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Nick Bigeau
CTO/Founder at Resolve Composites,
Inventor of RecelT

nickbigeau@resolvecomposites.com

Nick’s 15 years expertise in boatbuilding and aerospace has laid

the foundation of Resolve Composites. Inventing a novel
recycling method for composite materials — ReceTT.
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KNOWLEDGE IN PRACTICE CENTRE (KPC)

* A freely available online resource for composite materials engineering:

compositeskn.org/KPC

* Focus on practice, guided by foundational knowledge and a systems-based
approach to thinking about composites manufacturing

(nowledge ) i

2

-

Introduction to Foundational Knowledge Systems Knowledge Systems Catalogue

https://compositeskn.org/KPC



https://compositeskn.org/KPC
https://compositeskn.org/KPC

*» Home

Expand all Collapse all

B Horme
- Introdu
B rFound

+ References
» Glossary

» Contact us
* Help

s Ahout CKN Knowledge in Practice Centre

©CKN

2s Knowledae

PAST WEBINAR RECORDINGS AVAILABLE

Knowledge in
Practi

¥ Foundational

Ec KN 4 Home W Intro:

Perspectives - A8

Welcome to the Perspectives valume. This volume iz primarily bazed on muttimedia content and serves as a bridge for inking what you have learned in the other volumes of the Knowledge in
Practice Centre out to what other practitioners are doing in their projects and research. The three types of content linked below include presentations, interviews, and Apelication and impact
Maobilization (AM) event recordingsiehinars . Presentstions and interviews are the primary sections linking out to external perspectives on camposites, while the Al evert recording
section contains CKMN's perspective on how to apply composites knowledge.

Refer to the Level | view to navigste to the perspectives content quickly, ar refer to the Level Il view: to navigate to the perspectives content with additional contest. Level | provicdes more
information on the relationship betvween knowe-howe & knowe-wehry, and why i is important to protect the fundamentals of any processes or conventions already in place.

Level | Level ll

Presentations Interviews

Fead more

DC KN ossse
Practice Centre
Welcome

Welcome to the ClR Knowledge in Practice
Centre (KPC). The KPC iz & resource far
learning and applying scientific knowlzdge to
the practice of composites manufacturing. Az
you navigste around the KPC, refer back to
the information on this right-hand pane as a
resource for understanding the intricacies of
composites processing and why the KPC iz
lzicd out inthe wary that it is. The fallowing
videa explaing the KPC approsch:

EHN

Understanding Composites
Processing

The Knoweledige in Practice Centre (KPC) is
centered around a structured method of
thinking about composite material
manufacturing. From the top down, the
heirarchy consists of:

Today’s Webinar will be posted at:
https://compositeskn.org/KPC/A380

Past Webinar Recordings: htt



https://compositeskn.org/KPC/A115
https://compositeskn.org/KPC/A369

TODAY'S TOPIC:

Recycling Composite Technologies -
Resins, Processes & New Developments

https://compositeskn.org/KPC/A380




RECYCLING - AN INNOVATIVE APPROACH TO WASTE

MECHANICAL

PYROLYSIS

Click photos for
reference cases

bt A CKN Webinar A339 - Dr. Adam W. Smith - An Introduction to Composite Sustainability HOSTED BY:
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https://compositeskn.org/KPC/A339
https://compositeskn.org/KPC/A339
https://www.bladebridge.ie/
https://wteinternational.com/news/ge-and-veolia-team-up-to-provide-wind-turbine-blade-recycling/
http://www.resolvecomposites.com/recett
https://regenfiber.com/
https://www.compositesworld.com/articles/precision-pyrolysis-controlled-heat-based-composites-recycling-for-higher-material-properties
https://www.biogreen-energy.com/
https://wteinternational.com/news/ge-and-veolia-team-up-to-provide-wind-turbine-blade-recycling/

COMPOSITE RECYCLING IN THE ARCHIVES

Wolfgang Unger, the inventor of Seacast™ back in
1984 & recycling of FRP & Carbon Fiber in 1973.

Designed and sold chopper gun and tooling for

direct repurposing of manutactured scrap.

Video link
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Product used in Corvette

Canadlan breaks code
to recycle glass fibre
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*“The co-operation from th
anel makers and the carmaker
as been outstanding,” says Ba:

In Autumn 1991, Canadian company - Phoenix
Fiberglass was operating a pilot plant and processing

up to 1tonne of recycled fiberglass per hour.

Ford & GM were using their recycled fiberglass in the

interior panels in the 1993 Chevrolet Corvette.

Document link

In 2009 a pilot project to dispose of large wind
turbines led to a €6 million investment for the
construction of an industrial scale composite recycling

plant with a capacity to recycle 60,000 tonnes/year.

Article link



http://www.facebook.com/watch/?v=997622570352892
http://csmres.co.uk/cs.public.upd/article-downloads/EuCIA-final.pdf
https://ia800905.us.archive.org/4/items/fibreglasscompos00phoeuoft/fibreglasscompos00phoeuoft.pdf

MOTIVATION FOR IMPROVEMENT

CURRENT
MOTIVATION

More expensive than manufacturing — virgin material
cost lower compared to recycled fibers with current
processing costs

Processing capacity — unpredictable volumes

Legislation — /and/fill bans, cross-border waste
transportation, carbon footprint, recycled content

ANTICIPATED
MOTIVATION

N

New Legislation - /n Furope & beyond

Raw material supply is unpredictable - companies and
Countries are looking to be self-sufficient as a result

Geo-political climate changing - daily /




LINEAR VS CIRCULAR RECYCLING

PREVENT

REPAIR &
MAINTAIN

European Composites Industry Association — Knowledge Hub



https://eucia.eu/knowledge-hub/sustainability/

RECYCLABLE RESIN & SOLVENT TECHNOLGIES

RECYCLABLE
RESINS

Swancor’s EzCyclo

Aditya Birla's Recyclamine
Arkema'’s Elium
Mallinda's Vitrimax

How to Repair the Next Generation of Wind
Turbine Blades

Wind blades circularity - Resins development for
Improved sustainability

Recyclable resins were designed to cleanly
separate post cured materials, in some instances
the resins can be recovered andy/or reused.

NOVEL SOLVENTS

Focus on specific polymers,
Effective at lower temperatures,
Effective at low ambient pressure,
Less volatile and harsh,
Accessible & economical

lonic Liquids

More information here

Advancements in novel solvent technologies
benefit all resins and thermosets — not just
recyclable resins!

THERMOSETS

Epoxies;
Amine-cured
Anhydride
More information here

* Unsaturated Polyesters

More information here

» Vinyl Esters
More information here

Tradlitional (or legacy) resins are difficult to
recycle and require novel solvent technologies
to separate cured composite components.

Sustainable End-of-Life Management of Wind Turbine Blades: Overview of Current and Coming Solutions
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https://doi.org/10.1016/j.jics.2025.101638
https://doi.org/10.1016/j.cej.2023.142735
https://doi.org/10.1021/acs.chemrev.4c00032
https://doi.org/10.1016/j.wasman.2022.11.010
https://doi.org/10.3390/en16237694
https://iopscience.iop.org/article/10.1088/1757-899X/1293/1/012006/pdf
https://doi.org/10.3390/ma14051124

ADITYA BIRLA’'S RECYCLAMINE

www.recyclamine.com

Recyclamine® is a platform chemistry with multiple unique Amine-
based Curing Agents containing specifically engineered cleavage
points at cross-linking sites, which, under pre-defined conditions,

convert thermosetting epoxies into thermoplastics. This enables : = | =
recovery and reuse of reinforcing fibre and matrix material.

— GRE Laminate immersed in recovery solution Recovered glass fabric Rinsing with potable water Drying at 120°C/ 2 hrs.
CROSS-LINKED GRE Laminate & Conditioned @ 80-90°C for 6 hrs. after recycling process

(from 3Ax 1200 gsm)
THERMOSET MATRIX + 4%

€—— CROSSLINK
NON-REPROCESSABLE K d

NON-REPARABLE
NON-RECYCLABLE

CLEAVABLE ’ 3 — ! : \J
THERMOSET MATRIX = . vy <> €

’=‘ L | CLEAVAGE Recovered Epoxy Matrix = - . Dried - Recovered glass fabric
K

CONVENTIONAL

REPROCESSABLE +
REPARABLE
RECYCLABLE

- b as thermoplasti Neutralization and Coagulation Filtration of Recovery Solution
by P 0 | N T s Camop:aete) (comprising of recovered Resin)
U |

RECYCLAMINE

The laminate was trimmed and subjected to solvolysis by immersing in recovery
USEFUL RESOURCES solution ana" cona’/z‘/oped qz‘ 80 C for'6 hours to enable c/ea‘vage of the recyc/ab/¢
epoxy matrix and its dissolution in the recovery solution. The glass tabric
reinforcement of the composite, recovered from the recycling process was rinsed
, , ‘ and dried. Recovery solution containing the dissolved epoxy matrix was filtereq,
Full Recycling and Re-Use of Bio-Based Epoxy Thermosets: Chemical and . . .
e el e e e Feavdee MEmas neutralized and coagulated to recover the epoxy matrix as thermoplastic.

Chemical Recycling of Fully Recyclable Bio-Epoxy Matrices and Reuse Strateqies:
A Cradle-to-Cradle Approach

Innovative Chemical Process for Recycling Thermosets Cured with Recyclamines®
by Converting Bio-Epoxy Composites in Reusable Thermoplastic—An LCA Study Recyclable epoxy systems for rotor blades

Recyclamine® - novel amine building blocks for a sustainable world

BCKN
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https://www.recyclamine.com/
https://iopscience.iop.org/article/10.1088/1757-899X/942/1/012014/pdf
https://doi.org/10.3390/polym15132809
https://doi.org/10.3390/polym14224828
https://doi.org/10.3390/ma11030353
https://www.digitallibrarynasampe.org/data/pdfs/s2021_pdfs/TP21-0000000632.pdf

ARKEMA'S ELIUM

www.arkema.com

Arkema (Paris, France) Elium® acrylic resin is claimed as the first thermoplastic
resin compatible with RTM/infusion manufacture producing composite structures
with mechanical properties similar to thermosets. The viscosity and processing
temperature of Elium® resin are as low as 100 mPas and 20°C (ambient),
respectively. Elium® resin is widely researched for thermoplastic composites via
RTMinfusion, with use increasing due to the desirable characteristics above.

104
Reactive processing of

thermoset resins LINK - Monomer

Reactive processing of

E i - thermoplastic oligomers Selection for In Situ

Polymerization Infusion
Manufacture of Natural-
Fiber Reinforced
Thermoplastic-Matrix
eicd o et A Marine Composites

0.1 4

Viscosity [Pa.s]

150 200 250 300 350
Processing temperature [°C]

USEFUL RESOURCES

First pilot project of recycling PMMA - Risk Analysis on PMMA Recycling Economics

Fatigue behavior of Elium® -based thermoplastic composites fabricated by liquid
composite molding : A review

Evolution of Physical, Thermal, and Mechanical Properties of Poly(methyl
Methacrylate)-Based Elium Thermoplastic Polymer During Polymerization

Structural validation of a thermoplastic composite wind turbine blade with comparison
to a thermoset composite blade

BCKN
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. Mixed Production Wastes — £/ium Resin &
Bostik adhesive waste from production

Mix Composites Wastes — £nd of /ife
products containing Elium Composites &
Bostik adhesives.

. Sorted Production Wastes — Production
waste after shredding separation and
treatment by Suez

waste after shredding separation and
treatment by Suez

‘ ? . Sorted Composites Wastes — Composites

MECHANICAL RECYCLING

‘ Recycled Compounds — Compound for
3D Printing, injection, compression

CHEMICAL RECYCLING

. Raw and Pure Recycled Fibers — pure dry
fiber after pyrolysis.

. Raw Recycled Monomer — raw monomer
from thermal depolymerization

. Pure Recycled Monomer — readly to use
monomer for production



http://www.arkema.com/
https://doi.org/10.1016/j.compositesb.2025.112159
https://doi.org/10.1021/acs.jpcc.4c04061
https://doi.org/10.1016/j.renene.2020.10.040
https://doi.org/10.3390/polym13162724
https://doi.org/10.3390/polym12122928

MALLINDA'S VITRIMAX

www.mallinda.com

The highly crosslinked nature of vitrimers means they exhibit similar mechanical
properties to thermoset composites. However, vitrimer composites can be
reprocessed after cure. This means that in-mold dwell times can be reduced
significantly when compression forming pre-cured vitrimer composites.

THERMOSETS VITRIMAX

) ) Mallinda’s technology has
Bonding between layers gives thermoset strength. that allows bonding across the interface, even
after curing.

CLICK PHOTOS FOR
MALLINDA’S
YOUTUBE VIDEOS

\
\

Re‘tovered praductian waste

USEFUL RESOURCES Monomers used to make the polymer, can break down the polymer under
Ludwick Leibler, Inventor of Vitrimers - From glass to Vitrimers : A Story of certain conditions. Solubilized resin can be reused with no loss in
Exchangeable Links mechanical performance, fibers have no residual resin and are ready for
Vitrimer composites: current status and future challenges reuse. When mechanically processed at end of life, chemical bond exchange
Carbon material/vitrimer composites: Towards sustainable, functional, and high- femam_s active, a//QW/ng surface We/d{ng of fine par.z‘/c'/es back z‘obresm with
performance crosslinked polymeric materials matching mechanical performance. Vitrimer - containing composites can be

mechanically processed and simply pressed into a new product.

Environmental Sustainability of vitrimer-based composite materials

©CKN
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http://www.mallinda.com/
https://doi.org/10.1039/D2MA00654E
https://doi.org/10.1016/j.giant.2022.100136
https://doi.org/10.1016/j.procir.2024.01.143
https://youtu.be/cR_iiKrpCIQ
https://youtu.be/_X7xtq5UTlE
https://youtu.be/us2KYwWntew
https://youtu.be/zmQr34theRg

SWANCOR'’S EZCYCLO

WWW.SsWancor.com.cn

EzCiclo s a recyclable thermosetting epoxy resin, fiber reinforced composite

made with EzCiclo resin can be recycled and degraded through CleaVER

technology. CleaVER can turn waste composites into reclaimed glass/carbon
fibers and oligomers. The recycled fibers and oligomers can be reused to

produce composites which result in a close loop. The recycling process does not >

generate waste solvents and pollution. It can be applied across a range of CleaVER

industries including wind, sporting goods and automotive. FEED PORT i

“Q W/

HEATED TO 130 °C

KEEP FOR 2-3 HOURS o :
A5 ERERBRPERNEE
The oligomers can be introduced back into production QR swelled during the degradatiomBes

after drying are

Utilizing CleaVER technology, end-of-life composites undergo a
transformative process. Fibers are separated from resins, paving the way for
USEFUL RESOURCES their reuse into new applications. The resin is recycled into an oligomer
which is then used to produce the corresponding resin again. Before the
actual degradation process, the FRP must be cut into smaller pieces, so it
can fit into the reactor and speed up the degradation process.

Composites Exchange - Swancor recyclable thermosetting epoxy resin "EzCiclo" and "CleaVER”

Composites World - Swancor launches recyclable thermosetting epoxy resin

Swancor - Recyclable Radical-Cured Resin — RH Series

Source — Bjorn-Thorsen (Distributor)

PlastForum - Rethinking composite recycling with Swancor's innovative solutions

SCKN
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https://www.youtube.com/watch?v=6dmyYiCX9W8
http://www.swancor.com.cn/
https://www.bjorn-thorsen.com/compositesswancor-recyclable-thermosetting-resins-ezciclo-cleaver/
https://www.compositesworld.com/products/swancor-launches-recyclable-thermosetting-epoxy-resin
https://www.sw-regener.com/file/output/1098/Recyclable-Thermoset-Resin-Radical-Cured-Series.pdf
https://www.plastforum.dk/announcement/view/680780/rethinking_composite_recycling_with_swancors_innovative_solutions

HOLISTIC MATERIAL CHOICES FOR SUSTAINABILITY

Research Gate - Assessment of Present & Future Decommissioned Wind
Blade Fiber-Reinforced Composite Material _in the United States

Schematic showing overview of process and material flow across wind blade EOL scenarios



https://iopscience.iop.org/article/10.1088/1757-899X/1293/1/012007
https://www.researchgate.net/publication/338430512_Assessment_of_PresentFuture_Decommissioned_Wind_Blade_Fiber-Reinforced_Composite_Material_in_the_United_States
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MATERIAL PASSPORTS

EfW Landfill

Bottom ash
(e.g., char, GF)

Cement kiln Clinker

OR

Mechanical Fibrous and
recycling filler fractions

Recycling waste’
(e.g.. WTB
granulate)

Chemical /
Thermal

recycling

Waste fibre
\

Waste polymer
organics Bottom

Secondary
GE, CF

( Cement kiln Clinker

Spar caps

OR

Mechanical Fibrous and
recycling filler fractions

Recycling waste
(e.g, WITB
granulate)

Recycling waste
(e.g., CE GF)

Pyrolysis

A
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S i Secondary CF

DISPOSAL ROUTES

CEMENT KILN /
MECHANICAL

CHEMICAL / THERMAL
RECYCLING ROUTES

CEMENT KILN+/
MECHANICAL+

V. Blade Materials

Material

Blade part

Polyester gelcoat

Outer surface

~3%

Glass fiber

Blade shells, webs

~58 %

Polyester resin

Blade shells, webs

~28%

Balsa wood

Blade shell sandwich core

~5%

PVC foam

Ribs, bulkhead & webs sandwich
core

>1%

Vinylester adhesive

Glue line

~5%

Chromium molybdenum
steel alloy

Embedded bushings

~140 kg

Galvanized steel / Stainless
steel

Root flange

~125kg/ ~20 kg

Copper

Lightning conductor cable

~40 kg

Alloyed metal

Lightning receptors

~0.5kg

LM Wind Power Blade Passport - https.//decomblades.dk,

A strategic approach to wind turbine blade recycling: Using life cycle assessment to enable data driven decision making

CKN



https://iopscience.iop.org/article/10.1088/1757-899X/1293/1/012007/pdf
https://decomblades.dk/

MATERIAL PASSPORTS - THE HIDDEN COMPLEXITY

BCKN

Knowisiae https://compositeskn.org/KPC/A325




CONTAMINATION CHALLENGES IN RECYCLING -
CASE STUDY #1

Infusion Consumable Fibergl_ass
Nylon-stitched

Fiberglass
Polyester-stitched Styrene Acrylonitrile (SAN) foam

The Effect of Nylon and Kevlar Stitching on the Mode | Fracture of Carbon/Epoxy Composites

©CKN

Composites Knowledae Network



https://www.researchgate.net/publication/325019268_The_Effect_of_Nylon_and_Kevlar_Stitching_on_the_Mode_I_Fracture_of_CarbonEpoxy_Composites

Fiberglass &
Resin Matrix

CONTAMINATION CHALLENGES IN RECYCLING -
CASE STUDY #2

Balsa Core

.

PVC Foam

PVC Foam

Epoxy
Filler

Fiberglass
Chopped

PU Coating

Fiberglass
Non-Crimp




RECYCLING PROCESSES - KEEPING UP WITH INNOVATION
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Composites World - JEC World 2025 highlights: Evolving recycling and biomaterials technologies



https://www.bladebridge.ie/
https://www.compositesworld.com/articles/jec-world-2025-highlights-evolving-recycling-and-biomaterials-technologies

EXAMPLE OF PROCESSING A RECYCLABLE RESIN

FULL-SIZED COMPOSITE

PRE-TREATMENT
PRODUCT

MIXED MATERIALS
via grinding

short fibers, resin, core
(foam), coating

SEPARATION

SERPARATED MATERIALS
via density floatation

short fibers, resin, core
(foam), coating

LT

T
::-.:‘;1.“‘-‘-“!((;((

A
=

\ ¢

&% Secondary

Qw Processing REPURPOSING

PYROLYSIS CO-PROCESSING

SOLVOLYSIS MECHANICAL




SHORT FIBERS & MANUFACTURING WASTE

# ’ : : : ".‘, ” » "‘ ; v » ,; 2
. . ! - §/

L 4 ' o 4 ’ % :

e - » : o POl Py, :3‘ a f" / Ui

Photo Source Photo Source Photo Source

Uncured Prepregs Cured Fibers Dry Fibers
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https://www.swcfc.com/en/products/detail/149
https://www.compositesworld.com/articles/building-a-market-for-recycled-carbon-fiber
https://www.compositesworld.com/news/veolia-composites-recycling-sa-partner-for-composites-waste-circularity

NOVEL APPROACHES FOR SHORT FIBER INTERMEDIATES

NON-WOVEN CARBON CHIPS NON-CRIMP FABRIC 3D FILAMENT
www.verretex.com www.fairmat.com WWWw.nova-carbon.com www.fibecycle.com

~

www.composite-recycling.ch www.vartega.com www.lineat.co.uk www.geesrecycling.com

TECHNOLOGY PANELS



http://www.fairmat.com/
http://www.nova-carbon.com/
http://www.fibecycle.com/
http://www.composite-recycling.ch/
http://www.lineat.co.uk/
https://www.geesrecycling.com/
https://www.verretex.com/
http://www.vartega.com/

Aircraft Fuselage

8m-length x 4m-width
Carbon fibre-reinforced Thermoplastic

polymer composites (CFRTP)

LONG FIBER RECOVERY

Wind Turbine Blade

8Im-length
Unidirectional & Biax Glass Fibers, Carbon

Fibers, Core & Recyclable Resin

SIEMENS GAMESA - LINK

Hydrogen Tank

Continuous Carbon Fiber Filament

Winding & Thermoplastic Resin

INSTITUT MINES-TELECOM - LI



https://www.airbus.com/en/newsroom/stories/2025-01-fantastic-thermoplastics
https://www.siemensgamesa.com/global/en/home/explore/journal/recyclable-blade.html
https://imtech.imt.fr/2023/12/05/ecohydro-composites-recyclables-pour-stockage-hydrogene/

NEW APPROACHES FOR LONG FIBER INTERMEDIATES

LONGWORTH
PRESSURE VESSEL - RECOVERED UNIDIRECTIONAL CARBON TOW

Post-processed A7 Re-manufactured
Pressure vessel A ; ¥ Pressure vessel from
= 2 : = recycled fibers

WIND TURBINE BLADE - RECOVERED UNIDIRECTIONAL FIBERGLASS
RESOLVE COMPOSITES



https://www.deecomlite.com/
http://www.resolvecomposites.com/

NEW APPROACHES TO COMPOSITE RECYCLING

- ‘\.\ ER residuo
N
WER Impregnated
residue

MICROWAVE
ASSISTED PYROLYSIS

https://pubs.acs.org/doi/10.1021/acssusresmat.4c00201

ER roskive

Thermal recycling using a microwave oven enabled the
recovery of clean and intact CF without compromising its
mechanical properties, facilitating its reuse in new
applications and processing. Based on the results,
thermal recycling using a microwave oven shows promise
for CF recovery with low pyrolysis time resulting in
greater energy efficiency during thermal recycling.

SUPER-CRITICAL
STEAM

https://doi.org/10.1016/}.jclepro.2023.139320

Superheated steam studies report recovering carbon
fibres with retained tensile moauli of around 90%-100%
and tensile strengths of 65%-100% when compared to
virgin carbon fibres, however, when optimised it is shown
that carbon fibres can be recovered with no loss in
stiffness and strength.

“AccV  Spot Magn  Det WD F——— 6um
200KV 2.0 6400x  SE 838

TEMP CONTROLLED
PYROLYSIS

https://doi.org/10.1016/j.resconrec.2021.105482

In this work, the thermolysis recycling process is used to
preserve the fibre structure including fabric stacking
sequence, fibre orientation, alignment and length from
the waste TS-CFRP parts. Investigation on the rCF
structures with varying fabric and stacking sequence has
been conducted to understand fibre nesting, alignment
disturbance  and  permeability  characteristics — for
composites remanutacturing.

Recent Trends of Recycling and Upcycling of Polymers and Composites: A Comprehensive Review

BCKN

es Knowledae Networ

compositeskn.or



https://compositeskn.org/KPC/A322
https://compositeskn.org/KPC/A322
https://doi.org/10.3390/recycling9030037
https://doi.org/10.1016/j.jclepro.2023.139320
https://pubs.acs.org/doi/10.1021/acssusresmgt.4c00201
https://doi.org/10.1016/j.resconrec.2021.105482

QUESTION

How can we economically preserve fiber length

when recycling large composite structures?




RESOLVE COMPOSITE TRANSFORMATION TECHNOLOGY

RESPLVE

COMPOSITES

WITHOUT AN IMMERSION TANK, WE CIRCULATE SOLVENT ACROSS JUST THE SURFACE AREA OF ANY SIZE COMPOSITE PART,
EFFICIENTLY MINIMIZING THE VOLUME OF SOLVENT NEEDED FOR LARGE COMPLEX GEOMETRY.

? Consider the challenge of recycling

WITHOUT ReceTT" X . . WITH ReceTT"
a 97 metre wind turbine blade in a
conventional tank or reactor. You
would need about 3,200 tonnes of

solvent to perform this task.

In contrast, our technology enables
us to achieve this same recovery
with only 1 tonne of solvent to
recycle the entire blade.

1 cube = 1tonne of solvent.

ReceTT is patented technology of Resolve Composites

Knowledge



http://www.resolvecomposites.com/recett

EROSION OF MATRIX BETWEEN LAYERS

& sampe

Canada




PROTOTYPE BOW SECTION

Our patented ReceTT Transformation Technology offers a novel and efficient approach
to chemical recycling without using an immersion tank. Unlike traditional composite
recycling processes which often create contaminated feed stock, RecelT allows for a
gentle separation of materials from full-sized composite products to occur before any
required post-processing. RecelT is keeping pace with emerging recyclable resin and
solvent technologies, facilitating their full potential and reclaiming the value of materials
from products that can be separated in their original form.

After - Fiberglass After - PET Foam

Composites Knowledge Network




PROTOTYPE BOW SECTION - DATA

Resolve Composites Prototype Bow Section Data

COMPARISON OF SOLVENT USAGE - RECETT VS AN IMMERSION TANK

PROTOTYPE CONSTRUCTION
Fibreglass 4 Layers 170z Biax +/-45

Resin System Recyclamine®

Foam Core 1/4" Armacell Recycled PET
Total Resin 5.25Kg

Total Weight 12.25 Kg

PROCESSING WITH RECETT CALCULATION FOR IMMERSION TANK

Weight of recovered Fibreglass Calculations are based on best estimates
Weight of recovered Foam

Thermoplastic recovered : SO | Dimensions of Part 1.8m x Im x 1.6m
Water usage (rinsing) / \\ — Volume of Immersion Tank 1.4 Cubic Meters

Solvent usage (25% Acetic Acid) & \ R ‘,VJ N Solvent usage

Solvent usage breakdown

Solvent over surface area

4x (700ml/SqM)

Solvent in feed lines

9x (70ml/m)  ‘; BROUGHT TO YOU BY

T | RES#%LVE

R-46cm, H-84.5cm COMPOSITES

BCKN

=s Knowledae
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THE SECOND WIND PROJECT

-

THE SECOND
WIND PROJECT

Composites World - Resolve Composites, Siemens Gamesa
partner in The Second Wind Project

®CKN

es Knowledae Networ



https://youtu.be/cusVFI6gqdE
https://www.compositesworld.com/news/resolve-composites-siemens-gamesa-partner-in-second-wind-project

THE SECOND WIND PROJECT - COMPARATIVE TESTS

Comparative Mechanical Testing between virgin and recycled fiberglass

Identifying any property loss, considering sizing removal and fiber misalignment.

TESTS - Flexural, Tensile, Facesheet
RESULTS - Average property loss = 10%

FACESHEET

Photo Credit & Testing — Composite Research Network

Resizing Approach to Increase the Viability of Recycled Fibre-Reinforced Composites



https://crn.ubc.ca/
http://dx.doi.org/10.3390/ma13245773

THE SECOND WIND PROJECT - DATA

Weight of Spar Cap

Dimensions of Spar Cap

Weight of Fibreglass recovered
Longest Fibreglass sheet recovered
Fiberglass Architecture - maintained
Percentage of recovered Fibreglass
Resin system of Spar Cap

Solvent used for recovery

m The Second Wind Project - Resolve Composites
OCKN

sites Knowledae Networ

Tm x 6m x 0.05m

170 Kg

5.8m

Unidirectional, Biax +/- 45
100%

Recyclamine®

25% Acetic Acid

"f," \ 4 .



https://www.resolvecomposites.com/thesecondwindproject

KEY TAKEAWAYS FROM THE SECOND WIND PROJECT

REPURPOSING

Is direct repurposing realistic?

Can we repurpose thermoset
IS NOW THE RIGHT TIME materials?

FOR RECETT? LONG FIBERS

Recyclable Resins; R o e e e e How long do they need to be?

Adoption g L _ = R ‘ :
Service Life W BV G € AN SN s it worth it?

End of Life

es Knowledae Network




KEY TAKEAWAYS FROM THE SECOND WIND PROJECT

Thermoset composite material
processed with RecelT

A UNIVERSAL APPROACH
WITH RECETT

Can we process thermosets?

Can fiber length benefit current process?

Can we cross-over technologies?

What compromises of expectations need
to be made?

Recyclable resin bow section
processed with ReceTT

& sampe

Canada




RECYCLING WITH MECHANICAL PRE-TREATMENT

FULL-SIZED COMPOSITE

PRE-TREATMENT
PRODUCT

MIXED MATERIALS
via grinding

short fibers, resin, core
(foam), coating

SEPARATION

SERPARATED MATERIALS
via density floatation

short fibers, resin, core
(foam), coating

B

T
:-:.:‘;:‘;“-‘l“l((;((.

i
=

\ ¢

&% Secondary

W@ Processing REPURPOSING

PYROLYSIS CO-PROCESSING

SOLVOLYSIS MECHANICAL




USING ReceTT FOR PRE-TREATMENT & SEPARATION

FULL-SIZED COMPOSITE
PRODUCT

{
S

eaRmET;
saettneee @

__‘_,“ull‘Yll(‘ *

e eeunua @l Eige

PRE-TREATMENT & SEPARATION
via ReceTT

SEPARATED MATERIALS
long fibers & resin/solvent,
coating, core (foam)

&% Secondary
W@ Processing

PYROLYSIS

SOLVOLYSIS

) REPURPOSING

CO-PROCESSING

4) MECHANICAL




Thank you for joining us!

Keep an eye out for upcoming AIM events:

Introduction to Machining of Composite Materials
Hosted by Dr. Xiaoliang Jin

May 28, 2025
https://compositeskn.org/KPC/A383

And don’t forget to visit the KPC for more information:

https://compositeskn.org/KPC

Today’s Webinar will be posted at:
https://compositeskn.org/KPC/A380



https://compositeskn.org/KPC/A327
https://compositeskn.org/KPC/A324

PILOT PROJECTS TO BE ACKNOWLEDGED

HEALABLE RESINS

www.comppair.ch

The composite recycling project's goal was to close
HealTech’s recycling loop on a 3D monolithic product
(shoe sole), representative of many sporting goods, and
relevant to both companies’ activities. The project was a
big success and demonstrated large potential towards
the reduction of mineral resource use and CO, emissions.

BLADES 2 BUILD

www.blades2build.com

The aim of BLADES2BUILD is to improve and support
circularity options of end-of-life wind blades by exploring
three different circular stages, Direct re-use of the FOL
wind blades, Re-purpose of individual materials
constituents of the blades, and recycling the blade in
cement/clinker co-processing as an alternative fuel.

RECYCLING AGENTS
https://doi.org/10.1016/}.jclepro.2023.136994

In these intervening years, some specific advances have
been made to propose novel methods for understanding
the chemical nature of RAs, how RAP interacts with the
virgin binder and RA, and how acceptable performance
of recycled asphalt binder blends and mixtures can be
achieved through dosage selection methods.

REFRESH

www.refresh-project.eu/

REFRESH (Smart dismantling, sorting and REcycling of
glass Fibre REinforced composite from wind power Sector
through Holistic approach) is a European project to
develop and demonstrate a novel circular, smart system
enabling improved recycling of glass fibre reinforced
composites derived from wind turbine dismantling or
reblading.

INDUSTRY ALLIANCES

Composites World Article

SMART SEGMENTATION

https://doi.org/10.1016/j.jcomc.2021.100137

A new segmentation approach was developed and
applied to a reference blade model The recovered
construction elements were found to comply to
geometric construction standards and to outperform
conventional construction materials on specific flexural
stiffness and flexural strength.

ACCIONA

WWW.experience.acciona.com

Messengers of the wind: The pioneering shoes with
recycled turbine blade soles. ACCIONA Energia and the
fashion brand £l Ganso have collaborated on an
unprecedented global project. creating sneakers with
soles crafted from recycled wind blades.

Six partners will deliver a composites circularity model from recycled waste to final boat production as a
Jumping off point for industries beyond marine.

The Beneteau Group, Veolia, Arkema, Owens Corning, Composite Recycling and Chomarat

BCKN

Knowledge

compositeskn.or

& sampe

Canada



https://www.comppair.ch/
https://doi.org/10.1016/j.jcomc.2021.100137
https://doi.org/10.1016/j.jclepro.2023.136994
http://www.blades2build.com/
http://www.experience.acciona.com/renewable-energy/messengers-wind-pioneering-shoes-recycled-turbine-blade-soles/
http://www.refresh-project.eu/
https://www.compositesworld.com/news/industry-alliance-targets-closed-loop-circularity-for-nautical-construction
https://www.beneteau-group.com/en/
https://www.veolia.com/en
https://www.arkema.com/global/en/
https://www.owenscorning.com/en-ca
https://composite-recycling.ch/
http://chomarat.com/en/
https://compositeskn.org/KPC/A322

RECYCLABLE WIND BLADES

Siemens Gamesa pioneers wind circularity: launch of world's first
recyclable wind turbine blade for commercial use offshore ... The
chemical structure of this new resin type makes it possible to efficiently
separate the resin from the other components at end of the blade’s
working life. This mild process protects the properties of the materials in
the blade, in contrast to other existing ways of recycling conventional
wind turbine blades. The materials can then be reused in new
applications after separation.

Swancor applies its EzCiclo recyclable thermosetting resin technology

to a large-scale Mingyang Smart Energy blade. The blade features a

composite of recyclable epoxy pultruded plate and recyclable

sandwich core material, utilizing Swancor’'s EzCiclo recyclable Bl L 4
thermosetting resin infusion molding technology. The blade has < %w#mw@
become an important step in the application of EzCiclo recyclable =

thermosetting resin to large wind power blades.

USEFUL RESOURCES

«  Swancor applies its EzCiclo recyclable thermosetting resin technology to a large-scale Mingyang Smart Energy blade

e Siemens Gamesa pioneers wind circularity: launch of world’s first recyclable wind turbine blade for commercial use offshore

e Chemical & Engineering News - Wind turbine blade recycling picks up speed

BCKN

es Knowledae Networ



https://compositeskn.org/KPC/A322
https://www.swancor.com/en
https://www.siemensgamesa.com/
https://www.jeccomposites.com/news/spotted-by-jec/swancor-applies-its-ezciclo-recyclable-thermosetting-resin-technology-to-a-large-scale-mingyang-smart-energy-blade/
https://www.siemensgamesa.com/global/en/home/press-releases/launch-world-first-recyclable-wind-turbine-blade.html
https://cen.acs.org/environment/recycling/Wind-turbine-blade-recycling-picks/102/i31

ZEBRA PROJECT

Arkema developed and validated the generation of recycled
The ZEBRA project is a unique partnership led by the French Institute for Elium® monomer through thermolysis, and, together with its subsidiary Bostik,
Technological Research, IRT Jules Verne. Joining forces are industry leaders an innovative adhesive for the blade assembly that is recycled together with
Arkema (resin supplier), Owens Corning (glass fiber supplier), LM Wind Power Elium® paving the way for industrial-scale implementation.

(blade manufacturer), SUEZ (dismantling and waste processing), CANOE R&D Owens Corning successfully recovered glass fiber at pilot scale, enabling its
center (recycling technology), and ENGIE (life cycle analysis). reintroduction into the production process for their Sustaina® product line.

LM Wind Power manufactured two wind turbine blades with Arkema’s
arkema  SICEED wino Elium® resin and Owens Corning’s Ultrablade® fabrics; one blade including a
large structural element made with recycled Elium® resin.

SUEZ provided cutting and grinding expertise for processing the blades.

CANOE R&D Center optimized recycling for production and carbon blade
waste, additionally developing methods for repurposing waste streams
through mechanical recycling.

ENGIE conducted a comprehensive life cycle analysis demonstrating the
environmental benefits of closed-loop ZEBRA blades and validated their
economic viability.

ARKENA

USEFUL RESOURCES

Arkema - ZEBRA Project Demonstrates Closed-Loop System

LM Wind Power - Designing Blades Without Waste

JEC - ZEBRA Project - Design for Recycling and Performance with Optimized
Materials and Manufacturing Processes

The ZEBRA Project showcased the world’s largest glass thermoplastic blade built at 62,2m - Feb 2022

Composites Knowledge Network



https://compositeskn.org/KPC/A322
https://www.arkema.com/global/
https://www.engie.com/en
https://www.owenscorning.com/en-ca
https://www.lmwindpower.com/
https://plateforme-canoe.com/
https://www.suez.com/en
https://www.arkema.com/global/en/media/newslist/news/global/innovation/2024/20241003-zebra-wind-turbine-blade-recycling/
https://www.lmwindpower.com/en/sustainability/zero-waste-blades
https://www.jeccomposites.tv/r-i-project/zebra-project-design-for-recycling-and-performance-with-optimized-materials-and-manufacturing-processes/

NREL’S PECAN

National Renewable Energy Laboratory

Using current manufacturing process methods and the NREL-developed biomass-
To enable the circularity of FRPs, we Bl;o-derlvable , derivable resin — which haslbeen nicknamed "PolyEster Covalently Adaptable Networ, or
‘ lated a bio-derivabl | ESCRISARS., - PECAN — researchers built a 9-meter prototype blade to demonstrate the resin's
ormulated a bio-derivable polyester AL MO o H manufacturability ... PECAN is said to mark a leap forward because of the ability to recycle
covalently adaptable network °/\'7 the blades using mild chemical processes, which enables blade components to be

(PECAN), sometimes referred to as a : _H recaptured and reused again and again.
W/\o/\/\/o\/“ Reinforced

polyester vitrimer, to manufacture o Composite
FRPs at >1 kg scale, which s Polyester

; ‘A e ; Covalently
accomplished as the r.esm .|s infusible ‘ Adaptable Networks
(175-425 cP at 25°C viscosity), can be (PECANSs)

° . . Recovered
cured at 80°C within 5 h and is Fiber and

. . . h MeOH
depolymerizable via methanolysis Anhydride , cat.zch

yielding  high-quality fibers and “%jl"/ e
recoverable hardener. Depolymerization

Resin

USEFUL RESOURCES

Composites World - NREL develops biomass-derived resin PECAN for wind blades

Synthesis, characterization, and recycling of bio-derivable polyester covalently
adaptable networks for industrial composite applications

Composites World - NREL, Arkema research recyclable, thermoplastic composite
wind turbine blades

NREL’s PECAN Resin is not only recyclable but also made of bio content.

s Knowledae N : Com OSit@Sk Or



https://compositeskn.org/KPC/A322
https://www.nrel.gov/
https://doi.org/10.1016/j.matt.2023.10.033
https://www.compositesworld.com/news/nrel-arkema-research-recyclable-thermoplastic-composite-wind-turbine-blades
http://www.compositesworld.com/news/nrel-develops-biomass-derived-resin-pecan-for-wind-blades

DECOMBLADES PROJECT

Decomblades

In 2023, DecomBlades proved the concept of recovering glass fibres through
pyrolysis from old wind turbine blades and remelting it into new fibres is an
environmentally viable and scalable solution. The proved pyrolysis-remelting-
value-chain can help solve the wind industry’s recycling challenge, as it unlocks
true circularity for wind turbine blades and can off-take the quantity of blades for
the years to come.

2s Knowledage

The Decomblades Project was also responsible for developing the Wind Blade Passports with three major
m wind turbine manufacturers contributing to this sustainability effort, as previously mentioned,
FCKN

A major leap to address these challenges has taken place. For the first time,
recycled glass fibers from old wind turbine blade are being used to produce new
glass fibres for wind turbine blades, resulting in the manufacturing of a 115-meter-
long blades for Greater Changhua 2b + 4 in Taiwan. This large-scale
demonstration enables a fully circular use of glass fibres from and for wind
turbines and shows the potential of such recycling route.

USEFUL RESOURCES

DTU LinkedIn — Sustainability starts at the drawing board

Makeen Energy LinkedIn — Recycling is good - but circularity is better

Makeen Enerqgy - Circularity for wind turbine blades

Composites World - DecomBlades project lays groundwork for wind

recycling commercialization efforts



https://compositeskn.org/KPC/A322
https://www.linkedin.com/posts/technical-university-of-denmark_recycling-wind-turbines-blades-activity-7297880119790956544-zxUy
https://www.makeenenergy.com/products-solutions/decomblades
https://www.linkedin.com/posts/makeen-energy_meet-justine-and-irene-at-the-2nd-annual-activity-7250407279089385474-dAya?utm_source=share&utm_medium=member_desktop&rcm=ACoAAE3Hw2wBV6P896XIx4qmkeshfUU7qw4QT5U
https://www.compositesworld.com/news/decomblades-project-lays-groundwork-for-wind-blade-recycling-commercialization-efforts
https://decomblades.dk/

CETEC PROJECT

The CETEC Project

CETEC Partners: developed a technology that enables full recycling of the
composite material in wind turbine blades. Through the CETEC (Circular Economy
for Thermosets Epoxy Composites) project, a two-part solution has been found to
separate the composite materials into fibreglass and epoxy, after which the epoxy is
chemically broken down into basic components of the same quality as virgin
materials. These can then be reused in new epoxy-based composites.

BPA Remainder Glass fibre
(18 Wt%) (27 Wi%) (47 wt%)

Recovered materials

Within 24 hours a 0.5x0.5m
fraction of a standard Vestas
blade is dissolved enough to
easily separate materials.

Wind turbine Material

reaching end-of-life i&:parauon

Wind turbines with Resin
recycled content production
Turbing ewable Recovery. t

new virgin

production o

b L\;m

"Chemcycling of epoxy-based materials would allow deconstructing these highly stable
polymer chains into molecular building blocks. These building blocks are easily
processable and can be utilised to produce new epoxy, which will have the same
quality as the original material. Avoiding the loss of valuable molecular complexity in
such a way is a highly desirable concept and an important step to sustainable
materials,” - Prof. Dr. Troels Skrydstrup

USEFUL RESOURCES

« Vestas unveils circularity solution to end landfill of turbine blades

» Danish Technological Institute - Composites - Recycling and Circularity

e Composites World - CETEC initiative established to commercialize technology for
full composite wind turbine blade recyclability



https://compositeskn.org/KPC/A322
https://www.vestas.com/en/media/company-news/2023/vestas-unveils-circularity-solution-to-end-landfill-for-c3710818
https://www.dti.dk/services/composites-recycling-and-circularity/46522?cms.query=cetec
https://www.compositesworld.com/news/cetec-initiative-established-to-commercialize-technology-for-full-composite-wind-turbine-blade-recyclability
https://www.project-cetec.dk/uk/

REPURPOSING - NEW ARCHITECTURE WITH OLD BLADES

Discarded Wind Turbine Blades Are

Upcycled into Sleek Bike Shelters
by Siemens Gamesa

Wind turbine turned into
compact living by Vattenfall

Wikado playground by
BladeMade in The Netherlands

Pumptrack by TU Delft's Faculty
of Industrial Design Engineering

TRA - an example of End-Of-Life
wind turbine blades incorporated into
architectural design of a building.

BladeBridge repurposes
decommissioned wind turbine blades

into sustainable infrastructure.



https://compositeskn.org/KPC/A322
https://www.thisiscolossal.com/2021/11/wind-turbine-bike-shelters/
https://blade-made.com/portfolio-items/playground-wikado/
https://group.vattenfall.com/press-and-media/newsroom/2024/wind-turbine-turned-into-compact-living
https://www.bladebridge.ie/
https://træ.com/
https://www.tudelft.nl/en/ide/delft-design-stories/researcher-and-student-collaborate-to-build-pumptrack

