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Executive Summary

A The AutomatieSorting for Circular Textiles project aims to catalyse the development of an Automated Textile Sorting argrBecessing
facility (ATSP) for NoiiReusable Textiles (NRT).

AA previous report titled OAutomatic Sorting for Circailblar Text il
technologies for Conveyance, Fibre ldentification & Sorting, Disruptor Removal and Size Reduction against the requiremér@AdEP and
during this process several challenges were highlighted across the technology areas.

A This report explores those challenges in further detail and researched Low Technology Readiness Level (TRL) & Emergingdeshtiat
could act as potential solutions to further enhance future iterations of technologies for textile recycling.

AThe review has emphasised the need for a deeper wunder sliheafordheng o
downstream physical (size, fabric structure, colour, etc.) and chemical (dye tolerances, disruptor/elastane tolerancesgebeinents of
feedstock for the range of recycling processes.

A In addition, a list of InRDevelopment technologies & providers has been included to highlightiumber of novel techniques and processes
that could impact the textile recycling landscape in the future.
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ACT Project Goals

Createa world class state of-the-art blueprint for an ATSP

Buildunderstandingof the next-generationsorting and recyclinglandscape

Incentiviseregional materialrecyclingversusexport/dumping of NRT

Drivethe transitionfrom linearto circulartextilesin the UK

Createnew markets,jobs and foreign, direct investmentopportunities whilstcementingthe U K 0 s
position asa global leaderin innovationand textilescircularity

Report Aim

To explore the technological challenges related to Conveyance, Fibre Identification, Size Reduction
and Disruptor Removal, and identify emerging technologies & trends that could be potential
solutions to those challenges.

To oo oo To T

This InnovateUK consortium is formed of 18 companies.
TEXTILE
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Overview of the Automated Sorting & Pre -Processing Faclility

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

The objective of the ATSP is to sort NRTs into categories based on their fibre contents & colour (if required), and thersgtioem
to remove any disruptors (for example, buttons and zips), before cutting the textiles to the specific size requirements of th
recycler(s) and supplying the feedstock to close the loop on fidgefibre recycling.

Il n a previous report titled OAutomatic Sorting for €Circul ar
Conveyance, Fibre Identification & Sorting, Disruptor Removal and Size Reduction were evaluated against the requireméets of t
ATSP and during this process several challenges were highlighted across the technology areas.

This is a followon report that aims to investigate those challenges further, and researches complimentary & emerging techmssogi
that may improve the efficiency of existing equipment or inspire alternative developments.
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Brief Summary of Market Review

The market review of the commercially available technologies for Conveyance, Fibre Identification & Sorting, Size Reduction and
Disruptor Detection & Removal highlighted that there is generally not a esge fits-all solution for any technology area, andach

has challenges that are limiting the capacity or capability of the equipment. In addition, it highlighted the importanceabéral
Feeding, which was not previously reviewed, and the impact this has on downstream processes. The below table highlighag the k
challenges for some of the equipment in their respective technology areas.

Overview of Technological Challenges

Technology Area Commercially Available Technology Technology Limitations Challenges

A Bulk textile to single textile
A Control of Material Presentation / A Overlapping of Textiles
Feeding A Material oOHangupbé
ARobotic oDouble Pickso
A Overlapping of Textiles
A Multi-layer Fibre Identification
A Carbon Black Dye Identification

Material Feeding A Floor Conveyors
& A Overhead Conveyors
Conveyance A Pneumatic Conveyors

A Throughput is limited by the textile

A Near-Infrared Spectroscopy feeding mechanism

Fibre Identification 5 - ;o iolet Visible Spectroscopy

&. A RGB Camera A Accuracy of the SOI"[II’.]g. system gy Pigment & Dye Classification
Sorting . : dependent on the validity and size .
A Machine Learning of the reference data librar A Elastane Identification
y A Fabric Structure Identification
A Shredders
. : A Guillotine Cutters A Configuration of equipment: Lack of clarity around physical Feedstock
Size Reduction : ) . . .

A Rotative Cutting Machines specification for chemical recyclers

A Tearing Machines

A Disruptors hidden from sensor equipmen

A Limited control removing disruptors

A Disruptor Removal techniques requires
Pre-Processing (Size Reduction)

A Multiple passes required to ensure
disruptors are removed
A Low Material Yield Percentage

Disruptor Detection
&
Removal

A Ballistic Separators
A GarnettingTearing Machines
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Material Feeding & Conveyance Overview:

The feeding and movement of textiles & garments affects all
processes across the ATSP facility. There are several considerations
surrounding material feeding to ensure reliability and efficiency

for following processes. Conveyance and the movement of
materials dictates the throughput of the facility and provides the
conditions for the technologies (Fibre Identification & Sorting,
Disruptor Removal and Size reduction) to operate.

Conveyancemethods in the recyclingindustry are typicallyreliant
on tried and tested conveyor belts to handle large volumes of
material in a consistent and reliable manner Textiles are no
different Beltconveyorsoffer a predictablemeansof transporting
textilesfrom A to B. However, there are some intricacieswhich
pose challengesfor how the materialsare fed and presentedfor ‘ \
the follow-on processes © Source: Eastman.com [2024]
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Material Feeding & Conveyance Challenges

Common challenges that are faced across all materials movement & conveyance technologies for garments in automated sorting

and pre-processing applications are:

A Overlapping/garment presentation

(@lels (i) sle]e®))

When garments are input into conveyance
systems from tightlypacked bales, they are
naturally overlapped and folded onto themselves.
This makes it difficult for automatiftbre sorting
and detection of trims to be carried out
accurately. To overcome thigi@arment singulation
needs to take place.

A Garment singulation ARobotic feeding: 0
OMi ssed Pickso

00000

((Slelel (@) ]elele))

For Singu|ation of garments tO occur as qu|Ck|y as Robotic feeding integrated with machine vision to
possible to enable the throughput needs for a direct the robot arm where to go to pick up an

future Sorting & prepreprocessing faC|||ty’ an Individual garment can be an effective way B’jngulate
automated solution is needed in lieu of manually ~ 9arments with limited human intervention.

Inputting single garments on to a conveyor. _ o
Errors occur with the robot gripping end effectors

This can be achieved with a series of babeeaker inadvertently picking up more than one garment in a
systems with spikes or N pIGKPHYSEINGE gagmensif thegmaterial IsNef
pl aced feeding. gripped effectively in the picking action.
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Challenge: Garment Singulation

For the ATSP, it is expected that textiles will mostly be delivered in large bales of mixed fibre garments.
Opening and pulling the tightly packed bales apart into smaller, more manageable pieces is a crucial
step for enabling subsequent processes.

Mechanical Bale Breaker/Autéeeding
A Break large, tightly compact textile bales into smaller batches for further processing.
A Bale breakers can operate in several ways including spiked rollers, rotating beaters or fluted drums

that penetrate the bale and begin to separate the garmenisee further details of Ken Mills Engineering
technol o-Beesl opméhnh Technol ogliesd0 section

A Further singulation of garments is possible through additional mechanical processes, but there is a
limit to the control of individual garment positioning through these systems, so overlapping cannot b
fully eliminated.

¢ & .
Mechanical Spiked Roller
Source: StadleEngineering.com [2024]

Robotic Pick and Place

A Robotic feeding offers an additional solution with enhanced accuracy, efficiency and flexibility for
garment handling.

AHowever, has | imited throughput potential a
pi cksdé, where no textile is engaged with th
multiple garments are engaged in the gripper.

A Opportunities exist to integrate robotic picking and placing with fibi® sensors to enable singulation® S \'E
and sorting to occur as a single stepee further detailsoMat ohadéénol o-Beesl bpméhh Te c hiyskl RS bearsiod

sectior] Source: Inwatec.dk [2024]
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Chall enge: Robotic Feeding oMissed Picksodo &

While mechanicalbale breakers perform the initial ddulking of textile items, robotic technology executes the precise
singulation

Establishing a robotic pick and place system for textile handling necessitates careful end effector selection, considering

material type, size, and texture. Equally crucial is pick programming, which demands algorithms to adjust for surface
variations, ensuring accurate picking, particularlmmwith p
a peakd can enhance consistency and reliability.

oOMi ssed Picksd & oDoubl e Picksod can occur for a variety of
A Garment Positioning; The robotic system is taking input from cameras and ||
sensors, making adjustments ete-fly and at speed.

A Programming Errors; Inaccurate or incomplete programming of the robots
path or grip parameters may cause the system to overlook items or
misjudge their location.

A Environmental & Mechanical Factors; The design of the robots gripper may
not be optimized to pick up textiles reliably, or poor lighting and excessive
dust could interfere with sensors.

Source: NewScientist.com [2023]
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Materi al Feeding & I solation: oOoOMissed Picksbo

Selecting the right end effector for textile recycling, can reduce Getting a Grasp of Grippers!

the |1 keli hood of OMi ssed Pi ck: : Mechanical a mil
Vacuum Grippers

the feeding process by effectively grasping and manipulating Grippers

textiles while reducing the need for complex programmin4. - ’ -

range of grippers could be applicable for this application. e =

Among all possible gripper types, 3 have been identified by the a S

MTC for comparison testing with different textiles. Vacuum Gripper 2-Finger Gripper  Electric Needle Gripper
Manipulation Suction force from Mechgnical clampini Needles penetrate

Trial plans have been devised to determine the most suitable Method Va‘;‘é‘éﬁ“rgrgeﬁ;es 4 pro;’t'ggi) ‘12}8"”9’ and secure textiles

gripper type from these options. Representative grippers from Excellent on flat Verentile o a\'Nide

these gripper categories were selected for testing, assessing the Surface surfaces; may o0 ot texture  SUitadle for most

operational efficiency of the different gripper types relative to Compatibility struggle with folded 5 | - o fabrics.

or textured fabrics.

different garments, whilst considering other parameters such as

_ . _ Good precision for Moderate precision,
grip strength, percentage of missed picks and percentage of

High precision on o404 shapes; mainfluenced by needl

Precision flat surfaces, less o

double picks occurring. irregular shapes. struggle with design and
irregularities. placement.
. Regular
These trials are currently underway on MTC sites in Liverpool Minimal = _ maintenance Regular
Maintenance maintenance wit required for maintenance
and Ansty. periodic checks on : required, especially
mechanical
vacuum systems. for needles.
components.

[1] The Manufacturing Technology Centre (2023gtting a Grasp of GripperdJK.
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Preliminary Trial Validation: Needle Gripper

Needle grippers have been designed for use with
porous materials but still need to bevalidated for
the handling of NRTSs.

Preliminary validation testing with a needle gripper
were conducted in collaboration with Schmalz and |
the MTC. A wide variety of fabric types were tested, %
and the gripper worked with all available fabric g
types (denim, cotton, wool) and the results provided
confidence for further trials. Double picks remain a
concern, but as the gripper has adjustable stroke,
this could potentially be finetuned to only pierce a
single textile layer and reduces the chance of a
odoubl e picko.

Given these findings, further optimization tests will
focus on refining needle length. Comprehensive

trials will then be conducted alongside other ,,
grippers that have been SEIGCted for testing_ Initial Gripper Trial with Schmalz at MTC Liverpool

—_— \ /
— RS [
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Chall enge: Materi al OHangupo

oMateri al hangup" refers to Issues encountered when anbooirtety 1t e

or conveyance systems during processing or handling. This can lead to disruptions, decreased efficiency and damage to dtektiles
and the equipment.

Material hangup can occur due to a variety of factors:

1. Structure and Texture of Textiles

Irregularities in textiles such as pockets, tears and loose fibres make them prone
to catching on equipment surfaces leading to entanglement.

2. Static Electricity
Static electricity can build up on textiles which increases the likelihood of them
clinging to the equipment surfaces, or each other, particularly in dry
environments or when the materials are moving quickly.

3. Mechanical Interference
Some components of the conveyance system or equipment may have sharp .
edges, tight spaces or protrusions where material can become caught. This | issuel -
is compounded when there are irregularities in the textiles as mentioned above. Bulk Clothing on conveyor

Source: marenengineering.com [2023]

4. Material Properties

Different properties of textiles such as their elasticity can contribute to material
hangup when they are not handled appropriately.
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Design Considerations: Materi al OHangupo

From an engineering perspective, there are a few strategies that can be implemented in an effort to reduce the likelihood of
material hangup or reduce the impact when it occurs:

1. Smooth Surfaces: Remove sharp edges and rough textures from the design of processing and conveyance equipment to limit
the opportunities for textiles to catch or snag.

2. Anti-Static: Incorporate earthing bonds and anstatic treatments or materials into equipment and their processes to minimise
the buildup of static electricity, reducing the tendency of textiles to cling to surfaces or to each other.

3. Guidance and Clearance: Providing guiding mechanisms, maintaining appropriate conveyor angles and clearance tolerances to
enable the system to deal with the inherent random nature of textiles during conveyance.

4. Sensing & Monitoring: Implementing sensors along conveyor lines or potential hangup points to detect blockages or
irregularities when they occur can limit the disruption material hangup may cause to the process.

5. Regular maintenance: Address potential sources of material hangup, such as worn components.
When selecting equipment for processing textiles it is important to be aware of material hangup and the problems it can cause

Some equi pment providers, mostl y-Wfapod st geehmelduagy itomat hfaomeu s
entanglement to prevent equipment damage.
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Garment Presentation: Flattening

A key challenge in automating textile processing is the tendency of textiles to cluster on top of themselves, makingulkdiéfr

machines and sensors to accurately analyse garments. Garment flatteniagigcialpreliminarystepin the automation of precise

textile processes. Bymakingthe whole garment accessible for sensors and automation systems, several challenging areas of textile
recycling (both preATSP and within ATSP processes, such as RT vs NRT classification and precise disruptor removal), become mors
accessibleFlattening presents itself as one of the most difficult tasks in automation and robotic manipulation.

Many research effortgsee summary in Appendix Qhave attempted to grapple with this complex task culminating in several
publications discussing single and dual arm manipulation, novel control technigues, and advanced vision systems leveraging
traditional image processing to more contemporary machine learning approaches. This method however is still in developreént ,y
current efforts are showing progressive results which is why we consider it as a valuable step in the process. Through the
foundations of already present research, we can get a better sense of how to frame this problem for an industrial settihgasube

ATSP
Visual representations Graph representations
Skeleton N .
Original RGB Masked RGB Binary DR A éé
L] . 4 -
! ' - '\‘. » 75 V

SN I Folding

Contour
.#'n.. :0 'E w“, ‘."",.
#Hig: Ny | Flattening

-
L
. .::d 4
* »
.‘ E:]: ‘t-;t:_' A
L'y

—

[ General representation (SimCLR - MVGRL) J —_— [ Classification

-
.,;o..,:: L
* '3
¥ '

(a) Al Based Cloth Layout Detection @

SourceRepresenting clothing items for robotics tasks (b) Flattening Process _
[2022 ] SourceFlingBot The Unreasonable Effectiveness of

Dynamic Manipulation for Cloth Unfolding [2021]
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Garment Presentation: Flattening

After considering the pros and cons of each TR Tech Year
method, it's evident that further refinement oW TRE feeh:
and teStIng are needed to Valldate th@lr * Cloth Funnels: Canonicalized-Alignment for Multi-

. . . . : Purpose Garment Manipulation 2023 ;
effectiveness for flattening in an industrial .
environment like the ATSP. While the * SpeedFolding: Learning Efficient Bimanual Folding s

. of Garments 5
ﬂat.l.:e_nlng groﬁess [n,kaiy notjt}e a%r;ﬁ)_eedy as, Representing clothing items for robotics tasks ~
anticipated, these laktested low 2022 #
technologies show promising incremental ::::::ﬁ”l:';‘t‘;ﬁﬁ::“"'““ For Dual-Arm Robotic ,-
throughput gains. With advanced robotic

. * Semantic State Estimation in Cloth Manipulation /!

and computing systems, throughput could 7o j
POtentl.a”y Inc-rease by up to tenf0|d In * FlingBot: The Unreasonable Effectiveness of 2031 /
Industrial settings. This suggests that the Dynamic Manipulation for Cloth Unfolding
groundwork haS been Iaid, Supported by * Dual edge classifier for robust cloth unfolding ;
research publications in this field, indicating

.. i .. * Cloth Region § ion for Robust G !
that this is a feasible objective worthy of ool Segmentation for Hebust Gras 2020 ;
further development. The next step ISt0 - Quasi-Direct Drive for Low-Cost Compliant 2018 ’
delve deeper into one of the proposed fobetic Manipulation

. . * Improving and Evaluating Robotic Garment 2017 -~

methods and devise a flattening procedure  ynoiding: A Garment-Agnostic Approach )
tailored specifically for industrial applications. regrasping and Unfolding of Garments Using 2015 |/

Predictive Thin Shell Modeling
~24  ~30-40 ~20-50 ~40-70 garments/hour

Flattening low TRL technology throughput progression over time
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Below are some potential avenues that could be explored further, based on current research efforts and other

avenues of mechanical exploration.

J
A Pneumatic and Mechanical Device§an we develop a system that uses pneumatics and
M mechanical devices to flatten the garments for processing? For example, a press or an

\\/ array of pneumatic air pressure chambers can be used to manipulate the garment to a flat

P
Robotic ManipulationDual arm manipulation is the best way forward for a flattening step if

enough state for preprocessing before disruptor detection and removal.

dealing with a robotic system. A combination of manipulation techniques and the use of

=

gravity monitored by a vision system can flatten garments successfully.

|

\

Robotic Manipulation and Pneumatic3he final potential design presents itself as a hybrid

== strictly relying on gravity and manipulation techniques.

Flattening Garments for textile recycling

/K \ approach that uses dual arm manipulation and pneumatics to optimize the flattening step.
This goes one step farther to make the most of flattening step with increased speed without

Strength Opportunities

A Makes the entire ATSP highly A Low TRLltechnology A Uplifting to high TRL A Potentially slonspeed
customizable A Demands rigorous development A Commercial viability of operation

A Lots of research threads to help and testing A Could be useful for other parts of A Development work needed
pull through the technology ATSP process flow besides Disrupt

Removal such as NRT vs RT
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The input mechanismof feeding textile items onto conveyorshas been noted as the largest bottleneck for fibre
Identification as garmentsneedto be singulated and selectinga conveyancenethodthat affords more control overthe
Input methodof the garmentscouldseelargeincreasesn throughputefficiencyof the facility.

{ Challenges Identified from Market Surve}

A Controlled feeding and singulation of
textileitemsonto conveyors

Emerging Technology that could address thes
challenges?

Estimated
TRL status

|

A Automated bale breaking & controlled
conveyancesystemge.g. KMEsystem)

So WHAT?
What to monitor for future?
Where relevant?

Combination of bale breaking and auto

feeding should be trialled in conjunction with

emerging robotic feeding technologies to
the opti mum sol uti
throughput requirements

find
on

A Garment presentation overlapping of
multiple garments when put through
automated scanningsystems

A Integrating fibre-ID with robotic picking
and placing

Developing and trialling emerging
technology to establish the capabilities
and limitations (speed, accuracy) of such
systems

A Accuracyand reliability in robotic pick
and place systemsfor highly variable
post-consumertextiles

A Robotic handling of highvariation textiles;
bespoke grippers for textile feeding
systems

Grippertextile compatibility trials to
establish the most suitable end effector
design

A Garment presentation/visibility of
whole garments impeding downstream
(and upstream) ATSP processes

A Automated garment flattening

Development of robotic and
pneumatic automated manipulation of
garments
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Challenges of Fibre Identification & Sorting

To allow the ATSP to produce consistent and higjuality feedstock, the mixed textiles need to be categorised into aggregatesbin
based on their fibre composition and if required, their colodrhe market review has shown that fibre identification solutions utilise a
few key technologies to accurately categorise and sort the textiles based on their material composition:IN&ared Spectrosapy,
RGB Cameras, Ultraviol&fisual Spectroscopy and Machine Learning.

The technologies on the market for fibre identification and sorting are wedtablished, with more manufacturers particulartgin a

waste recycling background, transitioning into textile sorting. One consideration when assessing the accuracy of these
technologies, is the validity of the training data sets they have been developed from. Thereisnotanindastrya nd ae-d O0sS i r
sourceof-t r ut hdo database that has Dbeen ¢ o mlp&cheotbgies.dada racamenddtian fod 1 f
the industry would be to create an opersource labverified database to create a baseline to compare all technologies against.

Common challenges that are faced across all the Fibre Identification technologies are
A Overlapping of Garments during scanning (set by conveyance)
A Further Identification & Classification

A Multi-layer fibre identification

A Carbon Black Dye identification

A Elastane identification

A Colour Classification

A Fabric Structure Identification (Knitted vs Woven)

Pneumatic Garment Sorting
Source: Sorting for Circularity Europe, Fashion for good [2023]
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Overlapping of Garments During Scanning

The problem of overlapping ogarments was partially addressed in the section concerning
Material Feeding & onveyance, as a challenge of feeding and isolating. When this issue occurs
prior to fibre identification and sorting, it can cause several problems

A The detected fibre type might be obtained based solely on one of the garments, for example
the top garment if the scanner is located above the conveyor. This is because the
technologies currently used for the fibre identification (such as NIR) do not have the ability to
penetrate the textiles, limiting identification to what they can see on the surface.

A Overlapping may cause errors in the sorting process as 2 garments may besoiged into
the same classification bin due to their proximity. If the garments are of different fibre
compositions, the purity of the batch reduces.

A Additionally, scanning systems which take measurements from multiple points in a garment
(vs a single data point) may infer multiple garments as a single garment. The spectrum used
for the garment classification is obtained as an average from all the collected data points, so
this could cause misdentification of fiore composition (resulting in sorting errors) if garments
are notsingulatedwhen scanned.

Manual singulation of garments on a conveyor line
Source: aex.uk [2024]

When overlapping occurs, the accuracy of the sorting system decreases, decreasing the level of
purity of the final sorting batch.
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Overlapping of Garments During Scanning

Both mechanical and chemical recyclers require accurate fibogted feedstock for their recycling processes. Overlapping gantse
In the fibre identification step pose a potential risk to the quality of the feedstock.

Potential solutions:

A Singulation of garments at the feeding stage:
As discussed earlier in the Challenges of Material Feeding & Conveyance section, controlling the singulation of garments duri
the material feeding stage, is currently the most robust method for eliminating garment overlap in the downstream processes,

particular fibre identification and sorting.

A Detection and intervention of overlapping garments:
Some existing sorting systems utilise an RGB camera to identify the location of garments on the conveyor line. Utilissagrthe
camera systems and combining them with more sophisticated algorithms (such as Machine Learning) enables the exact shape of
the garment to be detected and used to:
A ldentifywhen overlapping occursd machine detection software that can account for overlapping samples and allow for
further handling (e.g. redirected back into the feeding system)
A Classify different garments fibre compositiaturing overlapping occurrenceshowever, it would still require an additional
precise automated sorting solution to mitigate for sorting errors (e.g. robotic pick and place sorting)

Considering the previous Market Review Summary, it is pertinent that garmentsargulatedas effectively as possible at the initial
material feeding stage to ensure that all downstream processes can be operate efficiently, particularly fibre identifiaati@orting.
This development effort at the feeding stage would be the most impactful for operations of an ATSP when compared to any
development effort to intervene and correct sorting errors resulting from overlapping garments.
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Multi -layer Fibre ldentification

Multi-layer garments are textiles that ammade of two or more layers of fiore material. As with overlapping garments, current
classification methods do not have the ability to penetrate through garments and analyse multiple fiore compositions. Thssma
the identification of multilayer garments extremely difficult, and at the time of writing this report there is no method awéado

satisfy this need.

Approximately

9%

of all clothing

Fibre Composition”A

Fibre Composition

In recycling
streams are
multi-
layered?!

Fibre CompositionA

[image sourceCambridge Dictionaty

For an ATSP, identifying mullayer garments is critical to maintaining batch purity. This responsibility currently lies watsprting
facilities such as Salvation Army Trading Company Ltd and relies on a skilled workforce to identify argbprgarments on segral

criteria including ReUsable or NonReusable Textiles and Multiayer Textiles.

[2] Characterisation study of the incoming and outgoing streams from sorting facilities, Refashgnil 2023.


https://dictionary.cambridge.org/dictionary/english/dress-shirt
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Multi -layer Fibre Identification

Explored solutions:

A Penetrating methods to identify multiayer garments:
There are some technologies that are capable of penetrating through the layer-
and these have been investigated on the capabillity for identifying distinct layer?

A Backscatter Xay & This technique detects the radiation that isflectedfrom
the target object and is more suited to shallow image capture when

compared to traditional Xray that relies on the transmission of-pays
through the objectB3l 4]

Initial tests conducted at the MTC did not show any clear distinction - Backscatter igaey(ktefet)st; rcr)efsml:(gti';;;y(ﬁghgarment
between the layers, thought to be due to low density of the fabric layers |
demonstrating that it is not suitable for mulliayer fibre identification.

A Terahertz 3D Imaging Terahertz waves sit between Infrared and Microwaves on the Electromagnetic Spectrum. Thisomact
technology was explored for its high penetrative qualities (when compared to infrared) whilst being safer thiRays. This
method is capable of identifying and measuring mulyer thicknesses for applications such as coats of pamt.

Initial discussions with technology developer and provideptikan [see further detailsoDp t i k @ 8 & % 0 | o-Ddvelopmentn 6 | n

Technologies sectignindicated that their scanner cannot detect mulkayers in textiles, again, due to the low density and similarity of
the materials.

[3] https://electronics.howstuffworks.com/gadgets/higtech-gadgets/backscatterx-ray.htm [accessed: 23/04/2024]
[4] https://lwww.analyticon.eu/en/xray-scanning.html [accessed: 23/04/2024]
[5] https://optikan.com/ [accessed: 18/04/2024]
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Multi -layer Fibre Identification

Possible mitigation:
A Cutting garments into smaller swatches to separate layers:
A If there are no joins or bonding connecting the layers, when cut into small pieces the layers will naturally separate rgducin
them to singlelayer materials for processing. However, along joins or other bonded layers, they will not be able to separate.

A Some sorting systems are compatible with a high volume of small swatches, and this same size reduction approach is also
used for classifying and removing disruptors. Cutting the garments before fibre identification can reduce the risk to batch
purity from multrlayer garments by allowing individual layers to be classified and sorted. However, turning 1 garment into
multiple swatches will increase the throughput demand of the aggregate sorting system.

A This mitigation introduces an additional challenge where the muétyer swatches, still connected by joins or bonding, will not
be able to be accurately identified and sorted, posing a risk to batch purity. While this may reduce the batch purity, the
overall weight percentage of the sorting error will likely be less than when compared to an entire Alayer garment.

A One further consideration is that the size of the swatches would affect the length of the recycled fibres, likely limigng th
feedstock to chemical recyclers as mechanical recyclers require long fibre lengths.
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Carbon Black Dye Identification

A known problem found amongst sorting system providers is the affect Carbon Black Dye has on
identification results. These dyes amsed in some blacland dark grey garments

NIR technology is used athe primary method of identifying fibre composition in all the current
Industriatscale Fibre Identification and Sorting solutions. Ndafrared spectroscopy covers
wavelengths from approximately 1100nm to 2500¢fin.

Carbon Black Dye increases energy absorption to the material affecting NIR measurertiénts.
Longer wavelengths are more successful in the direct detection of catBpand plastic recycling
iIndustries are moving toward the utilisation of Mithfrared spectroscopy to detect carbon black
colourant (which is commonly used in plasti¢¥)More advanced analysis algorithms (e.g. evolutic . ./ |
algorithm) can overcome the effect of Carbon Black Dye on NIR spectroscopy, however, this mlghﬂ_examme of black dye effect on NIR spectroscopy of

reduce the overall accuracy of detection, and requires further studiés. wool (paper does not vertly carbon black dye usage) [
ue colourg pure wool, blaclc dyed sample

Technology providers confirmed Carbon Black Dye can be problematic for the fibre identification
process. The scale of the problem is generally based on the frequency of carbon black dye used in
textile manufacturing. Technology providers have reported that they are seeing carbon black dyes
less frequently, and as a result are spending less effort attempting to deal with this challenge.

[6] Scotter, CN.G:ONI R TKMelbegul ar Spectroscopyao, I n.

[7] Cura K.,Rintala N.,Kamppurj T.,SaarimakiE., &Heikkilg P. (2021). Textile recognition and sorting for recycling at an automated line using near infrared spectroscopy. Re@&(d)jrid.,.

[8] BellonMaurel V., &McBratney A. (2011). Neanfrared (NIR) and midnfrared (MIR) spectroscopic techniques for assessing the amount of carbon stock Isd&oitical review and research perspectives. Soil Biology al
Biochemistry, 43(7), 1398410.

[9] Rintala N. (2019). NIRS identification of black textiles: Improvements for waste textiles sorting.
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Carbon Black Dye Identification

Possible solutions:

A Mid-Infrared spectroscopy:
MIR spectroscopy covers wavelengths from around 2500nm to 25,000m.
This wavelength enables the detection of Carbon Black Dye. Technology ProRdéencShave developed a prototype solution
iIncorporating Mid-Infrared, for such detection.

A Contact Sensing Tribo-Electric Sensor (TES) by SONY:
A potential alternative fibre identification technique was identified through the Market Review report. Sony are developing a
contact sensor that measures the electric chargransfer characteristics of a material. In a similar way that each fibre tyg® h
measurable spectroscopic characteristics, each fibre type has triboelectric chtaegesfer characteristics that can be measured
and classified. This technique has not yet been tested for carbon black dye detediarcollaboration between the MTC and
Sony will look to explore this specific classification furthgre e  f ur t h e-DeveloprneatiTdéclmoldgias séctidn

A Further development of the textiles database:
Carbon Black Dye Is not detectable directly with NbleRkor howte
example, it is hypothesised that cotton with the carbon black dye produces a recognisable unigue pattern, different fronn othe
fibres with and without the dye. If so, incorporating more textiles with Carbon Black Dye in the dataset used for trainingiigg
the detection model could allow for the classification of material containing Carbon Black Dyes. Study of Cura et al. @sdicait
advanced algorithms can overcome, to some extent, the effect of this dye on NRurther research into this solution could
eliminate the Carbon Black Dye challenge while utilising the same equipment already available in sorting solutions.

[10]Scotter, CN.G:O NI R THMebewgyul ar Spectroscopyaod, I n.
[11]Cura K.,Rintala N.,Kamppurj T.,SaarimakiE., &Heikkild P. (2021). Textile recognition and sorting for recycling at an automated line using near infrared spectroscopy. Re&(dljridL.
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Elastane Identification

Some chemical recyclers reported that they can not accept any traces of elastane in their feedstock, while
others have reported they fine tolerances and can only accept small amounts per batch.

Some of the sorting system providers reported difficulty when detecting elastane in blends with cotton. Whi
other sorting providers report their technology is capable of detecting even a small amount of elastane. The
conflicting reports could be down to a couple of reasons.

Elastane, also known as Spandex or Lycra, is a synthetic fibre that is known for its exceptional elastic
propertiesi?lElastane can be incorporated in garments in two ways;

A Firstly, elastane can be wound around the yarn in a blend or fed in as a separate material. In this scenal
parts of the elastane should be visible when using such techniques as NIR. y
A Secondly, the elastane could be in the core of the constituent yarn, which would be mostly remain hidder #
from the view. In this case, its effect on the spectrum might not be significant enough for detedtion,
making its identification more challenging or impossible. (b)

It is unclear why there is a disparity concerning the difficulty of elastane detection as the same technology isé':)":g;‘i’rfi‘;%pj; titrgﬁgbelgno(jseﬁg;??ae)
used by different sorting companies (NIR spectroscopy). This disparity might be related to the utilisation ofElastane in the core yar; (b) Knitted
different algorithms and datasets (e.g. insufficient elastane samples in the training database). Additionally, cotton, elastane s fed backside
different companies may have based their observations and tests on a different type of elastane incorporation

method (as described above).

[12]What is elastane fabric: Properties, how its made and wh8esvport [2024]
[13]Cura K.,Rintala N.,Kamppuri T.,SaarimakiE., &Heikkild P. (2021). Textile recognition and sorting for recycling at an automated line using near infrared spectroscopy. Re@&(d)jridl,.
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Elastane Identification

Possible solutions:
A Incorporating more textiles with cotton/elastane blends in the training dataset

Current sorting machines are based on the same NIR technology with some producers claiming the ability to detect elastane.
As with carbon black dyes, it might be possible that incorporating more samples with elastane into the detection model will
allow for consistent identification of blends containing elastane. This solution would have to be tested for different edasta
iIncorporation formats to check if elastane can be detected both as a separate material and as part of the core yarn.

A Contact Sensing Tribo-Electric Sensor (TES) by SONY:
As previously mentioned re: carbon black identification, this technology is based on different sensing principles thantcurren
identification technologies. As the TES is still in development, it has not been tested for the detection of elastane. sie to

direct contact detecti on, It coul d p ot dransfer ehbrhcteristtceduesta t ¢
the presence of elastane, even in the core of the yarn.
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Colour Classification

Sometextile recyclersrequire their feedstockto be sorted by colour to minimise complexity of their recyclingprocess Due to the
structureof the fibres,the accuracyof the colour identificationcanvary.

Thevisiblecolour and its tone vary depending on the ambientlight and its angle (towardsthe yarn) Additional calibrationmight be
neededto accommodatethese variations Some of the traditional image processingtechniguescan partially remove the effect of
the shadeson the colour.

Additionally,it iscommon that garmentsare not made of a single colour material,insteadthey are often ornamentedwith different
patterns in different colours This would have to be distinguished from wrinkles and folds of a lying sample Apart from
aforementionedCarbon BlackDye, no other dyeswere found to disturb the fibre identification

Additional investigationof the r e ¢ y cegugrameéndsmight be needed to justify further researchand teststowards more precise
colour classification

Examples of multicolour textile sample
the textile and through the thread)
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Colour Classification

Possible solutions:

A RGB cameras
This is a common solution used for colour identification. The information provided resemble the one produced by the human
eye. The information is limited and some calibration and compensation for light condition and its angle change (througheut th
sample) might be needed.

A Visual Spectroscopy
Provides more comprehensive information compared to the RGB camera (continuous values throughout the whole visible
spectrum is provided instead of three values for red, green and blue colours). Some of the sorting machine producers thigise
technology to identify the colour.

A Machine Learning Methods
These type of algorithms could be used together with Visual Spectroscopy and RGB camera. They can be trained to detect
colour based on historic/provided data of how humans classified the sample. These algorithms can learn to recognise complex
patterns and can be especially useful to distinguish wrinkles or folds from a colour changes in the sample, allowing effectiv
multi-colour detection.
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Fabric Structure Identification

The Identification and classification of textiles based upon their fabric structure, wove
or knitted (or nonwoven), has been highlighted as a future development area by
technology providerValvan This type of identification has not been explored in much
detail and has not been implemented in an automatic sorting process yet.

There are other differences between different fabric structures such as yarn count andjié o
yarn twist type. As there is generally more twist in woven yarns and less twist in knitte ciseasaiiasisii s
yarnsad it is much easier to untwist and recover fibres from knitted yars® there -
could be a benefit to having this sorted for mechanical recycling feedstock.

The guantification of yarn count and yarn twist type by the sorting system is less
Important; however, when designing a fibre identification model, it would beneficial
to determine if these would in any way influence the resuliscorporating a variety of

s o O Ay

model.

g =i )
Addi ti onal Il nvestigation of texti | e I R LR <
research towards textile structure identification. Microscopic view of different yarn twists

SourceThe Hong Kong Polytechnic Univerf215]



https://phys.org/news/2015-05-productivity-yarn-makers.html
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Fabric Structure Identification

Possible solution:

A 1D/2D imaging systems or 3D imaging systems
Line scanners or area scanners could be used to capture images of the visible fabric structure at the
surface of the material. Laser or Volume scanners could be used to acquire the volumetric images of the
visible fabric structure. Both solutions combined with machine learning techniques can then be used t GelSightdata
classify the fabric structure as Knitted or Woven, given a sufficient training dataset. However, as there
large variations of yarn counts (yarn thicknesses) used in textiles, either high resolution cameras nee
be utilised- to acquire clear images of the denser (smaller) fabric structwes alternatively smaller fields
of views. In most cases the fabric structure remains the same across the entire fabric, therefore samp
smaller area with a camera of less resolution might be a cheaper alternative.

A GelsightTactile Sensor
The Gelsightsensor, when pressed against a surface, produces a height map which can be treated an_
analysed as an image. The technology provider has built a database with 40 classes of tactile texture &
Including fabrics. The system claims that it can correctly categorize materials from this database with &g
accuracyIf not already present, knitted vs woven characteristics could be added to the database.

A Texture recognition from tactile images and vision

Cameraimages

Some academic research has been conducted in the field of combinedcameract 1 | e s e n s§

fusi on method named oDeep Maxi mum Covariance ALl Yy S s u al |
) ) ] ) , actile sensor vs camera images for

features through vision and tactile sensingo. | niifierelt texti@ shmple € S L

Source: [14]

of greater than 90%41°]

[14] Li, R., & Adelson, E. H. (2013). Sensing and recognizing surface textures ugisjght sensor.
[15] Luo, S., Yuan, W., Adelson, E., Cohn, A. G., & Fuentes, R. (2018). Cloth texture recognition using vision anch&agile se
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Summary & Conclusions

Basedon the feedbackfrom textile NS O & €pbkerittXilde mostimportant aspectto them wasto havevery accurate
fibre-sorted feedstockthat meetstheir feedstockspecificationtolerances

- - So WHAT?
" Emerging Technology that could address thes Estimated :
{ Challenges Identified from Market Surve% { challenges? TRL status What to monitor for future?
Where relevant?
A Multi-layer textiles A No emerging technologies identified suitable for the A As almost 10% of textile products are multi
challenge. Mitigation efforts are prioritised for thiaitial layer, there needs to be a focused effort to
operation of an ATSP. mitigate problems in the recycling process

from multi-layer textiles.

A Contact sensor Trials to verify contact sensor capabilities

Build database with relevant carbon black
and elastane yarn structures to train
machine learning models

> >

A Carbon black dye and elastane
identification A Mid-infrared spectroscopy

Machine learning models

A Fabric structure identification A GelsightTactile sensor A More thorough research to quantify fabric
structure needs for downstream recycling
processes to determine most important

properties to classify (e.g. yarn twist)

A Advanced Machine Learning

>\

A Verification of fiborei d sy st emds A Open-source labverified database to act
accuracy claims as a baseline for comparison of different
fibre-1D technologies
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Challenges of Size Reduction : Downstream Condition of Supply

Feedstock size requirements vary across different recycling methods, with mechanical recycling
requiring long fibre lengths to be preserved and chemical recycling requiring small cut swatches 5‘:{"’_.@,3
which are easier to feed via higholume hoppers and break down chemically.

When researching the current state of the market for enabling technologies for an ATSP, size
reduction processes and equipment proved to be difficult to advise on, as the requirements for §¢
supply of feedstock to downstream recyclers was unclear, and in many cases unde@irpadticularly #
In chemical fibreto-fibre recycling as the technology is still developing.

Understanding the downstream condition of supply for physical feedstock size specification is

. . . . ~ Shredded textiles
mi ssion critical for an ATSP3ds output. Source: trexproject.eu [2023]

There aremany existing technologies capable of reducing the size of textiles, but none are versatile
enough to produce optimal feedstock for the broad range of differeffibre-to-fibre recycling
processes. Technology providers for size reduction equipment believe they can calibrate or ada
their equipment to meet the physical size specifications required by recyclers, but lack of a comr
accepted size specification to meet the economies of scale needed to justify CAPEX investment
hindered technology adoption in this step of the recycling process.

MTC intends to research downstream recycling processes to understand optimal condition of suppiy

requirements that will enable collectors/sorters and future ASTP operators to design their SYStEmMS iN  seume surangooms.com (2025

line with recycling process requirements. This work will increase the value and viability of the
outgoing ATSP feedstock for recycling into the circular economy.
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Disruptor Removal Overview:

To prepare the textiles for the recycling process, disruptors (hard trims and soft
trims) need to beremoved. Most textile products in circulation have not been

designed for disassembly* so the removal of these trims is currently done by Approximately
manual and labourintensive methods, or automated but inaccurate/low material 7 80/
yield techniques. 0
of all clothing in recycling
Due to the variety and complexity of postonsumer NRTs that will be input into streams are made of
the facility, the ATSP needs to be able to sort and accommodate removal of a different materials and/or
variety of disruptor types. have disruptors present
such as zippers, buttons,
Some recyclers have zero tolerance for disruptors in their recycling process, makind beads etc [16]

the detection step critical.

* emerging technology providdResortectiave developed desigfor-disassembly thread technology.
Moredetailsino I n Devel opment Technol ogiesd section

[16] Characterisation study of the incoming and outgoing streams from sorting facilities, Refasiipnl 2023.
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Detection of Hidden Disruptors

Hidden Disruptor
. under folded
v / swatch

OOOOO

Current disruptor detection solutions rely on the
disruptor being visible to the camera for
identification and classification. The natural
tendency for textiles to bundle and fold onto
themselves can lead to disruptors being hidden
from the camera, leading to potentially missed
disruptors, or inefficiencies in the process as there
would need to be multiple cycles of the same
batch to ensure no disruptors are present.

Localised Disruptor Removal

Texctile squares

r”’fi“‘*
1T
_ 1
¢ <. |
] |:-- | I [ - .l.'f.:.-
=i l-ﬂ:'- ~ T .. Separation of
f_,-ﬂ" bextile squares
= I 1] -
gl o

Size reduction for ballistic separators
Source: Technical monitoring of optical sorting, recognition and
disassembly technologies for textiles at European scale, Refashion. (2023)

At the time of writing this report, no solutions on
the market offer localised disruptor removal.
Ballistic Separators, commonly used in other
recycling industries, require the textiles to be pre
processed into small swatches (Size Reduction) for
disruptor removal. Swatches with a disruptor
present are ejected into a separate aggregate bin
away from other swatches.

Material Yield
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As ballistic separators for disruptor removal are
reliant on smaller swatches for detection and
removal, there is an inherent yield loss of textiles
from the process. As textile recycles already
operate on fine margins to make the process
financially viable, it is critical that any material loss
through the process is reduced to a minimum.
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Disruptor Detection

Disruptor Detection is the step where identification and localisation of disruptors on various garments occurs. We
have not foundany specific publicationsn this territory, butwe can leverage research efforts outside of the
textiles manufacturingsector to understand how disruptor detection may work.

Currently, RGB cameras a®upled with machine learning techniques to identify disruptors and enable
downstream processes to remove themdbject Detection andinstanceSegmentationhave been considered as
the most promising types of machine learning techniqués localised identification of disruptor€bject
detection identifiesand localizes objects within an image or video and Instance segmentation
distinguisheandividual objects even when they are closely grouped or overlapping.

RGB camerado not have penetrative qualities and are only able to detect what is visible on the surface of the
garments. This can lead to disruptors moving through the process without being detected and reducing the purity
of the feedstock produced by the ATSP,

Ve

Example of Potential Detection Technique Examples of Object Detection and Instance

Source: Technical monitoring of optical sorting, recognition and disassembly technologies for textiles Segmentation used in other sectors

at European scale, Refashion. (2023) SourcePose2Seg: Human Instance Segmentation Without
Detection [2018]
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Disruptor Detection: Potential Solutions
Multiple RGB Cameras Terahertz X-RAY Backscatter

Transmission X-Ray Image Backscatter X-Ray Image

\/ue Optique

Echantillon #4 - Etiquettes [dB] .

o i ; . :
__460fFE n 14
= | -2
£ 480 } | |
E sl ®
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‘mm)|

Vue Optikan

Transmission and BackscatterRaylmage For Screening

Multiple Cameras Optikan Terahe_rtz Technology Source: www.dec-system. [2016]

Source www.fdtimes.com[2015] SourceOptikan[2023] ' ' '
Multiple RGB cameras, when Terahertz signals fall between the X-ray backscatter is a technique that
synchronized and positioned wavelengths of micrewaves and Involves the scattering of Xays by
strategically, offer enhanced depth Infrared in the electromagnetic materials, with detection and analysis of
perception and spatial awareness. Their spectrum.Terahertz waves are well the scattered radiation to provide
combined capabillities facilitate accurate suited for penetrating beneath the iInformation about the composition and
colour capture and spatial mapping for a surface of objects during scanning. The structure of the target object. It is
wide range of imaging tasks across a technologycould be appliedto identify commonly used in security screening
range of industries disruptors on garments if combined with applications for the detection of
Multiple cameraswvould allow for the a machine learning modellsee further concealed objects or substances.
garment to be viewed from multiple detailsofOpt I keaocdsnol o-gi es 1 n Ol n
angles and increase the likelihood of Development Technologies sectign

disruptor detection.
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Disruptor Detection

A summary table of the identified and reviewedtechnologiesthat could be suitable for disruptor detection below highlights the
benefitsand drawbacksof eachsensortype

Multiple Cameras Terahertz Scanners X-Ray Backscatter
=gl A Additional perspectives for analysis A Non-ionizing radiation A Proven in other industries for
A Wellknown technology A Penetrative qualities penetrative object detection
A Utilised by some disruptor removal A Proven identification of
technology providers Disruptors
A Range of cameras at different price
points

b\ A Increased computational resource A In-development technology, A lonizing radiation, requiring
A Limited by what is visible to the not industrially ready health and safety
cameras A Currentlynot compatible with consideration
moving objects, however an A Expensive
Inline scanner is In
development
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Once disruptors have been detected and identified, the next stefghe physical removal of disruptors from the
garments. There are currently no automated industrialigady solutions for localised removal of disruptors.

Commercially available technologies utilise Ballistic Separation which requires the garments to go through-a size
reduction process to create separate swatches of material that may or may not have a disruptor present. If a
disruptor is detected, the entire swatch will be ejected and as a result there is a lower yield in feedstock produced
by the ATSP.

Startup KAPDAA claim to be developing localised disruptor removal as part of their Aidfibres progsat further
det ai |l s re:-DekVAePDoApPAMe nnt OTlemclhnol ogli esd0 secti on

[Ai4fibres:dA pair of jeans will be processed through our system, which will read the composition (60% cotton

fibres, 20% polyester, and 20% elastane) & blue colbe scanner will pick up the position of the rivets, zippers

& button and send the information to the cutting arm®nce the zipper etc are cut through with minimum

wastage, the jeans willMl be sent to the allocated bay. o6

For any localised disruptor removal to be possible, garments must be presented to the system in such a way that
the whole garment is accessible by the removal methagkg research on flattening methodls

MTC have not found any [academic] publications relating to the localised removal of disrupboitscan leverage
research efforts in the textiles industry and outside of the sector itself.

[17] https://kapdaa.com/pages/ai4fibrepAccessed2024].
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Localised Disruptor Removal

Potential Solution:
A robotic cutting system that utilises machine vision and complex path generation models to create cutting
trajectories can enable the localised removal of disruptors whilst minimising the material loss.

50

Existing cutting technologies, such asskrand ultrasoniccutterscan beusedon a robot or CNC machine, whilst
leveraging algorithms such as the Travelling Salesman Problem, which seeks the shortest possible route that visits
every point in a set of locations jusincell®l to efficiently remove disruptors from garments. Other cutting

techniques, such as conventional knife blades, either do not provide enough precision or require other
technologies to maintain tension on the garment.

It is unlikely that one system like this alone would be able to complete this task at the throughput rate the ATSP
requires, so multiple lines would likely be needed, incurring Iarge Investment and floorspace requirements which
may make the solution financially unviable. E :

(a) Disruptor Cutting Pattern Generation (b) Precision Cutting using device
SourceGenetic and Ant Colony Algorithms to Solve the Multi mounted on a I’ObOt

TSP [2021] Source: windsorstar.com [2021]

[18]Kuo, M. (2024 Algorithms for the travelling salesman problem (2024)
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Localised Disruptor removal

Laser Cutting

Laser Cutting

Benefits A High levels of accuracy and motion versatility allowing
for the creation of complex shapes and designs.

A It can cut a wide range of materials making it suitable
for various industries and applications including

textiles.
o -aser Cutting Machine | Close up of Laser Cutter A Faster than traditional cutting methods, enabling rapi
production of parts making it a good fit for industrial
Laser cutting is a manufacturing process that uses a high automation.
powered laser beam to cut materials such as metal, wood, Drawbacks A Set up can be expensive, requiring an investment in
plastic, textiles, and glass in a precise and versatile way equipment, training, and maintenance
making it a viable option for disruptor removal. Through a A While laser cutting is versatile, certain materials may
focused lens a laser beam is directed onto the material, emit toxic fumes.
melting, burning, or vaporizing it along the predetermined A Poses risks of fire, eye damage, and exposure to
programmed cutting path. It is popular in industries hazardous fumes if safety precautions are not followe
ranging from automotive to fashion design because it diligently.

offers high levels of accuracy, speed, and customization
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Localised Disruptor removal

Ultrasonic Cutting
Ultrasonic Cutting
Benefits A Offers high levels of precision, making it useful for
& — AN cutting complex shapes and delicate materials
pe B A > A Produces minimal heat, reducing the risk of
iy material deformation or melting.
A Can be used on a wide range of materials,
Including textiles making it a quite versatile tool

e e across various industries.

T o oo 202 S o oo o,

| o | e Drawbacks A Can have a relatively high initial cost, including th
Ultrasonic cutting utilizes higtirequency vibrations to purchase of ultrasonic generators and specialized
cut through materials with precision and efficiency. A cutting tools
vibrating blade, typically made of titanium or steel, A Less effective for cutting through thicker materials
generates ultrasonic waves that create a clean, accurate compared to other cutting methods.
cut without generating heatDue to its ability to cut A Requires regular maintenance and upkeep to
through various materials smoothly while minimizing ensure optimal performance, including blade
material distortion this technology is commonly used in sharpening or replacement. Also, periodic

Industries such as food processing, textiles, and plastics. calibration of equipment settings is needed.
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Disruptor Removal 0 Air-separation feasibility

Existing technologies take posthredded used textiles (Ken Mills Engineering) or footwear matefialsMike Lee
researcl) and can separate contaminants (metals, plastics, hard points) whereby thesable textile components
are vacuumed via the top of the chamber and oheavieso (c

This process could be suitable for an ATSP 1 f the output
It is important that textiles inputted into this process are of similar weights/densities for thes@paration settings to

be effective. This would necessitate accurate sorting upstream of this step to ensure that in addition to fibre type,
material weight and density is also homogenous.

Fibres/ feedstock
PO [ ~ +  torecycling
“ Sorted by fabric ff  Size Reduction: : Rerals\r/:?t/ci); o partner
— weighy/gensity Shredded/Garnetted - .
Fibre ID & S eparation OHeawvi es 6
*sorting system g 2 | metals/plastics
. < |
(disruptors) 0 Disruptor Removal: g for onwarl_d sale/
| X Ballistic Separator S recycling
NRTs input . @
: Pre-Detection
Into ATSP for disruptors
facility P Size
@ | Reduction per,
: recycl er 0s
lbre ID & | requirements Feedstock to

A 4

sorting system
(NO disruptors)

A
\ 4

recycling partner

aggregate bins

|
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Pre-Detection of Disruptors

Localised disruptor removal is reliant on a garment flattening process and both processes would likely incur some additional
challenges when lookingt an industrial scale solution. The ATSP has an initial throughput target of 4.5 tonnes per hour, with future
targets of 9 tonnes per hour. It is extremely unlikely that one disruptor removal system would be able to handle the estini8fo

of garments with disruptors presefflwhilst meeting throughput requirements. To meet these throughputs, multiple processing
lines would be required, increasing the floor space and financial requirements of creating an ATSP.

In an efforttoreducethed e mand on the | ocalised disruptor removal systen
challenge,a pre-detection step could be introduced to provide a higlevel classification of the garment to determine which work
stream should be used, reducing the overall load on the localised disruptor removal system.

Conventional ATSP Processing Steps

U Disruptor
A batch with Unlikely
EOte”t'al R PreDetection (PD Conceptual methodology for localized disruptor removal
ave
disruptors Disruptor
1.. Al & Image Likely Disruptor detection Disruptor Removal
ProcessingE.g., Flattening (FT) P (DD) 1 p(DR)
GARMENTIype/shapeld
tificati : : :
gnégg I(;Qn()BBD Cameras 1. Air compression 1. Al & Image Processing 1. Trajectory Generation
' ’ 2. Al & Robotic 2. RGB/XRay/Terahertz 2. Actuation
Manipulation Ultrasonic Cutting

Laser Cutting
[19] Characterisation study of the incoming and outgoing streams from sorting facilities, Refasipnl 2023.
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Pre-Detection of Disruptors: Emerging Technology

Keytechnologiesfor pre-detection have been identified in varioustextile researchpublications
Whilst these classificationtechniquesonly deal with identifying a clothing type (e.g. trouser, shirt, dress)they have potential to be

further developed

The likelihoodof a disruptor being presenton a garment can be inferred from data relating to the clothing type classifications

Thereare a couple of placesin the textilerecyclingprocessthat this technique could be implementedto streamlinethe ATSPprocess

1. Entranceto the ATSP As describedon the previousmethodology slide,a pre-detection step could be implementedto determine
the most suitableworkstreamfor the garments The existingmethods researchedare robotic-based,and unlikelythat to meet the
throughput requirementsof an ATSPasthe textile manipulationtechniguesare time consuming

2. Pre ATSPSortersand Collectors Utiliseemerging Al-basedtechnology (e.g. TechnologydeveloperRedivivum|[seefurther detailsin
0 IDavelopmentT e ¢ h n o kectigr]. Ensddbuld be implementedat the pre-sort stageto segregateNRTsinto batchesfor those

with disruptorsand those without.

/H W a v /= ]

sog——( ol

2 ® > |

“[a8 . (_Towel
\ AN CNothing>

Ingiat |ayer Lasrar 1 Latver 2 Layer 3 Layer 4 Layer 5 Qutput Layar
2402 40K Comwalution Conwolution Comeclution Comvalution Hidden Layer 3 cafegories

12 losrnals 33 kmrmels 22 kmrnals 48 kernals
Sus L] b i | IHI 500 naurcn

max paling mak poaling max paoling max pooding

Dropout Dropout Dropout Dropout

Example of Al based prdetection methodology
SourceRobotaided cloth classification using depth information and CNNs [2016]
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Garment classification techniques (1 of 3)

Five different classification and recognition approaches were identified in various
research publications

A L-C-S-H classifier approach from a pile (2013) [1]

A An approach for classifying items from a pile of laundry. The classification procedure L C S H
exploits color, texture, shape, and edge information from 2D and 3D local and global — A S
information for each article of clothing using a Kinect sensor. The key contribution of this V Characteristios =] srirs
paper is a novel LC-SH classifier using characteristics and selection masks. Essentially, tl _ “‘y"'
method decomposes the problem into high (H), low (L) and multiple revel Q
(characteristics(C), selection masks(S)) 5 o less || Dress S

global classification problem.
A Accuracy90%

A Robot aided cloth classification (2016) [2]

AA system to deal with the problem of classifying garments from a pile of clothes. This system
uses a robot arm to extract a garment and show it to a depth camera. Using only depth
Images of a partial view of the garment as input, a deep convolutional neural network has
been trained to classify different types of garments. The robot can rotate the garment along
the vertical axis in order to provide different views of the garment to enlarge the prediction
confidence and avoid confusions.

AAccuracy92%

Source: Carme Torras [2016]

A Single shot category recognition (2017) [3]
AA single shot approach forrecognisingclothing categories from 2.5D features. We propose
two visual features, BSP{®pline Patch) and TSD (Topology Spatial Distances) for this tas
Integrated category recognition pipeline with a stereo vision system, clothing instance

detection, and dualarm manipulators to achieve an autonomous sorting system.
AAccuracys83.2%
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Five different classification and recognition approaches were identified in various
research publications.

A Fashion landmarkbased recognition (2020) [4]

AFocuson techniquesthat can generalizefrom large-scalefashiondatasetsto lessstructured,
small datasetscollected in a robotic lab. Proposed training data augmentation methods
such as elasticwarping, and model adjustmentssuch as rotation invariant convolutionsto
make the model generalize better using only RGBimage dataset Proposed a network

architectureand training procedure on a large-scalefashiondatasetDeepFashion
AAccuracy 85 - 90%

A Using shape estimation [5]

ASegmentationand shapeestimationof multiple deformed cloths stackedon a floor from an
iImage using a CNN-based landmark detector and clustering : (1) it can perform
segmentationand shape estimation of multiple cloths of the sametype or different types
simultaneouslyby modeling a cloth as a grid of landmarksand estimating their positions
and attributes, (2) it can correctly segmentseverelyoccluded or seeminglydisjointed cloths
by estimatingand classifyinglandmark attributes including grid index, cloth position, cloth
orientation, and cloth type.

APrecision98.6%

3 cloths 4 cloths 5 cloths

Thegoal wasto get an understandingof the different approachesand their effectivenesdor classifyinggarments
To develop these classificationtechniques,further evaluation of the setup and configuration of the machine learning
modelsis required to identify if they can be expandedto assesghe likelihoodof disruptorspresenton a garment,or if a

custommodel is required.
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Publication:

[1] A New Approach to Clothing | AEach layer of the approachcanbe |A Only 3 categories
e and Glomal Feauer Classification using Mid.evel modified to include any type of
ST [ Dres [ Layers(2013) | earning Strategyl and accuracy is 90
S i i | ASel ection mask for collars, buttons

[2] Robot-aided cloth classificatior] ADetection by hanging A Only 3 categories

using depth information and AFast and Robust detection 92%

CNNs (2016) accuracy?>

ADet ection from partial viewsD)

[3] Single shot clothing category |[ARobust to def or maA ISewandtmp e s D

recognition in free configurations | ARecognisingclothing categories in consuming process
with application to autonomous random configurations based on high
clothes sorting(201)7 guality stereo databd

[4] Fashion landmark detection |A Trained on large category of clothes| A Clothing needs to be
and category classification for with up to 90% accuracy somewhat flattened
Robotics A Open-source code for further
devel opment . D

[5] Segmentation and Shape A Detection from a pile which has bee| A Objects have similar
Estimation of Multiple Deformed verified on textured and folded shapes
Cloths Using a CNPBased clothes

Landmark Detector and ClusteringA Li nked to robotilc manipul atiqn?

3 cloths 4 cloths 5 cloths
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Summary & Conclusions

Basedon the feedbackfrom textile NS O & SdokemNdR the most important aspectto them was to have very accurate fibre-sorted
feedstockhat meetstheir feedstockspecificationtolerances

Emerging Technology that could J { Estimated ] { So WHAT? }

i )
address these challenges? TRL status What to monitor for future?

{ Challenges Identified from Market Surve% {
Where relevant?

A Penetrative sensing technology can improve efficiencies
of current disruptor removal processes, although some
development is still required for moving objects at
Industrial speeds.

A Detecting Hidden Disruptors A Multiple RGB Cameras

A Terahertz Scanner

A X-ray Backscatter

A Localised disruptor removal is unlikely to be a direct
replacement for current equipment in an ATSP.
However, utilisation of these techniques spread across
the textile recycling landscape (i.e. collectors &
sorters) could reduce the demand on an ATSP.

A Material Yield Loss & Localised A Localised Disruptor Removal
Disruptor Removal

LocalisedisruptorRemovalremainsa challengingareafor technologydevelopmentwithin pre-processingprimarily due to the variation
and material handling difficultiesof post consumertextilesproducts The advancementof supportingtechnologieshat can repeatably
manipulatethe garmentsto exposekeyfeaturesis neededto enablepreciseanalysisof garmentsand accesdo removetheir disruptors

Further trials are recommendedto compare the energy consumptionused and yields generatedfrom existingtechnologies(ballistic
separation air separation)and a costbenefitanalysiscompletedto assessf the potentialimprovementsin material yield from localised

disruptorremovalwarrant the developmeninvestments
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Conclusions & Next Steps

Conclusion

Through the exploration of the challengesidentified in the previous report 0 A u t o @ating far Circular Textiles Technology MarketRe vi e wo ,
emerging technologiesand potential solutionshave been identified However,there remainssome uncertaintysurroundingthe scaleand criticality of

the challengesfor an ATSPwhile the fibre-to-fibre textile recyclingmarketis developing

Fibreldentification& Sorting
A A Variety of further classification categories have been
identified, along with possible solutions for identifying the

_’“ <> MaterialFeeding& Conveyance

A Automating item singulation and minimising the
likelihood of garment overlapping is critical to

m m efficientoperationsof an ATSP characteristicsequired for classification
A MTC are Conducting robotic gripper trials to A The commercial importance for further classification
establishthe most suitableoption for textilefeeding categoriesis unclearanda o ¢ o n dof st u popstiudy would

provide clarity

DisruptorRemoval

A Localiseddisruptor removal requiresdevelopmentsin a few
key areas of robotics and machine learning Although the
throughput capacity of this technology has been rapidly
increasing,it is still unlikelyto satisfythe requirementsat an

SizeReduction

A There are no technologies versatile enough to produce
optimal feedstockfor the broad range of different fibre-to-
fibre recyclingprocesses

r

A A 0c o n doftsiugmpdtudyowould clearly define the industrialscale
physical specification of feedstock, enabling focused A An analysisof the cost of the material yield loss against
developmenteffortsin thisarea development costs would be beneficial to inform further

developmentefforts.
Next Steps

In addition to the gripper trialsin progress,the MTCintendsto complete a @ondition of s u p pstudy i@ which an extensivegroup of post-ATSPprocessors
(ChemicalRecyclersMechanicalRecyclersetc.) are identified and interviewedto establisha consensusand guidelinesfor the downstreamphysical(Size,
FabricStructure,etc.) and chemicalrequirements(Dye tolerances,etc.) of feedstockfor their processes Thisactivity will bring clarity and help focus future

developmentof the ASTPto optimise output, in line with downstreamrecyclingrequirementsto enablethe textile circularmaterialseconomy
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Matoha D

A UK based startup who have developed a range of plastic, textilasd
carpetNIR sensing device® handheld, desktop, bencimounted and
sensing modules available

A  Wellestablished with textile collectors and recyclers who use their devices
sort textile wasteand for quality checks for incoming goods have sold
400+ devices in over 40 countrie®!

A All Matoha devices are clougenabled, with the device able to report results
to the cloud in real time. This supports traceability and allows the sorters to
determine the composition of incoming and outcoming waste streams.

A Developingautomated sorting system, combining their NIR sensor with ; >l
. . . - . . . P e J‘C& }
roboticsand Alto enable fibre identification and sorting/bin placement to e /?/bo &
be carried out in one action without human involvement. |
A Have created scaled demonstrator with £48k Innovate UK project
currently developing fullscale demonstrator
A Potential tosort garments automatically with a small footprint, and low
up-front cost throughHaaS(Hardware as a Service)

Source:Matoha [2024]

Bans&lbyrtRng(2w23) Maki ng Recycling Easi er TexfashtAvailable dt:Sodihgo: Wakihdy RetyclihgdEasrertwithf Teclenslog¥ That idensfiesaEibrds afdaEdbrics (¢egfd@sfAcorgsed: 17 April 2024)



https://texfash.com/special/sorting-out-making-recycling-easier-with-technology-that-identifies-fibres-and-fabrics
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: Disruptor Removal
KAPDAA I@!.

UK:-based company which started by working with designers and brands to
create products from fabric offcuts in 2014. Partnerships with recyclers and
brands with takeback schemes led them to develop their own fibigorting
and trims removal technology completely in the UK.

Supported by Kingston University since 2022, KAPDAA has designed and
developed a prototype of an automated textiles recycling machine
AI4FIBRES to identify & sort garments as per their composition, as well as
detect and removing trims with minimum wastage.

v Recipients of UKRridgeAlfunding which starts in April to develop an
Industrial size prototype

s Commissioned by a UK interior brand to create a circular system from
their waste

s Commissioned by a private European company that works within textile
sorting to develop their Adlbased disruptor removal system to integrate
within their operations

« AldFibres demonstrator will be accessible to brands / councils by L a

: Video: Department of Science,

September 2024 at Kingston upon Thames Innovation and Technology



https://youtu.be/5g-oteVkx_E?si=KeV6NR6WvDG0RTfc
https://youtu.be/5g-oteVkx_E?si=KeV6NR6WvDG0RTfc
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Ken Mills Engineering = =

UK-based Ken Mills Engineering have over 40 years industry experience providing textile recycling solutions for multiple immudicathe waste
and recycling sector.

A clients includemajor textile recyclers and collector/sorters

KME have developed bale breaking and aufeeding systems using series of spiked rollers and angled conveyor belsrgulatetextile items
(clothing, wiper rags), for passage under a metal detection system.

After an airjet ballistic sort removes items with contaminants, materials are consistently fed on a conveyor ready for fedherg or baling.

** An opportunity exists to trial this bale breaking and aufieding method with a preferred fibtidentification technology tetest the accuracy and
speed of textile items input in this way.

The spik_ed belt of fhe bale breaker splits the bale open and the doffer unit ensures

l F‘ . ' \ an even feed TR :

S » i i e —
Eully Automatic System = Minimalllnteraction - Quality’Buillt®Machinery

u Video: Ken Mills Engineering

u Video: Ken Mills Engineering


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Flink.edgepilot.com%2Fs%2F280a3761%2FS9Ly5rM57Ei6aPPoZFRFpg%3Fu%3Dhttps%3A%2F%2Fwww.kenmills.co.uk%2Fabout%2Fclients&data=05%7C02%7Celizabeth.brown%40the-mtc.org%7Ca5fc2d2a2fac45f9562408dc44342f62%7C78d71610c4a14bef9f100192e83ee6d8%7C0%7C0%7C638460238196364486%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=JjygvKrj5OWVbkXrLMFUdQpqpxlrusIcoc4QaeymM4o%3D&reserved=0
https://youtu.be/-TeGF6qF8y0?si=h-OU5ge2pYUyh3oj
https://youtu.be/RulwfMie2P0?si=i3OwwcbVEqXpRfH2
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Konica Minolta/ Specim Q’-

Specimproduces hyperspectral imaging devices covering range of spectra. Visual and sPecim
NIR technologies were found useful for fibre and colour identification. The camera | e
takes an image of the sample and produces a Spectrograph of the composition of | gz

material, which can then be compared to a validated database to identify the |
material(s).

In-Development Technologies

Specimcameras (such as FX®MNIR region) operate in a linescan mode, which
means that the objects have to move to cover the whole space the textile (e.g. on 1
COnveyer belt) SpecimFX Series
Hyperspectroscopy aims to provide a continuous spectrum for each pixel (in the case ~ =eeewspeemeon iz
of FX17 the camera covers 224 bands in the range of 90000 nm).

The NIR technology is currently used in most of the textile sorting solutions. It is

however important to
A I1dentify the technology limits (some of them are indicted in the Fibre Identification

Challenges section)
A Test if these limitations can be overcome with improved database and algorithms

A Compare with other potential technologies
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Tribo-Electric Sensor (TES)

The tribo-electric sensor (TES) that Sony Is developing, measures the output voltages versus time of
materials, enabling the creation of a tribelectric signature for each material in the sensing geometry;
furthermore, the collation of a database of triboelectric signaturésor different materials in different
sensing geometrie® is being developed to enable the identification of materials.

The TES technology requires direct contact between sensor and the object of analysis: the contact
Interaction can be bouncing, tapping, or sliding over the sample being tested. It has been found
under laboratory conditions to be able to identify and produce distinct datausters for differing fibre
types such as polyester, cotton, viscous, wool or linand alsofor several blends thereof).

This technology could be used as complementary system that helps to identify fibre types; because its
physical principles are different from NIR spectroscopy, it might be applicable in situations where NIR
either fails or provides unclear resultsloweverthis is still low TRL technology, yet there exists some
potential that it could be used to identify other fibre properties (such as thread typahese would

have to be investigated in future developments of the triboelectric material identification technology.
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Optikan Q,_

In-Development Technologies

Optikan produces nondistractive testing equipment based on Terahertz
technology (Frays).Teraherzradiation consists of electromagnetic waves of
frequencies between 0.3 and 3 terahertz. This falls in between infrared and

microwave radiation. f
. . _ -9
This technology Is more penetrable than infrared and safer thairay. It
allows detection of internal defects, internal analysis of materials, material { R
sorting, and multilayer thickness measuremeitis Visual and THZ image

Source: www.optikam.com [2024]

This equipment was investigated to be used for mul#tyer detection of
garments. The initial discussion witptikan indicate that it might not be
suitable for this purpose.

[21] https://optikan.com [Accessed: 2024]
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Refiberd Q&—

A USbased startup; AFbased hyperspectral

P
L3 _.I

i mag i ng teCh n Ology prOVi de r- s = E:;EEiF‘EC‘TF&#L -~ H"r'F'EF;.‘:;_'-.'.AI'—:rE‘;:TF!AL m _ M.A.EHIP-:HEGDLEELAENING
A Systemhas the ability tosort textiles based on S [ e | _

fibre content within 2% accuracy. ﬂ_ll. — & f_____

A Their technology can be a tool for recyclers as —
a guality-control check to know what fibre
composition fractions they are getting to
better calculate their chemical usage

guantities
A As of August 2024, are involved in several
pl IOtS I n th e U S an d E U Wlth fl b'FH) - fl b re : : The textile is placed ':E:' Camera measures lines of :3: The hyperspectral cube is
. underneath the hyperspectral hyperspectral data from the processed by a machine

re CyCIe rS y WaSte SO rte rS y an d faSh | O n b ran dS camera and the line light moving textile at a specified learning model. The model

. . . SOuUrce. framerate. outputs a prediction of the
(Refiberd could not disclose company names at time . matarial composition of the
of interview, but hope to have news releases in the ines.of prspecirs ta e

] create a hyperspectral cube
comi ng mOnthS) such that each pixel of the

image is a spectra.

Refiberd Albased hyperspectral technology

SourceRefiberd[2024]



https://refiberd.com/technology/
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_ l Disruptor Removal

In-Cycle o0 Dr. Mike Lee

A Researchefounded In-Cyclein 2012 »7 7 ng%

A Developsmaterialseparationand recyclingtechnolegies,largelyfor difficultto A e (- Sf@ft:ii
recoverwaste streams,suchasshoes,textilesand mixed plastics m —

A Involved in a number of UK and EU funded R&D projects where bespoke s iwoal
recyclingtechnologiesare being developed Thisincludesthe developmentof f— \},\ 2 METAL SEPARATOR
novel shredding, grinding, separation (mechanical and chemical) and ‘ R e

3. DELAMINATION

s ¢ Extraction of non-ferrous metals
€ = and textile fluffs

moulding technologies

A OwnsIPtogether with Frenchcompanyon an air separationtechnology

A Currently developing a novel air-based separator for shredded shoes
separation alsoapplicablefor shreddedtextilesto remove metals/hardpoints
d will be availablein future for smalltrialswhen machineis operational

4. AIR-SEPARATORS

Separation of materials
(rubber, leather, foam)

ﬁ
/8 g\

' 5. GRANULATOR

Rubbc atho
granules fibres granulos
o - - ""' “" - -e
. "%0 > va ’
. . A “« . a ® 9
Y -
-‘L\' L\"a 1T § - ."-‘.‘,‘
‘?‘%‘ { \‘ . ) Ny 3
Pt N d [ ]
.
- J ".‘.

B E’\ t«i&’ 3%:1,
% A novel separation 0gAn airbased automated Development of an Rl,.,be”: ‘.";‘7 \
process for recycling material recycling system Economlcallv Sustainable o sote [| 5o | coum
of postconsumer for postconsumer Recycling Process for | e i
products footwear products the Footwear Sector

SOEX Footwear Recycling Line

SourceAIR coop | Footwear Recycling : from the idea to the demonstij2@24]



https://www.air.coop/footwear-recycling-from-the-idea-to-the-demonstrator/
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0007850612000285&data=05%7C01%7CElizabeth.Brown%40the-mtc.org%7Cb20acdddee4f4867cdbc08dbec24fe5e%7C78d71610c4a14bef9f100192e83ee6d8%7C0%7C0%7C638363415863386389%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=efra%2FHdlvfHaizCJZNCzmNfEdeGTzdflv00Zlu%2FGhcM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0007850612000285&data=05%7C01%7CElizabeth.Brown%40the-mtc.org%7Cb20acdddee4f4867cdbc08dbec24fe5e%7C78d71610c4a14bef9f100192e83ee6d8%7C0%7C0%7C638363415863386389%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=efra%2FHdlvfHaizCJZNCzmNfEdeGTzdflv00Zlu%2FGhcM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0007850612000285&data=05%7C01%7CElizabeth.Brown%40the-mtc.org%7Cb20acdddee4f4867cdbc08dbec24fe5e%7C78d71610c4a14bef9f100192e83ee6d8%7C0%7C0%7C638363415863386389%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=efra%2FHdlvfHaizCJZNCzmNfEdeGTzdflv00Zlu%2FGhcM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0007850612000285&data=05%7C01%7CElizabeth.Brown%40the-mtc.org%7Cb20acdddee4f4867cdbc08dbec24fe5e%7C78d71610c4a14bef9f100192e83ee6d8%7C0%7C0%7C638363415863386389%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=efra%2FHdlvfHaizCJZNCzmNfEdeGTzdflv00Zlu%2FGhcM%3D&reserved=0
https://www.researchgate.net/publication/284678958_Development_of_an_Economically_Sustainable_Recycling_Process_for_the_Footwear_Sector
https://www.sciencedirect.com/science/article/abs/pii/S0007850612000285
https://www.sciencedirect.com/science/article/pii/S0921344912001693
https://www.sciencedirect.com/science/article/pii/S0921344912001693
https://www.sciencedirect.com/science/article/pii/S0921344912001693
https://www.sciencedirect.com/science/article/pii/S0921344912001693
https://www.researchgate.net/publication/284678958_Development_of_an_Economically_Sustainable_Recycling_Process_for_the_Footwear_Sector
https://www.researchgate.net/publication/284678958_Development_of_an_Economically_Sustainable_Recycling_Process_for_the_Footwear_Sector
https://www.researchgate.net/publication/284678958_Development_of_an_Economically_Sustainable_Recycling_Process_for_the_Footwear_Sector
https://www.sciencedirect.com/science/article/pii/S0921344912001693
https://www.air.coop/footwear-recycling-from-the-idea-to-the-demonstrator/
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{:} Size reduction
Upcycle Labs

Material science and technology company providing
Innovative upcycling services for fashion brands & retailers
to convert their unwanted inventory into new higlguality
décor products, store fittings and more.

‘ DISPOSAL OF FASHION PRODUCTS ‘ \ MANUFACTURING OF INTERIOR-RELATED PRODUCTS

A Are able to take entire garments and shred and o
granulate them into a powder granulate

A Granulate made from all components of garmerno
need for trim removal- however machines which - | — | )
granulates lifts ferrous metals out so they can be o sron steos ceron  steros
aggregated and sold

Receive Unsorted Waste Process Waste Material Science Mould Customisation Circular Products

A Ad d a p | ant— based reSi n to C re ate a SO | uti O n Wh i C h Can We receive pre and post- We shred all the waste into The granulate is mixed into Customised moulds are made All Upcycle Labs Products are
consumer waste from fashion granulate without any additional patent pending solutions ready according to our customers’ fully recyclable again making it a
I 1 and beauty companies. costly sorting process and to be made into new upcycled individual specifications. truly circular solution.
be moulded into any product €,g, decoration shop

destruction.

fittings, tiles, bricks)

A Operate a circular business model in that they must
have a cust omeracwiol Itihreg otua pauldwy ( whi ch
can be bespoke moulded products of any kind) of their
textile waste inputs

Source:Upcycle Labg2024]

A potential option for any 0ot her o/ generalisation categor
of NRTs that get sorted in an ATSP without a fHboefibre
recycling route


https://upcyclelabs.co.uk/

Z

GRCULAR;
<
e
’ i % O

3 - >
ryitc - CACT
, ’ ,l(_ ‘ In-Development Technologies t'- Complementary Tech P %

. Q_ Fibre Identification
Redivivum

s German based starup, working with UKbased
collectors/sorters

s Have developed a Smart classification technology to
automate & digitize presorting RT from NRTs using a variety
of artificial intelligence technologies to evaluate and sort used
textiles based on their quality and condition.

s Categorises incoming garments {3hirts, Jeans etc) and
identifies additional parameters to determine reusability of

clothing N |

| .j‘“‘ . o

« Small scale demonstrator completed February 2024 K- \ : : "
+ Initial demonstration can identify garments witdin average : mF”' ’M‘F*j #H‘”’\!h
80%accuracy el B U bl e ) ) )

s Next development stage to focus on developing an
automated feeding capabillity for presorting lines

Source:Redivivum[2024]
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Q_ Fibre Identification

Eslando

UK:-based startup which has developed, Relabel, a Digital Product

Passport (DDP)

A Have worked with brands to take their data and input into digital ID
linked to QR code present on the garment

A Have worked with 35 recyclers to constantly update their dynamic
system with the latest textile recycling gulines

In theory, an ATSP with a DPfeéader could scan the QR code and
automatically determine which sorting and ppgocessing route to go
down

Dissassembly Recycler Type
Not Required Mechonica

A Recipient of UKRTircular Economy for SMEsinnovating with NICER
(National Interdisciplinary Circular Economy Research), round 2

funding
A Plan to have a minimum viable product demonstration system from

June 2024 available for trialling

Certification
OEKOTEX-100

Brand Product Type
cFw Womens Top

rowersd by @51GRAAO

Source:Eslando[2024]
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Resortecs

P
)
% Prexmiies
Innovate w
UK

lL‘ Disruptor Removal
g

+ Belgianbased technology provider which enables design
for-disassembly with complementary patented

technologies:
s SmartStitch’M - range of 16 heatdissolvable threads

suitable for apparel to fireresistant workwear

s SmartDisassembRM- thermal disassembly system,
low-oxygen chamberin this system, heat is applied,
and the heattriggered Smart Stitch melts at a high
temperature (> 15@C), automatically separating trims
and different layers and materials of textile produéts
combines the quality of manual trim removal methods
at up to 5x faster than manual disassembly.

-4

Source:Rertecs[2024]

Since 2021 both technologieshave been piloted and technicallyvalidated by more than 50
brands Someof the pilots resultedin productsthat were commercializedin over 60 countries

il

Already have establishedpartnershipswith workwearand mattresscompanieswhere collection
eco-system is controlled, but foresee future consumer textile products could use their
technology when assembledwith washable RFIDto signal to sorters that ResortecsSmart

Stitch’Mis present

[22] https://resortecs.com/fromwaste to- profit-unlocking industrial scale textile-recyclingin-europe/ [Accessed: 2024]

1
¢

Smart Stitch™

Product assembly
(i.e. garment confection

N

Active

' disassembly ‘

Material Product
sorting disassembly

(i.e. post-disassembly sorting)

Smart Disassembly™

Eo

Resortecsechnologies for Active Disassembly occurs both at the
end of the textiles productds
design and production. This provides the advantage of controlling
products and optimizing them for disassembly and recycling. On
the other hand, it requires the involvement of more stakeholders in
the proces$?
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Garment Presentation: Flattening

Innovate
UK

Reviewed Publications:

1. Regrasping and Unfolding of Garments
Using Predictive Thin Shell Modeling 2015

A method to teach a two-arm robot to
efficiently track the states of a garment
from an unknown state to a known state
by iterative regrasping A constrained
weighted evaluation metric for evaluating
the two desired grasping points during
regrasping Used simulated predictive thin
shellmodelsfor garmentsto automatically
create a large databaseof garments and
their poses, which can be used in a
learningalgorithm to find object pose.

Accuracy 80%

Using a gripper mounted IR sensor to find best local
regrasping point after garment registration with model
2.5x speedup

Pros

Two-stage deformable registration
algorithm

non-rigid registration method to
minimize energy differences betwee
source and target models

centroid of the highest region as the
starting point

A semantically labeled garment
database built with off line simulatio
that contains 37 different garments
such as sweaters, pants, shorts,
dresses, scarves, etc.

Cons
Slow process
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Garment Presentation: Flattening

Innovate
UK

Reviewed Publications:

2. Improving and Evaluating Robotic
Garment Unfolding: A GarmeRrAgnostic
Approach 2017

A garmentagnostic algorithm that
requires no model to unfold clothes and
works using only depth data The
algorithm presentedis divided into 3main
stages First, a Segmentation stage
extracts the garment data from the
background and approximatesits contour
Into a polygon. Then, a Clustering stage
groups regions of similarheight within the
garment, corresponding to different
overlapped regions Finally, a Pick and
Place Points stage finds the most suitable
points for grasping and releasing the
garment for the unfolding process,based
on a bumpiness value defined as the
accumulated difference in height along
selectedcandidatepaths

Accuracy 80%

Pros

reconstructed point cloud is
processed to obtain a depth
map
garment
Approximated as polygon

centroid of the highest region as the
starting point

Cons

Evaluated for simple folds and
double folds only,
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