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[bookmark: _Toc227933570]Introduction

Composite materials are central to the motorsport, motorcycle, and automotive industries because of their exceptional strength-to-weight performance. However, their environmental impact is increasingly challenged as the industry targets net zero. This report evaluates seven materials: aluminium, carbon fibre, Kevlar, and woven/non-woven flax, processed with both standard and bio-derived epoxy resins; through literature review, lifecycle-based sustainability analysis, and tensile testing to ISO 527-4. Results are validated against easy composites datasheets and peer-reviewed literature; the advantages of each material are weighed to give recommendations for industry application and future research.


[bookmark: _Toc227933571]Literature Review
Composite materials combine a reinforcing fibre and a polymer matrix to produce a material which has collective properties that exceed those of its individual components (Savage, 2008). The fibre provides strength/stiffness, while the matrix binds/protects. This yields specific strength important for weight-sensitive industries e.g. motorsport and automotive. The materials tested in this study: carbon fibre, flax fibre, Kevlar, and aluminium are processed with both standard epoxy and bio-derived resins. These represent a spectrum from high-performance composites to new sustainable alternatives.

[bookmark: _Toc227933572]Carbon Fibre Reinforced Polymers

Carbon fibre reinforced polymer (CFRP) composites have become a dominant structural material in motorsport over the past 40 years. The introduction of reinforced composite chassis was one of the most significant developments in Grand Prix racing. It produced cars that were lighter, faster, and safer than ever (Savage, 2009). By 1981, the first monocoque chassis built entirely of carbon fibre competed in Formula 1. This gave double the torsional stiffness of an aluminium chassis and improved driver protection in high-speed impacts (Savage, 2008). 
Today, carbon fibre is used across the entire car; from the survival cell to aerodynamic bodywork and suspension members. The monocoque forms a protective layer around the driver and aerodynamic elements including wings, diffusers, and sidepods are shaped to maximise downforce (Savage, 2009).
The mechanical performance of CFRP comes from the anisotropic nature of the fibre architecture. A twill weave fabric, such as the 3k twill carbon fibre, provides balanced properties in both warp and weft directions. This makes it well suited to complex panels. Carbon fibres produced from polyacrylonitrile (PAN) have tensile strengths of 3,500–7,000 MPa and Young's modulus of 230–400 GPa depending on grade. This allows CFRP to achieve strengths greater than structural steel or aluminium alloys (Savage, 2008). However, non-woven carbon mats present randomly oriented short fibres that sacrifice directional stiffness for improved drapability and more isotropic behaviour. This makes them better for complex mould geometries.


[bookmark: _Toc227933573]Natural Fibre Composites

Natural fibre composites (NFCs) attract research and industrial interest as sustainable alternatives to synthetic fibres. Main advantages include: low environmental impact, low cost, and potential across a wide range of applications. Great effort is directed at increasing mechanical performance to extend their capabilities (Pickering, Efendy and Le, 2016). Among plant fibres, flax is most noteworthy for structural applications because of its high specific Young's modulus and tensile strength amongst cellulose-based plant fibres. Flax also has vibration absorption capability and mechanical properties comparable to glass fibre (Rahman 2021).
In composite design, the distinction between woven and non-woven flax reinforcements is apparent. Flax composites based on long woven fibre reinforcement show mechanical property improvements of three to four times compared to non-woven mat composites (Rahman 2021). Woven twill flax fabrics processed by vacuum infusion with epoxy resin have been reported to achieve tensile strengths of up to 132 MPa and tensile modulus of around 13 GPa (Newcomb et al., 2025).
The vibration damping characteristics of flax make it attractive for automotive interiors and panels where noise, vibration, and harshness (NVH) performance is valued. The use of plant fibres in automotive parts is estimated to grow at a high rate each year, reflecting increasing regulatory and consumer pressure to reduce embedded carbon in vehicles (Rahman 2021).

[bookmark: _Toc227933574]Kevlar Fibre Composites

Kevlar is the trademarked name for a para-aramid synthetic fibre developed by DuPont. It is mainly used in composites where impact resistance and energy absorption are design requirements. When spun, Kevlar fibre achieves a tensile strength of approximately 3,000 MPa with a relative density of just 1.44. This makes it around five times stronger than steel on a specific strength basis (Ursache, Cerbu and Hadăr 2024). Compared to glass and carbon fibres, Kevlar has a modulus of elasticity higher than glass but lower than carbon, and a density lower than both; it is well suited to aerospace, automotive, and defence industries where lightweight materials with high impact performance are required (Ursache, Cerbu and Hadăr 2024).
In motorsport, Kevlar composites are compulsory within the structure of front wing end plates and other aerodynamic appendages to reduce the probability of tyre damage from sharp fragments in impacts (Savage, 2008). More broadly, Kevlar is used in vehicle body armour, roll-over protection, and safety-critical structural zones. Kevlar has progressive delamination failure which is advantageous over CFRP. Aramid fibres offer lower compression strength than glass or carbon; hybrid aramid–carbon fabrics are widely used to exploit the complementary strengths of each (Ursache, Cerbu and Hadăr 2024).

[bookmark: _Toc227933575]Aluminium (Baseline)

Aluminium alloys were the main structural material in motorsports and automotive industries in engineering before the widespread integration of composites. However, aluminium is still in use today due to its machinability, durability, ductility, and high strength-to-weight ratio. It is widely used in vehicle bodies, chassis, and structural members to achieve and align with lightweight demands (Wu and Zhang 2024). 
Aerospace-grade aluminium alloys such as 6061-T6 deliver tensile strengths of around 310 MPa with a density of 2.70 g/cm³. In practice this is worse than CFRP on a specific strength basis. Although, aluminium does offer important advantages, such as: it is highly recyclable, highly understood in manufacture, readily repaired, and also exhibits ductile failure behaviour which gives warning before catastrophic failure. In this study, aluminium serves as a conventional benchmark. Against it, the composite materials can be evaluated for both mechanical performance and sustainability.


[bookmark: _Toc227933576]Bio Resins

The matrix resin plays a critical role in determining composite performance, dictating interlaminar shear strength, thermal resistance, and moisture uptake. Conventional epoxy resins are derived entirely from petrochemical feedstocks, raising sustainability concerns as the automotive sector moves towards reduced lifecycle carbon emissions. Bio-derived epoxy resins offer a partially renewable alternative. The IB2 bio-infusion resin used in this study contains 38% plant-derived content, with the key component epichlorohydrin (C₃H₅ClO) manufactured using plant-based glycerol rather than petroleum-based propylene (CH₃CH=CH₂) (Easy Composites, 2024a).
Crucially, bio-resin use does not require meaningful mechanical compromise. Research comparing carbon fibre laminates made with petroleum-based and bio-based (31% content) infusion resins demonstrated similar mechanical properties, confirming bio-based resins can replace petroleum-derived epoxies without compromising structural integrity (Boursier Niutta et al. 2023). Environmental challenges are pushing manufacturers towards bio-based alternatives, though bio-based content does not guarantee biodegradability; full lifecycle implications must be assessed carefully (Terry and Taylor 2021).

[bookmark: _Toc227933577]Infusion & Prepreg

The manufacturing process has a large influence on the final mechanical properties and consistency of any composite laminate. Vacuum-assisted resin infusion (VARI) places dry fibre reinforcement onto a single-sided mould, seals it under a vacuum bag, and draws liquid resin through the preform under atmospheric pressure differential. This is a cost-effective and efficient process widely used in automotive, marine, and sports applications. However, compared to pre-impregnated moulding it can exhibit disparities in fibre volume fraction and porosity which result in slightly lower mechanical properties (Shen et al. 2024). All composite samples in this study were produced via resin infusion, using either the IN2 standard infusion epoxy or the IB2 bio-infusion epoxy (Easy Composites, 2024a; Easy Composites, 2024b).
Prepreg processing involves fibres pre-impregnated with a measured amount of partially cured resin, consolidated under elevated temperature and pressure in an autoclave. This yields higher fibre volume fractions, lower void contents, and superior mechanical properties, but at much greater cost and process complexity. Vacuum infusion remains well suited to natural fibre composite production due to lower tooling costs and the ability to process large, complex geometries without autoclave infrastructure (Pickering, Efendy and Le, 2016).

[bookmark: _Toc227933578]Sustainability Analysis

The environmental impact of composite materials cannot be assessed on an individual basis of in use performance. A lifecycle assessment (LCA) must be undertaken. This involves examining material extraction, manufacturing, use, and end of life [hence forth EOL]. It is imperative in order to understand the true sustainability credentials of each material tested in this study.

[bookmark: _Toc227933579]Lifecycle Analysis by Material:

[bookmark: _Toc227933580]Carbon Fibre (CFRP)

CFRP causes environmental challenges at the production stage. Carbon fibre manufacture is estimated to be 14x more energy intensive than steel production; PAN based fibre generates between 13-34 kg CO₂ equivalent per kilogram depending on the energy mix used (Das, 2011). EOL recycling presents another challenge; thermoset CFRP cannot be remelted. The recycling routes pyrolysis and solvolysis involve high energy input and can result in a degradation of properties. However, these processes also reduce greenhouse gas emissions by 95% when compared to virgin fibre production (Das, 2011). This represents a key area for future development. CFRP's lightweighting benefits can offset its carbon over a vehicle's lifetime, although the break-even point varies with use.


[bookmark: _Toc227933581]Flax Fibre

Flax presents a considerably better environmental profile. As a crop, it cuts atmospheric CO₂ during growth. This is a biogenic carbon credit absent in synthetic fibres. LCA studies show that flax fibre composites reduce non-renewable energy consumption. They also lower greenhouse gas emissions and improve EOL biodegradability compared to glass or carbon fibre (Lopez-Arraiza et al. 2025). EOL options include incineration with energy recovery and mechanical recycling in thermoplastic systems. However, the environmental benefit of flax depends on fibre origin; fibres from regions with high carbon electricity grids could offer less benefit than European grown fibres (Deng and Tian 2015).

[bookmark: _Toc227933582]Bio Resins

The IB2 bio infusion resin used in this study takes 38% of its content from plant-based glycerol rather than petroleum-derived propylene (Easy Composites, 2024a). This causes reduction in fossil fuel dependency during manufacture. Although, an important nuance applies: bio-based content does not equal biodegradability. The crosslinked thermoset epoxy network presents the same EOL challenges as conventional epoxy, regardless of feedstock origin (Terry and Taylor 2021).

[bookmark: _Toc227933583]Aluminium

Aluminium gives the strongest EOL sustainability credentials of the materials tested. Recycling requires only 5% of the energy needed for production from bauxite. This represents an energy saving of around 95% (International Aluminium Institute, 2024). In automotive manufacturing, aluminium recycling rates exceed 90%. This makes aluminium compatible with economy principles.


[bookmark: _Toc227933584]Kevlar (Aramid)

Kevlar presents the most significant EOL challenges. Aramid fibres are 100% non-biodegradable, and incineration is not a safe disposal route due to the toxic combustion products associated with their benzene-based molecular structure (Textile World, 2024). Established recycling routes remain limited and are often economically unviable, meaning aramid composite waste has historically accumulated in landfill (Perfelt, 2025).

[bookmark: _Toc227933585]Legislation & Policy

Several regulatory factors directly influence material selection in industry. The EU EOL Vehicle Directive (2000/53/EC) requires new vehicles to be recyclable to a minimum of 85% by weight. This creates direct pressure against the use of thermoset composites such as CFRP and Kevlar; these do not always follow mass recycling targets (European Parliament, 2000). 
In motorsport, Formula 1 launched its sustainability strategy in 2019. This states that it commits to net zero carbon by 2030 with at least 50% absolute emissions reduction against a 2018 baseline (Formula 1, 2019). By 2024, a 26% reduction had already been achieved (Formula 1, 2025). Furthermore, the EU REACH Regulation (EC No 1907/2006) governs hazardous chemical substances across industry. It forces manufacturers to declare any substances of high concern present above 0.1% by weight (European Chemicals Agency, 2007). Bio-derived resins may be one way to reduce exposure to SVHC-listed petrochemicals.

[bookmark: _Toc227933586]Carbon Footprint Reduction

Of the materials tested, flax fibre with bio-resin offers the most favourable overall lifecycle profile. It combines low embodied energy, biogenic carbon sequestration, and enhanced biodegradability. Its most credible usage is in non-structural components such as interior panels and body fairings.
CFRP delivers carbon savings through lightweighting over the usage phase. If possible, improving recycling technologies could strengthen its EOL credentials in the future. Aluminium remains the most circular material tested. Overall, hybrid natural fibre and aluminium structures may offer a practical balance of performance and sustainability for automotive applications.







[bookmark: _Toc227933587]Experimental Testing

[bookmark: _Toc227933588]Testing Standard

Tensile testing of the fibre-reinforced composite specimens was conducted in accordance with BS EN ISO 527-4:2023; the European standard for the in plane tensile properties of laminated polymer composites (British Standards Institution, 2023). The standard is similar to ASTM D3039/D3039M, which specifies the same rectangular flat coupon methodology (ASTM International, 2017). Both require continuous load to failure with measurements of load, displacement, and strain. The aluminium specimens were tested to BS EN ISO 6892-1:2019. This is the metallic tensile test standard (British Standards Institution, 2019).

[bookmark: _Toc227933589]Testing Setup

Tests were carried out using the Denison tensile test machine in Lab IQ007. It is fitted with wedge grips and was operated under supervision. The specimens were manufactured by vacuum resin infusion. Additional mesh material was embedded at the end tabs to distribute grip loading and stop premature tab failure. Composite layups followed the testing plan: three layers of 200 g/m² Carbon or Flax Twill at ±45° for woven materials. Also, a single layer of 300 g/m² non-woven mat, with a 50:50 carbon fibre volume fraction assumed. 
Aluminium coupons had gauge dimensions of 15–20 mm × 1.5 mm; composite cross-sectional areas ranged from 10 to 32 mm² because of layup variability. Area was measured with a calliper before testing and entered into the testing software. Tests ran under displacement control at 2 mm/min, with load, extension, stress, and strain recorded at 50 Hz until failure.
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[bookmark: _Toc227933631]Figure 1: Testing Rig
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[bookmark: _Toc227933632]Figure 2: Testing Rig Grips
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[bookmark: _Toc227933633]Figure 3: Example of Testing Sample

[bookmark: _Toc227933590]Validation

Validation was carried out against manufacturer datasheets and peer-reviewed literature. The IB2 bio-epoxy and IN2 standard epoxy show almost identical tensile strength (68–73 MPa) and modulus (2.8–3.2 GPa). This confirms laminate strength comes almost entirely from the fibre reinforcement (Easy Composites, 2024a, 2024b). 
Rule of Mixtures prediction for the carbon twill laminate at 50:50 V_f gives an upper-bound modulus of 121 GPa and UTS of 2,490 MPa; the ±45° configuration reduces stiffness to 60 GPa. This matches the measured 55 GPa closely. UTS at 400 MPa is lower than the 650 MPa reported by Boursier Niutta et al. (2023) for a 0° layup. This is due to the off-axis orientation and void content from hand infusion. Flax non-woven results (43 MPa, 5.1 GPa) agree closely with EcoTechnilin's FibriMat F300 datasheet values (44 MPa, 5 GPa). Flax woven results fall within the range reported by Newcomb et al. (2025).

[bookmark: _Toc227933591]Analysis
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[bookmark: _Toc227933634]Figure 4: Carbon Fibre Non-Woven easycomposites
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[bookmark: _Toc227933635]Figure 5: Epoxy Infusion Bio-Resin easycomposites (1)
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[bookmark: _Toc227933636]Figure 6: Epoxy Infusion Bio-Resin easycomposites (2)
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[bookmark: _Toc227933637]Figure 7: Epoxy Infusion Resin, IN2 easycomposites (1)
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[bookmark: _Toc227933638]Figure 8: Epoxy Infusion Resin, IN2 easycomposites (2)
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[bookmark: _Toc227933639]Figure 9: Fibrimat™ F300 EcoTechnilin
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[bookmark: _Toc227933640]Figure 10: Typical Properties of Carbon Fiber PYROFIL™
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[bookmark: _Toc227933641]Figure 11: FlaxDry™ BL200 EcoTechnilin


[bookmark: _Toc227933627]Table 1: Properties of Materials Tested
	Material
	Form
	Tensile Strength (MPa)
	Tensile Modulus ( GPa)
	Density (g/cm³)
	Elongation at break (%)

	IN2 standard epoxy (cured)
	Resin
	68.5-76
	3.1-3.4
	1.08-1.18
	6-8

	IB2 bio-epoxy (cured)
	Resin
	60-68
	2.64-3.04
	1.12
	5.3-9.5

	Carbon Non-Woven Mat
	Non-woven Recycled CF
	290 (long.)/330 (trans.)
	25 (long.)/35 (trans.)
	1.51
	-

	Carbon Fibre
	Fibre Only
	4900
	240
	1.82
	2

	FlaxDry BL200
	Woven Flax Composite
	58 ± 2 (weft)/61 ± 6 (warp)
	6 ± 1 (weft)/7 ± 1 (warp)
	1.45 (fibre)
	1.5-1.8

	FibriMat F300
	Non-woven Flax Composite
	37 ± 2 (MD)/44 ± 4 (CD)
	5 ± 1
	1.45 (fibre)
	1.2-1.3

	Aluminium 6061-T6
	Metal
	310
	69
	2.7
	12-17




[bookmark: _Toc227933592]Bio-resin vs Conventional Epoxy

The Carbon Woven/IN2 and Carbon Woven/IB2 laminates have similar performance outcomes. The bio-resin reached 97% of the UTS of the conventional epoxy (388 vs 400 MPa) and the modulus is identical within one standard deviation. Datasheet values for the cured resins are also near-identical (73.4 MPa / 3.17 GPa vs 73.3 MPa / 3.13 GPa). This confirms bio-content does not compromise performance when fibre dominates the load path.
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[bookmark: _Toc227933642]Figure 12: Carbon Woven/Epoxy (IN2) Stress-Strain Graph
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[bookmark: _Toc227933643]Figure 13: Carbon Woven/Bio (IB2) Stress-Strain Graph

[bookmark: _Toc227933593]Woven vs Non-woven Architecture

Woven carbon outperforms non-woven by 2.2× (388 vs 180 MPa). Furthermore, woven flax outperforms non-woven flax by 2.0× (87 vs 43 MPa). This reflects the efficiency of inline continuous fibres over stress-concentrating fibre-ends in random mats (Rahman, 2021). Non-woven flax also agrees closely with the FibriMat F300 datasheet (44 MPa / 5 GPa).
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[bookmark: _Toc227933644]Figure 14: Carbon Non-Woven/Bio Stress-Strain Graph
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[bookmark: _Toc227933645]Figure 15: Flax Woven/Bio Stress-Strain Graph
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[bookmark: _Toc227933646]Figure 16: Flax Non-Woven/Bio Stress-Strain Graph


[bookmark: _Toc227933594]Fibre Type Effect

By UTS, the order of material low-high is carbon, Kevlar, flax. Carbon fails brittle at 1.7% strain; Kevlar (359 MPa) fails progressively at 4.7%, giving superior energy absorption; flax has  of carbon's UTS but has a lower density.
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[bookmark: _Toc227933647]Figure 17: Kevlar Woven/Bio Stress-Strain Graph

[bookmark: _Toc227933595]Aluminium as Benchmark

Aluminium showed textbook ductile behaviour (116 MPa, 16% elongation, <2% scatter). On specific strength, Carbon Woven/Bio (260 MPa·cm³/g) surpasses aluminium (43 MPa·cm³/g) by 6×. This justifies composite use in weight-critical motorsport.
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[bookmark: _Toc227933648]Figure 18: Aluminium (6061-T6) Stress Strain Graph

[bookmark: _Toc227933596]Effect of ±45° Ply Orientation

Rule of Mixtures at 50:50 V_f shows the longitudinal modulus at 121 GPa and UTS at 2,490 MPa for the carbon twill. The ±45° configuration reduces expected stiffness by  to 60.8 GPa. This matches the measured 55 GPa. The UTS is measured to be 400 MPa, this is below the 650 MPa reported by Boursier Niutta et al. (2023) for a 0° layup. This is on account of off-axis loading, reduced V_f, and hand-infusion voids.





[bookmark: _Toc227933597]Rule of Mixtures Equations

Modulus:
𝐸𝑐​=𝐸𝑓​𝑉𝑓​+𝐸𝑚​(1−𝑉𝑓​)
Tensile Strength:
𝜎𝑐​=𝜎𝑓​𝑉𝑓​+𝜎𝑚​1−𝑉𝑓​
 𝐸𝑐 = 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 (𝐺𝑃𝑎) 
 𝐸𝑓 = 𝑓𝑖𝑏𝑟𝑒 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 (𝐺𝑃𝑎) 
 𝐸𝑚 = 𝑚𝑎𝑡𝑟𝑖𝑥 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 (𝐺𝑃𝑎) 
 𝜎𝑐 = 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑀𝑃𝑎) 
 𝜎𝑓 = 𝑓𝑖𝑏𝑟𝑒 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑀𝑃𝑎) 
 𝜎𝑚 = 𝑚𝑎𝑡𝑟𝑖𝑥 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑀𝑃𝑎) 
 𝑉𝑓 = 𝑓𝑖𝑏𝑟𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠, 0 ≤ 𝑉_𝑓 ≤ 1) 
(1 − 𝑉𝑓) = 𝑚𝑎𝑡𝑟𝑖𝑥 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛
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[bookmark: _Toc227933649]Figure 19: Young's Modulus By Material Chart
[image: ]
[bookmark: _Toc227933650]Figure 20: UTS By Material Chart
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[bookmark: _Toc227933651]Figure 21: Material Samples With Fracture Points Visible


[bookmark: _Toc227933598]Anomalies, Sample Defects, & Limitations

Around 20–35% of specimen records per material were excluded as bad tests. Bad tests count as specimens with negative or near-zero recorded strain, and specimens with extreme outlier stresses consistent with incorrect dimensions entered into the software. For example, one Kevlar specimen reporting 3025 MPa against a material mean of 360 MPa. Records were excluded through filtering.
The measured Young's modulus for aluminium (52.1 GPa) is substantially below the published value for 6061-T6 (69 GPa). This could be caused by the use of crosshead displacement rather than a clip-on extensometer. This can introduce load-train errors that over-report elastic strain. 
The same effect applies uniformly to all materials, so absolute modulus values should be treated as systematic lower-bounds while relative comparisons remain valid. In addition, specimen preparation across multiple groups can introduce variability in dimensions and end-tab quality. This can contribute to the observed scatter, particularly in the Kevlar group (SD = 34% of mean).



[bookmark: _Toc227933599]Recommendations
[bookmark: _Toc227933600]Ranked by specific strength

(UTS/density, MPa·cm³/g) based on the results and typical literature densities, the tested materials order as: Kevlar woven/bio (260) ≈ Carbon woven/bio (259) ≈ Carbon woven/epoxy (258) - Carbon non-woven/bio (124) - Flax woven/bio (67) - Aluminium (43) - Flax non-woven/bio (34). All three woven fibre materials outperform aluminium on a weight basis. This justifies their use in motorsport despite higher cost.

[bookmark: _Toc227933601]Short Term Recommendations

For high-performance primary structural components e.g. monocoques, suspension members, crash structures; woven carbon remains the appropriate choice. The close performance of IN2 and IB2 (bio-resin) demonstrates that switching to bio-epoxy offers a meaningful sustainability gain at low mechanical cost. For non-structural interior panels, fairings, and aerodynamic trim; flax/bio should be adopted where sustainability is prioritised.  Its 87 MPa UTS is adequate for these applications, and flax offers high vibration damping compared to synthetic fibres (Rahman 2021).

[bookmark: _Toc227933602]Industry Specific Recommendations

In motorsport, where performance and safety dominate material selection, continued CFRP use is justified. However, specifying IB2 over IN2 provides a straightforward sustainability improvement in line with FIA net zero targets (Formula 1, 2019). In road automotive, where ELV recyclability requirements (European Parliament, 2000) and mass production cost push choice, hybrid natural fibre/carbon offer a compelling balance. When incorporating 15% carbon fibre into a flax/PFA, it can increase tensile strength by 130% and tensile modulus by 90% while keeping the energy absorption of the full flax-based composite (Margoto and Milani 2024).

[bookmark: _Toc227933603]Future Priorities

Four areas need further investigation. Hybrid flax/carbon with optimisation of the balance between mechanical performance and sustainability. Improved bio-resin formulations shrinking the gap with petroleum-based epoxies in humid and high-temperature industry and applications. Scalable recycling routes for CFRP. This should include methanol-based solvolysis, which has been shown as a scalable, energy-efficient and economically viable solution for CFRP waste management (Borjan, Knez and Knez, 2021). Finally, standardisation of bio-composite testing protocols which enable consistent cross-study comparison.


[bookmark: _Toc227933604]Conclusion

In this study, 7 composite/metallic materials were evaluated over mechanical performance and lifecycle sustainability. Tensile testing shows that woven carbon composites give the highest specific strength (260 MPa·cm³/g), this is a 6x advantage over aluminium. This justifies use in the motorsport industry, where weight reduction is so important. The bio-resin IB2 achieved 97% of the UTS of the conventional IN2 epoxy with equivalent stiffness. This demonstrates that bio-content substitution does not carry high mechanical downsides when fibre reinforcement dominates the load path. 
Woven materials proved to be better than non-woven equivalents by a factor of two for both carbon and flax; aluminium and flax gave the strongest EOL outputs. Rule of Mixtures analysis confirmed the carbon modulus is consistent with the ±45° layup tested rather than material deficiency. The findings support a mixed material strategy: carbon/bio-epoxy for primary structures, flax/bio for non-structural panels, and aluminium where circularity and repair matter most.
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Carbon Fibre Non-Woven Mat

Key Features
100% Recycled Carbon Fibre

Ideal for use as a bulking material

Excellent surface finish

100gsm and 300gsm

Description

Non-Woven mats are made from 100% recycled carbon fibre.
These mats provide an excellent balance of mechanical
properties, formability and high-quality surface finish.

Made from 100% recycled carbon fibres, the non woven mat
offers excellent environmental and cost saving advantages and
can be used in both component and mould making applications.

Non-Woven mats can be used with all commonly used resin
systems  for composite manufacture. Whilst best suited for
compression moulding processes they can also be used in
vacuum infusion to help consolidate and bulk out laminates.

When used in cosmetic parts the finish is similar to that of a
typical ‘forged’ carbon look only with finer fibres and a much
more subtle appearance.

Typical Uses
« Mould Making
o Compression Moulding
o Consolidation and Bulking in Infusion
o Subtle Cosmetic Finish

Processing

Non-woven mats can be used with most composite processes
and resin systems, most commonly hand layup and resin
infusion using epoxy, vinylester or polyester resin systems.

The mat binding readily breaks down with resin and can be
easily conformed to complex, compound forms.

Resin to fibre fractions will typically be 70:30 and 50:50 for hand
Layup and resin infusion respectively.

Mechanical Properties

Indicative data provided for a typical epoxy-matrix cured laminate with
30% fore-fraction.

Due to the recycled nature of the material and the unknown origin of the
feed stock these values must be considered approximate.
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Key Features

« Ideal For Resin Infusion

« Ultra Low Viscosity Resin

« Outstanding Wetting Abilities
« Good Mechanical Properties
« Lower Environmental Impact

Product Description

162 Epony nfusion 8 e slow oty and ot o ighpromance
e nfusion splcators, whdo i & Compatdie wih all common e
ofocements 5 partcly we paed win o roicements o provie
ot i iy echced i o

Ourtio e v o comprorssc i prfrmanc bt sl dorve e sme
Chamcals fom o b soues.Avey mpanentl €50, <TG,
 manuctres wing reawaleplan bd ol plce of peceu:
ot propyene. Adoraly. e maers o o or bl ears e
oot or wath oo s sl PO, KRS Whh
et theydorctcompet ihiod souroesrGapic o Seed e
e e i s rarienes te ol pan 5 cotnt & 315 wheh &
mongt h ighet sy

62 2 g perormance bioepoy e st o s w3 e e of
rerfocemrts ducing g, cabon and wamd fes s wal 2 rul
Fomamnts soch 8 b ond e e, 5 spacil bty b 8
ooty Sutae o 1620 ko 5 KT oA Brocese. ox hond
i we v anthr B s, 18, which sty nd o ot
et st o o oy o

Recommended Uses

62 s e peic e o s i combioton with o rnge of e
Moo T refrcamens fom EcoTechin. e agelnr s ek
low the devcprer and procucson ofgeener procts wih Sgicaly
acedempenmant o

g el mechica s plocesing popatisthe B2y nfuson B
e e o e g s nluang ot rc i

Sporsrecesionl eqpmenskis o, caoes archery.
Notorpor - parels,serdymamcdmerts, Srctr memies
i ol i .

ind gy masts,blades,ncees.

Properties
otk shons ety e pepees:

ropery e Ren e Combied
ety [ e
dopesance . Geniqua Anbeiud Geriaid
VyemT oms w0 1 =

DmsyenmT  ger' s osu m

EPOXY INFUSION BIO RESIN

IB2

How to Use

162 chercl prochct o proessonse. s st toresdnndestand
ira ey el nformaton b s

llow the gdelines o sl us i i the S0 which nclude the use
lappropreandond yepsecion g moing s

Mix Ratio

Mix Ratio 100:22 by Weight

15200y Lanting e shoukbe i wih s rdenr a3 ol 100
sl o102 o Frdrer by wegh Pk o o il e 5
oo orony pral e the e, gty esuced mechanc roperes
oy thr s ecs. Ut n ot sk et 30
Saemptospeed up e cr e epones o ot work i hisway

Mixing Instructions

162 gy ecive it cuing sy, Oy weigh it anc i s uch
{53y o i 1

Wegh o mesure th e conec st of s nd s 3 gt
i cotanr Usng 3 sae minng sk begn o h s an rrrer
opetner o comaine e campely

Spend 1 s one minte miing he resit snd hdones g, P
ot atention o e e a0 e of e coninr. Rerer Ay i
i 1t e oy i h e i 1t

L —
e 20 ot 3 Seond ot 378 unGeTaHS e e f e i
ing e mbing, k. Ding 50wl it the . of sty g
o e oo o o Scke o e coranr

PotLife / Working Time / Cure Time

1623 gy et e sy e h e s e et
ardarr 1 et wil 531 1 ghe o1t ehemi whehwil urer
St o o h e, gy when e e e g

T e i fom th miing ot ot h prass09 s sl x|
awotingima 314k he .o koLl e g .

il s, the el rkin e il sty dopercig on
et 1 g S G S dens 57
e st el

162 can e e n st temperatures e 15 (57)and 31C 56
7. For net sk, an b, empaue of 3 e 20C (57 5
famper rangebore e




image7.png
Durn a0 inhsin, you ca rcce the chanceof the s ‘yling i the
oy g sl U 3¢ 6 2 opng up s g 2 e &
i e i, O e e b At 8 i e 1
termard e beforeyounant 15,

el bekn g n nccaton o o e s e e

Potlfe @20°C Gelaon@20°C  DemouldTime@20'C
e Aasmns s —

Full Cure / Post-Cure

A i mtcpysystarns, whepars e s el ambi empaaes,
e s ot esed sl coys Ahough ars il Fancleble s
ettt U ot 351l il popeie il e ot sk 10
iyl i (4350, Wher s, v poing e curedresin ol
Sevca g o e s,

A it many pos o s o s, h st s o ot 12 Epoey
e o o s 30 g fafere pos e cyces Wl prouce
e et speccly mprows mechanl pefomance and Gersted
FTopeting mpersire.Pokcuring prstat vl b vid oo exosed
1o tlerad opesin tenperts S 3 vhile bometoods n rect
g, engin by prn e e pcs o) oy e 5
prevenisorionofheparswhe theyre ut o senvice an erparerce st
Reheempasses.

Whee possil,pars o b st cured sl e he mould b rdce
5riin and mprove sce I (. ece o). When post
it e ok, ot P ot s ik kg
3L don demode and en st the bck o el aerwse o
o e o e ptrs o th o hare e s S pst
m ot i i o s e

s vy et o oy for e 2 gy ko i
ssmperaen: postarecycs sy

s 0mine

(CYCLE #1 SUITABLE FOR MOST SITUATIONS

16 st g
Py

e ncourenng sy soc i s it g g e o can
e s e e e g

LU 2 SUSSESTERFOR HIGHEST POSSIBLE HOT/OP-

P ——
i ostcure il prducethe st HOT forthecred s i s
o vt whre h engerae 5 1001 80

51 SEGRESTER FOR STUATIONS WITH LTED

1ot mam oot
Thes are st sugstons. ot st s cl o cprin 15 Acue st
vt tampesue b pok & enraly v i o e
iy

Mechanical Properties

[RTp—
[
oy S tshmrt hAmbin e Ant
sy
Yool Gra 300 am 200
Teesgh a0 e @
Grgxtek % 52 s s
Founlbods  Ga 307 am 20
foudSmgh wh 0 wn o
s w an a0 a0
oS a0 o 20
s 90 o I
Hows T mo w0 20
Transport and Storage
FR e s S e

eIy SO AR T

s ot e s e ot 3
gy b e e b e st 3o s denion
I e e e i, s oy b ey o
s " o

e ——
e ey v e cocy e £

Disclaimer

s s oo sedorpecicatons. valus st ey propries
Ourtechical adice, ubechrvetol o n g s en i good i bt sy
Compostes Ld ghe 10 warany. s o mplih and 3 ocucs e sl
pancongiion ot prctasars i ke s oun et o G e oty
0 St the ot sl parclr pplcaionand e
[T ————————
o he prduct, ot for h i aran f personc o prery, i o wheh
5 1h cutyof o s, Ay rlomatin o suggesions s wihut sty of
anybandan puchses e sy response o any s arsg o e e
T o o sugsons. Mo afomton o1 Sl e by ot
hllbe deed 1 e ecumendationt e by rod s condi wh sy
Cnting port rh. e using ay of ot oo, as v i
s ih e vt et ad sy st roved by Ey
Compostes .




image8.png
easycomposites”

Key Features

« Ideal For Resin Infusion

« Ultra Low Viscosity Resin

« Outstanding Wetting Abilities
 Good Mechanical Properties
« Choice of Hardener Speed

Product Description

ur s tigh promance epoy et s o speccaly rmlnedicr
i e sk ompssespedcton

s anfson s i dow sy ensri it i o iy s
g range of et s cxclert mcharicl sengh ke
Gl e or s wih g pomonca refrcaments 6 3 b e
o oo

e e i s et mechancal propees o i sy
moevadora epor s trandsiscanbescenfo el s shes
e el froperen e o e g e o

Recommended Uses
B ———————
e o oA SR, e 3

s he s apoey ksion rese tht s incudd with ot Resi nfsion
Complera Sarer ki

When e e ooy i goo el svengn mking 1wl e o e
st of srcirolpaes. Te s 2 exos ey 00 ity g 4
85050154 for s wher ot o ed b e compostes.

Properties

Thetal beloshows thetypca e proprtes:

propery ns e Wordener  Combied

== © R fomies  Esoy
s

M - Gl Amberiud  Cextiqud

Voo @0T  mhs %0-w0 0 W

Desy@NC | ger' lm-ls 013 12-1l

How to Use
DT ———
ey e o e

Follow the gl o sl e utied i th SOS whic cide e s of
appropriate hand and eye rotecion during mixing anduse

EPOXY INFUSION RESIN

IN2

Mix Ratio

Mix Ratio 100:30 by Weight

N2 Epory Loinating i shoid b i with AT AST o AT SLOW
orcarr 373001 60 s f 5 033 s,y . FAST 3
SL0M ardaers o b et e pot e o s spuhee
Seveentrose e, Howere yourust i s e o overl it
e bt it  ope s

ot ool et ooy prtl e of e, ety redcd
mechancal proerie s i e ecs UrerrCHTSanGes
S st enr 0 et ospeodup e e oies do et ek
ntisway

1 fson e s 3l with 3 chce ot Pardene s TAST
i hae 3 i of S SLOW' i rosdes 3 5ol o 0.
100mins 45 sondrd we recommend usieg N2 fusion s wen te SLOW
v sy o er sion prsecs.Foc sl profcs hare 1
S conden o . ki e of 1T e oy e
Zemaaime

Mixing Instructior

1Nz 53 gy ecive st cung e syse.Ony weigh utard i s uch
e 35y s i he ot

Weghor e the eac coec st o e an e  sroght
5660 contane Usg 535 ma ek bge o i eresin and arerer
e e e oy

Sperd 1 e one minte mbing the resi and hadene ogenr, sy
it 30k 5 1 s S i of h ot Rt Aty e
o e gy o s arder it o

Onc ouave rishd g in e coniner, 15 800 pracice o vastr e
e second cont andetsk s g e

e gk D 2l e ek of ety usng s
e o o o e of e cotanes

Time

Pot-Life / Working Time / CL

18215 hghy escive e s andance e esin s mied i ne
Fardarr the escion il 57 13 g o et e, wheh il s
ke he e e e cpecSl b e e 5 B g

e y——
ol s s

Al pasesthe ptfecrking e il sty pendig o
e bt et h g empasae o e et s ndens 3.
e o e e

bl e s an ncatonfpt e nd s s

PrURPET Gatn @3 Do Time @
NHSOw | -t B-tom e
N e 2 e

T ———)
mesinpunare e o e 0%

B @c omr acmssc
Gt emon PO





image9.png
Full Cure / Post-Cure

st most ey ystems whr prs e i nomal ambint empertres,
e ok ehed o vl oy, Ahough s il b s s
hefsid demould o o 25, ll mecharical prperes il ke 1.
dopiodenin o 70 e e s pog e s ol
Seicergoas o st e i .

s i many potcure e fr et pos cure ol for o N2 Epey
R o o st 3 3 ang f e pos e e wl prodce
e et specicly mprows machaicl perorance . Gested
Fooperaing tmpesute P curng ars st wi b sed o exposed
o e sprse emperes (L 3 whle ot n Gt

snlgh, engh by b, car e prsec) s sy recommended 1o
vt e b ey ot s e nce sk
Rghr ampersres.

Whee possii, pors o be s cured sl nside he mould 1o edce
storton s inproe urlce i e ‘g When post.
cuingprsinhemould s mpran o ptct e ot e .
S11 Gortdamoukd e bk i i) ot rsyo o
rammedrgepolers n e aaceors e etk et ured Gt
o e M ek s i

A sl vy eflctive st iy with he N2 Epoey son i35
oty

(CYCLE #1 SUITABLE FOR MOST SITUATIONS

P er—

o0 ncourenng sy soc i s e o o) hn you o
xpnmant i et T s W st impros i

(CYCLE #2 SUGGESTED FOR SUBTLE IMPROVEMENTS TO.
'SURFACE FINISH

24t rcom temporte
e
ey
e

0 e o push h HOT ofh s o e thn you ok s
Do e 3 o s oo

(CYCLE #3 SUGGESTED FOR HIGHEST POSSIBLE HDT/
'OPERATING TEMPERATURE

TS ——
ey

s

e

e

Thes e il s sggestons. st suaions s cl b cption 1 G 1
My utomrs o 3 ey o Gspene weh e 24 ot 3t bt
vl ey e s o0 g e cr Fomer
S someting sty wo e o experment wih el Ao at et
st e pst ot ey vt et 6 s

Mechanical Properties

CuredResinPropertes
ot AToSION  ATOPAST
o [ —
o Ecolens ecalen
ostas. wm uen eem
fre— Sweons som sem
e < PR
Wb 5% -0 aw-om
Wt ) 5 k00  0%0-10
Pt g ! oo w7
ot S s s
e * = 51
- * &8 1n
- 0.0 280-30
Tt srngh a7
gtk * s

Transport and Storage

s s rdne s ap gy el o i gt
Soage. B . rsin 30 Rrdenr S0l b Sored St 000000% o
etumen L0 (07 a0 25°C 17

Whensred comecttheesinand ardeer i hve 3 sl e 12 mordhs.
oy b pshl 2 e Sher 3 ongs P, eerrsion
inthe pedomance o e i il <, especily i tion oty ndcse

Fay rclr st o gt cossiors bt gy sl pcny
Farner e | e ok e ot 021

Disclaimer

T ————
Otcmic e sl g Dy o ok
ey kS o et o s
e i e 4 o e
oo e e i e,
e e s o g e sk e o o 1
e e e St e ot e
e e e
o T S BT
A S R S

[t ——





image10.png
FIBRIMAT™F300

nilin TECHNICAL DATA SHEET

FibriMat™ F300 is a 100% mechanical consolidated neediepunched
non woven mat, designed for fhe manufacturing of economical and
low environmental footprint parts.

Product nafure Non woven mat
Type of yomiroving Fibers
Nafure/ Proportion/ Quaify of fibers | Short fioers of European flax
Consolidation mefhod Needlepunching
oduct properties
Property Value Unit standard
Moisture content 921 % NF EN 15O 3344
surface weight 30030 gm? NF GO7-150
Fiber density 1.45 gem? -
le mechanical properties’
Data
Property Unit Standard
3 MD
Tensie Strength 440 372 MPa 150 527-5
Young Modulus? 521 a1 GPa 150 527-5
Elongation ot breck. 13502 12101 % 150 527-5
Thickness of | impregnated ply 1102006 mm NFEN 15O 5084

Flauio-apory composi af 1% 1% of fber voumic acton mode by vocuum infuion & Q4mécr

Storage EcoTechnilin
Dry area ond avoid direct suriight ZA. Caux Mullipdles, RD 6015
76190 Valiquervill - France
Manufacturing methods e e

Infusion, RTM, thermocompression,
hand lay up, 0232704220
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PYROFIL DEPARTMENT
1-1-1, Marunouchi, Chiyoda-—Ku

Tokyo 100-6253, Japan

Tel +81-3.6748-7514/Fax. +81-3-3286-1380
PYROFIL WebSite: wwwmrc cojp
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FLAXDRY™BL200

TECHNICAL DATA SHEET

FiaxDry™ 8L200 is @ woven balanced reinforcement, designed for the
manufacturing of high performance and low environmental footprint pars.

Nafure of product | Twil 2.2 fabric
Type of yam Warp : Half wet Welt : Half wet
Linear density Worp:9.5Nm Weft :9.5 Nm
Flox origin 100% European Flax
Weaving style Warp: 102 yams/cm | Welt: 10,1 picks/em
Weight disibufion | Warp: 49.6% Wet : 50.2%
Property Valve Unit standard
Moisture content 921 % NF EN 15O 3344
surface weight 2022 gm? NF GO7-150
Fiber density 1.45 gem? -

le mechanical properties

Standard
Tensie Strength 582 6126 MPa 150 527-5
Young Moduius? 621 72 GPa 150 527-5

Elongation of break 1810, 15102 % 150 527-5

Thickness of | impregnated ply 059 002 mm NF EN SO 5084

Flauio-apory composi ot 29% 1% of fber vouic raction made by vacuum nfuson & 0Amtar

Storage EcoTechnilin
Dry area and avoid direct sunlight ZA. Caux Multipdles, RD 6015

76190 Valiquerville - France

Manulacturing mefhods contact@eco-technilincom

Infusion, RTM, thermocompression,
hand lay up, 0232704220
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Tensile Stress-Strain Response: Carbon Woven / Bio (1B2)
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Tensile Stress-Strain Response: Kevlar Woven / Bio
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