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Development of an innovative Narrow-Shuttle-Weaving Machine 
for Biomimetic Cardiovascular Applications 

Henk Lambrecht1, Pauline Riedl2, Caroline Emonts2 

1 Qmatex BV 
2 Institut für Textiltechnik, RWTH Aachen University, Aachen, Germany 

K1 Hall - Textiles for Medicine & Health Care 

Textiles such as tubular warp knits and weaves are often used as synthetic vascular 
grafts for bypass surgeries to treat peripheral arterial occlusive disease (PAOD). In up 
to 9,1 % of patients the gold standard, suitable autologous graft material, is unavailable 
due to prior interventions or patient health. Current synthetic vascular grafts fail to 
replicate the mechanical behaviour of native blood vessels, particularly with regard to 
radial elasticity. Their excessive stiffness leads to a compliance mismatch, which can 
compromise implant performance, increase the risk of graft failure, and cause long-
term complications. 

In response to this challenge, the “WeaVasT” IraSME project (funded by AiF Projekt 
GmbH, Germany, and VLAIO, Flanders) brings together industry and research partners 
to develop a new textile-based solution for the production of elastic tubular fabrics 
with biomimetic mechanical properties as vascular prostheses. 

Qmatex BV contributes its expertise in weaving machinery by developing a specialized 
narrow-shuttle-weaving platform that enables the precise and reproducible fabrication 
of elastic tubular structures. The Institut für Textiltechnik of RWTH Aachen University 
supports the project as an expert in textile-based medical implants, particularly in the 
development and characterization of implantable structures with biomimetic 
properties. Together, Qmatex and ITA aim to bridge the gap between textile engineering 
and biomedical functionality. 

Enabling scalable, cost-effective manufacturing of next-generation vascular implants 
may improve long-term patient outcomes and reduce the need for revision surgeries. 
This would have a significant societal impact. For the medical device industry, this 
represents a shift toward digitalized, adaptive manufacturing with higher reliability and 
precision. The innovation not only strengthens Europe's position in high-tech medical 
textiles but also exemplifies how advanced machine engineering can address major 
healthcare challenges. 
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Innovative Hybrid Yarn Constructions for Functional, Bio-Based
and High-Impact Composite Applications
Christian Thomas Ernst Herrmann, TUDDresden University of Technology, Institute of Textile
Machinery and High Performance Material Technology

Poster #141

This research project focuses on the development of innovative hybrid yarn
constructions for sustainable, high-performance composites suitable for functional,
bio-based, and high-impact structural applications. Hemp, as a CO -neutral and rapidly
renewable raw material, offers significant ecological benefits compared to
conventional reinforcement fibres. However, its application in natural fibre-reinforced
plastics (NFRPs)is limited by high variability in mechanical properties—suchas tensile
strength, elongation, and stiffness—due to environmental growing conditions and
moisture sensitivity.

Currently, over 95% of NFRPs are produced using short fibres in nonwoven, extrusion,
or injection moulding processes. These methods limit fibre volume content, alignment,
and length, restricting the achievable mechanical performance.

To overcome these challenges, the project develops low-twist hybrid yarns made from
hemp, recycled carbon fibres (rCF), and thermoplastic (TP) fibres. These yarns are
manufactured using scalable textile processes—suchas carding, draw frame, and flyer
spinning—enablingimproved fibre orientation, higher volume fractions, and consistent
mechanical behaviour. A simulation-based design tool supports material development
by predicting optimal fibre combinations using structure–property relationships
derived from experimental and numerical analyses.

In parallel, the project introduces a micro-hybrid yarn and fibre sheet approach that
integrates carbon, metal, thermoplastic, and elastomer fibres. Unlike conventional
carbon fibre composites (CFRPs)and fibre-metal laminates (FMLs), which are prone
to brittle failure and delamination under impact, these new architectures offer
improved damage tolerance and reduced splintering. By leveraging the complementary
properties of each fibre type—carbonfor stiffness, metal for ductility, and elastomer
for flexibility—these lightweight, impact-resistant thermoset-based composites are
tailored for demanding applications.

The project ultimately provides a platform for small and medium-sized enterprises
(SMEs) in the textile industry to enter the fast-growing composites market, delivering
cost-effective, high-performance solutions for automotive, aerospace,and wind energy
sectors.
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Multilayer Knitting For Advanced Composites: From Net-Shape
Manufacturing to In-situ Health Monitoring
Matthias Overberg,TUDDresden University of Technology, Institute of Textile Machinery and
High Performance Material Technology

Poster #142

In recent years,multi-layer flat knitting (MLG) technologies have undergone substantial
advancements, positioning themselves as a highly versatile and sustainable
manufacturing approach for complex fiber-reinforced composite (FRC)preforms. This
paper provides a comprehensive review of the latest developments in automated flat-
bed multi-layer knitting systems, with an emphasis on their capabilities for near-net-
shape production of 3D textile reinforcements. Key technological innovations include
the integration of warp and weft yarn insertion units with high precision, enabling the
production of structurally optimized fabrics with localized stiffening and tailored
drapability. These advances facilitate the seamless fabrication of double-curved
components for applications in renewable energy and lightweight structural design.

Recent advancements in the in-situ integration of functional elements—such as
conductive tracks, piezoresistive sensors, and shape-memory actuators—during the
knitting process have enabled multifunctional textile reinforcements with real-time
structural health monitoring capabilities. Designed for compatibility with GFRPand
CFRP,thesesmart yarns detect strain and damage while ensuring reliable performance
through multilayer coatings and electrical insulation. A digital workflow supports the
automated, one-step production of complex 3D net-shaped preforms, combining CAD
modelling, load-path analysis, and machine control. This positions multilayer flat
knitting as a scalable and efficient technology for advanced composites in aerospace,
automotive, and renewable energy applications.
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Resorbable Biomimetic Composites for Bone Regeneration:
Bioactive Glass Fibers and PLA
Hendrik Florian Pötzsch, TUD Dresden University of Technology, Institute of Textile Machinery
and High Performance Material Technology

Poster #143

Current bone implants face significant limitations, including stress shielding, implant
loosening, bone atrophy, fatigue fractures, and in vivo corrosion. Metallic implants, in
particular, exhibit high stiffness, resulting in stress shielding and increased risk of
postoperative complications. While polymer-based implants are generally more
biocompatible, they often lack sufficient mechanical stability. A promising alternative
is the use of bioactive glass-reinforced PLA composites These materials combine
mechanical properties similar to natural bone with biodegradability and osteoinductive
potential.

At the ITM, resorbable, biomimetic implants—such as plates and intramedullary nails—
based on fibre-reinforced polylactic acid (PLA) incorporating osteoinductive and
conductive bioactive glass fibres were developed. The goal is to create implants that
degrade in the body after fulfilling their function, eliminating the need for a second
removal surgery and thereby improving patient care.

To evaluate the material properties, simulation-based analyses of various fibre-
reinforced PLA composites were conducted. Based on these simulations, test
specimens were fabricated using a hot-pressing process. Their mechanical properties
were characterised through tensile testing, while the degradation and mineralisation
behaviour of both fibres and composites were systematically analysed.

The experimental results confirmed the simulations: the developed composites
achieve bone-mimicking mechanical behaviour and reduce the risk of stress shielding.

In conclusion, novel bioactive glass fibre-reinforced PLA osteosynthesis implants were
successfully developed and comprehensively characterised. They demonstrate
improved mechanical compatibility with bone, controlled degradation, and
osteoinductive properties, representing a promising approach for next-generation
resorbable implants for orthopaedic applications.
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Material Efficient Textile Reinforcement Structures
Paul Penzel, TUDDresden University of Technology, Institute of Textile Machinery and High
Performance Material Technology

Poster #144

In view of the growing housing shortage and aging infrastructure, the construction of
new buildings and roads is becoming a social imperative. While concrete remains the
dominant construction material, its high CO footprint demands more sustainable
alternatives. Carbon-reinforced concrete and asphalt offer significant potential by
reducing emissions, raw material demand, and extending service life. However,current
filigree carbon reinforcements are poorly suited for conventional on-site casting and
asphalt base layer installation due to their low robustness and handling limitations.

Stiff fiber-reinforced plastic (FRP) rods, typically manufactured via pultrusion and
profiled to enhance bonding, are promising but suffer from core-sheath failure under
high loads and excessive material use. Their large diameters (6–12 mm) also hinder
the efficient production of large-scale grid structures and make them unsuitable for
cost-effective high-volume applications.

To meet the growing demand for durable,material-efficient carbon reinforcements, the
ITM is developing robust, highly load-bearing rod structures with advanced profiling
and processing techniques. Profiled rod structures with improve mechanical interlock
in both concrete and asphalt applications are created using novel profiling methods
based on advanced braiding technology and patented shaping of impregnated carbon
yarns. These profiled reinforcements enable over 400 % higher bond strength in
concrete and asphalt compared to smooth rods.

In parallel, warp knitting-based technologies for the highly productive assembly of
shift-resistant rod grids are being developed.

Initial findings show promising results not only in structural performance but also in
improved load bearing capacities of concrete structures and extended pavement
service life—doubling durability in asphalt base layers. The resulting reinforcement
systems offer a scalable, circular, and cost-effective solution for next-generation
infrastructure.
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AI-supported Implementations of Textile Sensors and Actuators
Benjamin Waschilewski, TUDDresden University of Technology, Institute of Textile Machinery
and High Performance Material Technology

Poster #145

The integration of machine learning methods into textile-based sensing, actuation, and
manufacturing systems enables significant advancements in precision, adaptability,
and automation of smart textile technologies. This work presents a diverse range of
applications, demonstrating the potential of AI-supported textile systems in structural
monitoring, process control, and actuator development.
In the context of textile membranes, AI-based load reconstruction leverages
convolutional neural networks to estimate spatial stress distributions from integrated
strain sensor arrays. These networks are trained on datasets that incorporate material
property variations and boundary conditions, accounting for anisotropic and nonlinear
behavior. The resulting models achieve centimeter-level spatial resolution under both
static and dynamic loading. Segmenting sensor structures—achieved by targeted
manipulation of yarns during braiding—promises further improvements in local
resolution and implementation simplicity.
For manufacturing, we introduce a robotic manipulation system for braiding machines,
guided by reinforcement learning. Trained in simulation, the robot learns to manipulate
individual yarns for programmable placement and automatic contacting during braid
formation. This facilitates the creation of multifunctional braided structures with
spatially segmented sensors and actuators. A key example is the integration of twisted
and coiled polymer actuators (TCPAs) with embedded temperature, strain, and force
sensors—enabledby twisting and robotic-assisted braiding.
Furthermore, we explore the AI-basedcondition monitoring of knitting machines using
vibration and acoustic signals. Supervised learning algorithms detect anomalies
enabling predictive maintenance and the prediction of quality defects in knitted fabric.
This approach demonstrates the growing relevance of sensor fusion and data-driven
diagnostics in textile production environments.
Together, these innovations highlight a pathway toward intelligent, multifunctional
textile systems. By combining AI, robotics, and smart materials, our work offers a
scalable and industry-relevant foundation for next-generation textile applications in
structural health monitoring, adaptive wearables, and automated production.
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Exploring Sensorized Garments Production Methods
Alberto Ramos, University of Borås, Sweden

Poster #146

Sensorized garments represent a technologically advanced platform with broad
applicability to human well-being across health and medicine, sports, lifestyle, and
occupational monitoring. The present study examines four production methodologies
for sensorized T-shirts engineered to acquire and track biosignals—specifically ECG,
EMG, and motion—via textile electrodes and seamlessly integrated electronic
components.

The present study systematically evaluates determinants of product development and
scalability in the smart-garment sector. It comprehensively encompasses material
selection, brand customization, integration of electronics and electrodes across
knitting techniques, assembly modalities (manual, semi-manual, automated), and
adaptation of textile industry standards (SAM/SMV, MTM) to a transversal
manufacturing context. The study used a small production run of 25 garments, a
sample size deemed sufficient to conduct a research experiment and obtain
meaningful data.

The results of the experiment are presented in tabular form, with each table providing
detailed and comprehensible visual data relevant to one of the four analyzedgarments.
The data set includes a comprehensive list of dressmaking operations, including the
type of operation, description, time required, price per minute, and other relevant
metrics. In addition to the main fabric (considering MOQ),the programming and setting
up flat knitting machines, yarns,patternmaking and grading, customization processes,
labels, and other trimmings.

The study demonstrates that integrating non-textile components during
manufacturing of sensorized garments results in a complex, time-consuming process.
The augmentation of manual operations during the manufacturing and assembly
process of sensorized garments engenderan escalation in the final price, concomitant
with an elevation in the risk of low-quality end products. Garments that are entirely
fabricated on flat knitting machines enhance reliability and streamline the assembly
process, ensuring greater reliability overall. However, it is possible to produce
sensorized garments using conventional methods typically employed in sportswear
production, with thorough research into production methods and minor machinery
adaptations.
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Production Methods of Smart Garments: An AI-powered
Systematic Review
Alberto Ramos, University of Borås, Sweden

Poster #147

Smart Garments (SG) have been the focus of academic research in university
laboratories and R&Dcenters for three decades, representing a convergence of textile
engineering,microelectronics, the Internet of Things and now artificial intelligence (AI).
They offer functionalities beyond those of conventional clothing. Despite significant
advances in the development of prototypes, the mass commercialization of SG faces
persistent challenges.

The present study aims to analyze and reflect on the way in which SG production
methods have been addressed in the present research literature.

This study builds on a theoretical framework encompassing a thorough review of
literature across all sectors involved in SG production. A PRISMA review strategy,
boosted by Elicit.ai, was applied in high-impact databases including Scopus and Web
of Science. Specific search terms ensured that all relevant information related to the
set topic was included. The analysis used NotebookLM systematically as an AI tool for
extracting comprehensive, relevant data acquisition and synthesis, implementing a
rigorous “human-in-the-loop” methodology. The research identified seven pivotal
aspects to address: fabric selection; technical and functional finishes; brand
customization; methods to embed electronic devices into fabrics; management of
textile and electronic device supply chains; and SGproduction scalability. The research
also incorporated time-based and motion textile methodologies, such as SAM/SMV,
MTM, and MOST.

The findings of the study demonstrate that the seven key aspects of the research were
addressed holistically in a mere 2 of the 59 final chosen references. Despite the
specific acronyms SAM/SMV, MTM y MOST,are not mentioned in any of the 2 sources,
the fundamental work on time-based and motion textile methods is present in.

Moreover, the discussion encompassed innovative alternatives and proposals for
facilitation of industrial processes to produce SG,representing a pivotal component
within the domain of technologies associated with social well-being in health, sports,
and technical fashion.
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Cyclic Loading of PHA Fibers
Sabrina Kopf, University of Borås, Sweden

Poster #148

The textile industry faces an urgent need for sustainable alternatives to petroleum-
derived fibers, with bio-based and biodegradable polymers emerging as promising
candidates. In this work, we demonstrate the successful melt-spinning of
polyhydroxyalkanoate (PHA) monofilaments, specifically P(3HB)/P(3HB-co-4HB),into
woven and knitted textiles using standard industrial machinery. This is relevant,as PHA
processing into textile-grade fibers has remained a major challenge due to its thermal
sensitivity and mechanical limitations.

The resulting monofilaments exhibited tensile strengths of ~138 MPa and elongation
at break of ~55%, with crystallinity around 30%. Mechanical testing under cyclic
loading revealed pronounced hysteresis during the first cycle, which diminished in
subsequent cycles; importantly, a short relaxation period of 120 s was sufficient to
reset conformational changes, demonstrating recoverability under repeated stress.
Beta tricalcium phosphate (ß-TCP) particles were incorporated during melt-spinning.
While this reduced tensile strength, it significantly improved thermal stability, thereby
expanding the processability window for melt spinning.
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Textile-Integrated Processing of PLA–Lignin–Fiber Composites
for Lightweight Sustainable Applications
Matilda Johansson, University of Borås, Sweden

Poster #149

This poster introduces an innovative approach to lignin valorisation, combining green
chemistry with textile engineering to create high-performance, fully bio-based
composites.

The transition to sustainable lightweight materials is reshaping the textile and
composite industries, particularly in mobility and technical applications. Lignin, one of
the most abundant biopolymers, represents an underutilized resource for high-
performance composites, but its hydrophilicity has long limited compatibility with
hydrophobic matrices such as polylactic acid (PLA).

In this study, we present a novel, catalyst-free microwave-assisted acetylation method
for lignin modification. Compared to conventional pyridine-based approaches, this
rapid and solvent-minimized process significantly improves environmental
compatibility and scalability, aligning with the principles of green chemistry. The
modified lignin was incorporated into PLA together with regenerated cellulose fibres
to develop bio-based composites using established textile processes such as carding
and needle punching, in combination with 3D printing and compression moulding.

The dual strategy of lignin modification and fibre reinforcement yielded clear property
enhancements. Spectroscopic analysis (ATR-FTIR)confirmed successful acetylation,
while thermogravimetric analysis revealed increased char residue and improved
thermal stability. Mechanical testing showed higher ductility, impact resistance, and
energy dissipation, particularly at higher fibre loadings. Scanning electron microscopy
demonstrated improved interfacial adhesion and reduced fibre pull-out, evidencing the
synergistic role of acetylated lignin in bridging PLA and cellulose fibres.

By integrating chemical valorisation of lignin with fibre-basedreinforcement strategies,
this work demonstrates a scalable pathway toward lightweight, renewable composites
with improved toughness, stiffness, and thermal resistance. The findings are highly
relevant for textile-based composite manufacturing and highlight the potential of
lignin–PLA–fibre systems to replace fossil-based plastics in automotive, packaging,
and technical textile applications, contributing to a circular bioeconomy.
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Smart sensorized garments for personalised and precision
antenatal care
Esmeralda Marku, University of Borås, Sweden

Poster #150

Traditional medicine relies on periodic clinical visits and often involves the use of
uncomfortable monitoring devices, which can limit continuous patient comfort. This
approach is particularly restrictive during pregnancy,when ongoing observation can be
crucial for both mother and fetus. To overcome these limitations, smart textiles and
sensorised garments integrate biosensors directly into fabrics, enabling real-time
physiological monitoring in daily life and advancing personalised maternal healthcare.

Experience from both past and current applications shows that smart textiles for
pregnancy monitoring face severalchallenges. Among the most common are unstable
signal quality, motion artefacts, difficulties with sensor placement, skin irritation,
variations in body shape, and the loss of proper fit as the body changes throughout
pregnancy.

This project focuses on developing sensor-enabled garments designed for
personalised and tailored antenatal monitoring. The main goal is to define clear design
principles and performance requirements for wearable devices that can provide
continuous, reliable signal acquisition while preserving comfort, mobility, and secure
skin contact.

Therefore,to address these challenges, the study combines smart textile technologies
with anthropometric design. The vision is a comfortable, multimodal pregnancy
monitoring system made from bio-based, stretch-knitted fabrics, incorporating
modular sensor placement that adjusts to body shape changes during pregnancy.
Through this approach, the project seeks to bridge engineering innovation with patient-
centred healthcare.

This research is still in its conceptual and planning phase. Future work will include
anthropometric studies of body-shape changes during pregnancy, laboratory
experiments, textile pressure mapping, prototype development, and continuous signal-
quality tests, providing evidence for the selected bio-based stretch-knitted fabrics and
strengthening its relevance for both academic research and future industry
applications.
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Self-Healing Silver Structures for Washable and Stretchable
Textile Electronics
Katarzyna Wójkowska, Warsaw University of Technology

Poster #151

Printed electronics for textiles demand materials that combine stretchability,
conductivity, wash durability, and scalable processing. In this study, we developed a
series of screen-printable silver pastes using polymer-solvent resin systems optimized
for thermal transfer onto cotton fabrics. The formulations, based on thermoplastic
polyurethane (TPU), styrene-butadiene-styrene (SBS), and polyvinyl chloride (PVC),
were combined with silver flakes and evaluated for compatibility with screen-printing
and heat-transfer processes.

Conductive layers were first printed onto transfer film, then applied to textiles using a
two-step heat-pressing method. Adhesive strategies included printed glue alone and a
dual-adhesive system combining printed and powder glue. Sheet resistance
significantly decreased after each transfer step, with TPU/ethyl nicotinate and
TPU/isophorone pastes showing the best electrical performance. The lowest final
sheet resistance (0.028 Ω/ ) was achieved using the dual-adhesive system, which also
improved layer smoothness and contact quality.

Mechanical and durability testing demonstrated that these conductive layers
withstand cyclic stretching, abrasion, and repeated washing. After 11 washing cycles,
encapsulated layers retained conductivity, while a final thermal reactivation step
restored up to 80% of original performance – demonstrating self-healing behaviour.
TPU-basedpastes, particularly TPU/ethyl nicotinate, exhibited outstanding resilience
in both tensile and fatigue testing, reaching up to 93% elongation post-wash with
minimal resistance increase.

This approach offers a scalable route to producing robust, washable, and self-healing
textile conductive structures. The combination of materials design, adhesive
engineering, and thermal post-treatment makes it highly suitable for future wearable
electronics.
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Natural Antibacterial Biostatic Coatings Based on Biopolymers
Julia Kietlińska, Lodz University of Technology

Poster #152

In recent years, the growing demand for antibacterial textiles and the prioritization of
environmental protection have led the textile industry away from harmful synthetic
agents toward more sustainable alternatives. This challenging change can be
addressed through the use of chitosan—anaturally occurring biopolymer valued for its
antibacterial activity, biocompatibility, and biodegradability—in the development of
functional textile products.

This project aims to develop flat textile materials based on chitosan that exhibit
durable biostatic properties and enhanced wash durability, by simultaneously
employing two research strategies. The first involves subjecting chitosan fibers to
crosslinking processes in order to improve their wash durability. Once optimal
parameters are achieved, these fibers will be then used to produce nonwoven fabrics.
The second approach involves applying chitosan-based coatings to cotton and
polyester-cotton fabrics, which allows for additional functionalization, such as the
incorporation of plasticizers or flame retardants.

The innovative aspect of this project lies in the durable incorporation of antibacterial
properties into textile materials using chitosan.

The characterization of the developed materials includes: FTIRspectroscopy, scanning
electron microscopy (SEM), mechanical testing, contact angle measurements,
biostatic tests against both Gram-positive and Gram-negative bacteria, soil
biodegradation studies, wash durability assessments.

The expected outcome is the creation of textile materials with long-lasting biostatic
properties and high wash resistance. With suitable functional additives, these
materials will also exhibit enhanced flexibility, flame retardancy, and pH
responsiveness, expanding their range of applications. The developed textiles will be
suitable for medical, protective, and children’s clothing, as well as functional home
textiles. This work aims to contribute to sustainable development by reducing the
environmental impact of textile production.
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Fully Bio-based Textile Printing Pastes: Waste into Resources
Augusta Silva, CITEVE(Technology Centre for Textile and Clothing of Portugal)

Poster #153

Due to sustainability issues, textile printing coloration with natural dyes and natural
pastes has emerged as an appealing alternative to fossil-based solutions. The
widespread use of natural printing coloration using wastes is still challenging due to
their availability, and lack of knowledge regarding transformation processes for
application, formulations and final performance. Most of additives used in textile
printing formulations are still fossil-based. To reduce the CO2 emissions and
environmental footprint, and to promote circularity and industrial symbiosis, biobased
alternatives are imperative to explore. Be@t project aims to research an innovative
100% biobased pigment printing paste formulation for textile applications, promoting
coloration and patterns in organic and recycled cellulosic fibres. This biobased
formulation incorporates wastes such as ash from textile biomass boilers and vine
pruning. The R&Dfocus on developing a printing paste formulation based entirely on
natural products (e.g., binders, thickeners, and other additives) and adapting relevant
waste and by-products to ensuretheir compatibility with the new bio-printing paste and
traditional printing processes, such as flat screen printing. Mechanical techniques like
milling (e.g., blade and ball milling), under various conditions, were explored to achieve
wastes in powder form, with suitable particle size and shape for textile printing
applications. These new printing developments show promise in terms of performance
and durability, including resistance to washing, light, and abrasion. They have high
potential for applications in various sectors such as home textiles, fashion, sportswear,
and protective apparel, with scalability in mind. By reducing CO2 emissions and
environmental footprints, 100%bio-based printing pastes contribute to a more resilient
and environmentally responsible supply chain. By converting waste into valuable
resources, these bio-based printing pastes not only meet industry demands for
performance but also pave the way for a more sustainable future and contribute
significantly to the EU´sgoal of achieving climate neutrality by 2050.
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The transition towards sustainable materials has gained prominence in research and
innovation, particularly in the coatings and laminations sector of the textile industry.
To address these challenges, bio-based polymers such as polyhydroxyalkanoates
(PHAs) have emerged as promising alternatives, offering biodegradability and
renewable origins. PHAs are biodegradable and thermally stable biopolymers
produced via bacterial fermentation. Their adoption has been limited by high
production costs; however, leveraging low-cost feedstocks such as agricultural,
agrifood and industrial residues has shown potential to enhance their economic
feasibility. This approach enables the valorisation of neglected biomass for industrial
applications.

The be@t project focuses on developing an innovative generation of textile water-
based bio-coatings and textile laminated materials, using PHAs as an alternative to
fossil-based polymers. The approach promotes eco-design, aesthetics, and
functional properties, enabling the creation of versatile products with strong potential
in rapidly growing technical and functional fields.

The innovation includes a flexible textile coating of bio-based PHAs, bicolored with
agriculture wastes and bacterial fermentation bio-based pigments, with excellent
performance, offering a sustainable alternative to leather. Moreover, the project
explored the development of flexible PHA films for textile laminations with natural
materials such as hemp, linen, organic cotton, and others, resulting in higher
performance multi-layer functional and sustainable textile solutions. A key finding is
the development of prototype solutions for both innovations, with a focus on
industrial scale-up. These innovations hold significant promise for diverse
applications, including fashion, sports, automotive, protective apparel, furniture
decoration, home textiles, footwear, and accessories.

This study was developed under the Project be@t – Textile Bioeconomy (TC-C12-i01,
Sustainable Bioeconomy No. 02/C12-i01/202), promoted by the Recoveryand
Resilience Plan (RRP),Next Generation EU,for the period 2021 – 2026.
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The growing concern over microplastic pollution in aquatic environments highlights
the need for harmonized methodologies, particularly for complex matrices such as
textile wastewater. Current approaches lack harmonization, leading to inconsistent
results that hinder reliable assessments. This study proposes a robust roadmap for
the extraction and analysis of microplastics from textile wastewater.

The framework begins with optimized extraction methods tailored to complex
wastewater matrices collected, ensuring minimal interference from co-contaminants.
Analytical pathways include Fourier-transform Infrared spectroscopy for identification
and quantification. Key elements of the protocol involve the systematic analysis of
blanks, evaluation of subsampling techniques, and the use of replicates to ensure data
reliability. Furthermore, an interlaboratory comparison among multiple facilities,
Portuguese and Italian, validates the developed protocols.

The focus on harmonization across these steps aims to establish reproducible and
comparable results, thereby advancing the field of microplastic research. This study’s
roadmap provides critical insights into improving protocol harmonization and ensuring
robust data generation. These findings are not only essential for understanding
microplastic pollution from textile wastewater but also provide a foundation for policy-
making and mitigation strategies. The methodology’s adaptability further enhances its
relevance for broader environmental applications.

CITEVE assumed a pivotal role in the qualitative and quantitative assessment of
microplastics by micro FTIR present in wastewater from industrial textile finishing
processes of Portuguese companies (dyeing, printing and finishing). The finishing
processes were selected on the basis of their representativeness for a five-company
assessment in relation to the processing of synthetic fibres.

Micro-FTIRit was particularly effective for detecting particles smaller than 3 μm and
distinguishing synthetic polymers in complex wastewater matrices.
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The integration of textile-based systems for sensing components is a growing trend in
the automotive industry and can be applied in a wide range of interior applications such
as seats, seatbelts, airbags, amongst others. However, their applications are not
limited to vehicle interiors as textile-based composites can also be used in structural
components to provide valuable information regarding the integrity of the monitored
part. A structural component with integrated sensing systems will contribute for a
better perception of the component status, avoiding unnecessary maintenance tasks
or creating alerts for urgent replacement of the part.
Therefore,this project aims to develop sensing capabilities to monitor the mechanical
integrity of a suspension wishbone to implement preventive maintenance of the part.
Critical zones of the component are identified so as to improve the sensing properties
in zones that are more prone to fail or suffer from high loads.
Two main approaches for the development of the sensing system will be
demonstrated: the tailored fiber placement of sensing yarns in a textile or polymeric
substrate, and the 3D printing of conductive filaments into a flexible flat substrate. The
development of these sensing preforms will enable their integration into a fully formed
thermoplastic suspension wishbone produced by injection moulding.
Regarding post-production integration of sensing systems, their effectiveness in
monitoring the structural integrity of the part is optimized by the use of adhesive
materials combined with protective fibers, fabrics, or textile prepregs as to promote
the adequate compromise between mechanical behaviour and electrical outputs of the
sensing system.
Technical characterization of the developed samples should be carried out by
performing mechanical tests combined with electrical evaluation of the sensing
systems, and also ageing procedures to guarantee the sensing functionality over the
lifespan of the vehicle.
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The textile industry is under increasing pressure to reduce its environmental footprint
by replacing fossil-based synthetic materials and hazardous chemical treatments with
more sustainable alternatives. In response to this challenge, our research explores the
use of kraft lignin, a renewable, wood-derived polymer and by-product of the pulp and
paper industry, as a functional material for lyocell nonwoven fabrics functionalization.
With an annual global production of around 70 million tons, lignin remains vastly
underutilized, with approximately 95% being burned for energy. This work aims to
unlock its value in high-performance textile applications. What distinguishes our
approach is the development of a water-based process to apply LignoBoost kraft lignin
(from Eucalyptus globulus) to lyocell nonwovens, using hot pressing techniques
tailored to lignin’s thermal behavior. We demonstrate that lignin not only imparts
natural coloration and UV protection (UPF > 50+), but also significantly enhances
surface hydrophobicity (contact angle up to 130°) at optimal pressing temperatures
above its glass transition threshold (140–150 °C). This eliminates the need for
synthetic dyes and environmentally harmful water-repellent finishes. Our study further
confirms the durability of lignin functionalisation, withstanding multiple wash cycles
while maintaining functionality. Structural and chemical analyses (SEM, FTIR-ATR,
carbon quantification) validate lignin’s presence in both surface and bulk of the fabric.
This work represents a novel, bio-based alternative to traditional textile treatments,
aligning with global sustainability goals. The method is easily adaptable to current
industrial processes and can help bridge the gap between waste valorisation and
functional textile innovation. Its impact spans academia (materials science and green
chemistry), industry (sustainable manufacturing), and society (environmentally
responsible product development). Ultimately, it opens new pathways for integrating
renewable resources into high-value applications within the circular bioeconomy.
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Drivenby the circular economy concept, the textile industry has introduced innovations
to redesign its products, manufacturing processes, and supply chains toward a closed-
loop life cycle. Under European context, trends include empowering of traditional
textile regions increasing the sector transparency and circularity and reducing
dependence on other world regions.

In this context, CeNTI (a Centre for Nanotechnology and Advanced Materials), CITEVE
(a Technological Centre for Textile and Clothing Industry), CAIMA (a Portuguese
eucalyptus pulp mill), and the University of Aveiro are collaborating within Bioeconomy
at Textiles (be@t) project. The consortium aims to fulfil the gap between two of the
most representative sectors of the Portuguese economy: Pulp & Paper and Textile &
Clothing industries creating local knowledge to produce 100%Portuguese man-made
cellulosic fibres (MMCFs). The absence of a local MMCF producer contributes to a
complex supply chain that increases the environmental impact of Iberian textile
production.

This study presents a comparison between life cycle assessments for MMCFs
produced in pilot scale in two different scenarios: 1) the most environmentally friendly
process known (using ionic liquids) versus the market leader process for MMCF
production (Viscose); 2) the Lyocell process using 100% virgin pulp versus using 30%
of recycled Lyocell fibres. The results reinforce the advantages of a European local
production reducing the carbon footprint by closing the production chain from forest
to fabric.

The authors thank the financial support from the integrated project be@t—Textile
Bioeconomy (TC-C12-i01, Sustainable Bioeconomy No. 02/C12- i01.01/2022),
promoted by the Recovery and Resilience Plan (RRP), Next Generation EU, for the
period 2021 – 2026.
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Multifunctional energy storage composites offer a promising route toward structural
systems that simultaneously carry mechanical loads and store electrical energy.
Structural supercapacitors (SSCs), in particular, have attracted growing interest as
lightweight, integrated energy storage solutions. The PRINTCAPproject explores a new
class of SSCs enabled by 3D printing, designed for high structural integrity,
electrochemical performance, and form freedom.

The PRINTCAPconcept is based on continuous carbon fiber electrodes with vertically
aligned carbon nanotube (VACNT) modification, providing enhanced surface area for
charge storage while preserving mechanical reinforcement. These electrodes are
embedded within a thermoplastic gel-based electrolyte matrix and processed using an
adapted additive manufacturing (AM) system.

The mechanical–electrochemical behavior of the SSCsunder load and during charge–
discharge cycles is predicted using a coupled multiphysics modelling approach.
Simulation tools are used to guide material selection, architecture optimization, and
performance assessment.

For the first time, PRINTCAPdemonstrates freeform SSCstructures produced through
AM with a high degree of integration between mechanical and electrochemical
functions. This paves the way for energy-storing components that can be directly
embedded into structural systems in sectors such as aerospace, mobility, and
wearable electronics.

The PRINTCAP project is carried out by a German–French consortium involving
research institutes and industrial partners. The work contributes to the development
of sustainable, multifunctional materials and demonstrates a scalable pathway for
next-generation structural energy storage components.


