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With strict legislation on landfill and other environmental limits, recycling, reusing, and repurposing FRP composites will

be at the forefront of sustainable waste management strategies in the future. This research presents a review of FRP

waste disposal methods, with a focus on waste minimisation and reuse. The methods include waste minimisation,

reuse/repurpose, recycling, incineration and landfill. The main recycling routes consist of mechanical, thermal and

chemical recycling. Discarding FRP waste in a sustainable manner presents a major challenge in a circular economy.

Waste prevention or reuse of FPR composite waste is the way forward to tackle this challenge.
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1. Introduction

The construction sector produces about a third of global carbon emissions. Sustainable technologies and materials are

needed to support the transition to net-zero carbon emissions through an energy-efficient and resilient building and

construction sector . Fibre reinforced polymer (FRPs) composites are eco-friendly materials with a lower carbon footprint

than traditional materials, such as concrete, steel, masonry, and timber. FRPs have been used in various industries

ranging from construction, aerospace, automotive, marine, and electronics to the wind energy sector. The key reasons for

the growth of FRPs include their excellent mechanical properties, lightweight, mouldability, and corrosion resistance. With

the growing use of FRP materials in the building and construction industry, recycling FRP waste materials is becoming a

major environmental challenge. Sustainable tools and methods should be used for the effective disposal of FRP waste.

Fibre reinforced polymer (FRP) composite materials contain fibres placed in a resin matrix. Fibres provide strength and

stiffness, and the resin acts as a binder for fibres. Generally, synthetic or man-made fibres are used in FRP composite

parts. These include carbon, glass, and aramid fibres . Currently, semi-natural basalt fibres made from basalt rock

are undergoing experimentation for structural applications . Academic research is available on natural fibres,

such as hemp, sisal, flax, and bamboo fibres. However, commercial FRP products using natural fibres do not exist yet 

. Thermoset resins, such as polyester, vinylester, or epoxy, are commonly used. Thermoplastic resins, though not

widely used in structural engineering, also exist, primarily for use in aerospace engineering. Thermoset resins have cross-

linked molecules; once set, they cannot be remoulded. It is hard to recycle thermoset-based FRP composites without the

deterioration of the recovered fibres or resin . Thermoplastic resins can be moulded, remoulded, and reshaped into any

form due to their weak molecular bonds. They can be easily recycled and reprocessed . As per the European

Composites Industry Association (EuCia), in 2020, more than 90% of all FRPs materials were glass FRP composites .

The nature of the FRP composite industry controls the use of a particular resin. About 2/3 of all resins are thermoset, and

1/3 are thermoplastic . Both glass fibres and thermoset resin are difficult to recycle.

By 2026, the global market for fibre reinforced polymer composites is expected to reach USD 375 billion, from USD 228

billion in 2019, with a compound annual growth rate of 7.3% . FRP composites have applications in more than 15

industries, with an estimated production value of USD 100 billion and a volume of 12.1 million tonnes in 2021. The major

growth will be in the construction, transportation, wind energy, aerospace, electrical, and electronics sectors . The main

challenges for the FRP industry in the future will be related to the handling and recycling of FRPs while meeting

environmental limits and governmental legislation. In a circular economy, a closed-loop cradle-to-cradle approach is

needed to turn the FRP composite waste into a valuable resource . The waste is generated during production and

end-of-life use. The estimated volume of FRP composite waste generated by various industries is shown in Figure 1.

Construction is the largest contributor to FRP waste. To address this issue, a proper waste management hierarchy is

needed, which is presented in the next section. The global market share and the size of FRP waste are estimated by

market research organisations and should be used with caution. Different organisations provide different values. The

researcher found no independent published journal papers to verify the claims made.
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Figure 1. Estimated FRP waste in thousands of tonnes in 2025 (adapted from ).

The growing demand for FRP composites in various industries has led to increased waste. This waste should be

discarded in a manner that is considerate to the environment. Furthermore, governmental legislation shapes public

behaviour by promoting recycling rates and minimising landfill use. The European Union Directive 2018/850 on the landfill

of waste  limits the municipal waste to landfill to only 10% by 2035 (article 5(5) of Landfill Directive, LFD). In future,

there will be more and more focus on recycling FRP composite waste. Therefore, there is a need to explore different

composite waste recycling/disposal routes that are environmentally sustainable and commercially viable. Most papers are

based on a single FRP recycling method, but some papers review all disposal options. The majority of research is on

generic recycling methods at a small-scale while using laboratory experiments. FRP parts used in automotive, aerospace,

and electrical/electronic industries are typically thin and small. Buildings, bridges, and wind turbines generally use thicker

and bigger FRP components than the other FRP sectors. As per Figure 1, the building and construction sector is the

major contributor to FRP waste. Recycling these large parts requires scalable recycling processes.

The novelty of this research is that it critically reviews various FRP waste disposal routes for structural engineering

applications and wind turbines. Prior research mainly focussed on the disposal of thin and small parts in other industries,

such as aerospace, electrical, sports, marine, and automotive. The scope of this research is limited to a review of the

disposal routes for thermoset-based glass and carbon FRPs in the construction and wind turbine industries; thermoplastic

FRPs are only briefly discussed. The recycling methods for thermoplastic FRPs are no different from thermoset FRPs.

The reason for using only glass and carbon fibre composites is that most FRP applications use these fibres. More than

90% of all FRP products use glass fibres, and 66% of all composites use thermoset resin. The remaining FRPs mostly

employ carbon fibres. This makes it worthwhile to study the recycling of glass and carbon fibres with thermoset resin.

Other synthetic fibres, such as aramid fibres, are only used in less than 1% of FRP applications .

2. FRP Waste Disposal Routes

As per the four-tiered waste management hierarchy developed by The European Union’s 2008/98/EC directive , as

shown in Figure 2, the waste should be minimised to preserve valuable space in landfills. In order of preference, FRP

waste disposal options are minimisation/prevention, reuse/repurpose, recycling, incineration with or without energy

recovery, and dumping in a landfill . The main focus is on either the minimisation or prevention of waste, followed by

reuse, recycling, recovery, and disposal. It is essential to recycle, reuse, and repurpose FRP composite waste generated

from production, usage, or end-of-life scrap. FRP waste material negatively impacts the local environment by

contaminating the soil, air, and groundwater. It can spread infectious diseases as well . Landfill and incineration are not

recycling methods. The incineration route still leaves behind 50% of the waste material as ash, which still needs to be

landfilled .
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Figure 2. Waste management hierarchy as per The European Union’s 2008/98/EC directive .

3. Waste Prevention and Reuse

FRP waste should be minimised as much as possible. The waste from production processes can be reduced by using

automatic manufacturing methods. The end-of-life waste can be minimised by considering sustainable disposal routes at

the conceptual design stage of the FRP composite part. Reusing and repurposing composite parts after their service lives

should be the next preferred step in a sustainable waste management hierarchy.

3.1. Waste Minimisation or Prevention

The most eco-friendly option for waste disposal is to minimise waste. The production and manufacturing of FRP members

and parts generate a considerable amount of waste. As much as 40% waste can be generated from the production of

FRP parts . FRP manufacturing techniques must be improved to reduce production waste. Most automatic methods,

such as pultrusion and filament winding, are efficient and have limited production waste. The FRP waste generated from

various manufacturing methods includes defective items, outdated moulds, trial runs, off-cuts, spray trimmings, trimming

from vacuum infusion, trimming dust, and off-cuts .

FRP production waste (scrap) produced in highly efficient automatic processes, such as pultrusion, is in the range of 2–

5%. In comparison, it can increase to 15% when using manual methods such as a hand layup. CFRP pre-preg scrap in

aerospace production can reach as much as 40% . The average FRP manufacturing waste or process waste/scrap is

estimated to be 10% of the production volume . Most FRP production waste, as seen in Figure 3, ends up in a landfill.

Dumping this waste in a landfill may not be the best sustainable waste disposal solution, as there are now strict laws in

some European countries for landfilling. Moreover, the space available in landfill sites may be limited in some countries.

Figure 3. FRP waste disposal .

FRP waste comes from production, usage, and end-of-life deconstruction. Production waste can be reduced by reviewing

the manufacturing process and identifying the most efficient one. Most automatic processes result in less waste than

manual methods. In construction, automatic processes can be used for structural profiles. However, free-form geometry

may be required in bridge components, where manual methods are more suitable. Manual methods, such as pre-pregs

and resin transfer moulding, dominate the FRP composite aerospace industry. Some automated hand-layups are also
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used in aerospace, but complete process automation is not feasible. Scrap pre-pregs can also be used as construction

tiles. Trim allowances, normally 25–50 mm, can be reduced to minimise pre-preg scrap. Nesting composite parts for

efficient material use in pre-pregs can also reduce waste.

3.2. Reuse or Repurpose

Reusing and repurposing FRP parts at the end of their service life should be the next priority if the waste cannot be

prevented or minimised. Reusing means using the FRP parts after their end-of-life in the same industry in which the

components were once used. Repurposing relates to reusing FRP parts at the end of their service for a different

application, generally lower in value than the original application . Deconstruction and reuse must be kept in mind when

designing, constructing, and using FRP structures for intended future reuse. For example, FRP structures using bolted

joints can be demounted at the end of their service life and can be reused. However, it might be challenging to re-

calculate the strength and material properties of the reused pultruded FRP parts. This also depends on the type of FRP

structure. FRP profiles are challenging to reuse, whereas FRP domes can be easily reused or repurposed. On the other

hand, adhesively bonded joints are difficult to deconstruct and reuse at the end of their lives.

Many FRP products are specifically designed and constructed for a particular application with no intention of recovery or

reuse after their usage. These applications include façade panels, FRP swimming pools, and pipes. However, FRP

domes, chimneys, and clock towers can potentially be reused or repurposed. Structural profiles, such as I, W, channel,

angle, and tubular sections, may be difficult to reuse, as the extent of deterioration and creep effects cannot be reliably

determined. Equally, it is hard to assess the load-carrying capacity and material properties without prior knowledge of the

fibre layup of the decommissioned composite part. Pultruded FRP profiles produced for one application are generally not

suitable for reuse in other applications .

Glass FRP wind turbine blades can be repurposed into structural beams or columns. Repurposing is defined as

remanufacturing and redesigning wind blades at the end of their service life and reusing them as structural elements in

new structures, such as sound barriers, transmission poles, bridges, sea walls, and shelters . A footbridge made from

decommissioned wind turbine blades was installed in 2022 in Cork, Ireland, as shown in Figure 4. The bridge is 5 m long

and 3.5 m wide and is supported on concrete abutments. The main girders are from two GFRP wind turbine blades. The

joints, transverse beams and decks use structural steel. Wind turbine blades are designed for a service life of 20–25

years. Regardless of their condition, they are decommissioned at the end of life. Glass FRPs are very difficult to recycle.

Repurposing these blades to new structural applications minimises the waste in a landfill . Wind turbine blades are also

proposed to be used in electric transmission towers , as seen in Figure 5. Wind turbine blades have also been

employed in secondary applications, such as playgrounds and bus shelters in The Netherlands .

Figure 4. Re-Wind Network’s first footbridge in Cork, Ireland, constructed from decommissioned wind turbine blades in

January 2022: (a) Front view of the blade bridge; (b) Side view of the footbridge, Photo Credit: Re-Wind Network .
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Figure 5. Rendered Wind turbine blade utility transmission poles to be constructed in Kansas, USA , Photo credit: Re-

Wind Network .

Currently, only a small percentage of FRP composites are reused in the UK, 6% for glass fibre and 2% for carbon fibre

. There are two main barriers to the wide adoption of reusing and repurposing FRP composites. First is the difficulty in

establishing the material properties of the decommissioned FRP part, and second is the high cost associated with

reclaimed fibres, resin, and other ground FRP material. To address the first problem, non-destructive testing and structural

health monitoring techniques can be used to estimate the material properties of the deconstructed part. The second

problem can be solved by linking a suitable recycling route to the quality and value of the reclaimed material. For

example, glass FRPs can be ground and reused in concrete or asphalt mixes; and carbon fibres can be recovered using

more refined recycling processes—thermal or chemical recycling. The reclaimed carbon fibres can then be reused as a

reinforcement in other FRP components. 
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