Composites are
circular materials

There are many options for end-of-use composites


https://eucia.eu/

Did you know that composite
materials can be re-used
almost infinitely through
both closed and open loop
processes?

A common myth is that wind turbine blades, bus panels
and laptop casings are only destined for landfill. In
reality, there are many technologies available for lifetime
extension of composite products and materials.

Eventually, when lifetime extension is no longer possible,
re-use and recovery of materials, or their constituents, from
composite products can also be applied to strongly reduce
raw material consumption and therefore contribute to the
circular European economy.
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Figure 1

Composites are
circular materials

As shown in Figure 1, many recycling technologies are
already available, and more are under development.

This also demonstrates that composites are circular
materials because they can be re-used both in closed-

loop and open-loop processes.

Landfilling and incineration are the least preferable
solutions and should be avoided.
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Figure 2

Composites recycling
technologies

When lifetime extension of the product, for
example through reuse and repair, is not
possible anymore, many composites recycling
technologies are available (Figure 2).

Some are demonstrably operating at
industrial scale while others are close to
commercialisation (Figure 3).
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Figure 3. The technology
readiness level of
different composites
recycling technologies

From environmental and economic perspectives, the best technologies are those that allow recovery of the
material with minimum energy and emissions, while maximally maintaining the composite's intrinsic properties.
In fact, the higher the underlying material value, the higher the profitability of the process.

o Reprocessing glass fibre reinforced thermoset composites (GFRP)
EStq b I Is h e d into cement is the recycling avenue the public is most familiar with.
° Composites are shredded or crushed into manageable pieces, then
Co m p os Ites fed into a cement kiln. The matrix and reinforcement elements
° each play a useful role here.
reCyCI I n g The glass fibres act as a raw material in the clinker manufacturing
teCh n i q u es process, a precursor in cement production. The organic resin, usually
polyester, fuels the process. It combusts in the kiln and provides heat.
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By taking the place

of primary fuels
(traditionally petroleum
coke) and raw materials,
reprocessmg thermoset
composites is efficient,

fast, scalable and
allows an average
emissions reduction by
335 kg CO.,eq per ton
of feedstock (average
value) compared to
traditional cement
production.



https://windeurope.org/newsroom/news/cement-co-processing-avoids-up-to-1-tonne-of-co2-emissions-per-tonne-processed/
https://eucia.eu/wp-content/uploads/2024/10/LCA-of-Composite-Waste-through-Cement-Co-Processing.pdf
https://eucia.eu/wp-content/uploads/2024/10/LCA-of-Composite-Waste-through-Cement-Co-Processing.pdf

Another effective
recycling method

is structural
remanufacture of
composite materials.

This method is suitable for components that cannot
fulfil their original application, such as damaged rotor
blades, cracked boat hulls or worn pipes.

The end-of-use product is processed into smaller pieces,
like strips or flakes, but retains the reinforcement-matrix
structure. These elements do require embedding in virgin
resin and surrounding with a virgin composites outer layer
to ensure strength and stiffness.

An efficient continuous manufacturing process, based on
pultrusion for example, adds to the viability of producing
high strength and durable profiles in this way.

Importantly, once these new products reach the
end of their use lifetime, they can be reused in the
same way, enabling endless circularity.

More conventional mechanical grinding is also a
long-established technology for recycling composite
products because it is effective, economic and
requires little energy. Here, composite parts are
ground into small pieces that can be incorporated
into new products as reinforcement or fillers.

Finally, pyrolysis is a thermal recycling process
which offers better value retention of composites
when compared against other industrial-scale
techniques. Furnaces heat composites products
between 300°C and 800°C, at which point the resin
is stripped away from the fibres. The recovered
fibres can then be used in new composite parts or
other applications.

Full-scale demonstrator of structural remanufacture of thermoset composites,

developed by Windesheim University of Applied Sciences in the Netherlands
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Evolving recycling

technologies

There is strong demand for technologies that do not
degrade material properties and allow products to
retain their full tensile strength and stiffness. Several
technologies are under development.

Solvolysis uses solvents to decompose the matrix

at specific temperatures and pressures. End-of-use
composites are placed in a reaction vessel and a solvent is
introduced which dissolves the resin. This leaves the fibres
available for removal and further use, intact and strong,
while the resin can be condensed and recovered too.

Solvolysis compares favourably to pyrolysis as it allows for
lower temperatures to separate the resin, which reduces
potential degradation of fibre properties. At this stage,
initial investment and running cost are barriers that need
to be addressed.

Pressolysis is a special case of solvolysis. It is a technology
with great potential to contribute to closed-loop recycling
and therefore a circular economy. This pressure-based
treatment uses steam to break the polymer chain in the
matrix. The lack of chemicals, solvents or extreme heat
involved allows undamaged recovery of fibres, which is a
significant part of the technique’s appeal. It also reduces
complications related to solvent handling and safety.

The polymer can also be collected as monomers and
oligomers that can be remanufactured into new resins.
Pressolysis currently operates as a batch process, but

researchers are close to a more efficient, continuous
way of conducting composites recycling using pressure,
reducing running costs.

Finally, fluidised bed gasification is a thermal
decomposition process similar to pyrolysis; the
difference comes in the make-up of gases in the reaction
vessel. The resulting products are different too.

This process employs the combustible parts of the
matrix for energy recovery, meaning operators cannot
recover them for reuse. However, gasification has a
unigque advantage since it can treat mixed materials such
as foam cores or painted profiles, making it especially
suitable for end-of-life waste recycling.

High voltage pulse fragmentation (HVF) is a recycling
process unlike any others listed here. Rather than using
heat or chemicals to separate embedded fibres from
their resin, pulse electrical discharges within a dielectric

liquid medium, i.e. water, disintegrate composite
materials held between electrodes.

At this time, only short fibres can be recovered via HVF,
limiting the applications they can be used in. One slight
drawback is that lots of energy is needed to get high
quality fibres. Nonetheless, researchers are confident
that the energy requirement should reduce when
operating at higher recycling rates.


https://www.sciencedirect.com/science/article/pii/S000785061630107X
https://www.sciencedirect.com/science/article/pii/S000785061630107X

Figure 4

Cumulative energy demand
of different composites
recycling technologies

Any recycling process that will integrate into a circular
economy framework must be carefully assessed for
environmental impact. Greenhouse gas emissions,
measured by CO, equivalent, and cumulative energy
demand (CED) are two important metrics to achieve
this; the latter is shown qualitatively in Figure 4.

Reprocessing into cement reduces CO, emissions, due to
the replacement of pet coke with the hydrocarbon resin
as the primary fuel and the replacement of virgin raw
materials by the glass fibres. All the processes discussed
here demand less energy than virgin resin or carbon fibre
production.
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Composites play an
instrumental role in
building a sustainable
circular economy in
Europe.

Development of
commercially viable
recycling processes is
Integral to this.

Recycling of these valuable materials is possible now,
and researchers are continuously developing new
technologies or refining existing ones.

EuCIA continues to support the industry and facilitate
the building of the composites recycling supply chain
across Europe to unlock the true value of composites
to the circular economy.



About

The European Composites Industry Association (EuCIA), headquartered in
Brussels, represents European national composites associations and industry-
specific sector groups at EU level.

With the support of its members, EuCIA actively contributes to building an
economically and environmentally sustainable European composites industry.
Our initiatives aim to ensure the healthy growth and continued competitiveness
of more than 10,000 companies and an estimated 150,000 employees involved
in composites manufacturing across Europe.
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