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[bookmark: _Toc131177232]Introduction
The purpose of this report is to critically analyse and review current and future energy carriers used in motorsport and highlight the direction that motorsport series and organisations can steer their engineers in to create further reductions to harmful emissions, not just from motorsport events but to allow the new, more green methods of storing and releasing energy to trickle down into road going automotive vehicles. The environmentalist movement in motorsport is not a new phenomenon but one that is becoming more prevalent as “green” vehicle technology development becomes more necessary. This report will focus on different motorsport series such as Formula 1, Formula E and the World Endurance Championship to ensure a reasonable scope for the report and provide an overview of each different energy carrier type including but not limited to fuel technology such as sustainable and biofuels, battery technology such as those used in Formula E, and hydrogen fuel cells such as the mission H24 car that completed its first laps at the Circuit De La Sarthe in 2021. Further to these aims, this report and its findings will be presented to the FIA.
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[bookmark: _Toc131177235]Current Fuel Technology
Formula 1 and the World Endurance Championship (WEC) have made significant strides towards sustainable fuel use in motorsports. Formula 1 began using E10 fuel in 2021, a blend of 90% petrol and 10% ethanol that is found in all UK petrol stations. While it has a limited impact on emissions reduction, it sets the direction for the sport's sustainable fuel research to achieve carbon neutrality by 2030 (Formula 1, 2023). The WEC is ahead of Formula 1 in fuel sustainability, using TotalEnergies Excellium Endurance until 2022, which had 85% petrol, 10% ethanol from plant waste, and 5% bio-hydrocarbons. However, WEC has transitioned to Excellium Racing 100, sourced from 100% renewable bioethanol from French vineyards, containing 0% petrol, and reducing greenhouse gas emissions from all vehicles on track by at least 65%. Excellium Racing 100 will be supplied to all competitors in all classes, including the European Le Mans series, marking a significant advancement in sustainable fuel use (TotalEnergies Competition, 2022).
[bookmark: _Toc131177236]Current Battery Technology
Formula E has seen three generations of vehicles, with each generation improving the technology available for sustainable racing. Generation 1 cars used a 28kWh lithium-ion battery, which had to be changed mid-race due to its inability to run a full race on one charge. Generation 2 cars had a 54kWh battery, allowing them to complete a full race without the need for a spare car. The regeneration efficiency also increased significantly from 250kW in gen 1 to 350kW in gen 2. Generation 3 cars have the same battery capacity but put out 350kW of power and have 600kW of regeneration energy available, with more than 40% of their power coming from recovered energy and a weight decrease [image: ]from 900kg to 845kg (Raymond, 2023).Figure 1 - Diagram of a Typical F1 Hybrid System Retrieved from (Camillo Balerna, 2020)

Formula 1 uses a hybrid powertrain that combines electric power from multiple systems and internal combustion power produced by a 1.6L Turbocharged V6. The battery is a pack of lithium-ion cells capable of storing 4mJ worth of energy that rapidly deploy, or store said energy to the Motor Generator Unit, which can work as a generator to put energy back into the battery or a motor to deploy energy to the wheels. The ERS-K system recovers energy under braking, while the ERS-H system is a motor connected directly to the engine's turbocharger, slowing the turbo to generate energy. This motor can act as an anti-lag system to keep the turbo spooled whilst off throttle, taking energy from the battery where it could be used for other purposes, although it takes energy from the battery, this is still a very efficient anti-lag solution compared to standard fuel thirsty anti-lag systems. The combination of the ERS-K and ERS-H recovery systems mean that most teams can extend a 161hp boost for an entire lap (Scarborough, 2020). The World Endurance Championship uses similar hybrid systems to Formula 1 but with different internal combustion technology.
[bookmark: _Toc131177237]Current Hydrogen Technology
To discuss hydrogen technology, the WEC and the Mission H24 are the natural choice for evaluation. The mission H24 is a prototype hydrogen hybrid vehicle based on the Lemans Prototype (LMP) race cars. Firstly, the mission H24 only uses green hydrogen i.e., hydrogen produced by carbon free processes such as fermenting biomass, waste or methane or using water electrolysis to [image: ]split the hydrogen from the oxygen in water. Figure 2 - Diagram of the Mission H24 Hydrogen Race Car. Retrieved from (ACO, 2018)

The Mission H24 uses 4 electric motors on the rear axle or two on each wheel to give a maximum power output of 480kW or around 653hp, these are shown in Figure 2 as number 1. Dihydrogen for the Vehicle is stored in three large reservoirs (labelled as number 2) that are pressurised to 700bar, this hydrogen is used to fuel the hydrogen fuel cell labelled as number 3. The hydrogen fuel cell comprises of 4 stacks, in the core of these stacks, dihydrogen and oxygen atoms combine to form water, this reaction produces heat, in turn producing electricity to power the vehicles electric motors. The compressor for the vehicle (labelled as number 8) is also an important factor in producing electricity, this compresses and accelerates the air that enters the system, the modulation of the air flow into the stacks alters the reaction between the oxygen and dihydrogen and affects the amount of electric power that is produced. The final component is the buffer batteries that are labelled as number 6 in the diagram. These batteries store excess electricity produced by the fuel cell and the 2.4kW KERS system that can deploy 250kW of power for 20 seconds, these batteries allow the driver to double the cars power output from 250kW to the previously mentioned maximum power of 480kW (ACO, 2018). The only emissions from the Mission H24 tailpipe is water vapour.
[bookmark: _Toc131177241]Legislation
Formula 1 Legislation
Formula 1 has been working towards implementing more sustainable practices in their sport, with the goal of achieving net-zero carbon emissions by 2030. In 2021, Formula 1 introduced a new set of regulations which aim to reduce the environmental impact of the sport by reducing the amount of fuel used, increasing the use of sustainable materials, and promoting the use of renewable energy sources. These regulations include a requirement for a minimum 10% biofuel blend in all gasoline used, and the use of 100% sustainable fuel by 2026 that can be used in the future to power road going internal combustion vehicles to reduce emissions globally. In addition, Formula 1 has also committed to reducing the amount of single-use plastic at events, promoting sustainable travel options for fans and teams, and improving the efficiency of logistics and transportation including redesigning air freight processes and using 100% sustainable energy in F1 offices. Furthermore, the new regulations also require all teams to have a sustainability plan in place by 2022, with annual reporting on their progress towards achieving sustainable practices (Formula 1, 2022). These measures demonstrate Formula 1's commitment to addressing the environmental impact of their sport, highlight the impact on the global transport sector that Formula 1 has, and moving towards a more sustainable future. 
Formula E Legislation
Formula E is a championship that prides itself on sustainability, with the goal of promoting clean energy and reducing carbon emissions. In line with this mission, Formula E has implemented several sustainability initiatives, including a ban on single-use plastics, the use of sustainably sourced materials in car components, and the promotion of electric vehicle technology. In addition, Formula E is a carbon-neutral championship, meaning that it offsets all carbon emissions generated during races and other events. This is achieved using renewable energy sources, energy-efficient technologies, and carbon credits (Formula E Operations Ltd, 2015).
Looking to the future, Formula E has announced ambitious sustainability targets for its Gen 3 era. One of the key goals is to achieve a net-zero carbon footprint by 2030. To achieve this, Formula E is planning to introduce a new, more efficient battery system that will reduce the amount of energy required to power the cars. The championship is also exploring new ways to generate renewable energy, such as using solar panels and wind turbines at race venues. Additionally, Formula E is working with its partners and suppliers to promote sustainable practices throughout the supply chain, from the sourcing of raw materials to the manufacturing and delivery of car components, car manufacturers taking part in Formula E must propose a full life cycle assessment for their proposed car with the assessment including challenges made on the use of sustainable materials, lifespan of consumables, recycling and second life projects for used components (Formula E, 2020). Finally, Formula E is committed to engaging with fans and promoting sustainable lifestyles, with initiatives such as the "Positively Charged" program, partnered with UNICEF, which encourages fans to make positive changes in their daily lives to reduce their carbon footprint whilst simultaneously using the fund to provide schools with sustainable energy solutions and reduce child exposure to air pollution (Formula E, 2021). 
World Endurance Championship Legislation
The World Endurance Championship (WEC) has been actively working towards reducing its carbon footprint through various sustainability initiatives. One of the key initiatives is the "Race to Innovate" campaign that aims to encourage the use of innovative technologies to reduce emissions and promote sustainability in the championship. The WEC also introduced a Green Racing program in 2021, which focuses on reducing emissions, promoting alternative fuels, and improving energy efficiency in the race cars. More recently the use of TotalEnergies Excellium Racing 100 became mandatory for all competitors to use as of 2022, ensuring that these pieces of legislation are successful in their aims. In addition, the WEC has implemented several regulations to reduce the environmental impact of the races, including restrictions on fuel consumption and emissions, and the use of hybrid powertrains (EuroNews, 2023).
One of the most exciting sustainability initiatives in the WEC is the Mission H24 project, which aims to develop and promote hydrogen fuel cell technology in endurance racing. The project was launched in 2018 and is a collaboration between the Automobile Club de l'Ouest (ACO) and GreenGT. The goal of Mission H24 is to create a hydrogen-powered class in the WEC by 2024. The project is focused on developing a high-performance hydrogen fuel cell powertrain that can compete with traditional internal combustion engines and hybrid powertrains. The ultimate goal of Mission H24 is to promote the use of hydrogen as a sustainable fuel source in motorsports and beyond. In addition to the environmental benefits of hydrogen fuel cells, the technology also has the potential to increase energy efficiency and reduce costs for race teams. Overall, the WEC's commitment to sustainability and innovation through initiatives like Mission H24 is an important step towards a more sustainable future for motorsports (FIA World Endurance Championship, 2022)
Drawbacks and Other Sustainability Options
Biofuels, battery technology, and hydrogen are all being explored as potential sustainable solutions in the motorsport industry. However, there are drawbacks to each of these technologies. Biofuels are limited in terms of their availability, with only certain regions being able to produce them efficiently and inexpensively. Additionally, there are concerns over the impact of biofuel production on food crops, the potential for deforestation to create land for biofuel crops and the fact that biofuels use a large amount of water to produce (Marsh, 2023) . Battery technology has come a long way in recent years, but there are still concerns over the environmental impact of mining the raw materials such as nickel, lithium, cobalt and other rare earth metals needed for battery production, as well as the difficulty in recycling batteries once they reach the end of their life cycle (Heberling, 2022). Hydrogen is a promising technology, but the infrastructure for producing, transporting, and storing hydrogen is not yet widespread, making it difficult to implement on a large scale, coupled with the fact that the performance of hydrogen technology is currently not on par with internal combustion engine performance. Hydrogen also introduces safety concerns over the highly pressurised nature of how it is stored and the overall mass of the system due to large, pressurized fuel tanks. It is discussed in section 3.1.3 that the hydrogen from the Mission H24 is from green sources, although this is rarely the case and hydrogen is typically produced via CO2 intensive methods (Staff, 2022), meaning that if hydrogen were to become widespread in motorsport, new, more inexpensive ways of producing the fuel must be conceived. Other options for race series to explore include synthetic fuels, which can be produced using renewable energy sources and have a lower carbon footprint than traditional fuels, (Cinch, n.d.) states that synthetic fuels typically have all of the properties of a fossil fuel but produce only 15% of the emissions. Additionally, race series could focus on reducing their overall carbon footprint through initiatives such as promoting public transport for fans, implementing energy-efficient practices in race operations, and offsetting carbon emissions through reforestation or renewable energy projects. The successful implementation of sustainable solutions in motorsport could have a significant impact on the global transport sector, inspiring manufacturers and consumers to pursue more sustainable options in their own vehicles along with trickling down technology to manufacturers, allowing automotive and transport manufacturers the capability to produce lower emission and more sustainable vehicles. 


[bookmark: _Toc131177246]Conclusion
To summarise, it is evident that the motorsports industry has made significant strides in developing sustainable technologies and practices in recent years. The use of sustainable fuels, battery technology, and hydrogen power has demonstrated a commitment by the industry towards reducing carbon emissions and promoting environmental sustainability. While each technology has its benefits and drawbacks, it is important to note that no one solution is perfect, and a combination of these technologies will be required to achieve carbon neutrality.
Formula 1 and the World Endurance Championship have taken different approaches to sustainable fuel use, with the WEC currently ahead of Formula 1 in this regard. The WEC's adoption of Excellium Racing 100, sourced from 100% renewable bioethanol, marks a significant advancement in sustainable fuel use, with a reduction in greenhouse gas emissions from all vehicles on track by at least 65% with the goal of introducing a hydrogen prototype series in 2025. In contrast, Formula 1 has begun using E10 fuel, which contains 10% ethanol, with the aim of achieving carbon neutrality by 2030.
Battery technology has also played a significant role in the development of sustainable motorsports. The Formula E championship has led the way in this regard, with each generation of cars improving on the previous one. Generation 3 cars now have 350kW of power and 600kW of regeneration energy available, with more than 40% of their power coming from recovered energy and these numbers are unlikely to fall in the foreseeable future. In Formula 1, the hybrid powertrain combines electric power from multiple systems and internal combustion power produced by a 1.6L Turbocharged V6 to provide thermal efficiency above 50%.
Finally, hydrogen technology, particularly the Mission H24 prototype, has demonstrated significant potential for sustainable motorsports. The use of green hydrogen produced by carbon-free processes and the absence of tailpipe emissions make it an attractive option for the future of motorsports. Although hydrogen is currently expensive to produce in this way, advancements of this technology in future will surely provide a more attractive solution for mass production of hydrogen fuel.
Legislation has also played a crucial role in promoting sustainable practices in motorsports. Formula 1's regulations, which require a minimum 10% biofuel blend in all gasoline used, and the use of 100% sustainable fuel from 2026, are a significant step towards achieving carbon neutrality and a step towards fully sustainable fuels being available to the global transport sector due to the development of a more widely accessible sustainable fuel infrastructure. Additionally, the FIA's environmental accreditation programme encourages sustainability in motorsports through the use of renewable energy, waste reduction, and sustainable transport.
In conclusion, while sustainable technologies and practices have made significant progress in the motorsports industry, there is still much to be done. A continued commitment to sustainability, the development of new technologies and fuel carriers, and the continued adoption of sustainable practices will be necessary to achieve carbon neutrality and promote environmental sustainability in the future of motorsports.
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