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Disclaimer

The content of the publication herein is the sole responsibility gbubéshersand it does not necessa
represent the views expressed by the European Commission or its services.
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Agency (REA). Neither the European Union nor the Europeme&ch Executive Agency (REA) can be
responsible for them.

While the information contained in the documents is believed to be accurate, the authors(s) or
participant in the(REDOL consortium make no warranty of any kind with regard to this material incl
but not limited to the implied warranties of merchantability and fithess for a particular purpose

Neither theREDOL Consortium nor any of its members, their officers, employees or agents s
responsible or liable in negligence or otherwise howsoever in respect of any inaccuracy or omissior

Without derogating from the generality of the foregoing neitherRE®OL Consortium nor any of i
members, their officers, employees or agents shall be liable for any direct or indirect or consequent
damage caused by or arising from any information advice or inaccuracy or omission herein.

Copyright notice

© REDOL Consortium, 20222026. This deliverable contains original unpublished work except where ¢
indicated otherwise. Acknowledgement of previously published material and of the work of others
made through appropriate citation, quotation, or both. Reproduction isriaath@rovided the source
acknowledged.
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Executive Summary

This deliverable, developed within WP6 of the REDOL project, presents the implementation status of the five
redesigned value chaingackaging, plastics, construction and demolition waste (CDW), textiles, and waste
electrical and electronic equipment (WEEE). The objective of this work was to ensure that the new circular
configurations defined in previous work packages (WR®4 and WP% were effectively deployed in real
waste management environments, ready to move forward to the validation and demoptaaton

Tablel summarises the current deployment stage of the equipment procured across the different value chain.

Tablel. Status of thaleployments

Deployment

. Comments
location

Process Equipment Deployment date

T6.1 - Redesign of new circular packaging value chainsnulti -material multilayer plastic (MMPP)

Awaiting delivery GRHUSA To be defied the final place

SORTING MMPP sorting (exp?cted M% (Huesca, of deployment within
system M40: Januaryi Spain) GRHUSA
March 2026)
E;e;lgtrgrlzatlon Delivered March Until the performance of the
_ 2025 . delamination linas
RECYCLING (Pretreatment fine Commissioning ACTECO(Ibi, confirmed the process is
already in place at | setup: April to Spal carried out in thelifferent
ACTECOpriorto o e mber 2025 ACTECOS Mcations

the project)

T6.1 - Redesign of new circular packaging value chaingaper and cardboard

The trialsare being

Cl RCEb s conductedh t Cl RCE

Paper and Delivered and tacilities facilities using real material
SORTING cardboard sorting installed 31 - from the cit
(Zaragoza .
system June 2025 Spain) selective paper and

cardboard collection,
provided by SAICA

T6.2 - Redesign of new circularplastic value chains

Until its deployment, ICCS
Awaiting delivery is validatin

SORTING Smart bins (expected M40 éi;‘goza performance through
March2026 optimisation and validation
tests.
Delivered and MOSES Temporary placement to
RECYCLING Pressure Reactor installed (M36 (Zaragoza, begin with the activities the
November 2025  Spain) initial tests.

Co-funded by
the European Union




@) Redol

T6.3 - Redesign of new circular CDW value chains

Awaiting delivery
(expected MA1- CASALE

The optimization algorithm
for CDW waste collection

has been developed and is
functioning as intended. Th

COLLECTION Type of GPS sensc M46: April i (Zaragoza, procurement of the
September 2026) Spain) necessary ;ensors isin
progress, with system
deployment expected in
2026.
. . f ti
. Awaiting delivery CASALE Unforeseen bureaucratic
CDW sorting reasons have caused delay
SORTING (expected M40 (Zaragoza,
system . on the procurement of the
March2026 Spain) .
container
CEMEX
) ) (Morata de
Nevc\i/cll?ker No ngw :aquud)r?em Jalon, Spain)
cementand this value chain, a« CASALE
RECYCLING . ' (Zaragoza, First tests already started
concrete the existing Spain)
developmenand installations were P
new castpolymer already suitable ACCI_ONA
(Madrid,
Spain)
T6.4 - Redesign of new circular textiles value chains
Already instaléd The textile hul{ALIA) will
_ _ . . NTT (Prato, .
SORTING Textile sorting system  at pilot scaleprior italy) be operational from the enc
to the projec{M1) y of 2026.
Al [ I Th ile hub (ALIA) will
Elastane removal rgady nsta ‘?d NTT (Prato, e text g ub ( ) Wi
RECYCLING ot plant at pilot scaleprior italy) be operational from the enc
protp to the projec{M1) y of 2026.
50L glycolysis Already instaléd AITEX Samples obtained are then
RECYCLING reactor (M18) (AIch, sentto BRILEN
Spain
No additional Already installed BRILEN Fabric production is
RECYCLING equipmentis prior tothe project (Barbastro, P
. . scheduled for Q1 2026
required- (M1) Spain)

T6.5 - Redesign of new circular WEEE value chains

SORTING

Electrocomponents
automatic sorting

Awaiting delivery TATUINE
(expected M40 (Zaragoza,
January 20@) Spain)

Equipmenthas been
assembled anigsted at
AMB facilities up to
October 2@5. Then moved
to CIRCEfor additional
testsbefore deployment in
TATUINE
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RECYCLING

Hazardous liquid
waste treatment

To be evaluated

TATUINE
(Zaragoza,
Spain)

The proposed solution will
be assessed from both
technical and economic
perspectives before a final
deployment decision is
made.
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List of Acronyms

Acronym Meaning

Al Artificial Intelligence

API Application Programming Interface

BHET Bis(2-Hydroxyethyl) terephthalate (monomer)

CDW Construction and demolition waste

CTRUZ Centro de Tratamiento de Residuos Urbanos de ZaragoZadlish:Zaragoza Urban
Waste TreatmerGentrg

D Deliverable

DES Deep Eutectic Solvents

DSC Differential Scanning Calorimetry

EC PCB Electrocomponent ©Bs

EL Elastane

FT-IR Fourier Transforni Infrared spectroscopy

GIS Geographic Information System

GP PCB Gold Plated”CBs

GPS Global Positioning System

HMI HumarMachine Interface

HSI Hyperspectral Imaging

-US Industrial Urban Symbiosis

LDPE Low Density Polyethylene

MFI Melt Flow Index

ML Machine Learning

MMPP Multi-material Multilayer Plastics

MRF Material Recovery Facilities

NIR NearInfrared

PA Polyamide

PC Personal Computer

PCB Printed Circuit Boards

PE Polyethylene

PES Polyester

PET Polyethylene Terephthalate

PLC Programmable Logic Controller

PP Polypropylene
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PVC Polyvinyl chloride

PVDF Polyvinylidene Fluoride

RDF RefuseDerived Fuel

REDOL Aragon’s REgional Hub for circularity: Demonstration Of Local industriibhn symbiosis
initiatives

RGB Red Green Blue

RO Reverse Osmosis

rPET Recycled Polyethylene Terephthalate

SUW Solid urban waste

SWIR ShortWave Infrared

TRL Technology Readiness Level

UF Ultrafiltration

WEEE Waste electrical and electronic equipment

WP Work Package

11
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1 Introduction

The REDOL project aims to demonstrate innovative and sustainable routes for the valorisation of Solid Urban
Waste (SUW) through Industriélrban Symbiosis (US) approaches. To this end, five different value chains
such as packaging, plastics, constructisd demolition waste (CDW), textiles, and waste electrical and
electronic equipment (WEEE) are being redesigned and implemented in real waste management facilities,
producing secondary raw materials to manufacture at the end high\aaldedircular prodets.

Within the project, WP6 focuses on the implementation and optimization of these circular value chains. The
main objective is to demonstrate REDOL's technical, organizational, and financial innovations a7 L 6
transforming these value chains into aler, symbiotic, and interconnected material flows. Considering the
deployment of the technologies developed under WP3 and WP4, this deliverable presents the latest update on
the installation status of the new technologies and equipment across the aalgeadnfirming their readiness

to enter the validation phase with the respective end users. In cases where delays are anticipated, these are als
documented, together with the necessary explanations to ensure a proper and effective subsequent validatior
phase.

Co-funded by
the European Union
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2 Methodology

This deliverable is classified as a demonstrafidrerefore, the activities conductede focused on the
coordination and support providéat the task leadstto ensure the proper deployment of the new configurations
of each value chain. This work was closely aligned with the development and progress @fRvMRAd WP5
ensuring technical consistency across the project.

To ensure the smooth progress of this activity, coordination and monitoring tools were used to track progress
and ensure that all required tasks were carried out efficiently. A structureddasesl document was developed
to record the deployment of eaghlue chain, including:

A detailed description of each process step
Characterization of input materials and expected outputs
A comparative analysis between the baseline and the REDOL solution

Deployment timelines for the main equipment

= == =2 =4 =2

Identification of potential bottlenecks and countermeasures

Figurel shows an extract from the coordination and monitoring document used to track the different actions
carried out. This document records the dates of the meetings, the participants, the planned actions with their
assigned responsible person, deadlines, adifi@thl comments. In this way, a clear follayp of completed

and pending activities was maintained.

Date [Attendees Action Responsible Deadline [State Comment
Preguntar a HUSA COMO SE SEPARAN los residues de los contenedores . N - 13.02.2025: ya ha contactado a los partners para
amarillos F SANCHEZ 30/01/2025 done pedirles informacién. Deadline 3 Sgﬂli ?
Preguntar al CETRUZ COMO SE SEPARAN los residues de los contensdores | (v $0/012025]| done 15022025 ya ha contactado alos partners para
M BLECUA {CCE), L VEMTURA ;rm m“e: ACTECO que PROCESO DE RECICLATE hx los NMPP ?5?;15375 h tD Eta ﬂmef . 233;
eguntara A que ATE hacen con los ) . N < 3022025 ya ha contactado a los partners para
15/01/2025 [cmcs!‘unnmu[cmlcs)‘ F | fuera del REDOL F SANCHEZ 30/01/2025 | done pedites Deadline 332025
Rellenar 1z baseline de la sepracion del papel de 1a T6.1 F SANCHEZ 30/01/2025 |done ; gjij:h yaha “"‘];Z?di;: 11“; g;;‘?“‘ para
Organizar KoM MBLECUA 30/01/2025|Done
Organizar T6.1 monthly meeting F SANCHEZ 30/01/2023|Done
Mandar tareas a F SANCHEZ MBLECUA 30/01/2025|Done
Definir los contenidos de la tabla para que 1z rellenen los task leaders L VENTURA 30/01/2025|Done 1
Pedir a TATUINE costes de las vias de sorting y reciclaje C CHAINE 30/01/2023done 13. pero sin trasladar al
Pedir a TATUINE propi de las inputs y outputs C CHAINE 30/01/2025done 13. pero sin trasladar al
15/01/2025 M BLECUA CIRCE), C CHAINE | Pedir a TATUINE end users de cada producto C CHAINE 30/01/2025done 1 pero sin trasladar al
(GIRGE}, ] ARRGJO [GIRCE) | Pedlir a RINA el coste de su via de reciclaje en funcién del Au recuperdo C CHAINE 30/01/2025done 13 pero sin trasladar al
Prezuntar a PRATO C CHAINE 30/01/2025 [done 13
DIGITALIZATION members meeting - know the roles L VENTURA 30/01/2023done 0K
Preguntar a ALLA por la clasifiacion baseline ALERMA. R GADEA 30/01/2025done 13.02.2025: Sin informacién en el excelni enla
M BLECUA [CIRCE), L VENTURA | Preguntar a NTT o ALLA por el proceso de clastan removal - BASELINE LERMA, R GADEA 30/01/2025done 13.02.2025: Sin en el excelni enla
15/01/2025 (CIRCE), J ARROJO(CIRCEL, D  Preguntar a ALLA por el recilaje del PET - Baseline - usar datos de AITEX si no| A LERMA, R GADEA. 30/01/2025done 13.022025: Sin en el excelni enla
REDONDO (GIRGE}, ALERMA [Buscar propiedades PET claves en la produccion de fibras para defimic ALERMA R GADEA 30/01/2025 done 13.022005: Sin en el excelni enla
(AITEX), RGADEAIAITEX)  [Task 5. 4 textile value chain in ZARAGOZA ALERMA R GADEA 30/01/2023done 13.02.2025: pendiente preguntar a Elena.
I BLECU. 30/01/2023[Done 13.02.2025: Pendiente aclarar con Araceli
15/01/2025 O ey ™ |Reunion con CARLOS MBLECUA 22012025|Done
Coste gestionar residuo papeleras (€/kg de residuo) L HERNANDEZ (AITIF)| 300012025 13.02.2025: sin actualizacion en la tabla
M BLECUACIRCE], L VENTURA
16/01/2025 [CIRCE) JARROIO (CIRCE), D | Reflenarlo que esta en pendiente enla tabla L HERNANDEZ (AITIF)| 301012025 13.02.2025: sin actualizacién en la tabla
REDONDO (CIRCE], LVILLACIAN
(TEC), L HERNANDEZ (AITIIF)
Hablar con ACC de los productos que quieren hacer con fibras MBLECUA 30/01/2023|done 13.02.2025: Pendiente aclarar con Araceli.

Figure 1. Extract from the coordination and monitoring file used in WP6

Figure 2, on the other hand, shows the document that summarised the progress made in each value chain,
including different characteristics of the process for both the baseline and the REDOL solution

FCEl Co-funded by
13 i the European Union
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Figure 2. Extract from the document showing the characteristics of each value chain

Thisdocumenwas updated monthly by the task leaders, providing a centralized dodlage overview of the
implementation status across WR@ditionally, monthly coordination meetings were held with all task leaders
to monitor progress, share key achievements, and identify or address potential delays.

The new value chain configurations are presented below for the five value chains analysed in the project (one
per chapter). Each case begins with a process description, across all relevant phases: collection, sorting,
recycling, and endiser validationFor the first three phasés collection, sorting, and recyclirdy the baseline

scenario is compared with the REDOL solution.

9 Collection refers to the gathering and aggregation of waste materials from various sources to ensure an
adequate supply of input for subsequent processing stages.

9 Sorting involves the separation of collected materials into distinct fractions based on their composition,
quality, or potential for recovery, typically using mechanical or manual methods.

I Recyclingencompasses the processing of sorted materials into secondary raw materials.

1 End-user validation represents the final phase, in which the secondary raw materials are used to
formulate new circular products, enabling the closure of the loop within the REDOL value chains. A
selected group of end users will participate in the production and validdtitrese new circular
products.

In some cases, not all phases are represented within a specific value chain. Therefore, only the phases applicabl
to each value chain are described in detalil.

Next, a process diagram is provided, illustrating the full implementation of each redesigned value chain. These
diagrams depict the workflow of each material, highlighting the technologies, streams, and interconnections
among the partners involved in thiecalar configuration of packaging materials. This section describes the
collection, sorting, and recycling phases when relevant.

Then, a layout section showcaskee equipment already installed and ready to begin the validation phase. This
section includes either layout schematics or images of the equipment, along with key technicall Hetails.
section describes the collection, sorting, and recycling phases when relevant.

Finally, a closing section is included, detailing the future work plan for the final year of the projecection
describes the collection, sorting, recycling, and-eser validation phases, when relevant.

FCEl Co-funded by
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3 Task 6.1 Redesign of new circular @ckaging
value chairs. multi-material multilayer plastic
packaging(MMPP)

3.1 Processes description

The packaging value chain focused on MM&nprisesseveral key stage$ncluding collection, sorting,
recycling, andthe validation of products manufactured using secondary raw mateifals each of these
activities, a specific solution has been developed within the REDOL project

I The collection stag@imedto enhance the efficiency of collection operations by reducing travel
distances, collection time, and the associated environmental impagsnnovative approach was
applied to the optimisation abllection routes for lightweight packaging waste in the city of Zaragoza.

9 During the sorting stage, efforts focused on improving the separation of MMPPHii¢beawaste
treatment planfGRHUSA).

1 The recycling stage wasarried outin collaboration with ITENE and ACTECO, where the recovered
materials were processed into hew secondary raw materialtheitlality and performancequired
for further industrial applications.

9 Finally, in the valorisation stage, the obtained secondary raw materials were utilisedusgecuch
as TECNOPACKAGING to demonstrate their potential in the production of new circular products,
closing the loop of the circular value chain.

Each stage has been redesigned to enhance material recovery, traceability, and circularity, asFstanen in
3.
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Figure 3. REDOL PackagindMPP material)redesignedvalue chain
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3.1.1.Collection

3.1.1.1. Baseline

The collection of lightweight packaging waste in Zaragoza is managed by the municipal contractor FCC. The
city is divided into areas covered in morning, afternoon, or night shifts. Routes are organized directly by FCC
and not strictly linked to municipal sfricts.

Collection starts and ends at FCC facilities (Carretera de CastAilGfaragoza, Spairwith unloading mainly
at CTRUZ (for packaging Vehiclesof different capacities (128 m3) are used, including narremidth trucks
for urban areas.

Although fill-level sensors are installed on some containers, they are only partially operational, and route
adjustments are based on operational experience and periodic data updates.

3.1.1.2. REDOL innovation

As part of Task 5.4, an improvement in the collection stage of the packaging (yellow bin) waste streams in the
city of Zaragoza was implemented. This initiative focused on designing and evaluating routing optimization
algorithms for municipal solid waste ltxtion using data from tracking technologies such as Glartdl

fill -level sensorglata.The main objective was to enhance the efficiency of collection operations by reducing
travel distances, collection time, and associated environmental impé#uits the REDOL value chairn the

future, the resulting dynamic collection routes will be visualized throughttgplatform, enabling improved
monitoring and management of the optimized collection process.

3.1.2.Sorting

3.1.2.1. Baseline

GRHUSA operates a lightweight packaging sorting facility that combines manual processes with automated
classification technologies. The process begins with the reception of the incoming waste and its dosing onto a
variablespeed conveyor belt using a telgsic handler. The material then passes through a visual inspection
cabin where operators remove oversized items and undesired materials. Afterward, it goes threogkrebag

and reaches the ballistic separator, which divides the material into thréenamlling, planar, and fine (the

fine fraction is treated as reject material and sent to landftig. planar fraction is directed onto a dedicated
conveyor from which it is pneumatically extracted by suction, passing through-sopiiist) cabin where paper

and cardboard are manually separated before being stored in &hsiloolling fraction continues along its
conveyor and is first subjected to a magnetic separator, followed by optical and Foucault separators, enabling
the discrimination of conduive, metallic, and noronductive materials.

3.1.2.2. REDOL innovation

Within the REDOL project, an Al tool is a ret@ine, monitoring and classification prototype based on advanced
Hyperspectral Imaging (HSI) technology, has been developed for sorting MMPP. It operates in tvashort
infrared (SWIR) spectrum, which allovlse system to capture detailed spectral fingerprints of plastic materials

for chemicalbased discrimination. This enables the system to identify and separate various types of MMPP
found in municipal solid waste streams. The system prototype is desigrschutate industrial sorting
conditions on a conveyor belt and focuses on three specific categories of plastic packaging defined by the
industrial partner HUSA: rigid multilayer packaging such as PET trays, flexible multilayers like
polyethylene/polyamidelins, and metallized plastic packaging such as snack wrappers and coffee bags. The
comprehensive setup includes an HSI camera unit, a custom conveyor with adjustable speed, halogen lighting
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for uniform illumination, a metallic frame for precise camera positioning, an industrial PC fdimmeadata
processing, and a touchscreen interface for user interaction.

The innovatiordeveloped liesn its development odn HSI system combined with advanced-dyiven hybrid
classification models specifically tailored for sorting MMPP wa#tke.is central to the system, using
chemometric and supervised learning modé&le Al models ardrained onrealworld, foodcontaminated

waste samples representative of municipal streams, and include specialized classes to reduce misclassificatior
tags such as labels or paper contaminants.

This systenreduces manudhbourandovercomes key limitations of existing waste sorting technologies by
enabling pixellevel, chemical compositiehased identification and classification of complex plastic packaging
streams in a convewtrased industrial environment. It uniquely targetsaitmurate discrimination among three
challenging MMPP categories; rigid multilayer packaging (like PET trays), flexible multilayers (such as PE/PA
films), and metallized plastic packaging (like snack wrappers). Themnsystdesigned for operation at industrial

sorting lines, offering enhanced speed, accuracy, and robustness compared to manual or simpler automatec
methods. It integrates spectral sensing, chemometrics, and supervised machine learning in a modular hardware
software prototype ready for demonstration and eventual industrial deployment at TRL7.

By delivering this innovatve Abased sorting capability, Task 3.2
upgrading municipal solid waste sorting technologies, improving recycling quality and yields, supporting
circular economy models, and enabling éfffiecient valorisationof multilayer plastic packaging waste streams.

This advancement represents a breakthrough in automated urban waste monitoring that is well aligned with
REDOL 6 s turbahsysnbiosis ant zemaste city ambitions.

3.1.3.Recycling

3.1.3.1. Baseline

Multi-materialmultilayer plastic packaging (MMPP) represents one of the most problematic waste streams in
the current urban waste management sysidémse materials adesignedo combine different polymers (such

as polyethylene (PE), pol ypr opy!l etmmmovidePnRancedaprierl y et h
performance, mechanical resistance and product preservéti@multaneously makes these materials
extremely challenging to recycle. Conventional mechanical recycling systems are unable to efigpemtye

the different layers, since these structures are permanently laminated and the polymers involved are typically
immiscible.As a resultMMPP entering sorting plants is usually classified as mixed plastic waste and directed
either to lowgrade downcyclingoutes or to wastto-energy recovergue totheir pellets with poor mechanica

optical, and thermal prepties

In standard municipal waste treatment facilities, multilayer films and trays are of the rejected by optical sorters
due to their heterogeneous composition and the presence of coatings or multilayer interfaces that distort near
infrared (NIR) identification. The heterogeneity of these packages also obstructs-teseiyor atbased
separation techniquesurthermore MMPP frequently contain adhesives, inks and coatings that further hinder
their recyclability and increase the cost of any potential tredtr@emrent industrialacilities offer no efficient

routesfor delamination or selective dissolutid@onsequently, under the conventional baseline scenario, MMPP

is considere@ lowvalue, norrecyclable stream

3.1.3.2. REDOL innovation

Under REDOL, the recycling stage integrates innovative delamination with green solvents and washing
processes developed in WP4. These processes employ green solvents and sas&sfedhtseparation,
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enabling the recovery of monoaterial layers from multilayer packaging. These technological advances
increase the yield of recycled polymers and generate materials suitable fqublidi reprocessing.

Building on this approactfREDOL introduces a set of targeted innovations that directly address the limitations
identified in the baseline scenarinstead of relying on traditional recycling, WP4 develops strategiesafir
MMPP flow. These innovations establish controlled, eneffjgient, and scalable recycling pathways that were
previously unavailable for multilayer packaging, enabling selective recovery, improved material quality, and
higher circularity potential. e lines studied are:

1 Metallized films: A new delamination strategy based on green solvents dadtamtassisted systems
enables the selective removal of aluminium layers. This directly overcomes the blaagigrewhere
metllized structures cannot be separated by-8BRing or by mechdcal means and are therefore
routed to incineration.

I Rigid trays: REDOL introduces a selectivgissolution methodology capable of separating PET from
bonded PE layers, something not achievable with conventional recyidtiisgcontrolled solverbased
process creates a new valorisation pathway for rigid thetsvere previously considered unrecyclable
due to adhesive strength and polymer immiscibility.

1 PA/PE compatibilization: Instead of attempting physical separation, REDOL develops a
compatibilization framework based on tailored functional additives that enhance interfacial adhesion
between PA and PHhis turns arinherentlyincompatible multiiyer into a processable and higher
quality recycled blend, offering a completely new-efidife strategy for materials that otherwise would
be downcycled or jected.

3.1.4.End uservalidation

As part of the validation phase REDOL, three distinct products are being developed using the recovered
plastic fractions, demonstrating its versatility and potential for upcycling

1 Flexible packaging Thefractioncoming from PE layer of rigid trays and the LDRegerrecovered
from metallized filmare compounded with virgin material to create a blend suitable for extrusion film
blowing, for developing flexible bags.

1 Rigid packaging The PETiractionrecoveredrom rigid trays and PET film from metallized structures
will be compounded with virgin material to create a blend suitable for extrusion blow moulding, for
developing bottles for household products.

1 Consumer goodsThis category uses the PET fraction that isallmcated to rigid packagingnd/or
PA-PE recovered fractiolm be compounded with virgin material to create a blend suitable for injection
moulding, for developing consumer goods (i.e. injected jars).

3.2 Diagrams

This section presents and briefly describes the process diagrams corresponding to each stage of the packagin
value chain implemented within the REDOL project. These diagrams illustrate the workflow of each material,
highlighting the technologies, streamemd interconnections among the partners involved in the circular
configuration of packaging materials.

For this section, diagrams are provided for the sorting and recycling phases.
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3.2.1. Collection

The too] troughoptimization algorithms, allows tdesign and evaluate rastfor the collection of municipal
solid waste using data from tracking technologies such as GIS and bin fill sensors. The optimization aims to
reduce travel distances, time, and environmental impact in the REDOL value chain.

3.2.2.Sorting

Firstly, the MMPP sorting diagram is shown ilRigure4, detailing the sequential operations carried out from
waste input to the extraction of specific plastic fractions.

v
RMETA AERIDOR DE BOLSASY
07THe ‘

RAEESY
osskn ¥ 1070

WIDRIOY

o4z
1-129
RECHAZD, m:;m 19 b4 RETOI
5.35%0 Pranapes"| RODANTESY L]
. —> i
JOPERARIOY 1180
FiLM yd
GRANDEY aspracion| # 1-139
1.OPERARIO! anas| .
/
7 1159
—
l oFTICOSY

1-oficial/operario-de-apoyo¥ M
v l

MIXTOR PETS PEADY BRICKY

RECHAZO_CABINA-29

q

1-OPERARICH | 1-OPERARIO™ 1-0PERARICY

| ] i \
¢ 2 (2 v v
ACEROq ALUMINIOq
658%q 2,52%49 FILMY

v MIXTOY EA09 BRICKY 18,3754

PETY 2
E,50%9 17,57%9 s67%"| 7.27%1
1249 * RECHAZOR PRENSA-METALESY N
3.18%4

’i

Figure4. MMPPSorting diagram.

In this case, the process integrates conventional mechanical separation units (ballistic separators, optical sorters
and manual cabins) with the IRIS optical sorting system, which enables the identification and separation of
MMPP such asrigid multilayers (e.g., PEbased trays), flexible multilayers (e.g., PE and PA films) and
metallized multilayers (e.galuminiumcoated bags)rhis configuration improves the recovery of higdlue

polymers and enhances the purity of the resulting fractions, whidubsequently directed to the appropriate
recycling and valorisation routes.

3.2.3.Recycling

SubsequentlyfFigure5 summarizes the recycling processes developed for plastic packaging within the REDOL
project.
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Figure 5. MMPPRecycling diagram.

Three complementary routes have been developed to recover materials from complex multilayer plastic

packaging. The anionic delamination line focuses onidpx films, enabling the selective separation of
polymer and metallic layers to obtain clean ptafsactions forfurtherrecycling. The selective dissolution line
targets rigid packaging structures, such as PET/PE trays, where environmentally compatible solvents are used
to act on adhesive interfaces and facilitate the separation of polymer layostvaltering their integrity.
Finally, the compatibilization line addresses films composed of polymers with low mutual compatibility, such
as PA and PE, by incorporating functional additives that improve the adhesion and mebleaaigalurof the
recycled material. Together, these three processes represent a comprehensive approach to the recovery an

val orisation of compl ex

3.3 Layouts

packaging

wast e, current|l

This sectionpresentghe equipmenthat has beemstalledor is still pending installatiorand which will be
used intheupcomingvalidation phasdt includes layout schematics photograph®f the equipmentogether

with key technicabpecifications.

This section describes tlgellection,sorting and recycling phases.

3.3.1.Collection

The platform developed for collection hagotmain componentd-{gure6):

1. Map-based Visualization:A dynamic map now displays the bin fill level across the city. Fill levels
are simulated with weighted randomness, increasing in-dégisity areas. The user can explore
different days of the simulation, moving forward or backward through time.

2. User Parameters and Controls:A comprehensive set of parameters is now configurable by the user.

Thi s i ncludes a l

clustering behaviour, and more.
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A comparison module wadsoimplemented to evaluate the performance of the optimization strategies against
realworld municipal data. This allows comparing and validation of the simulation oufgts€7).

The user can upload a .xlsx or .csv file, select sector and date, and, finally, the optimization algorithm. At this

point, the optimization will be performed and then the comparison.
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The core sensing component of the system is the Specim FX17 HSI camera, operating in the SWIR range from
900 to 1700 nm. This camera is designed to capture detailed spectral information of plastic packaging materials

as they pass through the acquisitioraare

For the demonstration phase, the camera and associated hardware, including the processing computer running
the Al classification models and a ugeendly touchscreen interface, are integrated directly onto the pre

21
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existing conveyor bel't at HUSAGs waste monitoring
infrastructure, facilitating straightforward installation and operational integration without the need to build a
new conveyor system from scratdhe user interface is designed to provide-teaé feedback and can be

customized accordingtotheends er 6 s oper ati onal needs.

The location within the GRHUSA process where the deployment and validation of the equipment will take place
is still under evaluation. Different zones have been identified as potential caniigtee8).

Figure 8. Pointsbeing evaluated tanstall the new equipment (marked with a star)

During the first months of 2026, logistical changes are planned at the GRHUSA plant, involving a
reconsideration of the validation date and the specific area within th&splasicess where theorting
technology will be deployed and tested. Discussions are ongoing, and a rescheduled plan is expected to be
agreed upon soon

A summary of the equipment to be installed is provided in Table 2.
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Table2. Equipment to be deployed in the packaging value chain (sorting)

Deployment date

! Comment
and location

Equipment Process Function

_ Changes at th
HSI-based sorting systel GRHUSA plant will

using a SWIR camer . .
SORTING | integrated into the existin Q12026 require reschedullng
the deployment o

conveyor to classify plastic GRHUSA (Huesca the sorting
in real time. Spain)

MMPP  sorting
system

technology

3.3.3.Recycling

At ACTECO, the scaling up of the recycling procasindustrial scalé being carried out. The delamination
reactor was acquired during the project, as shoviaigare9. The process begins with the shredder, where the
material is reduced into small flakésigure 10). If postconsumer waste is being treated, a washing stage is
required before delamination; otherwise, the material is fed directly into the reactors, where the trays are
separated into two fractions. These fractions are then separated by density. Thecfibn is extruded to
produce pellets for rase, while the rPET fraction can be reused in flake form.

For this scalaip, the main equipment required to perform the process includes conveyor belts, a shredder, a
milling machine, a washing line (for pesbnsumer waste), delamination reactors, a dessiparation bath, a
centrifuge, a mixing silo, an extrad a cooling system, a blgpg loader, and a filtration systgfigurel1).

ACTECO has several facilities distributed across Spain; however, until the performance of the delamination
lines is fully validated, the process cannot be implemented at the different ACTECO sites, as each location has
specific operational characteristid@&able3).

Table 3. Equipment deployed in the packagirgMMPPvalue chain (ecycling)

Deployment date

Equipment Process Function . Comment
and location
{1 Transport: March yntil the
Delamination Delamination ~ of 2025 performance of the
reactors MMPP to get . delamination lineis
ellets to be use T Commissioning confirmed the
(Pretreat.ment In¢ RECYCLING 2 ain and the rPE] and setup: Aprilig rocess is’carried ol
already in place a g | September 2025 P :
ACTECO prior to can be wused i in the different
the project) flakes. 1 Location: Ibi ACT!ECCﬁ S
(AIicante) locations
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Figure 9. Dosification system (left), dryingentrifuge (centre) and delamination reactorsifght) ready for industrial
test

° - — = =

Figure 10. Pretreatment line:washing bath {op), plastic shredder(middle) and washing bath(bottom) ready for
industrial test
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Figure 11. Filter system (left), dosification hopper (right) and extruder (below) ready for industrial test

3.4 Future work plan

The final project period will focus on completing the industrial validation of the packaging value chain, ensuring
that the recycled fractions and developed technologies perform under real operational conditions. The value
chain configuration was originallyeveloped within WP3 and WP4, where the processes were demonstrated at
laboratory and pilot scale. In WP6, these results will be scaled up and validated at industrial level, confirming
the technical feasibility and quality of the recovered materialsatallpl, optimisation activities will target
improvements in consolidating the transition from laboratory testing tadale implementation.

3.4.1.Collection

In the upcoming months, the resulting dynamic collection routes will be visualized througdShaldtform,
enabling improved monitoring and management of the optimized collection process.

3.4.2.Sorting

The future plan associated with the validation and optimization of tHe#éd system for the identification
and classification of MMPP in the REDOL project focuses on deploying and demonstrating the developed
monitoring system in a real industrial envinoent at GRHUSA facilities, targeting TRL7.

This phase includes calibrating and filmming the HSI system in situ to adapt to operational variables such as
lighting conditions and conveyor speed variations. Continuous acquisition antimeaprocessing of
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hyperspectral data will assess the system's throughput capability and classification accuracy in identifying
multilayer plastic packaging types within fasbving municipal waste streams.

The validation activities will benchmark performance against current monitoring technologies at GRHUSA,
measuring improvements in speed, sorting precision, and reduction of misclassification, especially for
challenging materials like metallized plasticsl gotastics contaminated with labels or food residues. Feedback
from these operational trials will be used to refine Al classification models, expanding spectral libraries and
improving hybrid Al algorithms for more robust material discrimination.

Furthermore, data gathered during this phase w#liradysedo optimize classification thresholds and enhance
integration potential with downstream mechanical sorting systems, such as pneumatic ejectors, to enable
automated separation of plastics. Operator training and system usability assessment will ensass seaml
adoption of the technology in industrial workflows.

In any case, the place where the equipment will be installed igrstilown due to possible modifications of
the GRHUSA plant.

3.4.3.Recycling

In this case, the delamination of processes for plastic recycling previously optimised in WP4 for both rigid trays
and bagin-box multilayer packaging are being conducted in a 20 L glass reactor, adapting the sample mass and
process parameters to largerwokes(Figurel?). This scaleup is revealing specific operational challenges. For
example, for the bam-box materials, the washing stage required adjustment to achieve neutral conditions
efficiently, due to the higher sample mass and the interaction between the pahdnmaetallic layers. These
findings highlight the importance of process tuning during the transition from laboratory to pilot environments.

Figure12. Bagin-box delamination process

For the rigid traygFigure13), a clear separation between the upper and lower fractions was observed in the
upscaling, corresponding to the PE in the floating fraction as well as the PET in the sinking fraction. However,
some residual adhesion between layers was still detected,tingithe need for further optimisation of
temperature and washing parameters to improve full delamination.
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Figure 13. Rigid trays delamination process.

In addition to the validation processes, future work will also focus on improving the separation of PET and PE
layers obtained after delamination in both cases. Although the initial separation achieved during pilot trials was
effective, partial overlaps begeen the polymer layers were still observed. To enhance de quality and purity of
the recovered fractions, different physical separation techniques will be evaluated, such as elutriation and
electrostatic separation. These approaches will help to obtaner! PET and PE streams, facilitating their
subsequent recycling and processing into new prodeigtiste 14 shows an electrostatic separation essay done

for the 20 L rigid tray samples delaminated.

Figure 14. Separation of delaminated fractions

Furthermore, as part of the transition from pilot to industrial scale, the most promising conditions identified in
the 20 L reactor will be scaled up to an industrial reactor of approximately 100 L. The ultimate goal is to validate
the industrial feasibity of the delamination and separation stages, ensuring that the REDOL packaging value
chain can be replicated and i mpl e masmirelichindoyeplyasertod t h
delamination, a pretreatment plant with a capacity of 900 kgltbe used to prepare the waste so it can later

be delaminated. The pretreatment plant includes a shredder that reduces the material size, followed by a mill
that further reduces it to a diameter of 12 mm. After this, the process includes washingue petential
contaminants and drying with dust extraction to eliminate light materials that could reduce the efficiency of the
delamination process.

Once pretreatment is complete, the delamination process begins. This involves a system of reactors operating
in a staggered manréemwhile one reactor handles loading amdoading;the other continues processing to

avoid downtime. Each reactor has a capacity of 1500 litres. A dosing system is used to feed plastic into the
reactors, and a separate liquid dosing system ensures that the reagents are not lost during discharge. Since tt
material exits wet, it is dried in a centrifuge and stored in a big bathisAstage, the two product phases are
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also separated, yielding rPET on one side and rLDPE on the other. In this stagerojeittetipe goal in to
validate about 800 kg of multilayer trays and 800 kbagf in box waste stream.

In the case of the multilayer PA/PE film waste stream, consisting of approximately 30% polyamide and 70%
polyethylene, the material was first shredded to obtain a uniform particle size suitable for subsequent processing
steps. Following this, agglomeratitnals were carried out to increase the bulk density of the material, thereby
improving feeding stability and minimizing dosing fluctuations during extrusion.

After agglomeration, the material was compounded using-@tating twinscrew extruder, where it was
blended with the preselected additive formulations under carefully controlled temperature andpseew
conditions to ensure optimal dispersion andrggrinterfacial adhesion between the two polymer ph&sgsre

15). The resulting melt was then filtered and pelletized, obtaining the corresponding regranulate suitable for
subsequent film production trials.

[/

Figure 15. Extrusion equipment for the manufacture of compatibilized pellets

To evaluate the performance of the different additive configurations, film samples were produced from the
resulting pelletgFigure16). These films were tested for mechanical properties, including tensile strength and
tear resistance, to assess how the compatibilization strategy influenced the final betexeaiur

Figure 16. Film made after pellet extrusion
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Particular attention was given to the film extrusion conditions, which must operate at sufficiently high
temperatures to ensure complete melting of the polyamide without causing thermal degradation of the
polyethylene. The optimized use of compatibilizindditives made it possible to lower the processing
temperature, improving polyamide flow and preventing degradation. As a result, the final film exhibited
excellent optical and mechanical quality, with no visible black spots or unmelted PA inclusions, and
translucent, homogeneous appearance free of weak points or degradatiah cheak®vidence of effective
compatibilization and a stable processing window

Based on these results, the most promising formulation was selected for scaling up to industrial scale, targeting
a total of 700 kg of processed material. This indussidale process will be carried out in a real manufacturing
environment, using the sanpeetreatment line as in the pilot stage. All incoming waste will first undergo
shredding and agglomeration before being fed into the extruder. The agglomeration step ensures that the materia
maintains sufficient bulk density, avoiding excessive voidkérscrew during melting. The extrusion will then

be conducted on a compounding extruder, following the optimized parameters established during pilot testing.

3.4.4.End user validation

For flexible packaging, rigid packaging and consumer gobEENOPACKINGwill develop different blends

using recovered fractions and virgin materials. These compounds will be evaluated in terms of their thermal
properties (DSC, MFI) in order to ensure greater processability for the manufacture of the desired products.
Additives will be included if necessary to improve processability, maximising the incorporation of recycled
content. The mixtures developed will then be used for mechanical characterisaigectgg test samples

and, once the most suitable formulation has been developeddpsgrial trials will be carried out to develop

the products mentioned above.
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4 Task 6.1. Redesign of new circular packaging
value chains: Paper &Cardboard

4.1 Processes description

Regarding the paper and cardboard value chain, during REDOL the collection and sorting phases were improved
(Figurel?). In this value chain, no innovations were introduced in the recyclingrahdser validatiostages.

1 The collection stage aimed to enhance the efficiency of collection operations by reducing travel
distances, collection time, and the associated environmental impacts. This innovative approach was
applied to the optimisation of collection routes for lighigte packaging waste in the city of Zaragoza.

9 During the sorting stage, efforts focuseddavelopinga transportable sorting systefihe system uses
hyperspectral imaging and robotics to classify and separate mixed paper and cardboard.
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Figure 17. REDOL Packaging (Paper and Cardboard) redesigned value chain.

4.1.1.Collection

4.1.1.1. Baseline

The collection ofpaper/cardboardiaste in Zaragoza is managed by the municipal contractor FCC. The city is
divided into areas covered in morning, afternoon, or night shifts. Routes are organized directly by FCC and not
strictly linked to municipal districts.

Collection starts and ends at FCC facilities (Carretera de Castell6n), with unloading m&aCat (for
paper/cardboard)Vehicles of different capacities (128 m3) are used, including narremidth trucks for urban
areas.

Although fill-level sensors are installed on some containers, they are only partially operational, and route
adjustments are based on operational experience and periodic data updates.

4.1.1.2. REDOL innovation

As part of Task 5.4, an improvement in the collection stage of the paper and cardboard (blue bin) waste streams
in the city of Zaragoza was implemented. This initiative focused on designing and evaluating routing
optimization algorithms for municipal soligaste collection using data from tracking technologies such as GIS
andpartialfill -level sensorgata The main objective was to enhance the efficiency of collection operations by
reducing travel distances, collection time, and associated environmgpaatgwithin the REDOL value chain.
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In the future, the resulting dynamic collection routes will be visualized throughUlseplatform, enabling
improved monitoring and management of the optimized collection process.

4.1.2.Sorting
4.1.2.1. Baseline
In Zaragozads paper and cardboard sector, t he was
treating materi al from the cityods selective coll €

facilities, mixed paper and board undergochamical separation followed by advanced, sebssed NIR
sorting. This multistage setup enables efficient identification and classification of the different fractions present
in the feed.

4.1.2.2. REDOL innovation

The prototype designed within the REDOL project is a transportable sorting system designed for flexible, site
to-site deployment without disrupting existing operations. The aim is to enhance sorting performance not only
at fixed plants but also in temporany remote settings, increasing overall efficiency and adaptability. The
prototype is engineered to fit within a standard shipping container, enabling rapid, effective deployment across
diverse operating environments.

The system uses hyperspectral imaging and robotics to classify and separate mixed paper and cardboard. Aftel
materials arrive and are temporarily stored, they are fed onto a conveyor and evenly distributed to prevent
blockages and occlusions. A Specim FXNIR hyperspectral camera then performs-taak inspection, using

machine learning and computer vision to identify each item by its spectral properties. The classification data is
sent to the robot controller, and at the picking station a Delta rolsattséhe items and places them into the
appropriate containers.

4.2 Diagrams

This section presents and briefly describes the process diagrams corresponding to each stage of the packagin
value chain(paper and cardboard flowjpplemented within the REDOL project. These diagrams illustrate the
workflow of each material, highlighting the technologies, streams, and interconnections among the partners
involved in the circular configuration of packaging materials.

For this section, diagrams are providedy for the sorting phasikecause for the collection the information is
the samelescribed in section 3

4.2.1.Sorting

Figure 18 shows the diagram of the REDOL concept, which represents an optimized process for recovering
high-quality cardboard from mixed waste streams while improving the efficiency - PFe(RefuseDerived

Fuel) preparation. The process begins with the input igednmaterials, which pass through an oversize
screening stage where large, clean cardboard pieces are separated and sent directly for bakqgadity best
cardboard. The remaining material undergoes fine screening to isolate smaller or more degrades, fra
which are classified as leguality cardboard. The intermediate fraction is then processed through optical
classification, where sensors distinguish cardboard by quality, directing mgdaai® material to baling and
sending the rest toward the gR®F flow. Before final RDF preparation, a robotic sorting unit identifies and
retrieves any remaining higluality cardboard from the piRDF stream, ensuring that recyclable material is
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not lost. As a result, the process produces four distinct output streams: best, mediumsquraditpwardboard,
along with the préRDF fraction.

4 circe REDOL concept
N Best quality cardboard in
SQICB pre-RDF fraction goes

with cardboard flow

E‘ \"i1=Y electrénica ]

Figure 18. Paper Sorting diagram

Overall, the REDOL concept integrates mechanical, optical, and robotic sorting technologies to maximize
cardboard recovery, enhance material purity, and minimize the amount of recyclable material diverted to energy
recovery, thus contributing to a moreieffint and circular waste management system. The diagram of such
sorting system is presentedrigurel9.

Waste | Visual inspection and . Waste
Feeder B - i Picking )
storage classification | sorting
|
| | Delta Robot
Paper and " . ‘ NIR Hyperspectral Camera |

cardboard waste > |

: ) Conveyor belt ; | Other wastes

|

+ Paper and cardboard are fed
and distributed on the
conveyor belt for sorting.

* Paperand cardboard arrive fromthe |
container and is stored at the facility.

+ Vision equipment detects the material and
classifies it according to category.

* Sorted waste is stored for recycling

equipment

Figure 19. Diagram of the mobile sorting system

4.3 Layouts

This section showcases the equipment already installed and ready to begin the validation phase. This section
includes either layout schematics or images of the equipment, along with key technical details.

4.3.1.Sorting

CIRCE and AMB have developed a mobile sorting line for paper & cardboard sorting which can be deployed
at different location within the waste collection plafitable4). The system does not need to be connected to
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the current SAICA lines since waste streams can be feed with an auxiliary conveyor belt. CIRCE developed the
machine learning and deep learning algorithms applied to spectral images for material identification, while
AMB integrated the picking system caooited by these algorithms.

The paper and cardboard sorting system comprises several pieces of equipment, including conveyor belts,
hyperspectral cameras, halogen lighting, a Delta robotic arm, component collection bins, linear rails, servo
motors, a PLC, an HMI, and safety sensdtiss.main function is to classify paper and cardboard by evenly
feeding material onto a conveyor and scanning it with a Specim FX17 NIR hyperspectral camera that uses
ML/computer vision for reatime identification. The classifications then guide a Deltaotaat the picking

station to pick items and place them into the appropriate containers, enabling efficient and flexible recycling.

Table4. Equipment deployed in the packaging value chain (pageardboard sorting system)

. . Deployment date and
Equipment Process Function ploy . Comment
location

In order to improve operations ar

Transport: Januar . .
1 P avoid unexpected costs and ris

The  system

- 2025 . . . .

Paper anc classifies L during testing, the trialare being
1 Commissioning anc

cardboard paper anc conducted at C

. SORTING setup: February t¢ . . .
sorting cardboard by June 2025 using real material from the city ¢
system evenly feeding _ . |/Zaragozads sel e

: 1 CIRCE industrial . ,
material cardboard collection, provided &
laboratory

SAICA.

In Figure 20 images can be seen showing the transport of the prototype from AMB facilities to CIRCE, its
commi ssioning, and its final p o Bigure21 ehows ari imadge aofitheC|l R C
final prototype ready for testing.

Figure 20. Images of the transporommissioningand final location of the mobile sorting system.
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Figure 21. Paper and carboard mobile sorting system ready for testing.

4.4 Future work plan

The final project period will focus on completing the industrial validation of the packaging value chain, ensuring
that the recycled fractions and developed technologies perform under real operational conditions. The value
chain configuration was originallyeveloped within WP3n WP, these results will be scaled up and validated

at industrial level, confirming the technical feasibility and quality of the recovered materials.

4.4.1.Collection

In the future, the resulting dynamic collection routes will be visualized througHi8eplatform, enabling
improved monitoring and management of the optimized collection process.

4.4.2.Sorting

To achieve that, for the initial testing of the paper & cardboard sorting prototype, SAICA has provided two
boxes measuring 1.2 x 1.2 x 1 m containing waste collected from the selective collection system of the city of
Zaragoza. Using this waste, mater@gmtification and picking tests have been carried out (with SAICA, AMB

and CIRCE involved), which have led to improvements in the performance of the prototype. During WP6, tests
will be conducted to verify its operation and identify design modificatioré &mhance performance,
robustness, and reliability.

After characterizing the samples and subjecting the system to stre§shygstarying input volumes and
compositiond it will be possible to detect deviations, anticipate failures, and eliminate bottlenecks. In parallel,
it is planned to verify that the dga meets usability, ergonomics, and accessibility criteria for operation and
maintenance, anticipating real industrial conditions.
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5 Task 62 Redesign of new circular plastic value
chain

5.1 Process description

The plastic value chain addressed in REDOL is structured into three main (ftges 24). The first stage
involves the initial sorting of waste in street bins, which plays a critical role in subsequent recycling steps for
various value chains. In this stage, SUW is sorted using smart bins.

The second stage focuses on the recyclability of composite materials. This activity is not connected to the
previous sorting stage, as the composite waste does not originate from thbisrearting system. Instead,

these materials are identified andleoted within the CDW stream, and their heterogeneous composition and
dependence on specific reisiainforcement combinations present significant recycling challenges.

Finally, the circularity of the value chain is demonstrated through the incorporation of recovered @aterials
specifically glass fibré into the manufacturing of new products, showcasing the potential to close the loop and
reduce reliance on virgin resources

In this value chain, three phases are presented: sorting, recycling, anseendlidation.
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Figure22. REDOL Plastics redesigned value chain.

5.1.1.Sorting

5.1.1.1. Baseline

Standard street bins offer limited functionality, resulting in mixed waste streams, low quality recyclables, and
high contamination rates, which hinder downstream recycling processes. Conventional systems provide no
control over what enters the bin, no fbadk to the user, and no ability to sort or-peat materials at the

source. In many cases, users who are unsure about how recycling or manual sorting actually works tend to skip
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the process entirely or dispose of materials incorrectly. Bésaviourfurther increases contamination and
reduces the effectiveness of downstream recovery operations.

The result is higher operational costs in Material Recovery Facilities (MRF), where extensive mechanical and
manual sorting is required to separate plastics, paper, cardboard, metals, and various types of packaging
materials. High contamination levels reduthe efficiency of optical and robotic sorting systems, increase
residue rates, and force facilities to allocate additiofetbour energy, and processing time.
Consequently, recovered fractions exhibit lower purity and reduced market value, whilguargiies of
potentially reusable materials fail to be properly recirculated or repurposed. This baseline reflects the current
state of urban waste collection, where the absence of intelligent, $oaused infrastructure, combined with

user uncertaintydirectly undermines material recovery performance and circular economy objectives.

5.1.1.2. REDOL innovation

REDOL introduces smart sorting bins equipped with sedssed recognition and automated separation
capabilities.These systems can identify and categorize waste into predefined fractions, such as plastics, glass,
paper, metals, and residuals, directly at the point of disposal, which significantly enhances source separation
quality.

The smart bin supports multiple sensing modalities and integrated actuation units that sort materials
automatically to their respective categories, reducing user error and limiting the contamination commonly
observed in conventional street bins. By offgriguided disposal and automated verification, it targets to
significantly reduce and eventually eliminate the uncertainty many users face regarding what belongs in each
stream. In parallel, the system enables real time data collection on material qatitiainer occupancy, and
disposal patterns, while it also transmits information on potential contamination risks by monitoring air quality
in the interior. This data layer supports dynamic routing, optimized collection schedules, and adaptive waste
manaement strategies at municipal level. It also improves traceability and transparency across the recycling
value chain, facilitating better planning for downstream processing and increasing the likelihood that materials
are properly recirculated or repurpds

Overall, the REDOL Smart Bin enhances the efficiency of urban waste management, reduces the burden on
recovery facilities, and strengthens the transition toward a data driven, circular system.

5.1.2.Recycling

5.1.2.1. Baseline

Composite materials are increasingly used in the construction sector due to their high-strargignt ratio,
durability and design flexibility. They are commonly foundsinuctural panels, insulation systems, fagcade
elements and reinforcement components, often combining thermoset wasinglass or carborfibres
However, as relatively new and complex materials, composites pose significant challengesfdifeend
particularly in terms of recycling and recove@ne of the key challenges associatetth womposite materials

is the lack of separate collection systems, which significantly hinders their recovery and recycling. Moreover,
the recycling process itself is complex and highly dependent on the type of resin used in the composite, as
different marices require digict treatment methods. This variability complicates the development of
standardised recycling protocols and limits the scalability of current soluGon®ntly, the baseline scenario
involved landfilling these materials, leading ésource loss arehvironmental impact. Unlike more established
waste streams, there is no mature strategy for the valorisation of construction composites, and their
heterogeneous nature makes mechanical recycling ineffeétss@ consequence, composite materials are
usually landilled attheend oftheir life.
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5.1.2.2. REDOL innovation

The projectfocuseson CDW compositesourcedrom CASALE. The key innovation lies in the application of
pressurized solvolysis with green solvents to recover fibres from composite materials. This advanced chemical
recycling technique enables the selective depolymerisation of themesiix under controlled conditions,
allowing the embedded fibresuch as glass fibr¢o be separated and recovered with minimal degradation. By
employing environmentally friendly solvents, the processnaligiith the commitment to sustainability and
demonstrates a viable pathway fimproving the recyclability of composites while reducing the environmental
impact of chemical treatments.

5.1.3.End user validation

As part of the validation phaseREDOL, three distinct products are being developed using the recovered glass
fibre, demonstrating its versatility and potential for reintegration into-édire applications.

1 Automotive parts (TECNOPACKAGING ). Short glass fibres are compounded with thermoplastic
polymers to create a reinforced material suitable for injection moulding. This compound will be
designed to meet the mechanical and thermal requirements of automotive components, offering a
sustainablalternative to fibraeinforcel plastics.

1 Composite laminates(ACCIONA ) will be manufactured through resin infusion using woven glass
fibres. This process enables the production of structural panels with tailored properties, suitable for use
in construction or industrial applications.

1 Reinforced table boards(ITA and FINSA). This validation is performed by ITA as technolaggntre
to do the initial tests anlBINSA as industrial partner, to do tkealedup tests. The initial plan was to
incorporate glass fibre directly into the board matrix, with the ainm@iroving their mechanical
properties. Since initial tests resulted in bad results, new synergies arexyaoitedwith other value
chains to incorporate furtheraste in the table boards.

5.2 Diagrams

This section presents and briefly describes the process diagrams corresponding to each stage of the plastic valu
chain implemented within the REDOL project (both baseline and REDOL innovation). These diagrams illustrate
the workflow of each material, higghting the technologies, streams, and interconnections among the partners
involved in the circular configuration pfasticsmaterials. For this section, diagrams are provided for the sorting

and recycling phases.

5.2.1.Sorting

As illustrated in the schematic and further elaborated in the previous paragnefiaseline and Smart Bin
constitute two contrasting workflows for urban waste handkigure23).

In the conventional system, mixed recyclable wastes are deposited into a standard street bin with no control or
pre-sorting at the source. The collection vehicle retrieves the bin contents as a single mixed stream, which
typically undergoes minimal sepaat and often ends up in landfill due to high contamination and low material
purity. This linear flow demonstrates the limitations of conventional bins, where valuable materials are lost and
the recycling potential is significantly reduced.

In the second part of the diagram the smart bin workflow is presdntéuis sectionrecyclable wastes are
deposited into the bin, automatically identified through sehaeed recognition, and sorted into predefined
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fractions. Each material stream is separated at the point of disposal, preserving quality and minimizing cross
contamination. The collected streams are then directed to dedicated recycling routes, enabling more efficient
downstream processing and incregsthe likelihood that materials are properly recovered, recirculated, or
repurposed. This workflow reflects a shift from a linear disposal model toward a -sepa®ted, circular
approach supported by intelligent infrastructure.

i Mixed consumer waste - B Mixed consumer waste
! ) [ Conventional bin (recyclables) ) Landfill

I (recyclables)
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Remaining mixed waste
has been tested. to sort the material

Sorted material ready to be recycled

Figure 23. Plastics value chain sorting diagram (baseline and REDOL scenario)

5.2.2.Recycling

Figure 24 illustrates two different approaches for managing construction waste composites made of polyester
resin and glass fike:

9 Baseline Scenario (Top Sectior@urrently, composites from CASALE are sent directly to landfill,
representing a linear disposal model with no material recovery.

1 Proposed Circular Process (Bottom Sectidnytead of landfilling, the composites undergo green
solvolysis (a process using high temperature, high pressure, and environmentally friendly solvents) by
MOSES This treatment separates the material into:

0 Glassfibres, which are repurposed into:
A Woodbased panels (by ITA and FINSA)
A Automotive parts (by ECNOPACKAGING
A Laminated composites (by ACCIONA)
o Dissolved resinswhich could be recovered for further applications.

Overall, the diagram contrasts the traditional waste disposal route with a sustainable, circular economy approach
that enables material recovery and reuse across multiple industries.
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5.3 Layouts

This section showcases the equipment already installed and ready to begin the validation phase. This section
includes either layout schematics or images of the equipment, along with key technical details. This section
describes the sorting and recycling pbs

5.3.1.Sorting

The prototype Smart Bin has been developed and demonstrated at ICCS facilities by M32 (July 2025). More
details about the development of the Bin, the layout, the operation and the validation tests can be found in the
submitted Del i ver &mesforaBomated sditiRgeabd@lassifitadiont o

The following figures Figure 25, Figure 26,jError! No se encuentra el origen de la referenciaandFigure
27) show detailed layouts of the equipment, as well as its operating mode, illustrated through pictures of the
developed prototype.

Al-based optical
recognition system

Pneumatic diverters

disposal bins

Smart Bin internal layout and main components

Basic Ul format and screen flow

Figure 25. Smart bin, overview of the external and interndksign
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Figure 26. Smart bin internal layout

(d)
Indicative sorting operation of various items. (a) glass bottle, (b) metal
cans, (c) cardboard coffee holder, (d) plastic bottles.

Indicative sorting of a large glass bottle.
(a) to (b): the diverter successfully routes the bottle towards the opening.
(c) to (d): the bottle results between the flap and the disposal chute, ending
to the proper disposal bin.

Figure 27. Smart binsorting operation

Table5 summarises the main information on the equipment to be installed for the sorting phase of this value
chain.

Table5. Equipment to be deployed in the plastic value chain (sorting)

Deployment date

Equipment Process Function . Comment
and location
Automates wast AAwgiting Until |t§ deployment, ICCS i
segregation an( delivery validating
Smart bins SORTING enables data  (expected M40) performance throug

optimisation and validatio

driven collection. AZaragoza city | tests.
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5.3.2.Recycling

The Pressure Reactor is currently being prepared for initial testing and reaction trials by the team at MOSES
(starting by the end of Q4025). The reactor has been designed to support controlled chemical reactions under
elevated pressure and temperature conditions, suitable for smalediumscale processg$igure 28 and
Figure29).

It is important to note that actual placement is temporary, while the appropriate site for permanent deployment
is being prepared at MOSES. The final installation at MOSES is expected to take place during the first half of
2026.

Figure 29. Pressure Reactor Deployment

Table6 Table6presents the list of equipment already deployed within the plastics value chain.
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Table6. Equipmentdeployed / to be deployed in the plastics value chain.

Deployment date
and location

A Delivered and
installed (M36) | Temporary placement t

Comment

Equipment Process Function

Solvolysis  of

Pressure Reactor | RECYCLING \c,:vc;r;p;osnes begin with the activitie&
. A MOSES®? s | theinitial tests.
materials

facilities

5.4 Future work plan

The final project period will focus on completing the industrial validation of the plastic value chain, ensuring
that the recyclednaterialsand developed technologies perform under real operational conditions. The value
chain configuration was originally developed within WP3 and WP4, where the processes were demonstrated at
laboratory and pilot scale. In WP6, these results will be scaleddipadidated at industrial level, confirming

the technical feasibility and quality of the recovered materials. In parallel, optimisation activities will target
improvements in consolidating the transition from laboratory testing ted¢ale implementatia

5.4.1.Sorting

The Smart Bin will be deployed to Zaragoza City. Due to bureaucratic reasons, delays have been raised on the
procurement process of the exterior part of the bin. Therefore, the Smart Bin is expected to be transferred and
implemented at Zaragoza City Counuililding during Q1 of 2026 (around M40 of the project).

During this period (M32 to M40), ICCS is validating the operation of the Bin, continuously performing
validation and optimisation tests and activities.

Following their definitive deployment, the Sm#in prototypeswill operate continuously in Zaragoza City
until the end of the project. During this operational phase, a structured data collection campaign will be carried
out, focusing on metrics related to:

Sorting accuracy

Waste recognition model lortgrm performance
Device throughput

Stability of operation

User interaction patterns

= == =4 =4 - -

Maintenance requirements

These datalriven insights will enable the evaluation of the added value of the Smart Bin within the overall
waste handling pipeline and assess its contribution to improved material reddwenpllected evidence will

also support the identification of potential design refinements, guiding the development of subsequent system
iterations and providing input for future scaling and deployment scenarios.
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5.4.2.Recycling

The first series of reactions is scheduled to begin by the end of the year, marking the start of the validation
phase. During this period (M35 to M42), the team will focus on:

I Operational validation of the reactor under various pressure and temperature conditions.
1 Optimization activities, including reaction yield assessments and process reproducibility.
1 Safety and reliability testing, ensuring compliance with internal and external standards.

Pending successful validation, the reactor will be integrated into broader experimental workflows for
collaborative research activities in 2026.

Future activities will also include:

9 Grinding and processingpf pol yester composite roofstoreco:
enable material reuse and recycling.

9 Processing of composite profiles from ACCIONA supporting circular economy initiatives and
material recovery for subsequent experimental applications.

5.4.3.End user validation

During the following months, therork will focus on the validations

1 Automotive parts: TECNOPACKAGING will develop up to 8 different formulations with
different recycled fibre percentage and additives by extrusion compounding. The thermal
properties such as melt flow index will Bssessetb ensure further processabilduring injection
moulding processMechanical properties will be also evaluated followl&g-527, ISO-179 &
ISO-178.The 2 best performing formulations will be theraled umnd validated for automotive
parts manufactured at piredustrial scale.

1 Composite laminates the clean fibes obtainedafter the solvolysis processom Moseswill be
introduced in the composite chain agasingnew fabrics made with recycled glass@bAITEX
will produce recycled mats andCCIONA will include these mats in the configuration of
compositdaminates. Infusion thermoset resin laminate will be produced to teswétibility of
thefibresand the mechanical strength compared with cotimeal laminates.

1 Reinforced table boardg(ITA andFINSA): The next steps involve completing the characterization
of the new synergies that have emerged within the project, such as the use of PVC from electronic
waste, balsa wood from wind turbine blades, or plasterboard and polyethylene from construction
waste. hitial tests have shown promising results with the incorporation of balsa wood and
polyethylene into particleboard. The project will now focus on assessing the feasibility of
conducting an industriadcale trial to validate these findings and evaluate fractical application
in production processes.
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6.Task 6.3 Redesign of new circular CDW value
chains

6.1 Processes description

The CDW value chain addressed in REDOL is structured into four steps: collection, sorting, recycling and
validation by enelisers. The collection focuses stage involves logistic improvement in the container movements
The second stage focusas the sorting of the different plastics in the lighter fractlarthe recycling phase,
different plastic fractions and mineral materials from CDW are separated and processed to recaover value
through mechanical, chemical, or energy valorisatio used as secondaayw materials in the production of
cement, clinker, and cast polymer composites. In theused validation phase, industrial partners such as
CEMEX, CASALE, and ACCIONA test and demonstrate the practical application of these recycled materials
in real products, including clinker and cement production, concrete formulations, and cast polymer coating.

Figure30 provides a general overview of the redesigned value chain.
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Figure 30. Redesigned value chairtCDW

6.1.1.Collection

6.1.1.1. Baseline

Construction companies call CASALE in order to ask for a container for a specific construction site and waste.
After a data collection phase and creating a waste treatment contract, the container can bensbeved
construction site. Once the container is full, the manager of the construction siteA@#HEEH s of f i ce t
for a change of the container or a retrieval. During the day, the truck driver receives multiple orders from the
office about container movements. It is the driver who managedadnudatedthe best route

6.1.1.2. REDOL Innovation

Logistic improvement in the container movements willabalysedwith the development of algorithms and
new sensorslechnologies developed in REDOL by LTt the trash truck routes can be implemented in the
CDW collection to optimize this step.
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Towards digitalization of the construction and demolition waste industrial partner CASALE, under Task 5.4,
LTU contributes towards development of the optimization algorithm, which is continuation and relevant with
Task 6.3. This optimization algorithm caders all the required parameters for logistic operations including
static and dynamic data, such as the positions of waste bins, road network and the related traffic. In addition,
waste collection schedules, trucks and containers capacities and thaitefistics are taken into consideration.

6.1.2.Sorting

6.1.2.1. Baseline

Waste from construction and demolition sites are transported to waste management facilities, where it is
weighted and processed. The nature of this waste is a mixture of heavy (concrete abhdckiherstone
material$ and light fractions (plastics, gypsum, wood) that in most of cases arrives in the same container without
sorting on site. For Aragon, although variations are expected from delivery to delivery, more than 75% of the
waste (by weight) is composed of corerebrick and other inert materialSome fractions go directly to
mechanical treatment for recycling and transformation into aggregates. Finally, the manager has well
established processes to use this heavy fraction and recycle it near to 100%.

Lighter fractions represent around 25% of the CDW and it prebgjitsr variability in material composition:
metal, wood, glass, plasticehis mix needs to be classified and-mesated prior to their recycling treatment or
their release to other managers. Although opeguaied machinery, e.g. excavators, wheel loaders, and
automated separation equipment, e.g. trommels, jaw crushensdele utilized for processing CDW, manual
sorting via moving conveyor belts remains common. Even so, the opearatprslassify the stone and non
stone fractions, differentiating between plastic, waraatdboardand metal. Metal waste objects can be easily
separated from the stream with mechanmalmagneticseparators; wood waste, though typically a small
component, can also be separated, but it is often contaminated; plastics and cardboard, on the other hand, ar
difficult to extract with existing processes due to their low weight, small size and othargbpysperties. The
plastic fraction is a mixture of thermplastics of different nature, that only could be recovered through energy
valorisationif it does not contain PVC.

6.1.2.2. REDOL Innovation

The sorting of the different plastics in the last fraction referred to baseline scenario could improve the
valorisationof this stream. The REDOL Innovation in CDW value ctainsistf the use of roboticand Ak
based sorting to achieve an efficient, consistent and high purity separation.

The sorting system developed takes the advantage of recent advancements of artificial intelligence and sensotr
technologies, as well as the efficiency of industrial robotics in order to separate the highly mixed plastics stream.
The system is designed to lmstalled and integrated to existing CDW management facilities and enable the
valorisation of precious materials that would otherwise be landfilled. Based on the interests and feedback of the
waste manager the system focused on sorting plastic material.

With REDOL sorting system, the light waste fraction is sorted in all these streams:

1 Mixed fraction without plastics: Wood [52%], Mineral (inorganic fraction: Stone, Concrete) [34%],
Metals [3.5%], Other [10.5%)]

1 PP

1 PVC
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9 Plastic materials without PVC and PP.

With this sorting process, higburity polymeric streams are achieved. This progress goes to the upcycled of
this polymeric mixture avoiding its landfill.

6.1.3.Recycling

6.1.3.1. Baseline

The management of the different fractions sorted from the CDW depends on the nature of the material. The
CDW manager, CASAE, after the sorting process, recovers from the heavy concrete fractions the sand and
aggregates and recycles them as new commercial products for construction sector. Regarding the other sortec
fractions, the CDW manager contacts with other wastes marfagershe plastic, metal, glass or paper and

wood sectors that pick up those materials and include them in their recycling processes. Furthermorg, CASAL
produces and commercialize its own concrete blocks with the recycled aggregates, adding valuedypdieelir
fractions.

With all these recycling streams, CASBElecycles from the heavy and the light fractidims amount showed
in Table7.

Table7. Fractions recycled by CASALE

Heavy fraction (75% of wastes) Light Fraction (25% of wastes)

1 96% aggregates.

1 2-3% go to another waste manager (recycling rate
70%)

1 1% go to landfill

1 75% go to another waste manager (recycling rate
70%)
1 25% go to landfill.

6.1.3.2. REDOL Innovation

Recycling by waste managers

The use of the sorting system developed in REDOL aims the separation of the different plastics from the CDW
and mainly the remove of PVC from that stream. This extra process increases the material value of the new
plastics streams and the recycling podisiés and avoids moving to landfilling part of the plastics. The new
clean streams have the potential to be recycled by:

I Mixed fraction without plastics: energeti@alorisationafter grinding (organic: heating; inorganic:
clinker)

1 PVC: landfill or chemical recycling
1 PP: chemical or mechanical recycling
9 Plastics withouPVC andPP. energyvalorisation

Recycling by development of new construction materials

CEMEX, as a big company in cement manufacturing, with its only cement plant in Aragon, is concerned with
carrying out processes that are as sustainable as possible. The use of alternative raw materials for the productiol
of cement clinker is one of themuently, the substitution with recycled raw materials at the Morata de Jalén
plant (ZaragozaSpair) is 14.3% and to this is added an energy recovery of 60.55%. Up to date, this material
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valorisationis madewith slag, ash from different industrial processes, sand, etc., but the potential use of mineral
fraction from CDW has been satisfactory tested by VDZ. (D4.1) An increase up to 20% of material substitution
is the objective of the cement factory, especiallgetarbonated raw materials.

In the production of cement, additives and other inorganic materials are added to the fine milled clinker to
develop the different cement classes. The use of wastes as slags and fly ash is common but the use of some ¢
the fractions of CDW is other way oécycling and increase the sustainability of cement. Satisfactory tests
confirm this possibility producing cements with similar properties to general formula and with improved ones.

The last process for recycling CDW is the use as inorganic fraction in the development of cast polymer. Cast
polymer is a polymeric concrete but with all the binder substituted by a thermoset polymer and it is used in
specific applications where cementusable to use due to corrosive environment (contact with chemical
products, saline environmermtc) Generallyjt is used for coatings and repair surfaces. The totally replacement

of the conventional aggregates with CDW aggregates and fillers has hsfatway testedhy ACCIONA and

has developed a novel formula with all the required properties

6.1.4.End user validation

The last step in the value chain demonstration is the validation of the pathway by different end users.

1 New Clinker production: CEMEX will use a fraction of CDW as alternative raw material in the
industrial clinker kiln of the cement production plant in Morata de Jalon. After pollutant analysis of the
selected fraction, CEMEX will calculate the amount of material allowed to irteoiaiutheir industrial
process and CASAE will provide it to them.

1 New cement and concrete developmernithe development of new cement formulas will be validated
with the production 0600 kg of cement and the use of it in the development of a concrete formula.
Previously validated through laboratory testing at Cemex. This concrete will have the specification for
the production of CASAEG s b | o c k;gFiguredleamchGEMEXa@and VDZ will develop the final
formula.

Figure31. Megalito (CASALE)

T New Cast Polymer The last activity in validation of the recycling processes is the production of around
400 L of the formulated cast polymer for the use in covering a concrete slab where chemical products
will be stored. The cast polymer wglovethe concrete of possible leaks.
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6.2 Diagrams

This section presents and briefly describes the process diagrams corresponding to each stage of the CDW value
chain implemented within the REDOL project (both baseline and REDOL innovation). These diagrams illustrate
the workflow of each material, highlight the technologies, streams, and interconnections among the partners
involved in the circular configuration of the materials. For this section, diagrams are provided for the collection,
sorting and recycling phases.

6.2.1. Collection

Figure 32 presents the diagram corresponding to the collection phase, in which, in the REDOL scenario, the
optimization of truck routes and the tracking of waste containers will be implemented.

a) i STEP IMPROVED WITH REDOL TECHNOLOGY

b)

COLLECTION ——————————+ MIXEDCDW |—— | DIGITALIZED COLLECTION

+ Optimisation of trucks
routes — K MIXED cnw

» Tracking of waste
containers

/ ConcReTE WiTH ooy sort e :
\_ REBARS o0y

Agreggates /sand n

/ CONCRETE WITH \

|=——+  Primary sorting

REBARS /

Figure 32. Diagram of the collection stage of the CDW value chain. a) Baseline scenario b) R&R@drio

6.2.2.Sorting

The sorting stage is redesigned in this value cHaigure 33 shows the diagram of the baseline scenario
corresponding to the secondary sorting, whilgure34 focuses on the REDOL solution in the sorting stage.

Light plastics
Y TO INDUSTRIAL RECYCLING

r
Fine fraction of [ ooy \
COLLECTION || MIXEDCDW | ———  Primary sorting | —s stone-based STONE-BASED FRACTION '\
waste
— METALS \
f PLASTICS
Mix fraction of
stone waste
TO INDUSTRIAL RECYCLING
,/ECINCRETE WITH Primary sorting ' 7
—_— ] ¥ { | Fraction with { WooD
\ REBARS small and big Secondary Jr—' L ¥
) : —_— STONE-BASED FRACTION | +
— | pieces of mixture sorting

{—H : materials / METALS \:
PLASTICS A\

E __________________ MIX FRACTION 30 %\\
] i
' WITH PVC
i STEP IMPROVED WITH | LANDF.'L
| REDOL TECHNOLOGY !

Figure 33. Diagram of the sorting stage of the CDW value chain. Baseline scenario b) R&le@drio
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TO INDUSTRIAL RECYCLING

Fraction with Shreddi d REDOL ROBOTIC WOooD '
small and big redding an :
pieces of mixture Secondary SORTING SYSTEM E

materials Sorting METALS
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TO ENERGETIC VALORIZATION OR
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'

‘
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'
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'

' CARBOARD
‘

‘

'
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i

‘

i

]

i

\
| / PVC \ OTHER PLASTICS
' / A\
\

i."'l LANDFILL OR CHEMICAL RECYCLING
{ )\

Figure 34. Diagram of the sorting stage of the CDW value chain. RE§¢@hario

6.2.3.Recycling

Regarding the recycling stageigure35 presents a diagram showing all the fractions that undergo a recycling
step in the baseline scenario, witigure36 describes the treatment of the different fractions in the recycling
stage of the REDOL scenario.

BASELINE USE

FINE STONE-BASED Wearing course
FRACTION Landfill consolidation

END-USERS:
) — * WASTE MANAGER
CDW RECYCLED < ! + Constructiuon company
FRACTIONS | * Concrete Plant
RECYCLED AGGREGATES N

(SAND AND GRAVEL FROM b TS

STONE-BASED FRACTION) 1
: Wearing course

<|NDUSTR|AL WASTES: SLUGS —_— Landfill consolidation
e

Figure 35. Recycling stage in the CDW value chgiBaseline scenario.
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CDW RECYCLED
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© RECYCLED AGGREGATES  \ ‘ (\ .
I\QANDANDGRAVELFROMSTONE- )_-—* GREE?ofAmSUTI;:gtYMER END-USER: %accmna
\ BASED FRACTION) / S
G\acciona
Figure 36. Recycling stage in the CDW value chgiREDOL scenario.
6.3 Layouts

This section showcases the equipnmeggdedo startthe validation phase. This section includes either layout
schematics or images of the equipment, along with key technical details. This section describes the collection
and sorting phaseasno new equipmeris neededor the recycling process.

6.3.1 Collection

In the conceptual scenario illustratedHigure 37, the pickup and drogoff problem is framed around a set of
trucks circulating between construction or demolition sites and the central depot or processingestetiion.
truck is uniquely identified by its truck ID and its location is known to the central system via GPS. At any given
moment, a truck can be in one of two operational states: either travelling with a container on board or moving
empty. When it is carryma load, the system also records the quantity of container units so that the planning
process al ways knows the truckds current capacity

The sites themselves represent dynamic points of demand within the system. Each site has several attributes tha
influence how and when it can be serviced. These include the amount of debris currently stored in containers,
the time the containers have beeiting onsite, and whether the debris is already prepared and ready for pick

up. If a container is still being filled, the system stores an estimated time when it will become available. All of
these elements define the service window within which tlektmust arrive. Sites may also require the delivery

of empty containers to ensure continuous operation, adding another layer of complexity to the planning task.

The central dispatching unit orchestrates the full process by integrating data from trucks and sites. Knowing the
number of trucks available, their GR@cked positions, their load status, and the demands from each site, the
system must decide which truskould perform which task. This assignment is not arbitrary. It considers the
immediate need for empty containers at certain sites, the urgency of picking up full containers waiting to be
processed, the expected waiting times, and the overall cost #sdogith transport, typically expressed as
travel distance, travel time, or a combination of both. The goal is to generate a plan in which each container
movement is covered by an appropriate truck in a timely aneeffigent manner. In this way, thegsup and

drop-off problem becomes a coordinated optimization challenge, ensuring that debris is collected promptly,
sites remain operational, and trucks operate along efficient angdtwedtured routes.
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6.3.1.1 Problem definition

The conceptualllustration in Figure 37 presentsa representativescenarioinvolving two trucks T1 and T2

operating across nine actigdes A, B, C, D, E, F, G, H,,Ithat are distributed throughout the ciBach site

generates a specific number of contaimeits thatmustbe transported, anthese movements are associated

with approximate service times. For instansiée Amay require the transpoof nA units aroundh preferred

time windowtA. The planning process uses this information to produce optimized routes for each truck,

ensuring that all site demands are met within their operational constraints.

= A, . 2, o

T, ,(0/1),$, ﬁ 4 th =

Truck ID, load/no B,ny,ty,(0/1) D,ng4,tq,(0/1)
load(0/1), fuel status

A
h = A
Ang, ts (0/1) & i

Site ID, Debri (units), Wait times
(hours), Ready/not F,ngtr,(0/1)
ready/Estimated time Scrapyard

T,,(0/1),$,

Vehicle provider b
i =

s

—_—

I,n,t;,(0/1)

C,n,te,(0/1) - Aﬂ = Aﬂ

_—

H,ny, ty, (0/1)

o, N, nims e o=
Ol Ol ﬂ » G,ng,tg,(0/1)

n, Trucks E,ng,te,(0/1)

Figure 37.Conceptual figure for optimization algorithm

For example, truck T1 begins its route at the central depot, where it is loaded with empty containers destined
for delivery. Its first stop is site A, where it drops off the required containers. After completing the delivery, T1

proceeds to site B, whereantainer filled with debris is waiting for collectiofhe truckoadsthefull container
and transports it to theesignatedcrapor processingtation.Once athe stationthe truck unloads the debris
and is again supplied wittmpty containerdt then continues its route gites D and Fdelivering the empty

units according to the plannequencend timing. In parallel, truck T2 follows its own optimized route,

collectively ensuring that all sites receive the appropriateygc&nd drogoff services.

To support this planning and execution process, astrittured database framework is required. This structure
defines how information about trucks, sites, containers, and tasks is stored, updated, and shared across the
system. The database enables seasinteraction between the optimization system, the central dispatching
unit, and the redime operational data coming from the field. It ensures that all stakeholders and system

components operate on consistent, updated information, allowing the ralgtmighm to generate feasible and

efficient plans and enabling the continuous monitoring and adjustment of operations as conditions evolve.

6.3.1.2 Framework

A framework for the debris transportation is showrfFigure 38 The database contains information about

vehicles, trucksd position, and the |

containers at sites, request for empty containers, and the request for removing thiéldecntainers. The

oad

Wi

t h

truc

ground situational awareness unit keeps track of the vehicle location, load in vehicles, and completion of tasks.

The input to ground situational awareness information comes from the truck drivers.
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Action task manager is the requests coming from the sites, these requests define the tasks to be done. they ar
shared with the database and the planning unit.

The planning unit consists of two stages. One is Google Maps API, which obtains the travelling path from one
location to another. It checks the route, the distance to be travelled, and the time required for travel. Then this
information is shared with theptimized vehicle routing unit. This optimizer computes the best route that the
vehicle should follow so that maximum tasks can be completed at a lower cost.

The computed routes will then be shared with the truck drivers. Trucks will follow the routes, which will update
the information on ground situation. Customers can scan the QR cotles containers to send in requests.
Such requests are then updated in the database digitally.

Mobile GPS
Vehicle
{Per day -> 15 requests) DATABASE info/status

Pilso:lmﬂo | Container station
50 Containers
[5** Customer =

sites] —>

Task assignmemsf

e
- Vehicle routing

New requests/ pickup
preferred time (No., type,
expected delivery)

CASALE

» New customer
(** Make it scalable)

Figure 38. Framework for the debris transportation

6.3.1.3 Optimization

Optimization problem plan routes for a group of vehicles that must pick up items from certain locations and
deliver them to other locations. To describe the system parameters are defihes a seif nodes: V = {1,
2, é, n}

The nodesrelocationson a map
I Some locations angickup points (where items must be collected).
I Some locations amelivery points (where items must be dropped off).
1 One location is theepot, where all vehicles start and end their routes

a) Depot (Node 1): The depot is the base station for all vehicles. Every vehicle must start from the depot,
go out to perform pickups and deliveries, and return to the depot.

b) Pi ckup Nodes: P = {2, 3, é, m picklgthedohtanerdempty e t |
or filled). Every pickup node has a positive demand (because items are being added to the vehicle).
Examples: depot is pickup for empty containers. The scrap collection site is pickup location for filled
container.
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c) Delivery Nodes: D = {m + 2, e, 2m + 1} These &
delivery node has a negative demand (because items are being removed from the Ezhiolgle:
dropping off scarp at the depot. Dropping off the empty container at job site.

d Set of Vehicl es: K = {1, 2, é, k}. This is the
own route, load limit, and must visit both pickup and delivery nodes assigned to it.

e) COSIZ#*Z:‘::ThiS is the cost of traveling from locatioio location]. This cost is the distance between the
locationi to location;.

f) Vehicle Capacity (Q): Each vehicle can only carry a certain amount ofTlhad/ehicle cannot exceed
this capacity during pickups.

g) Demand at Each Nodeg). This tells us how the vehicle load changes at each location.
1 g > 0 Pickup node (vehicle takes items)
1 q <0 Delivery node (vehicle drops off items)
6.3.1.4 Decision variables
These variables represent ttieicesthe model must make to build the optimal set of routes.
a) Route Selection Variabléds ¥ mip Y 1 i f ktsaeels fromiltog, O otherwise.
Does vehicle k travel directly from location i to location |
b) Load Variabled "3 Y Load oKaftevleakingndde
It denotes the capacity of the vehicle after leaving location i.
c) Position Variable N3 Y Load oKaftevleakingndde
It denotes the order in which a vehicle visits each location.
Objective function

The goal is to make all the pickups and deliveries while minimizing the total travel cost. Mathematically
we express this as:

Flow conservation constraints

For each vehicl& and each node:
W w Oy o O 0 C

The flow conservation rule implies that for every vehicle and for every location, the number of times the vehicle
arrives at that location must equal the number of times it leaves.
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Depot constraints

Each vehicle must start and end at the depot:
@ p IO 0w
) p 1o ow

These constraints force every vehicle to start from the depot and return to the depot exactly once. Concretely,
each vehicle must have one arc leaving the depot at the start and one arc entering the depot at the end.

Task completion constraints

Each pickup and delivery node must be visited exactly once:
@ p AN TW
w p QN0 W

These constraints ensure every pickup location and every delivery location is visited exactly once by the whole
fleet. In plain terms: no pickup or delivery should be missed, and none should be visited twice.

Remark: for a multiple pickup from a site, every pickup has different id so, vehicle may visit same location but
that will happen only for the different tasks.

Capacity constraints

Node capacity limits,
6 00 o Voo v

i f vehicle does visit a |l ocation, the | oad at t ha:

Load propagation constraints

2
-
@)
R
s

o} o} n 0 Jp (I
whered) 0 G oO@sS

When a vehicle goes from nod® nodej, the load aftef must be at least the load afigrius the change at
nodej (pickups increase load, deliveries decrease it).

Subtour eimination constraints (MTZ formulation)
‘ ‘ p 0 Op @ 1AY or phHQ @™ 0 X

where,0 € p
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Subtour elimination prevents the solver from producing disconnected cycles that excludes depot.

Selfloop prevention

ST | G N § IOV P
Route reconstruction
For each vehicl&, construct routé =, v(.yv, v) such that:
W pandv U p
Load calculation
For each node in the route:
o] o} n

Recommendations forimplementation

1. Add samevehicle constraints for pickugelivery pairs
2. Revise precedence constraints to enforce pickup before delivery
3. Adjust Big-M parameters for stability

Optional improvements

1. Sparse constraint generation: Only create constraints for feasible erlgesb

2. Warm starts: Use constructive heuristics for initial solution
3. Symmetry breaking: Add constraints to eliminate equivalent vehicle assignments

Complete mathematical formulation

The complete corrected formulation becomes:

I ET w W 0
Subiject to:
@ @ by o Qv 0
® P IO )
&) P OV
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This formulation ensures feasible, optimal solutions that respect all operational constraints including the
critical pickupdelivery coupling requirements.

6.3.1.5 Case study

This case study considers a scenasoshown in thd-igure 39 and Figure 40, involving three vehicles,
represented by circles containing red, green, and blue markers. A total of eight tasks are included in the problem
here. The tasks requiring the transport of empty containers from the depot to a site are represented by circular
icons, and the tasks requesting the transport of diflletscontainers from the site back to the depot are shown

by squares.

The optimization algorithm generates an efficient assignment and routing solution for all vehicles and tasks in
this scenario:

YQQ'YRYRY "Oi QQEYRYRY 6 a0 QYRY

In the beginningred vehicle with empty container goes Yo the green vehicle goes 6 for picking the debris
filled container, and blue vehicle with empty vehicle travelsrtas shown in figa).

Greenvehiclereaches t8Y andpick upthe filled container and now moves towaogsitral depoas shown in
fig (b). Red and blue vehicldbenreach ta'Y and™Y, respectivelyto deliver empty containees shown irig
(c). Red vehiclehenmoves to'Y for picking the filled container. The blue vehicle moveSvtdor picking the
filled container Green vehicle drops the filled container at the depot and completes th¥.task
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Red vehicle drops the filled container at the central depot and completes thé. tAftier this red vehicles
start”Y of transporting the empty container from depo to the locatioM,as in fg (c).

Once blue vehicle reaches to the locatiofYgit loads the debiris filled container as shown ifdipand moves

back to thecentral depot

Similarly red vehicle picks the debris filled container frovrand transports it to theentraldepd.

Routing Simulation Routing Simulation
OTa OT3
[ T4
or O -
T2 T2
[ Ts [Jre * T
@ L
Depo . Depo
OTB [ OTB ar

Figure 39. Routing simulation: @) Initial scenario, with three vehicles and eight tasks. The tasks denoted with squares
demandvehicleto transport filled container from site to depo The taskslenoted in circleslemand a empty
container at the site, (b) Green vehicle reaches "V and pickup the filled container and now moves towards central

depot
Routing Simulation Routing Simulation
Or O
T4 [
o - Or
@
T2 _ T2
[]m Ok T8 5
Depo Depo
@T6 O OTE‘ T7

Figure40. Routing simulation: €) Green vehicle drops the filled container tioe depot. The red vehicle delivers the

empty container at"V. The blue vehicle delivers the empty containe”™™t(d) Blue vehicle picks the debris filled
container at”V. Red container will pick the debris filed container £'V. Green vehicle is going to drop empty

6.4.1.
The CDW sorting systemh a s

Sorting

been

container at "V.

designed and

devel oped

based

requirements and is able to efficiently separate different plastic materials (PVC, PP, other plastics) from
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Construction & Demolition waste. The system, which was tested and demonstrated at ICCS facilities by M32
(July 2025), is also presented at the submitted De
classificationo.

The CDW sorter will be placed into a container in order to be shipped to CASALE premises. Unforeseen
bureaucratic reasons have caudethyson the procurement of the container, which is expected to be ready
during Q1 of 2026 (around M40 of the project). After that, the CDW will be deployed to CASALE, where
operation tests will take place.

During this period, ICC®as beerollaborating with CASALE on the details of the installation. At the same
ti me, | CCS is performing validation and optimizat

CASALE has arranged two possible locations in his company for the sorting system. One of them is the
preferredocation,which is close to the current separation process when trucks with CDW (&iguee41).

Figure41. The tentative locations of the sorting equipment ®ASALE

In the case of location 1, a layout of the waste streams is draviguire42.
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Figure42. Lay out of the waste streams GASALE

The equipment would be installed in the sorting area afteaithgeparatqrwhere a stream of 3D plastic is
finally separated. This stream will be tteedstoclkof the new REDOL sorting technology, and it will separate
the plastics between PVC and FRy(re43). The equipment necessary for this extra sorting step is built inside
a containewith regular dimensions that allows easy transport and change of lof@gone44Figure44).

INPUT
R3 & R4 streams
(heavy and light)

Air separator

7

REDOL
Sorting system

OUTPUT 3C
(PVC)

N

OUTPUT 2A
(3D non-stone OUTPUT 2B

materials) (Stone materials

and Plastics 2D)

OUTPUT 3D
(Rest of waste, OUTPUT 3B
unsorted) (PP)

OUTPUT 3A
(Rest plastics)

Figure43. Sorting steps in CASAEland final extra REDOL sorting.
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Figure 44. Sorting container

The surface area that CASELwill have to condition must be 20x20?rand the floor must be reinforced to
support a weight of between 11 and 13 tons. In this location there must be access tplzatdwadectrical
connection of 70 kW, 400 AV. The system does not require any other auxiliary services to start up the
equipmaet.

Figure45 andFigure 46 show the main components of the sorter with the pneumatic gripper installed in the
system and a view of the whole system in the laboratory of ICCS.

Sensing data

-

=3

Delta robot with custom
design pneumatic gripper

Figure45. Main components of CDW sorter addtailed of the robotic arm
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Control Panel — FY

Figure46. Sorting system installed in ICCS laboratory
Table8 provides a summary of the equipment required for the sorting stage.
Table8. Equipment to be deployed in the CDW value chain

Deployment date and

) Comment
location

Equipment Process Function

CDW  sorting SORTING plastics frgm the  (expectedvi40) reasons have caused de|
system light fraction of on the procurement of th
CDW streams ACASALE container

6.4 Future work plan

The final project period will focus on completing the industrial validation of the CDW value chain, ensuring
that the recycled materials and developed technologies perform under real operational conditions. The value
chain configuration was originally dewged within WP3 and WP4, where the processes were demonstrated at
laboratory and pilot scale. In WP6, these results will be scaled up and validated at industrial level, confirming
the technical feasibility and quality of the recovered materials. In pamgtigmisation activities will target
improvements in consolidating the transition from laboratory testing tadale implementation.

6.4.1 Collection

The optimization algorithndevelopedoy LTU for CASALE focuses on enhancing the efficiency of pigk

and dropoff operations for both loaded and empty containers of CDW. The core objective is to streamline the
logistics chain by dynamically planning routes and schedules based eiimesaiperational data. Key
parameters include the geographical location of each construction site, scheduled and aaipammicérop

off times, waiting times at collection points, the number of available trucks and costainé their respective
capacities. Redime location tracking will be achieved through GBP&ed sensing units ensuring continuous
monitoring of fleet movements.

The collected data will feed into the optimization algorithm, to determine the most efficient routing and
scheduling strategies. The system will aim to minimize total transportation costs, primarily by reducing travel
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distances, idle times, and fuel consumption. Moreover, the adaptive nature of the algorithm allows it to respond
to dynamic conditions such as traffic variations, unexpected delays, or changes in container availability, thereby
ensuring robust and ceeffective waste collection operationJ U is in the process oeasor procurement and

then will proceed with the demo case

6.4.2 Sorting

At this stage, the Smart Bin is being validated at ICCS facilities in Ath€@S isdisposing unstructured
batches of mixed wastes, varying composition, volume, and sequence of items, and running repeated cycles to
stress the recognition and sorting subsystems und e

Once the exterior is received and install@ake smart bin will behippedimmediately taZaragoza to beesed
directly on site.

6.4.3 Recycling

Following the recycling testsonducted withinVP4 (by VDZ),work will now proceed with the transfer of
these formulationto the eneuser validation stage for tiiewly developegbroducts.

6.4.4 End user validation
9 The production of 500 kg of cement with CDW

CEMEX will produce in their lowscale mill the cement using the fine stone based fraction from CDW.
The selected formulation includes this waste as partial substitution of the limestone in the original
formulation. The cement will include other components taioka formula that fits with the regulations.

I The production of concrete blocks (Megalito) with the new cement by CASAE
The concrete formula will be developed by CEMEX and VTZ according to the properties of EASAL
There will be close collaboration for this development to increase the sustainability of the concrete
block. CASALE will use their conventional process for the production of Megalito. The dimension of
these blocks comes from 30x60x60 (250 kg) to 160x80x80 (2400 kg). Some of trer blonaks will
be produced and sample testamalysehe mechanical properties.

1 Theuse of CDW in clinker kiln
A test with a small substitution of raw materials will be carried out. The clinker kiln consunG€§ 60
t/day of raw materials, but the standards limit the level of substitution because of its chemical
composition. The waste to use in this application is the fine 4tased fraction.

9 The production of 400 L of cast polymerfor the use in proofing of a concrete slab and protect it of
chemical products leaks. This cast polymer will be produced with the fine-lshsiee fraction in
Acciona facilities and will be applied in a chemical pilot plant concrete slab from Accionzain. S
The formula used for the cast polymer production will be those analysed in WP4 and other recycled
materials from CDW will be included (recycled aggregates).

All the actions are directed to use the same fine dvased fraction because although other fractions have been
evaluated and even better results have been obtained, this fine fraction currently does not have any recycling
options.
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7 Task 6.4 Redesign of new circular extile value
chains

7.1 Processes description

In the textile value chain, various entities participate with complementaryfFadese47). ALIA is responsible

for the collection and sortingt industrial levebf textile waste, while NTBupports the development on a pilot

scale of the textile waste sorting system. In addition, Nd§ developed and optimized a therchemical pre
treatment on a pilot scale to selectively remove the elastane froomigionent fabrics, such BETEL textiles.
SubsequentlyAITEX and CIRCEcarty out the chemical recycling process of polyester, and finBRILEN
transforms the regenerated material into Higiacity yarns. Therefore, the chemical recycling value chain of
textiles follows a structured sequence that begins with the collection and sorting of textile waste and ends with
the production of higiperformance polyester files, which are used in technical applications such as
geotextiles.

In this value chain, three phases are presented: sorting, recycling, anseendlidation.

Solid Urban Textile waste HSI sorting Elastane removal Polyester
Waste (SUW) system technology material
~
N
N
N
i ; N Scirce
-
brilen aitex \
PR NSy -
’
| 1
\ 1
\ 1
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\ : | _J :
: GEOTEXTILES High tenacity Post-condensation, | IL-based : Glycolisis 1
\ polyesteryarn spinning l' glycolisis « Mw-assisted /

#

_______________________________

Figure47. Textile value chain (REDOL solution).

7.1.1 Sorting

7.1.1.1 Baseline

Reusing and recycling textile waste are more sustainable options than incineration or landfilling, as they align
with circular economy principles and reduce the need for vifigie production. Textile reuse can occur
through activities such as trading, swapping, renting, or inheriting items, while recycling involves reprocessing
pre- or postconsumer waste into new textile or aAxtile products.

Effective recycling processes depend on accurate sorting of textiles by characteristics like compalsition,

and fabric structure. Traditionally, sorting has been done manually, but this method is slow, costly, and difficult
to scale, especially since labels are often missing or inaccurate. Existing analytical metho&(18331,

FT-IR analysismicroscopyanalysis etc) provide precise identificatiomut they are too timeconsuming for
large-scale automation.
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7.1.1.2 REDOL innovation

Within the REDOL project, NTT developed an advanced textile waste sorting system to enhance reuse and
recycling, providing sustainable alternatives to landfilling and incineration. Using-Iieaired (NIR),
Hyperspectral Imaging (HSI), and RGB cameras,sygtem identifies textiles by colour, composition, and
fabric structure to ensure higfuality input for recycling. Sorting systems based on these technologies enable
fast, automated material recognition without sample preparation, offering practidarsofor highvolume
sortng.The resul ts wild/l contribute to achieving TRLE®6
Prato (ltaly), scheduled to begin operations in 2026, with a capacity to sort over 30,000 tons of textile waste
annually. This model could be replicatedass other European cities.

In the REDOL project, bcomponent PET/EL items aidentified and sorted from other types of textile waste
and recycling strategies are evaluated in collaboration with different paitiersCIRCE, AITEX, BRILEN)

7.1.2 Recycling

7.1.2.1 Baseline

The next step after an appropriate sorting phdasé textile recycling is selecting an appropriate recycling
methodi mechanical or chemicalwith a preference fdibre-to-fibre processes. However, such technologies
remain limited and are highly sensitive to contamination, making them suitable mainly foinmatereal waste
streams. One of the major obstacles to recycling is the presence of elastane (EL), a polyoastthréstic

fibre commonly blended in small amounts %) in woven textiles andp to 50% in items like medical
stockings. Often hidden as the core of spun yarns, elastane enhances stretch and comfort but cmplicates
separation. Its inclusion reduces both its own recyclability and that of the surrofibddsge.g., polyesteor
polyamide). Therefore, developing efficient methods to separate elastane from blended fabrics would
significantly expand the range of textiles that can be effectively recycled.

Regarding textile recycling, under the baseline scenario, the current approach is mainly based on mechanical
recycling routes. In this process, powdustrial and postonsumer textiles are collected, sorted according to

fibre composition and colour, anmdechanically processed through cutting and shredding stages to obtain
recycled fibres. These fibres are then cleaned, homogenized, and reintroduced into the textile value chain, either
blended with virgin fibres to produce new yarns or used directly ivaean applications such as insulation
materials, felts or filling products. Although mechanical recycling is an established and widely implemented
technology, it presents significant limitations regarding the quality of the recycled material, sincethiedep
mechanical stress causes fibre shortening and loss of mechanical strength. Consequently, the recycled fibres ar
generally used in loweralue applications, leading to a progressive downcycling of the material rather than true
circularity within thetextile sector.

7.1.2.2 REDOL innovation

After sorting, thePET/EL textile waste is directed to the chemical recycling sthigevever, as stated before,
the presence of EL also in low quantitie$ could complicate and prevent efficient recycling of the polyester
fibre. Thus,in the REDOL projectNTT optimized a thermahemical prereatment for selectively remev
elastane from blended fabrics using a clesgde solvent system. This process effectively separates elastane
from both natural and synthetic-bomponent textilesi.€., polyamide polyester or wool as the main
component producing clean material streams suitabldifive-to-fibre recycling.

More in detail, he recovered polyester from PES/EL blendfiéndepolymerized by AITEX and CIRCE into
monomers for new polyestdibres, closing the material loogn the REDOL projegttwo complementary

Co-funded by
the European Union

64



@) Redol

chemical recyclingrrocesses are employed: on one hand, ionic ligaidlysedlycolysis, which enables the
selective depolymerization of polyester into its basic building blocks and on the other hand, miassistesl
glycolysis, which accelerates the reaction, reducing both processing time and energy consumption. Both
processesead to the recovery of monomers such as BHET, which serve as the basis for regenerating new
polyester.

Once purified, the monomers undergo a repolymerization process to produce polyester with properties
equivalent to those of virgin material. The regenerated polyester is then processed through melt spinning. The
molten polymer is extruded through fine spgnets to form filaments, which are subsequently drawn and
thermally stabilized. This drawing step orients the molecular chains, enhancing the strength and durability of
the yarn. In this way, higtenacity polyestefibres are producedby BRILEN, suitable for more demanding
technical applications than conventional textiles. Finally, tifieses are converted into geotextiles. Through

this integrated process, the textile life cycle is effectively closed, transforming municipal waste into new high
valueadded products, with a positive impact in terms of both sustainability and circular economy.

7.1.3 End user validation

BRILEN subcontracted its sister company, Novapet, both part of the SAMCA Group, to carry out the post
condensation of the pellets supplied by AITEX using a fEitaie polymerization unit. This process increased

both the molecular weight and viscosity oé tholymer, enabling the production of hitgnacity yarn that
BRI'LEN subsequently spun. As a resul t, the poly
significantly improved.

After postcondensation, the material was processed aBRIEEN pilot spinning plant. There, the polymer
underwent drying, extrusion, and final spinning, producing yarn bobbins according to the specifications of the
final product for geotextile manufacturing. From the approximately 400 kg of material delivered, ©80 kg
high-tenacity yarn were produced, of GLE 2200 type, with quality optimized for the spinner to manufacture the
geotextile.

The spinning process was satisfactory: no issues occurred during processing, package pressure remained stabl
and once stable machine conditions were established, spinning proceeded successfully.

The properties of the yarn obtained are showFaible9.

Table9. Yarn properties obtained

Property GLE 2200/384

Titer 2249
Elongation (%) 12.9
Force (cN) 169.8
Tenacity (cN/tex) 75.5
EASF 4.8
Shrinkage (GLE) 7.9

The resulting 180 kg of yarn exhibited good tensile properties, particularly in terms of tenacity. With these 18
bobbins of GLE 2200, BRILEN will assemble the strands on the plant cabling machine to obtain a GLE 4400
yarn. The plan is to use this yarn, puced from the chemically recycled pellets supplied by AITEX, only in

the weft direction, while the warp yarns will be BRILENstandard type. This allows the weaver to produce a
geotextile with good mechanical and tensile properties.
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7.2 Diagrams

This section presents and briefly describes the process diagrams corresponding to each stage of the Textile valus
chain implemented within the REDOL project (both baseline and REDOL innovation). These diagrams illustrate
the workflow of each material, higghting the technologies, streams, and interconnections among the partners
involved in the circular configuration of the materials. For this section, diagrams are provided for the sorting
and recycling phases.

7.2.1 Sorting

In the textile value chain, under the baseline scenario, the management of textile waste begins with the
identification and sorting of materials using technologies such as NIR (Near Infrared), HSI (Hyperspectral
Imaging), and RFID systems. This approactmgarily enables the ktion of PETbased textiles, which are
subsequently sent to chemical recyclers for depolymerization and monomer recovery. The final outcome
consists of sortetkextile greams destined mainly for chemical recycl{fggure48). However, this approach
presents certain limitations, as it relies heavily on the initial accuracy of the sorting systems, thereby restricting
both the diversity of recovered fractions and the potevai@risationroutes.

In contrast, the REDOL solution introduces a significant improvement to this frameW®rk.uses a
technologyl based on NIR and HSI camera and a RGB matrix cainferahe textile waste sorting that allows

the selection and separation of items on the basis of colour, composition or fabricsttuctwreo r di ng t o
expertise, this is the only sorting system capable of using fabric structure as a separation criterion. This feature
is particularly advantageous for subsequent mechanical recyclifigressecovered from wefknitted fabrics

are typically of higher quality and longer length than those from-kaitped fabrics.

The wide diversity of textiles in compositiozglour, and fabric structure often causes traditional software and
sorting machines to underperform. To overcome this, a large and diverse dataset is essential for accurate anc
reliable sorting systems. NTT trained its sorting system using various types ohtmarmi¢h the option to
expand the data |ibrary as needed. This adaptabil]i
for specific goal§ for example, in the REDOL project, it was traghto detect garments with varying elastane
content and differerftore matrices €.g., polyester, wool, polyamide, and cottddhce the learning algorithm

had accumulated sufficient data, the system could reliably begin the sorting process. The training phase was
therefore crucial in building a comprehensive database to enable accurate recognition of unknown textile
samplesAs a result, differentiated streams of textile waste are generated, suitable for various valorisation
pathways, including chemicaimechanical, and alternative recovery routks.particular thanks to this
technology, PET textile streams with higher purity and traceability are obtained, which are subsequently pre
treated by NTT.

The results of tb REDOL project can alsprovide valuable expertise for ALIA, which is overseeing the
development and management of the Prato Textile Hub, scheduled to open at the end of 2026. Designed to
process two main waste streaim@ostconsumer textiles from households (20,000 tons/year) ancbpsaimer

industrial scraps (13,000 tons/yeér}he facility will feature separate sorting lines for each flow. Using
advanced NIR spectroscopy, the hub will automatically sort textilesloyrand composion, making it the

first facility of its kind in Italy and one of the most innovative in Euroffgs technology will enhance sorting
efficiency, improve material quality for recycling and reuse, and accelerate processing. Reusable garments will
be returned to consortia for redistribution in domestic and international markets, whileusable itemwill

be sorted for recycling according to industry demand. Overall, the hub is expected to recover around 77% of
incoming textiles 68% for recycling and 32% for reuse.
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From a comparative perspectiwehile the baseline scenario provides a functional classibn system that

mainly supplies material for chemical recyclers, the REDOL solution delivers a more accurate, versatile, and
traceable approach. This enables the maximization of material recovery and diversification of output streams,
representing a step forvghin textile circularity by increasing system efficiency, reducing resource losses, and
expanding the possibilities for wastalorisation

Figure48. Baseline vs. REDOL solutidaxtile sorting

7.2.2 Recycling

Under the baseline scenariosdmmponenPET/ELtextiles are directly processed through chemical recycling

since mechanical recycling can be complicated even in the presence of low percentages of Ehastane
treatment generates a mixture of PET and elastane, which is subsequently sent to chemical recyclers, who ac
as the endisers of the recovered material. The process yields streams of recycled elastane gRtgtlPET

49). However, this pathway presents significant limitations, as the joint treatment of materials of different nature
reduces the overall process efficiency and may compromise both the quality of the final product and the recovery
yield.

In contrast, the REDOL solution proposes an alternative approach that optimizes the management of this type
of waste. In this case,-bbmponenpostconsumePET/ELtextileswith varying elastane contentd (5 wt.%)
areprocesed by NTT hrougha thermemechanical préreatmentspecifically designed teelectivelyremove
elastaneThe developed process achieved excellent elastane extraction, enabling the recovery of polyester free
from impurities(i.e., elastang This enables the production of purer and more traceable PET, directly suitable
for subsequentalorisationprocesses. At this stage, AITEX acts as theus®at of the recovered material.

Therefore, while the baseline addresses the joint chemical recycling of PET and elastane, resulting in more
complex processes and reduced control over material purity, the REDOL solution introduces a preliminary
separation step that allows for the selextand efficient recovery of PET. This approach facilitates the
production of higher quality, traceable material, increasesdt@isationpotential of PET, and reduces the
interferences associated with the presence of elastane.
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