & plastics).
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L)~
@ Horizontal belt conveyors for processes before Size Reduction

Pneumatic conveyors for processes after Size Reduction

“““ Size Reduction:
Tearing machine

Disruptor Removal:

Size Reduction:
Guillotine cutter

\ 4

Fibre sorted garments to
mechanical recyclers

v

Air Separation /
Magnetic Separation

Suitable for NRTs without disruptors e.g. towels linershitts

Fibre sorted garments
with disruptors remove
to mechanical recyclers

NRTs input into ATSP Q- Fibre ID &
facility sorting system

regate [bins

| Fibre sorted swatches to

mechanical recyclers

Disruptor Removal:

(7]
» = $|  Size Reduction:
Additional Q Guillotine cutter
secondary sort (as @
(@)
needed) <5
(@)
o
@

Initial Size

—|—> Reduction:

Guillotine Cutter

A 4

Fibre sorted garments to
chemical recyclers

Ballistic Separator

: Disruptor Removal: Final Size
BaIIliJEtic Separator e Reduction:
P Shredder

Fibre-sorted uniform

| swatches with disruptors

removed to chemical

recyclers

\ 4

Fibresor t ed ¢
shredded swatches to
chemical recyclers

s mal
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The textile recycling landscape is still developing, and there needs
to be open communication between recyclers and technology
providers so that their feedstock requirements can be understood,
and equipment can be configured appropriately.

When selecting equipment for use in an ATSP, with high
throughput targets and multiple output steams, the chosen plant
designer & systems integrator will be critical to design the layout and
combination of equipment to meet the specification of the facility.

In the next iteration of this report, Emerging Technologies will be
explored to address some of the highlighted challenges of the
technology areas [see next slide].
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Next Steps: Challenges for Further Research

Based on interviews with stakeholders in the industry, MTC advises "“" Qonveyance | | o |
that automating the movement of individual garments onto conveyor A Robotic handling of highvariation textiles; bespoke

systems or bins is the most impactful technology area to be developed @ ~grippers for textile feeding systems
for a future ATSP = = A Controlled feeding and singulation onto conveyors
A Integrating fibre ID with robotic picking and placing
Based on the feedback from textile recycleros spoken to, the most
important aspect to them was to haveery accurate fibresorted Fibre Identification
feedstock that meets their feedstock specification tolerances AVeriftying scanning systemso
source
Industrial size reduction and disruptor removal processes would A Knitted vs woven classification
enhance the value of the feedstockVhile the most commercially A Multi-layer fibre identification

developed chemical textile recyclers already have processes for handling

size reduction and disruptor r emo¥e ChegisEReYGction ' t 6s unclear which w
the market will go. Some recyclers will expect the market to provide A Dust management

efficiencies in preprocessing steps via ATSPs, while others may not need A Modular/reconfigurable set up to adapt outputs

them. As there will be more and more competition amongst textile

recyclers, creating efficiencies in the system will be crucial for the success

of ATSPs and fibrgo-fibre recycling overall. Disruptor Removal

‘ A Identifying presence of hidden disruptors

_ _ e el A Feeding and orientation of textiles into ballistic separators

bridge the material movement/conveyance and fibre identification steps H A Alternate automated means of removing disruptors prior to

together to singulateand sort postconsumer textiles as accurately H size reduction

and quickly as possible A trials to determine if effort is worth the potential yield
improvements

So,the most important and urgent aspect for a future ATSP is to
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ATSP Throughput Requirements

Initial Target Volume: 25,000 Metric Tonnes per Annum
FutureTarget Volume: 50,000 Metric Tonnes per Annum

No. of Shifts: 3
Annual Hours per Shift: 1,800*

Initial Implied Factory Vol. Output: 4.6 Metric Tonnes per Hour
Futurelmplied Factory Vol. Output: 9.2 Metric Tonnes per Hour

Fibre Identification Technology Requirement

Detectable Fabrics
(In any blend combination)

Accuracy

Colour Detection

No. of Sorting Bins
Metric Tonnes per Hour

Garments Per Second (Initial
Target)*

Cotton
Polyester
Wool
Viscose
Nylon
Acrylic
>95%
Yes

12+

4.6

Approx. 4

Innovate
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Conveyance Technology Requirement
Metric Tonnes per Hour 4.6
Garments Per Second (Initial Target Approx. 4
Challenges Singulation (Bulk to Individual Garments)
Garment Handling- Presentation to scanners
Garment Handlingd Sorting into Aggregate Bins

Size Reduction Technology Requirement

Chemical Recyclers Short Fibre Lengths, No individual Fibres
- Shredding 8mm?2 to 80mm?

Mechanical Recyclers Individual, Long Fibre Lengths

- Tearing TBD

Metric Tonnes per Hour 4.6

Garments Per Second (Initial Target Approx. 4

Disruptor Removal Technology Requirement

Identifiable Disruptors Metal (Zipper, Button, Rivet, Buckle, etc.)
Plastic (Button, Snap Button, Zipper, etc.)
Fabric (Elastic, Embroidery, other fabrics, etc.
Other (Leather, Fur, Print, Sequin, etc.)

Metric Tonnes per Hour* 3.2
Garments Per Second (Initial Target)* Approx. 3

*based on 225 working days,
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1111 R ¢ AssociaTions NGOLIT, SORTERS PROVIDERS &) RECYCLERS
Research focused on understanding local A Biggest challenge for textile A Hesitant to make big investments into A Recognise business opportunities as A Some recyclers require high
feedstock markets and achieving flexibility in  recycling industry is the need for equipment to provide for recycling European textile collection is increasing.  volume shipments (approx. 5
plant management. new MARKETS for recycling streams- emphasized the need for A Re: postindustrial shredding® metric tonnes or higher)
Recycling NRTs currently not economically  grades. industry wide derisking and proving estimated that currently costs for A Require an ATSP to facilitate
valuable for sortersbottom end of marketin A Most members sort for reuse out recycling preprocessing meeting a chem. r ec yeeonanesascaledaggati r e
terms of economics (market value) v.s recycling technologies. are almost double the cost of shredding  €fficiencies in feedstocks from
oTextile recycling 20 Becalse@hbrSisrteRoughas A Clurieitly, lack of policy or economic to incinerate and clients are not willing NRTs. If left to individual
easier because there was a market for all this ya|ye in it. incentives to incentivize collecting NRT  to pay this. collector/sorters, there is an
stuffo. A Convinced that technology for only streams. A Estimate customers would pay added margin to feedstock
There are technologies to recycle all textile  sorting is there, but ability todo A Sceptical about greerwashing claims approximately 10% more to know their prices that is not commercially
waste components, even dust, nothing should something with it [recycling for mechantctygal é¢® 06t endudt gomgto be recycled rather workable for recyclers.
go to waste, but the value decreases. grades] is not there because we most children's toys or insulation than incinerated.
See greater future economical opportunities dondt have mar ket snafnarf aictt.ur er s won 3A Recycled fibresfadececonomic
with chem. recycling as there are so many * Reiterated by academic/start textiles into them; need to have full challenges as virgin fibres are produced
slow processes needed to retain fibre length ups: OThe equi pmeraceabihyet up in such high volumes/ at lower cost
for mech. recycling [ was] wor king, B uSortes anddr exmetné predsoire to foresee that Extended Producer
See need for a white paper quantifying what anything with outnaketprsfiéd.need for their outputs to Responsibility (EPR) schemes will help to
you are getting out of different recycling recoup the investment put into it price offset costs.
streams (not just HOW it is done) and is way too low for feedstock from big A Technology available for advanced
developing strategies for each Scandinavian recyclers. detection- but market in textiles is not
Postindustrial waste is traceable, A 6Dowgcl edd mar ket s therdyet neohsatr teenrquliirfifees dondt have a
homogeneous, ensuring better identification cycle tend to be more commercially proper business case.
and maintained quality. attractive than sending to chem.
RFID tags for product passports face recyclers.

challenges: cost, size, effectiveness, tracking
costs, and no legislative requirements.
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implemented requiring mandatory recycled
content in new products to incentivise wide
scale investment in recovering NRTs
otherwise sent to waste/incineration streams.
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A Challenges with postonsumer A There is a need to improve sorting A Facilities primarily focus on sorting forre A Believe market needs efficient A Most recyclers have developed
NRTs due to unknown history, process efficiency (Within RTs and use, currently operating at a financial loss in manual or automated processes/performed small trials on
washing, and chemical use. between RTs and NRTs) due to recycling. scanning for high value re homogenous postindustrial waste,
A Posti ndustaciomls/udnenm & sNiitant manual labour and A Aspire for the ATSP to become efficient wearable textiles. rather than difficult postconsumer
waste poses their own circularity associated costs, which often are enough to generate revenue from NRTs/ waste streams, but anticipate that in
1 . 0 .
challengesd as there is no obvious outsourced to countries with lower recycling processes. | future approx. 70% of their
second life market for it. labour costs. ANRTs need to be aggregated from various feedstock to be from post
A Sorting project involving Soexin A Estimates that only 120K tonnes of sorters in the UK to meet recycl er sdonsume waste
Berlin (manually) grades clothing textiles are sorted a year in the UK, feedstock MOQs ** also reiterated by trade
into 1st, 2nd, and 3rd grades for despite approx. 400k450K tonnes associations/NGOs |
reuse. being collected, as most is being sorted A Need for a visual system to determine 1e
A Skilled workers presort high-value abroad due to labour costs. wearability; integration challengé some
secondhand clothing with vintage =~ A Practice of sending mixed RT and NRTs  €arly research into using Al to identify brand
labels, cashmere, and wool. abroad to be sorted can only be done logos for grading for reuse markets.
by showing there is a high % of reised A Would like to see more handheld fibréD
textilesd as more countries are devices for presorting in donation centres.
proh|b|t|ng the importing of waste. A Believe more IegiSIation needs to be
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A Pneumatic processes and
chute-feed considered useful
for soft textiles rather than
conveyor belts for overhead

handling.

%I-}

A

A

TEXTILE COLLECTOR TEXTILE SORTERS

"°\ TRADE

Independently have heard that
automatic and robotic feeding systems

dondt have the spe @YIeSTRISRRELFONFUGIHS.  h e

industry

Best conveyancing
seen in industry utilise dead space
overhead or underneath to benefit
from gravity and minimise overall
footprint
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COLLECTORS & CEC TECHNOLOGY

SORTERS

PROVIDERS

A Valued the potential integration of PicVisa into A The speed of feeding the sorting system

limiting factor/bottleneck- ** reiterated by

A FibreSort limited as it cannot accommodate 90 multiple suppliers

§qpreq g gat time, of guighpse consideration). A Leading suppliers in textile

A Storage is a significant challenge for the end
product because it takes time to accumulate

equipment estimate that segregating
to single items can be done 1

sufficient bales to fulfil recycling customer orders. garment/secd but very difficult to
A Challenges with textiles wrapping around achieve
traditional conveyors. A Conveyor technology is the limiting factor
A Overlap on the conveyor belt is a in the size of garments which can be
challenge/problem ** reiterated by several inputted.
collectors

A Some FibrelD suppliers provide

A Commends the Valvan roof conveyor for its conveyance as part of their overall
efficiency, reducing labour by 100 people. Uses  package, others outsource to an integrator.

compressed air to unload items.

A Width of machines/conveyors used and

A Unimpressed with robotic arms due to slow speed, types of valves/air nozzles used affects

inaccuracy, and snagging issues; requires constant price 8 all can be changed/customisable.

human monitoring due to variation in materials A Non-singulated garments are detected
going through. Works mainly for standard items. through Al and rerouted.

A Robotic arm feeding systems only useful if wasteASpe|l | encSTHs

already presegregated in to NRT only streams on the belt by maintaining airflow speed
A Have seen vertical bale breakers with hooks used equal to the belt, preventing smaller

for efficient singulation.

garments from tumbling

A Gravity trailer tipper at SatCol, using hydraulic lift,
reduces manual effort from 15 hours to 280

minutes.

g TEXTILE
él% RECYCLERS

A Processes are designed to
input entire bales
(including any covering
and strapping) - this
necessitates these materials
to meet fibre specifications.
Some use pneumatic
pumping and inclined
arrangements for moving
materials.

A Emphasised need for
limited manual handling in
their process.

Tur bosorter stabili zes
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pose challenges; sophisticated

scanning required for accuracy.
Difficulty in determining chemical

footprint (in production and in
consumer use); poses challenges toA
downstream recyclers/ health &
safety considerations.

New developments in Al systems to A

ID & sort textiles with less expensive
system than main market playerd

but not commercialised yet.

Highlighted that colour is difficult to
remove in recycling, especially when
fixed into yarn.

Technology to remove dyes would
make it easier to achieve economies
of scale on monaecolour feedstock,

but at a huge chemical footprint

cost.

“I'}

Challenges with accurately detecting A Expressed interest in trialling Tomra
garments with special coatings,
adhesives and surface treatments.
Mechanical recyclers will want to
know fibre length and diameter.
Identifying multiyarn, elastane, and
particular types of dyed materials

A

A

A

TEXTILE SORTERS

"“ TRADE
4 ASSOCIATION/ NG

tech integrated at the front and
Valvan tech at the back of the
process.
A Appreciated the Tomra
trommel system for effectively

separating textiles and feeding

them onto the conveyor.
Aware that Valvan is eager to

engage in discussions and enter the

UK market.
Recognize the limitation of NIR

technology in handling clothing with

multiple layers.

Chem. recycl erso
for maximum weight % of
trims/contaminant is often a
commercial consideration for
maximum yield, not a technical
issue.

Accuracy is crucial for recyclers;
specifications often require IR
spectroscopy for quality assurance
Collaborations occurring between
textile mills/manufacturers and fib
tech providers to validate readings
and improve sorting accuracy.

ATSP FACILITY
FIBRE ID & SORTING SIZE DISRUPTOR REMOV,
| REDUCTION
4 N\
[ CONVEYANCE / MATERIAL MOVEMENT
RTs
___

COLLECTORS &

SORTERS

A Valued the potential integration of

A

A Want to have a tech that can sort all A
NRT that gets collected not go into
0ot her 8/ general i satii

A
A
A
A

PicVisa into facility for its ability to

navigate 90degree turns, addressing

space constraints.

Appreciated PicVisa's capability to scan A
the entire garment, as opposed to a
single isolated location of the garment.

Desire to see a trial where all scanning
technologies are compared against each

other using same data sets e.g.

ReFashion and Royal Fashion Museum A

bave:databasgs,of fibre tpesh t s

Multi-layer fabrics pose challenges for all

systems in use.

Challenges with detecting coarse vs. fine

fibres and carrier/corebound fibres.
Black dyes, especially containing
graphite, slows down detection.

Konica Minolta acquired company with
scanning technology and are developing
their own automated textile conveyor

systemd are trialling with some
collectors.

A

A

A

(%

TECHNOLOGY
PROVIDERS

A Several providers started in general
waste sorting and plastics recycling and
have adapted their technologies for
textiles.

Black/dark materials are not a significant
problem, especially as carbon blacks are

rarely used in textiles.

Colours and shiny fabrics, in general, do

not pose issues.

Have cdhsidéred highetech and
sophisticated spectroscopy scanners, but
many are too expensive for commercial
viability.

Most accurate detection focused on
polyester and cotton plus elastane
blends 6 most applicable to industry.
Problems in spectroscopy arise at 4

5m/s speed, but this speed is generally

unnecessaryd most run at 3 m/s.

Limitations encountered with complex
blends (3 or more fibre types), carbon
black dye, multilayers, wet textiles,
core-spun fibres and elastane detection.
Cotton recyclers see viscose as a
contaminant as it has a synthetic fibre
structure, so fibre ID techology needs to

be able to differentiate.

CHEMICAL
RECYCLERS

Innovate
UK

MECHANICAL
RECYCLERS

J

MECHANICAL [open
loop] RECYCLERS
J

N

” TEXTILE
PVYRECYCLERS

&Y

A Every chemical recycler has

slightly different requirements on
fibre blend ratios.

A Some can accept small
amounts of elastane, others
cannot accept any

Each individual textile garment
does not have to meet
specificationd each bale has to
have an average of what is in the
spec.

Different fabric structures (woven
vs knitted) affect chemical
processing and how much waste
IS generated.

Quality of feedstock from NIR
automatic sorting systems is
excellentd no failures reported.
Quality is worse from manual
sorted suppliers even those who
claim to use handheld scanners
for verification.

Some recyclers have to verify new
supplier feedstock with lab tests
stated that NIR scanned info for
bales is not accurate enough.
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‘ Interviews Summary: Size Reduction

TEXTILE COLLECTOR

TEXTILE SORTERS

«o

%--»,

TRADE
ASSOCIATION/ NG

A Mech. recycling of lowquality material A Difficulties in size reduction techniquesA

A There is less twist in knitted yarns, so A

A

results in disintegration into dust.

A Impressive mechanical recycling
setup seen at SOEX, but saw
challenges in managing large
bags of dust.

they are easier to untwist and recover
fibres for mech. recycling

Re: disruptor removal and size
reduction0 The supply

than the demand, so they want to stick
with that they are comfortable with. As
soon as the competition will come, they
will have to find ways to deal with
t hat . o
-reiterated by discussions with
leading recyclers who have
made the decision to invest in
size reduction and disruptor
removal themselves.

(o
clean, sizereduced feedstock) is more A

A

which retain fibre integrity limits the
opportunities for mechanical recycling
- most yarns must be used with at

A

least 80% virgin fibres to achieve same

performance.

Highlighted that size reduction/
shredding should be carried out at a
central placed too difficult to

individual collectors/sorters to take on
fhensavest e d ,

More and more chemical recyclers are
accepting full garments rather than
specifying feedstock be supplied to
certain size spec.

Think that recyclers would be willing
to pay more if the quality re: size spec
is right, but could face supply
competition from other recyclers
accepting full garments.

A

A

@
<<O
o
=z
I~
a
(¢}
»
<
- FASHION &
& TEXTILES
UK

ATSP FACILITY 1 RECYCLERS ] o S
s | roneossonnd SNETCINL | ocrpronrevou-{ Ve
— N : i
- - A CONVEYANCE / MATERIAL MOVEMENT ]—»\ M:ig;AF'{\'é%@él[_oé’:g)
-
COLLECTORS & TECHNOLOGY ” TEXTILE
SORTERS CE:; PROVIDERS @ RECYCLERS

Enquiring into purchasing shredding
equipment to add valued but size of
capital investment is daunting.
Previously both mech. and chem.
recyclers were very picky about
feedstock specs, but now opening up
to accept something more feasible to
be produced with postconsumer
waste.

Would like to see fibreopening
technologies that can retain fibre
integrity for mech. recycling so
materials can be closedoop/not
down-cycled.

Highlighted would like to see size
reduction done by recyclers for
business efficiency, collectors/sorters
only willing to invest when ROl is
proven.

A

A

A

A

A

Different requirements in size spec
means different costs for machinery
and throughput.

Smaller cut requirements require
higher costs to achievé not
commercially viable, recycling
customers not willing to pay the
excess.

Expressed frustration with the
challenge of meeting chemical
recyclers' precise size needs, involving
considerable trial and error during
technology development.

If higher volumes and higher demand,
size reduction machinery could be
made more efficient and economical.
Challenge in postconsumer waste is
tuning and continuous maintenance of

cutting blades for different materials.
Service contracts and ability to
maintain blades and equipment most
important d particularly with handling
all different variations of post
consumer textiles.

Most common failure modes with
shredders are knives cutting and
breaking, requiring rewelding.

A

A

A
A

While some recyclers are willing to
conduct size reduction to some
extent themselves, it is still unclear
which way the market will goit is
expected that recyclers will expect
the market to provide efficiencies in
the pre-processing steps via ATSPs,
similar to the PET bottldo textile

supply chain

Each recyclerso p
di fferent O6optdomu:
ONo [recycl ers] s
the mar ket has to

Biggest challenge is achieving size
spec at industrial scale.

Concern with small swatches and
dust generation and safety
implications; need separation
between size reduction and
chemical plant operations.

A Concern/ongoing research with

dust waste produced during size
reductions amongst different fabric
structures.
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Dyes are considered serious
disruptors, and research is ongoing
for removing and recycling dye$
but no commercial equipment
exists.

Traces of copper and nickel could
cause an explosion in certain
chem. recycling processes.
Challenges in disruptor removal
with adhesives, threads, and labels.
Research has been done to shred
down to 50-60mm piece sizes; air
separator can get out vast majority
of contaminants.

Have worked for many years on
how to get a garment flat with
robots/automation d has not been
achieved yet.

A Disruptor removal has a greater
impact on mech. recycling than
chem., re: preserving fibre integrity.
Laser removal preferred for
mechanical recycling as it is the
least invasive removal procedure.

A Vastly different methods needed for
different recycling outputs may
require different facilities with
different pre-processing steps

A More and more chemical recyclers
are accepting full garments without
any disruptor removal required.
Yield loss from disruptor removal
must be considered for potential
ATSP and business model.

A Energy consumption comparison
between different removal methods
should be consideration for ATSP

A Emphasized disruptor removal as a
crucial and emerging element in A
ATSP, acknowledged as the top
challenge.

A Found TrimClean impressive but slow.
o far too expensive to put all NRT
through.

A Wants to see trials on disruptor
removal to improve efficiency and
remove waste.

A Currently remove disruptors for
mech. and chem. recyclers at small A
scaled not enough to be

A

A Have used overband magnets to remove

ATSP FACILITY _i RECYCLERS ) G
o | e %{ o | [ vectcn
> < TEXTILE COLLECTOR TEXTILE SORTERS ~— ~ : <
oo ( o A CONVEYANCE / MATERIAL MOVEMENT ]—»\ M:f)(;;AFL\'é%%[LOEpF‘:g)
L TEXTILES
Y .
NCADEMIA 89, TRADE COLLECTORS & S TECHNOLOGY ol ;EEEL'(L:EERS
| \ 4 ASSOCIATION/ NGO SORTERS PROVIDERS &)

Chemical recyclers:
A Disruptor removal is a commercial
challenge, not a technical oné to get

metals.

Metal detection system can be used with _
tunnel with ejector flap and sensor array on . Pestyields. o o
conveyor belt, with eject conveyor belt air A Can use pH modification and filtration
nozzlesdt here is | P on t hiygemgigrgmoyedsrypor
separationd techni qu e CODRPNERLS qUING GeRSItYIITAVIEYe n 5
out. driven system processing.

Underneath camera can detect muitayer A Fire retardants and certain dyes are
fabric o6disruptorsd, Gapgidergdgisrupioris in gome chemy o
these are filtered out from the process in the  '€cycling processes and must be
manual presort. removed. _
Challenge in postconsumer waste is tuning A More-established recyclers setting up
and continuous maintenance of cutting capability to remove trims/disruptors

commercially efficient. blades for different materials. themselves so they can obtain
AClhaII_enges In removing heavy A FibreID tech providers can do part of feedstock from a wider range of
P astics. . . sources
: : rocess, sorting out norfabric
Ag_ype and level ofllnvestmel_qt |!’]1_ | Eomponents J A Therefore, not willing to pay a
ISI‘uptOl‘ removal to Val’y S|gn| |Canty ' 2504 premium for trims being
dependent on output and recycler A Startup company has developed removed.

customer.

A Commercially ideal to work with
recyclers who do the disruptor A
removal themselves.

technology to disassemble garments with o
6di ss ol vacangadhietemaxedd 0% A Interested in disruptor removal as
waste. an emerging technology areaif
Investing in research into Adssisted laser could be done in a central
removal of disruptors. location and more efficiently than

investing in themselves.
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