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Introduction:
This report evaluates the use of composite materials within the automotive, motorsport and motorcycle industries, with a focus on their structural performance and sustainability implications. Commonly used composites such as carbon fibre, glass fibre and aramid fibres (e.g Kevlar) are commonly used due to their high strength and stiffness to weight ratio and suitability for high performance motorsport use.  
However, the increasing importance of sustainability within the automotive and motorsport engineering sectors, requires critical analysis of these materials beyond just their structural performance. This study therefore determines the advantages and limitations of composite materials considering factors such as manufacturing cost, environment impact, and recyclability.
In addition to the composite itself, the use of the resins used in composite manufacturing, including their influence on material properties and environmental implications. Composite materials typically consist of the composite reinforcement sheets embedded within resin, to form a layered structure. These layers can also be placed at certain angles to each other to achieve certain mechanical properties. 
With composites becoming so widespread in the industry, there must be critical analysis of the advantages and disadvantages of their use, specifically looking at the manufacturing cost, the environmental cost that these fibres post to the earth and the recyclability and long term sustainable use of these composites.
Experimental tests were performed on a range of different composite composition samples to evaluate their mechanical performance, namely strength and stiffness and to compare these results with published data and manufacturer specifications. The results are then used to determine whether an optimal balance between performance and sustainability can be achieved for future automotive and motorsport applications. 

1. [bookmark: _Toc228120057]Literature review:
1.1. [bookmark: _Toc228120058]Overview of composite materials:
Advanced composite materials are a construction made from two or more component materials with significantly different properties, that when combined create a composite with combined physical properties from both materials to make the composite with properties superior than either material individually. They are typically made of a reinforcement phase and a matrix phase, with the reinforcement commonly being in the form of a sheet of fibre, while the matrix is usually a form of polymer resin, often epoxy.
The primary advantage of composite materials is their high specific strength and stiffness to weight ratio, making them suitable for applications in motorsport, automotive and motorcycle where keeping weight down is a major factor (Xinlei, 2023).


1.2. [bookmark: _Toc228120059]Carbon fibre composites
One of the most common types of composites materials being used in automotive applications is carbon-fibre reinforced polymer. It is made up of carbon fibres and a polymer resin. It is incredibly lightweight, strong and durable. Carbon fibre is around 5 times lighter than steel whilst being twice as stiff. Carbon fibres have the highest specific stiffness, stiffness to density ratio, of any other commercially available composite. Research shows that carbon-fibre composites can achieve up to 50-70% weight reduction when compared with steel, significantly improving vehicle performance and fuel efficiency.
They can be made from a variety of raw materials which have a high carbon atom content, but for this purpose we will look at polyacrylonitrile (PAN) which is the most common due to its consistent quality (Hatton, 2019).
The filaments go through 3 stages:
1. Oxidation – They are heated to around 200°C where they gain their signature black colour.
2. Carbonisation – Then heated to 800-1600°C within an inert gas to burn away any non-carbon matter such as nitrogen.
3. Graphitisation – heated to 3000°C and stretched. Shrinkage is then deliberately prevented to arrange the carbon atoms in a graphitic crystalline structure along the length of the filaments. The temperature of graphitisation can be altered to tune the mechanical properties of the fibre.
(Hatton, 2019)
These filaments are then thinner than a human hair and can be twisted or bundled to form a strand which can be combined into yarn or roving. This yarn or roving is used to create woven, non-woven or uni-directional reinforcement fabrics. This study will only look at the woven and non-woven types as uni-directional is not used widely in automotive and motorsport applications.
[image: ]
In automotive and motorsport applications, carbon fibre has a wide range of uses, from entire monocoque chassis in the highest level of racing such as in F1, to suspension elements such as control arms and push/pull rods, drive shafts, aerodynamic body panels such as roofs and bonnets, wheels and interior components such as seats.


1.3. [bookmark: _Toc228120060]Glass fibre composites
Glass when constructed as a singular sheet is very brittle, cracks and shatters easily and would be a hazard on a racetrack, when it is made into small diameter filaments, the fibres work together to reinforce each other, and a crack through a singular fibre doesn’t affect the ones surrounding it. The relative proportion of fibres affected is small so the fibres reinforce each other. (Piran, 2023)
Fibreglass is made by melting silicon oxide from sand along with other mineral additives at around 1600°C and then extruding the fibres by forcing the molten glass through small holes to draw out the filaments. Once they are drawn they are cooled with water to aid in solidification. The filaments are then quickly wound around a coil in order to stretch the material resulting in a thinner filament that can be as small as 20 microns (Hatton, 2019).
These filaments then, similarly to carbon fibre are processed into yarns or roving which are used to make a fabric sheet. These glass fibre fabric sheets are also embedded within a resin matrix to form the final composite. 
Fibreglass composites are commonly used in automotive and motorsport purposes for body panels, interior components and structural supports where high performance is not required such as fuel tank supports, bumper supports, cab reinforcements and interior panel supports and seats. Fibreglass composites affordable, easy to repair and shape into custom panel shapes. Although glass fibres require less energy than carbon fibres to produces, recycling of fibreglass, like carbon fibre, remains a big challenge.

1.4. [bookmark: _Toc228120061]Aramid composites
Aramid fibres are commonly known as Kevlar or Twaron, which are specific brand variations of aramid fibres, with Kevlar being most common. 
These fibres are related to nylon but can be made with differing chemical compositions and the polymer chains are given direction during the manufacturing process making them incredibly stiff. Aramids have high tensile strength, low density and excellent toughness, however aramid fibres have low compressive strength along the length of the fibre which can lead to separation of layers under compression. (Teijin, 2026)
In motorsport, like glass fibres, aramids is commonly used as body panels, protective structures, and interior components such as seats. Aramid is more costly than glass fibre but also has a lower density making it lighter. Compared to carbon fibre it has greater impact and abrasion resistance but lower compressive strength, giving aramids more limited uses compared to the above listed glass and carbon fibres. 
Just as the glass and carbon fibres mentioned, aramids fibres are difficult to recycle and their environmental impact is significant due to complex chemical processing during manufacturing.



1.5. [bookmark: _Toc228120062]Natural fibres
Natural fibres are increasingly being studied as a sustainable alternative to the above mentioned synthetic fibres. The fibres are typically extracted from the stems and leaved of plants, with examples being flax, hemp and jute, with flax being the most widely used for engineering purposes. 
Flax fibres are extracted from the stem of the Linus Usitatissimum plant. They can be characterised by relatively high specific stiffness and low density compared to synthetic fibres. According to research, some studies show that flax fibres can approach the stiffness of glass fibres under certain conditions (Pickering et al., 2016).
The primary advantage of flax is the significantly lowered environmental impact as it is natural and more can be grown. Being a plant it also absorbs carbon dioxide through its life before it is harvested to be processed which overall further reduces its carbon footprint. End of life recycling of flax fibre composites depends largely on the type of resin matrix used. 

1.6. [bookmark: _Toc228120063]Manufacturing process of composites:
The performance of composite materials depends largely on the way they are produced and weaved or woven together. The common methods used include:
· Hand lay up
· Vacuum bagging
· Resit transfer moulding (RTM)
· Autoclave curing
The processes influence the alignment of the fibres, void content and overall structural integrity. Advanced methods such as autoclave curing used for carbon fibre components can produce the high quality parts with minimal defects and uniform properties, however largely increases energy consumption of production and cost. 

1.7. [bookmark: _Toc228120064]Summary and comparison
Overall, composite materials can provide a significant reduction in weight over traditional metals such as steel and aluminium whilst retaining the same if not better structural integrity, making them important materials in modern automotive and motorsport engineering, however each composite has its own trade-offs:
· Carbon fibre: high performance, high cost and environmental impact
· Glass fibre: Lower cost, moderate performance and better sustainability than carbon
· Aramid: Excellent impact and abrasion resistance, limited structural uses
· Natural: lack the ultimate strength of the above composites, most environmentally sustainable


2. [bookmark: _Toc228120065]Sustainability analysis:
2.1. [bookmark: _Toc228120066] Lifecycle overview
The sustainability of composite must be analysed over their entire lifespan, from the raw material extraction, manufacturing process, use phase and end of life recycling. This is a critical part of determining if composite materials are a good fit for continued use in the automotive and motorsport sectors. 
2.2. [bookmark: _Toc228120067] Raw material extraction:
Starting with the extraction and processing of the required raw materials to create the required fibres for the composites in question. 
The most common carbon fibres used are derived from PAN which is a petroleum based pre-curser and requires temperatures over 1000°C to process resulting in a high energy demand and emissions associated with heating petroleum products. 
Glass fibres are produced from abundant raw materials such as silica sand and limestone giving it a lower natural resource requirement than carbon fibre however the energy requirement for the melting process still remains high. 
Aramid fibres, such as Kevlar, are made from chemicals known as synthetic aromatic polyamides which are out through a process called polymerization which joins these polyamides together to create long chain molecules. This relies on complex chemicals which are also petroleum based contributing to their environmental footprint. 
2.3. [bookmark: _Toc228120068] Manufacturing:
Manufacturing is a major contributor to the overall carbon footprint output of composite materials. High spec carbon fibre components are made with a process known as autoclave curing which uses elevated temperatures and pressures whilst the component cures, resulting in elevated energy use. 
Other manufacturing methods include resin transfer moulding (RTM) and vacuum-assisted resin infusion which can reduce the overall energy use of manufacturing however can result in composites of lower quality. A large factor within all the above listed composites, is the use of thermoset resins such as epoxy which are used as the matrix for the composites sheets to be layered with. Thermoset resins are derived from fossil fuels and are difficult to recycle. This makes recycling of even natural fibres incredibly difficult as the fibres are bound within the resin. 
In comparison, glass fibre has less manufacturing output to carbon fibres as the temperatures required are lower and less sustained and natural fibres the least as they use the lowest temperature manufacturing process and doesn’t require the same harmful chemicals. Aramids use increased temperatures and harsh chemicals in their production, giving them a high environmental footprint, but still lower than carbon. 




2.4. [bookmark: _Toc228120069] Use phase
The key advantage of composite materials come from their property of maintaining or increase the tensile strength over traditional aluminium or steel, whilst having significantly lower density and therefore total mass. 
In certain BMW models, by using carbon fibre composites, they have achieved a claimed 50% weight reduction over steel and 30% over aluminium (Hexagon, 2026). 
Research shows that the fuel economy can be improved by 5-7% by a 10% reduction in vehicle weight (Das, 2011). As this benefit is significant over the operational time of the vehicle, this has a significant implication when it comes to reducing the overall vehicle carbon output. 
The extent of which use phase benefits offset the increased production outputs depends on vehicle lifespan and proportion of composite materials used. 

2.5. [bookmark: _Toc228120070]End of life
End of life management is currently the largest sustainability challenge composites are facing. With most composites using thermoset resins and epoxy’s, which cannot be reshaped or re-melted, makes recycling very difficult. 
Current methods for end of life management include:
· Grinding into filler material
· Pyrolysis
· Chemical recycling
These methods are often energy intensive and costly resulting in a large proportion of composite materials to go to landfill anyways.
Pyrolysis is the thermal decomposition of organic materials, which is used on carbon-fibres to recover them which can then be used again for other purposes or to make new parts. Glass fibre scrap can be incinerated in cement kilns where the polymer resins get burnt for energy leaving behind the silicate and calcium carbonate which can be used to make cement. The burning of the polymers however, lets off harmful gasses in to the atmosphere (Composites UK, 2026). 
Regulatory pressure to increase recyclability of vehicles is increasing, such as the EU End of life Vehicles Directive requires a high percentage of vehicle materials to be reusable or recyclable. 


2.6. [bookmark: _Toc228120071]Overall carbon footprint assessment
As stated, the overall carbon footprint of composites depends on their production emissions and use phase offset. 
Carbon fibre have the highest production footprint but can be offset over time by long term use. Kevlar has the next highest production footprint requiring petroleum based chemicals but lower temperatures to produce, and can be offset more than carbon fibre due to its lower mass. Glass fibre are more moderate as their raw materials are abundant and are already harvested for other purposes. Natural fibres have the lowest carbon footprint of the lot due to their natural growth and carbon absorption before harvest. 

2.7. [bookmark: _Toc228120072]Future sustainability improvements
To improve the sustainability of composites, the following developments are being evaluated: 
· Recyclable thermoplastic resins that can be remelted and reused
· Bio based resins which don’t rely on fossil fuels for production
· Natural fibre hybrid composites to balance sustainability and performance
· Improved recycling methods such as chemical recovery
Advancements in these areas have the capability of significantly reducing the total environmental footprint of composite materials, making them more viable for widespread use in automotive and motorsport industries into the future. 


3. [bookmark: _Toc228120073]Experimental testing
3.1. [bookmark: _Toc228120074]Methodology:
The samples were set up to be tested as follows:
· They were placed into the Denison tension tester and clamped at the top at the big end of the material
· The machine was adjusted such that the sample was sitting centred vertically, such that the intended break point was in the centre of the pull area. 
· The 50mm extensometer was placed in the centre of the sample where it is expected to break, to measure the strain of the test sample. 
· The measurements of the sample are input into the software, specifically the width and thickness for an accurate result. 
· The software was zeroed every time to ensure comparable results.
· The test was started which means the tension tester begins to pull the material apart until a certain point where it starts to detect plastic deformation. 
· At this point the extensometer is removed to ensure it doesn’t fall from the sample when the sample breaks.
· The tension test is the resumed until the sample reaches failure point and breaks. 
· The data from each test is then saved under its own separate file.
3.2. [bookmark: _Toc228120075]Experimental samples:
The samples that were tested using the above described methodology are:
· Aluminium
· Twill materials with bio-resin – Flax and carbon
· Twill materials with traditional resin – Carbon
· Non-woven materials with bio-resin – Carbon
The twill materials are made by 3 layers each of 200g flax twill and 200g carbon twill making each material a total of 600g.
The non-woven materials are made with 1 layer of 300g non-woven carbon.
For the twill materials with both types of resin, where multiple layers have been used, the layers are layered at 45° to each other. 


3.3. [bookmark: _Toc228120076]Results
[image: ]
Figure 1 – Plain aluminium stress vs strain graph


The aluminium stress/strain graph serves as the baseline, being a common metal with large widespread use across various industries, especially the automotive and motorsport ones. The stress and strain curve shown here depicts how the curve remains relatively straight up until 0.1 strain. This is where the material is within its yield stress and has no begun to plastically deform. After 0.1 strain the stress continues to increase linearly but the strain increases at a higher rate now, depicting that the material has plastically deformed. This is common in metals, especially more ductile metals as, during tensile tests, they start to neck where the material gets thinner and thinner until it breaks.





[image: ]
Figure 2 – Woven carbon traditional epoxy stress vs strain graph


The above graph showing woven carbon with traditional epoxy shows a very different result, with the strain rising linearly with the stress until it reaches past 0.5 strain. This is the materials yield limit, after which the stress rises rapidly with no change in strain. This is due to the low ductility of composites as they don’t tend to neck and stretch like a metal does. It can be noted that the strain reaches past 0.5 and then sharply returns back to 0.5. This is the point where the extensometer had detected the material was near failure and was removed, causing the jump back in strain. More accurately, the strain should remain the same as it was at its highest point. The ultimate tensile strength (UTS) is much higher than the aluminium at 371.94MPa. 
[image: ]Figure 3 – Non-woven carbon stress vs strain graph



The above non-woven carbon stress and strain graph shows the same trend as the woven carbon, however with a differing magnitude. The strain also jumps from past 0.5 back as it did, however the UTS achieved comes in at 184.33MPa, which is much lower than the 371.94MPa that the woven carbon achieved. This highlights the importance of the grain structure of carbon fibre and how the direction which the fibres are being pulled has a great effect on the composites overall strength. 
[image: ]
Figure 4 – Woven carbon bio resin stress vs strain graph


The woven carbon with bio resin much more closely resembles the woven carbon with tradition resin graph, as the UTS has jumped back up closer to what it was with traditional resin. This highlights that the use of more environmentally friendly resins has a significantly smaller effect on the overall strength of the component than the structuring of the fibres does. This is a good result to promote the use of more sustainable bio resins into the future. 

[image: ]
Figure 5 – Woven flax stress vs strain graph


The flax results show a significantly reduced ultimate tensile strength at 93.9MPa compared to the above composites. Whilst this is the lowest UTS, it still has significant strength and stiffness which can be seen by its straight curve. Woven flax with bio resin should be explored more as a future alternative to other composites such as carbon fibre and glass fibres for components that are not as structurally significant. 
Table 1 – Summary of results table
	Material
	Young’s modulus (GPa)
	Ultimate tensile strength (MPa)
	Failure strain

	Aluminium
	72.6
	120.17
	0.5

	Woven carbon traditional epoxy
	41.45
	357.5
	0.5

	Woven carbon bio resin
	42.08
	371.94
	0.5

	Woven flax bio resin
	8.22
	93.9
	0.5

	Non-woven carbon bio resin
	19.02
	184.33
	0.5



The table above shows the summary of all of the results. The expected young’s modulus for the woven carbon fibre is lower than expected, with a typical range of 50-80GPa. This could be due to the quality of the carbon or the way in which it was layered, at 45°. The non-woven carbon fibre is within the expected range as there is a much larger variation depending on the direction of the fibres orientation. Flax has by far the lowest Young’s modulus of 8.22.

4. [bookmark: _Toc228120077]Recommendations
Based on the research and testing, it is evident there is no one single composite that can serve every role. Carbon fibre has the highest performance but is currently being used so widely in motorsport that it will not be sustainable into the future. More effort should go into the recycling of carbon fibre to allow motorsport to continue its use. 
Flax or hybrid flax composites should be evaluated further for replacement for carbon, glass and aramid fibres in non-structural components to reduce emissions.
The comparison between petroleum based and bio based resins show that bio-based resins can match the performance of standard resin and thus should be used more widely in the production of all composite types. 
Regulatory pressures should be increased to ensure manufacturers make a life-cycle analysis on their components and that they are capable of being recycled.
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Woven Carbon Bio resin stress vs strain graph
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Woven Flax stress vs strain graph
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Woven Carbon traditional epoxy stress vs strain graph
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