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1. [bookmark: _Toc197230169]Introduction
This report will go into a detailed analysis of the different properties and performance of composite materials. After conducting experimental testing on a select range of different composites, the sustainability of performance of these materials will be evaluated to determine their most appropriate uses in the motorsport and automotive industries. The findings from this research and testing will be the basis for recommendations made for the use of certain materials. Such testing will be conducted in a group of students within an engineering science lab under supervision of an engineering science technician.


2. [bookmark: _Toc197230170]Literature Review
Recent technical reports suggest that composite materials have a range of advantages which allow them to hold a permanent place in modern engineering, (Khan, et al. 2024). The strength to weight ratio of composites is arguably the most significant benefit. In comparison to steel and aluminium, carbon fibre is both stronger and stiffer per unit of weight, despite only weighing approximately 25% as much. A technical review on the advances of composite materials in automobile applications by Khan, et al. 2024, explains how multilayer composite laminates absorb more energy than conventional single-layer steel, which allows automotive manufacturers to reduce their vehicle’s weight by up to 60% whilst still being able to improve crash safety. The report continues to explain further advantages such as durability and damage tolerance which can be contributed to their outstanding dimensional stability which, along with their corrosion resistance, makes them suitable for applications such as wind turbine blades and pipelines or containers. Composites’ ability to conform around complex moulds is a very useful property to automotive and motorsport manufacturers who design intricate parts for aesthetic, economical or performance designs.
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Figure 1: Comparison between composite and pure materials. (Chawla, 2019)
Tech-Fab Europe, 2023, discusses the trend of composites steadily increasing on mid- and high production vehicles with glass fibre-reinforced polymers used in components such as body panels and frames. Composite materials provide more design freedom with better space efficiency, quicker assembly, higher flame resistance and durability, while maintaining a high stiffness performance. To meet ecological requirements of European automakers’ criteria when designing vehicles, manufacturers such as Mercedes and Porsche have started using more sustainable composites for their luxury and performance cars. On the Mercedes-AMG GTA race cars, new bumpers are made with high-performance natural flax fibres to provide sustainable bodywork solutions. This offers a 90% reduction of total material emissions compared to the previous iteration made from carbon fibre, as well as a reduction of carbon dioxide emissions of 85%. The Porsche 718 Cayman GT3 CS model features interior parts which were previously carbon fibre, replaced with natural fibre composites that offer similar reductions in total emissions and an even greater decrease in carbon emissions and vibrations.
Manufacturing composite materials can involve varying methods with complex technologies, (Lunetto, Galati et al. 2022). We can categorize different methods of manufacture into the type of composite they create. Thermoplastic polymers are polymers that can be moulded, melted and remoulded without changing its physical properties, (Martinez, 2025). This ability to deform give them good impact resistance and damage tolerance as they are less brittle. Being less dense make them a viable alternative for weight critical applications. Manufacturing thermoplastics are generally more expensive than thermosets due to being more energy intensive. This is because of the high temperatures and pressures required to melt the plastic and impregnate fibres within the matrix. On the contrary, thermoset polymers are cured into a solid form and are unable to return to their original, uncured state. Composites made with thermoset matrices are strong and have very good fatigue strength. The liquid resin is easy to work with, making the manufacturing process generally cheaper and easier. They are very difficult to recycle since the thermoset cannot be remoulded or reshaped.
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Figure 2: Manufacturing processes for composite material production. * conventional manufacturing processes, □automated processes, Δ additive manufacturing processes. (Lunetto, Galati et al. 2022)
The selection process for manufacturing a composite depends on the application and size of the component. Despite the numerous methods listed in figure 2, only a select few processes make up most of the global volume distribution.
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Figure 3: Global market distribution by manufacturing processes. (Lunetto, Galati et al. 2022)
As depicted in the figure above, layup, injection and compression moulding take up the majority share whilst other remaining processes occupy only around 5% of the global market due to only being able to produce parts of limited dimensions and complexity. Additive manufacturing and nanotechnology processes are still limited due to the technology readiness level currently being too low for large industrial applications.
The increased usage of composite materials in several manufacturing sectors will inherently cause issues with handling their relative waste. Due to the composite nature of these materials, recycling them becomes difficult. Recycling techniques can be grouped into mechanical, thermal and chemical processes. Mechanical techniques are based on grinding the matrix to the side of the composite after an initial crushing, usually consisting of machining or other techniques such as high voltage fragmentation. Pyrolysis, fluidised bed pyrolysis, and microwave-assisted pyrolysis are different techniques available for thermal processes. Pyrolysis involves the heating of composites in the absence of oxygen to deconstruct the polymer, where materials such as fibres, fillers and inserts are recovered (U.S Department of Agriculture 2025). Solvolysis is a chemical approach where a range of solvents, pressure, temperatures and catalysts to make this technique usable with different composites. Furthermore, solvolysis can isolate monomers. Waste management via landfilling, incineration and co-incineration with energy recovery are less righteous tactics compared to recycling techniques such as grinding and pyrolysis. Recycling methods are commonly expensive options but lower contribution toward global warming.
Methodology proposed by Suzuki, 2005, for life cycle analysis considers the weight of the polymer matrix fraction and that of reinforcement on the embodied energy of a composite. The embodied energy of a composite is found by using a weighted average of the embodied energy of the polymer matrix and reinforcement. Specific energy consumption is a parameter used at the manufacturing level. The embodied energy of the composite component and specific energy consumption are both multiplied by the composite mass. The overall energy of the composite component can then be calculated by adding both the energy embedded in the composite raw materials and energy needed to manufacture a component.
Many research articles focus on the global warming potential of composite materials and investigate the carbon footprint assess the sustainability of different materials. A reason for why composites decrease the value of global warming potential is the reduction in product weight they contribute too. Increased strength from bonding materials to make a composite, results in achieving strength specifications at a lower component mass, (Saiful, Habibur et al. 2023). Biobased components are another method of reducing carbon footprint as they are formed during the process of photosynthesis, already taking carbon dioxide from the air. Therefore, the inclusion of biobased components within a composite material is usually accepted as an environmentally friendly choice. Using a careful life cycle analysis approach, consideration is needed for the usage of fossil fuels, either from electricity, planting and fertilizing, processing biomaterial, preparation and transportation. Along with environmental impacts, it is important to consider economical sustainability which questions whether a certain technology can be profitable, (Martin, 2023). When trying to recycle composites, large financial costs prove to be a burden when trying to separate composite material back into its components. Such processes may not be justifiable by the value of recovered plastic and fibres which may be partly contaminated and degraded following the recycling procedure.


3. [bookmark: _Toc197230171]Experimental Testing
To gather some empirical data on composite materials, experimental testing was conducted in a science laboratory using a tensile testing machine with a range of different materials. The testing was carried out in a group of four students under the supervision of a science lab technician. While using the Denison test equipment, the appropriate personal protective equipment (PPE), being safety goggles, were worn throughout the test session.
The experiments were done to evaluate the tensile strength of reinforced fibre composite materials while using a base metal, aluminium, as a comparison. The material was sourced from the company: Easy Composites, who provided data sheets to go with them. Each test piece was manufactured using a resin infusion process, whereby the materials is vacuum sealed, and resin is drawn through it. The low pressure from inside the vacuumed bag helps evenly distribute the resin across the material. Additional mesh material was added to the process to allow the testing machine to grip the pieces easier.
The material being used in testing are as follows:
· Aluminium
· Carbon Non-Woven Bio
· Carbon Woven 3x200 Bio
· Carbon Woven 3x200 Epoxy
· Hemp
· Kevlar Woven Bio
· Non-Woven Flax Bio
· Woven Flax Bio
For the carbon and Kevlar material, it is assumed that a 50:50 volume fraction between fibres and epoxy are used. Using the data sheets provided from Easy Composites, epoxy infusion resin uses a mix ratio of 100:30 by weight, whereas epoxy infusion bio resin uses a mix ratio of 100:22 by weight. The twill materials are made up by using 3 layers of 200g flax and 200g carbon twill as well as 2 layers of 300g Kevlar twill, therefore having each material weigh in at 600g. For the non-woven materials, 1 layer of 300g non-woven flax and 300g non-woven carbon and 3 layers of 100g non-woven Hemp, therefore having each material weigh in at 300g. Where multiple layers are used, they were placed at 45 degrees to each other.
Before starting each test, the sample piece is measured using a digital calliper to calculate the area which is used as an input in the software connected to the tensile testing machine. The samples are secured in the vices of the machine before beginning to test.
Each material had two test pieces which were both tested to find an average ultimate tensile strength (UTS). The following figure displays the range of materials and how their UTS varies.
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Figure 4: Mean Ultimate Tensile Strength of Sample Materials
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AI-generated content may be incorrect.]The above graph depicts 600g woven carbon with traditional epoxy infused resin as having the highest mean UTS, at 395.7 MPa. On the other hand, Hemp has the lowest mean UTS, at only 24.4 MPa. When comparing woven and non-woven material using bio resin, it appears that non-woven carbon is stronger than woven carbon. However, woven has a mean UTS which is almost double that of its non-woven counterpart. Interestingly, non-woven carbon with bio resin had a large range of UTS results, having a difference of 116 MPa.

Figure 5: UTS Results from each sample test

To calculate the UTS of each material, the applied load was divided by the cross-sectional area of each sample piece. The maximum stress value from this array was taken as the UTS.

Equation 1: Stress equation
 By comparing the figures below which show the stress on the material over the duration of the test, it’s clear that the second experiment for the carbon non-woven bio composite took approximately 43 seconds longer than the first. However, the second experiment also shows a period of about 10 seconds at the beginning of the test where no stress is being applied to the material. This is likely due to the sample not being held taut by the machine, prior to the readings being taken. Although, even by factoring this in, the second test still has a longer duration and subsequently reaches a higher tensile stress level of 269 MPa before failing.
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Figure 6: Stress over Time for Carbon Non-Woven Bio Test 1 (Left) & Test 2 (Right)
 Compared to the data sheets, Hemp’s mean UTS is only half of that specified by Easy Composites, 2023. An interesting observation from the Hemp tensile tests were the short period of constant stress after reaching 7 MPa. Similarly, carbon fibre non-woven bio also produced a much lower mean UTS then what was specified, being ~28% less. It is possible that these variations may be due to differences in testing conditions, including the geometry of test specimens. Processing quality and cure conditions may also play a part in suboptimal bonding or poor matrix-fibre adhesion which could lead to a lower UTS.
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Figure 7: Stress over Time for Hemp Test 1 (Left) & Test 2 (Right)

When looking at the breaking points of each sample piece, it’s interesting to note that necking doesn’t takes place on the composites before they split in often a straight line. This observation of failure is common among all the composites tested and differs to the traditional metal, aluminium, which was tested first as a comparison to the composites. Aluminium beings to show 45 degree lines when under tensile load and undergos a slight amount of necking before failing at a similar angle. This is much different to the composite materials which fail a lot more suddenly and have a straight split, exhibiting frays of torn fibres.
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Figure 8: Test samples of woven carbon with bio resin (Left) & woven flax with bio resin (Right)
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Figure 9: Test samples of Aluminium (Left) & Hemp Non-Woven with bio resin (Right)


4. [bookmark: _Toc197230172]Sustainability Analysis
When analysing composite materials, it is important to consider the environmental impact they have, before trying to replace all standard metals with them. The increased strength to weight ratio is an obvious benefit to composites on an industrial scale. However, a full life cycle analysis is required to evaluate their impact on the environment. Starting with the resource extraction, carbon fibre, a commonly used material in the automotive and motorsport industry, is usually made via the polyacrylonitrile (PAN) process. PAN is firstly converted into fibres by spinning techniques, (Zhang, Gan et al. 2023). The spun fibres are stabilized using heat treatment to convert the thermoplastic PAN into a more rigid structure, (Konstantopoulos 2020). Carbonization then occurs where the stable fibres are heat treated under an inert atmosphere like nitrogen which is a non-reactive gas. Being subjected to temperatures around 1000 degrees Celsius, the remaining non-carbon elements are removed, and the fibre is converted to carbon fibre. The cradle to gate analysis, which describes the materials journey from resource extraction to customer distribution, is reported to have high energy demands of up to 245 MJ/kg PAN fibre, (Das, 2011). Further studies present gate-to-gate energy of the polymerisation and spinning processes range between 312 and 294 MJ/kg PAN fibre, (Liddell et al, 2016). The production of carbon fibre also emits approximately 24 kg CO2 per kg of fibre. This is considerably higher than the energy requirements for the production of steel (20-30 MJ/kg) and glass fibre (45 MJ/kg), (Zhang, Gan et al. 2023). Comparatively, natural fibre composites such as hemp and flax, are derived from renewable sources which usually have less energy requirements for their extraction, leading to lower carbon emissions than synthetic fibres, (Puttegowda, 2025). Although, the cultivation of natural fibres may have agricultural impacts as the use of fertilizers and pesticides may have environmental consequences if they aren’t managed sustainably. During the manufacturing stage, synthetic composites can produce emissions of volatile organic compounds. These emissions, especially from open moulds, can pose health risks and contribute to air pollution. This is why it is important to lay up composites in a well-ventilated room and wear the appropriate PPE when doing so. Processing natural fibres typically have a reduced energy demand, which can be lowered further using closed-mould techniques. However, inconsistencies in the properties of natural fibres may require extra processing to reach quality standards. In the use phase of the material, the previously mentioned lightweight advantage helps proves to be beneficial in the automotive, motorsport and aerospace sectors, improving fuel efficiency and reducing emissions of the vehicles they’re used in. Composites also are quite durable with a long service life reducing the necessity of common replacements, which minimize the resource consumption and waste generation over time. Although complex parts made for the motorsport industry can be very costly to produce, teams that compete in endurance events will often try to repair body panels where possible, being much cheaper than producing a complete new piece. Despite thermoset composites being challenging to recycle, with methods like pyrolysis being energy intensive and not largely adopted, thermoplastics can be remelted and reshaped, allowing for an easier recycling process and promoting sustainable usage of composite materials. Depending on the matrix material, natural fibre composites have the potential for biodegradability. Although, this is not guaranteed if using synthetic resins. For a full cradle to grave analysis, the end-of-life disposal should be accounted for, where many composites, especially thermosets, end up in landfills due to challenges associated with recycling them. They persist there for long periods without degrading. Incineration can be used to recover energy, although it may release harmful emissions, particularly if halogenated resins are present. These may contain chlorine or bromine atoms in their structure.
With circular economic directives, such as the EU Green Deal and UK Environment Act 2021, composite manufacturers will have to design their products for recyclability and material recovery. As a result of this, we may see a shift toward thermoplastic composites and more recyclable natural fibre-reinforced polymers. With governments tightening CO2 reduction targets, adopting policies fit for reducing net greenhouse gas emissions by at least 55% by 2030, (EU, 2019), the lightweight nature of composites will prove to be a favourable choice to manufacturers in the auto industry. However, due to the carbon-intensive production process, carbon fibre may be subject to more scrutiny if development on renewable energy or production methods isn’t made. In the motorsport world, the FIA Environmental Strategy & Sustainability Roadmap for the current decade has a key target to be net-zero by 2030 and use 100% sustainable materials and fuels. This has led teams to explore bio-based resins and natural fibres for interior components. Implementing lifecycle assessments for the materials used in production is also a way of adapting to reach these targets.


5. [bookmark: _Toc197230173]Recommendations
Based on the empirical data collected from the tensile testing in section 3, coupled with the research into sustainability of composites, there are several recommendations to be made by this report. Firstly, it appears that woven carbon fibre cured with traditional epoxy resins are the strongest option for structural components. However, figure 4 also shows that woven Kevlar with a bio resin has the second highest mean UTS. This is a recommended alternative to carbon fibre considering the carbon emissions from the resource extraction involved with carbon fibre. Kevlar is also less dense that both carbon and glass fibre, allowing for lighter components, increasing sustainability. Although the natural fibre composites are comparatively low in tensile strength, they should still be used for non-structural components, such as interior design, offering a lightweight, sustainable option for manufacturers. Due to the popular usage of carbon fibre in the motorsport industry, it is advised that further research into recycling technologies for carbon fibre is done to promote a more sustainable approach of using carbon fibre in a sector where plenty of money is thrown at research and development. Reducing the energy demand for processes such as pyrolysis or solvolysis can help recycling composites become more widespread throughout industry.
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