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Abstract: To address climate change issue and transition from fossil fuels to renewable
energy, wind energy plays a pivotal role. Several countries have installed wind turbines in
the past years and have long-term plans to harness wind energy in the coming decades.
Given the large number of these turbines and their limited lifespan, typically ranging from
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Wir):(\jN Energy, 20 to 30 years, managing the waste from their components has become a significant
‘é\ggd Zsuizgigféde challenge. In particular, the recycling of wind turbines blades, mostly made of fiberglass
Recy’i"ng, ’ composites, is a difficult task. It is predicted that by the end of 2050, approximately 43

Waste Management million tons of blades will reach the end of their operational life. The present study

introduces the waste management and recycling technologies for these blades. Following
the waste management hierarchy, which consists of the prevention, reuse, repurpose,
recycling, recovery, and disposal, the three key recycling methods_ mechanical, thermal,
and chemical_ are thoroughly examined. The chemical method can be applied not only to
new blades but also to older ones, bringing them back to the recycling process and
contributing to the production of new-generation blades, thereby supporting the
development of a circular economy.
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1. INTRODUCTION
When it comes to the current main issue of the world,
the climate change, the main priority of governments and

challenge. Based on a 20-year useful life for turbines and
considering a weight of 10 tons per MW, it is expected
that by the end of 2042, the wind energy industry will

decision makers is to harness renewable energy as much
as possible. Through the deployment of energy harvester
devices, countries try to mitigate the destructive effects
of fossil fuels. Among the clean and sustainable sources
of energy, the wind plays an impactive role. Today, the
installed capacity of wind turbines around the world is
approaching 1000 GW, thanks to technological
advancement as well as the continuous decline in the total
cost over the past years. The installed capacity of wind
energy by the end of 2022 in the European Union, the
United States, China and other different regions of the
world is shown in Figure 1. Blades, as the most important
parts of the turbine, convert the kinetic energy of the
airflow into the mechanical energy. To increase the
capacity of the turbines, larger blades are required.
Considering the lifespan of wind turbines, which is
typically between 20 and 30 years, their first generation
is about to be out of service, and the waste management
of such large composite blades becomes a serious

face 8.6 million tons of blades that have reached the end
of their life (Delaney et al., 2023). Additionally, studies
indicate that by 2050, about 43 million tons of waste
blade will be produced, among which the share of China
will be 40%, Europe 25%, the rest of the regions 19%,
and the United States 16% (Liu and Barlow, 2017).
Figure 2 shows the blade material with respect to the
decommissioning interval for different regions of the
world.

2. METHOD

Figure 3 depicts the waste hierarchy for sustainable
blade waste management, consisting of the prevention,
reuse, repurpose, recycling, recovery, and disposal.
Among these six options, the recycling approach has
garnered more attention by researchers. This has been
explored through experimental studies using three
important techniques: mechanical, thermal, and chemical
methods, all of which are examined in detail.
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Figure 1. Total installed wind capacity in the world by 2022
(Delaney et al., 2023)
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Figure 2. The amount of blades that are out of service after
the end of their working lifetime (Delaney et al., 2023)
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Figure 3. The waste hierarchy for sustainable blade waste
management.

3. RESULTS AND DISCUSSION

Different solutions for the sustainable blade waste
management procedure are proposed as follows:

Prevention: This solution is primarily achieved by
extending the blades’ lifetime through technological
advancement and timely maintenance operations.

Reuse: After reaching the end of their lifespan, the
blades could be overhauled and reused. The second-hand
market also offers opportunities for selling and reusing
them in other turbines.

Repurpose: In this case, the blades could be
repurposed as bike shelters, bridge support, house
structure, and more (Jensen and Skelton, 2018);

Recycling: This approach, widely wused by
researchers, consists of three techniques including the
mechanical, thermal, and chemical.

Recovery: The process of converting waste materials
into the energy or usable materials is often done through
incineration to recover energy. This solution is of
particular interest to heat-demanding industries such as
cement factories (Jacoby M. 2022).

Disposal: This solution, which is not suggested,
involves wither landfilling the blades or incinerating
them without energy recovery.

4. CONCLUSION

Although chemical recycling techniques require more
energy compared to the mechanical and thermal ones,
they can be applied not only to new blades but also to old
ones, returning them to the recycling process and
manufacturing new generation of blades, thereby
promoting a circular economy. This technique holds
promise as it proposes a sustainable approach for
managing composite-based materials used across
different industries.
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* Resale: Blades with resale vahe are |
carefully dismantled, refurbished and
taken off site for resale or trading m
the second hand wind tubine

* Re-fabrication: Finding a second kfe or
new purpose for full blades or parts of the
blades in a new product.

* Recycling: The processing of waste material into a )
new product or material.

* Energy-from-Waste: The process of converting waste
into energy (heat, power or fuel) or materials.

recovery.

* Disposal: Landfill or incineration without energy or material 7/
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