Transforming end-of-life
composites into value

How LCA can be used to analyse the
environmental impact of recycling processes


https://eucia.eu/

Life cycle assessment (LCA) helps
to evaluate the environmental
impact of recycling methods,
guiding industries towards lower
CO, emissions and better material

recovery

Here, LCA is used to demonstrate the environmental benefits of cement
reprocessing of composites in comparison to incineration, highlighting its role
in the circular economy.

When lifetime extension strategies for composite parts (such as repair, reuse, and
repurposing) are no longer possible, the final option is recycling. One of the most
effective methods for recycling glass fibre reinforced polymer (GFRP) composites
is reprocessing into cement. This method involves shredding the waste into
manageable pieces, which are then introduced into a cement kiln.

This process not only addresses the growing challenge of composites waste going
to landfill but also recovers both the energy from the organic resin components
and the material from the fibres.
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Additionally, glass fibres, a major component

of GFRP, serve as a valuable alternative to
conventional raw materials in cement clinker
production, the key binding agent in cement that
forms its structural backbone.

Their chemical composition, rich in silicon dioxide,
aluminium oxide and calcium oxide, allows them

to replace limestone and other materials mined

for cement. This reduces the need for primary raw
materials and lowers CO, emissions associated not
only with mining and extraction (a source of indirect
emissions), but also with the chemical conversion
(calcination) of minerals into metal oxides (a source
of direct emissions).

Reprocessing composites waste in cement
production also supports a circular economy,
addressing both waste disposal and resource
conservation.
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Life cycle
assessment
methodology

An LCA is a tool used to evaluate the environmental
impacts of a product or process throughout its
entire life, from raw material extraction to end-of-life
disposal.

In this case, the LCA specifically examines the
environmental impact of GFRP waste management at
the end-of-use phase, assessing how different recycling
methods handle composite materials once they are no
longer in service. The study focuses on waste primarily
from wind turbine blades and ship hulls, two major
sources of composite waste.

The LCA for GFRP waste processing includes all stages
from the point at which the material is discarded,
including transportation to recycling facilities, shredding
and processing and, ultimately, the reintegration of
recycled materials into new products.

It considers factors such as fuel consumption, emissions
during transit and the energy required to operate
recycling machinery, such as shredders and grinders.
Additionally, the assessment evaluates the overall energy
balance of the recycling process, including both the direct
power consumption of mechanical processes and any
additional energy required for material transformation. It
also accounts for waste generation and the efficiency of
material recovery during processing.

The data presented here comes from an SGS INTRON
B.V. study, which provides an in-depth analysis of the
environmental impact of composites recycling. The study
assumes a 50% glass fibre content in GFRP, representing
typical composite materials. However, the methodology
is flexible, allowing it to be adapted for different materials
by adjusting factors like fibre content or specific
characteristics of the composite waste.
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Reprocessing into cement: CO,
savings and environmental impact

Reducing CO, emissions is a major benefit of using
composites waste in cement production.

Traditional cement production releases large amounts

of CO, through limestone calcination. By replacing raw
materials with ground composites waste, less limestone
calcination is needed, directly lowering CO, emissions.
Replacing traditional fuels with organic components of
composites waste further decreases the carbon footprint
of cement kilns.

The global warming potential (GWP) measures how much
a substance contributes to global warming compared to

CO,. For example, methane has a much higher GWP than
CO, meaning it has a greater warming impact even in
smaller quantities.

In this context, the GWP savings represent the amount

of CO, avoided by recycling GFRP waste into cement
instead of disposing it. For composites with 50% glass
fibre, the process saves 411 kg CO, eq. per tonne of waste
processed, reducing both cement production emissions
and fossil fuel use in the kiln.

Cement co-processing makes sense for treating end-of-life composites

Greenhouse warming
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Treating composites in cement
co-processing reduces CO, emissions

of cement manufacturing: minus 330
kg CO, per 1000kg of waste
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Treating composites
in cement co-processing

saves 12 GJ of fossil resources
per 1000 kg of waste

*Comparing composite waste vs. traditional cement materials and fuels (in this calculation: coal)
In the co-processing process the organic fraction is combusted. This is different from incineration.

The extent of CO, savings depends on the composition
of the composites waste, which influences the
amounts of raw materials and fuel avoided.

Composites with higher resin content, such as relatively
low fibre content laminates, offer greater emissions
reductions due to the higher organic resin content,

which contributes more as an alternative fuel. Conversely,
composites with lower organic content, such as advanced
structural laminates with high fibre content, may yield
slightly lower savings. Finally, sheet moulding compounds
(SMCs) containing fillers as well as reinforcing fibres may
yield significantly lower savings.
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Incineration with energy
recovery: process and
environmental impact

Incineration with energy recovery is widely used in the
composites industry as an alternative to landfilling.
Unlike cement reprocessing, incineration is a purely
thermal process which produces not only CO,
emissions but also ash.

Although some energy is recovered in modern
incinerators, it is to be expected that the thermal (and
electrical) efficiency of treatment in a waste incinerator
will be lower than the efficiency of incineration in cement
kilns. Moreover, no additional primary fuels are avoided
as in cement kilns, and therefore there will be direct CO,

emissions from the waste incineration. However, as a
conservative approach, in our analysis we acknowledge
that on average 53% of the thermal energy in cement
kilns already originates from alternative fuels.

The GWP impact of incineration with energy recovery
turns out to be as high as 719 kg CO, eq. per tonne

of waste processed for high resin content 50% glass
fibre reinforced composites. Emissions are observed
to progressively reduce moving from high fibre content
composites to SMCs.
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Comparative
analysis

Cement reprocessing has distinct environmental benefits

over incineration. By combining emission savings obtained

by reprocessing with the avoidance of emissions produced by
incineration, emission savings as high as 1.13 tonnes CO, eq. per
tonne of waste processed can be obtained.

A lower value of 0.56 tonnes CO, eq. per tonne of waste
processed is obtained for SMC. Although highly dependent on
waste composition, the benefits of reprocessing compared to
incineration are clearly highlighted by the LCA analysis.

Looking ahead,
advances in composites
waste processing

could optimise not

only reprocessing, by
increasing its efficiency
and sustainability, but
also other recycling
methods such as
mechanical grinding,
pyrolysis and solvolysis.



For large-scale GFRP
waste management,
however, reprocessing
into cement offers major
CO, reductions and
does not require specific
iIndustrial capacity to be
installed. All composites
waste could potentially
be treated in only 2-3
large kilns and therefore
the current capacity
installed in Europe is
largely sufficient for the
purpose
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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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