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Abstract - This technical report evaluates the feasibility of utilizing hydrogen as an energy carrier in motorsport, particularly in motorcycle racing. The report aims to persuade the FIM (Fédération Internationale de Motocyclisme) to encourage the use of alternative energy sources in motorsport to reduce environmental impacts. The paper critically analyses different energy carriers in terms of their effectiveness, operation, and environmental impact. It explores the progress and research conducted by the automotive industry to develop sustainable and environmentally-friendly technologies. The report also discusses how technology developed in the automotive engineering industry can be applied to the motorsport industry. The current and possible future legislation related to the use of hydrogen as an energy carrier is presented, and the report makes clear suggestions for the suitable routes forward. The report concludes that hydrogen as an energy carrier has the potential to reduce environmental impact while providing sustainable and efficient power to motorsport vehicles. 

1.    INTRODUCTION 

The Motorsport has been an integral part of the automotive industry for over a century, with gasoline and diesel fuel being the primary sources of energy for vehicles. However, the environmental impact of these fuels has become increasingly concerning, and there is a growing need to explore alternative energy sources for the motorsport industry. Hydrogen is one such energy carrier that has gained significant attention in recent years due to its sustainable and environmentally-friendly nature.
This technical report focuses on the potential use of hydrogen as an energy carrier in motorcycle racing and aims to persuade the FIM to encourage the use of alternative energy sources in motorsport. The report analyses the effectiveness, operation, and environmental impact of different energy carriers, including hydrogen, and explores the progress and research conducted by the automotive industry towards developing sustainable technologies.

In addition to evaluating hydrogen as an energy carrier, the report also considers the implications of implementing energy recovery systems to further reduce the environmental impact of motorsport vehicles. The report concludes by presenting clear suggestions for the FIM to consider in terms of the suitable routes forward towards a sustainable and environmentally friendly motorsport industry. Overall, this technical report highlights the need for the motorsport industry to shift towards alternative energy sources, with hydrogen being a promising energy carrier that can provide sustainable and efficient power to motorsport vehicles while reducing environmental impact.

2.     LITERATURE REVIEW

The use of alternative energy sources in the automotive industry has gained significant attention in recent years, with a growing concern for the environmental impact of traditional fuels. This literature review aims to evaluate the current research and legislation surrounding the use of hydrogen as an energy carrier in motorsport and its potential implications for the industry.
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Figure 1 Significance of Hydrogen as Economic and Environmentally Friendly Fuel [8].
Hydrogen has been identified as a promising energy carrier due to its high energy content and low emissions. According to the International Energy Agency IEA, hydrogen has the potential to play a significant role in the transition to a low-carbon energy system [1]. The European Union (EU) has set a target of having at least 40 gigawatts of electrolysis capacity in the EU by 2030, which could produce up to 10 million tons of renewable hydrogen [2].
In the automotive industry, several companies have been developing hydrogen fuel cell technology for use in vehicles. Toyota has been a leader in this field, with their Mirai fuel cell vehicle achieving commercial success in Japan and the US [3]. Honda has also been developing hydrogen fuel cell technology and has recently introduced their Clarity Fuel Cell vehicle in select markets [4]. In terms of motorsport, there has been limited research conducted on the use of hydrogen as an energy carrier. However, several studies have explored the potential of hydrogen fuel cell technology in the automotive industry. For example, a study by [5] evaluated the environmental performance and economic feasibility of hydrogen fuel cell vehicles in Europe. The study found that hydrogen fuel cell vehicles had lower greenhouse gas emissions and were more cost-effective than battery electric vehicles. Another study by [6] explored the potential of hydrogen fuel cell technology in the motorsport industry. The study found that hydrogen fuel cell technology had the potential to provide a sustainable and efficient power source for motorsport vehicles, with the added benefit of reducing noise pollution. In terms of legislation, the EU has set several targets and regulations related to the use of alternative energy sources in the automotive industry. The EU’s Clean Vehicles Directive sets targets for the procurement of low and zero-emission vehicles in the public sector [2]. The EU also has regulations in place for the production and use of hydrogen, such as the Hydrogen Europe Regulation (HyER) and the European Hydrogen Strategy [2].
In conclusion, the literature review highlights the potential of hydrogen as an energy carrier in motorsport and the growing interest in the automotive industry towards developing sustainable technologies. While there is limited research on the use of hydrogen in motorsport specifically, studies have shown the potential of hydrogen fuel cell technology in the automotive industry. The legislation and regulations surrounding the use of alternative energy sources, such as hydrogen, in the automotive industry also suggest a growing shift towards sustainable technologies.


3. CURRENT LEGISLATION AND POTENTIAL ENERGY CARRIERS FOR REPLYCING PETROL AND DIESEL

The transportation sector is one of the biggest contributors to greenhouse gas emissions, accounting for around 28% of global CO2 emissions in 2019 [1]. 
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Figure 2 Renewable energy used in transport increasing [9].
In order to combat this issue, governments around the world are implementing various regulations and incentives to promote the adoption of cleaner and more sustainable fuels in the transportation sector.
The European Union (EU), for example, has set a target of reducing greenhouse gas emissions by 55% by 2030 compared to 1990 levels. To achieve this, the EU has proposed a comprehensive hydrogen strategy that aims to accelerate the deployment of hydrogen technologies in various sectors, including transport [10]. In the United States, the Biden administration has set a goal of achieving a carbon-free power sector by 2035 and net-zero emissions by 2050. To achieve this goal, the administration has proposed significant investments in clean energy and infrastructure, including the deployment of electric vehicles and the development of hydrogen fuel cell technology [11]. Hydrogen is one of the energy carriers that has gained significant attention in recent years due to its potential as a clean and sustainable fuel. Unlike fossil fuels, hydrogen does not produce greenhouse gas emissions when used in fuel cells, and its only byproduct is water vapor. Furthermore, hydrogen can be produced from renewable sources such as wind and solar power, making it a truly sustainable fuel option.
Other potential energy carriers that could replace petrol or diesel include biofuels, electricity, and natural gas. Biofuels are derived from organic matter and can be produced from a variety of sources, including crops, waste materials, and algae. Electricity can power electric vehicles and can be generated from renewable sources such as solar and wind power. Natural gas can also be used as a fuel for vehicles and can produce lower emissions than petrol or diesel, although it is still a fossil fuel and therefore not a long-term solution.
In conclusion, current legislation and incentives are driving the transition towards cleaner and more sustainable fuels in the transportation sector. Hydrogen is one of the energy carriers that has significant potential, along with other options such as biofuels, electricity, and natural gas. The choice of energy carrier will depend on various factors such as availability, cost, infrastructure, and technology development.

4.  HOW CLOSE IS WIDESPREAD ADOPTION OF HYDROGEN IN MOTORSPORT?

While hydrogen fuel cells have been in development for decades, their widespread adoption in motorsport is still in its infancy. The technology is not yet widely available or fully developed for use in motorsports. However, many manufacturers are investing in research and development of hydrogen fuel cell technology, and some have already introduced concept cars powered by hydrogen fuel cells.
A critical analysis of a range of energy carriers in terms of operation and effectiveness reveals that hydrogen is a promising candidate for use in motorsports due to its high energy density, low emissions, and renewability. Hydrogen can be produced using renewable energy sources such as wind and solar power, making it an attractive option for sustainable racing. Additionally, hydrogen fuel cells offer several advantages over traditional combustion engines, including higher efficiency and lower emissions. In order to further reduce the environmental impact of motorsports, energy recovery systems can be implemented. These systems can capture and store energy that is typically lost during braking, which can then be used to power the vehicle. This technology has already been successfully implemented in Formula One and other motorsports and can help to reduce the overall environmental impact of racing. Despite the promise of hydrogen as an energy carrier, there are still several challenges that need to be addressed before its widespread adoption in motorsports can be realized. One of the main obstacles is the lack of infrastructure for hydrogen refueling stations. In addition, hydrogen fuel cells are currently more expensive than traditional combustion engines, making them less accessible for many teams and manufacturers. However, as technology continues to develop and costs decrease, it is likely that hydrogen will become a more viable option for motorsports in the future.
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Figure 3 hydrogen as a solution for zero-emissions motorsport

Hydrogen fuel has been a topic of discussion for quite some time as an alternative to fossil fuels. However, the question remains - how close is widespread adoption of hydrogen in motorsport? To answer this, a critical analysis of a range of energy carriers in terms of operation and effectiveness needs to be done and consider whether energy recovery systems should be implemented to reduce the environmental impact. While hydrogen fuel is undoubtedly a promising alternative to conventional fossil fuels, it still faces several challenges when it comes to widespread adoption in motorsports. Firstly, there is the issue of infrastructure. Currently, there is a lack of hydrogen refueling stations, making it difficult for hydrogen-powered vehicles to be used for long-distance racing or endurance events. This is further compounded by the high cost of building hydrogen refueling infrastructure, which makes it difficult to justify the investment for some circuits. Another issue is the safety concerns related to the storage and handling of hydrogen. Although hydrogen is a clean fuel that produces only water vapor when burned, it is highly flammable and requires careful handling to avoid accidents. This poses a significant challenge to the adoption of hydrogen fuel in motorsports, where accidents can occur frequently and often involve high-speed collisions. Furthermore, while hydrogen fuel cells have improved significantly in terms of efficiency and performance, they still lag behind traditional gasoline engines when it comes to power output. This could limit the adoption of hydrogen in motorsports, where high power output is critical to performance. However, despite these challenges, hydrogen fuel has shown promising potential in motorsports. For example, the FIA Formula E championship has recently introduced hydrogen fuel cell technology as a range extender for its safety car, highlighting the potential of hydrogen in the sport. Moreover, several automakers have also developed hydrogen-powered racing vehicles, including the Toyota Mirai race car, which has already competed in endurance events such as the 24 Hours of Nurburgring. In conclusion, while there are significant challenges to the widespread adoption of hydrogen in motorsports, it is clear that hydrogen fuel has a promising future in the industry. 

As technology advances and infrastructure improves, hydrogen fuel could become a viable alternative to fossil. Moreover, there is a growing awareness of the need to reduce carbon emissions and combat climate change, which is driving the development of cleaner energy sources in all industries, including motorsports. This means that hydrogen fuel is likely to become an increasingly attractive option for teams and manufacturers in the coming years.
Another advantage of hydrogen fuel is that it can be used in a wide range of motorsports, including endurance racing, rally, and even drag racing. This versatility makes it an appealing option for teams looking to switch to a cleaner and more sustainable fuel source.
Despite the challenges, there have been some promising developments in the adoption of hydrogen fuel in motorsports. For example, the FIA Formula E championship has announced plans to introduce hydrogen fuel cell vehicles in its support series, the Jaguar I-PACE eTROPHY. This is a significant step forward for the adoption of hydrogen in motorsports and could help to pave the way for its wider use in the future.
Overall, it is clear that hydrogen fuel has the potential to revolutionize the motorsports industry, offering a cleaner and more sustainable alternative to fossil fuels. However, significant investment is needed in infrastructure and safety measures, as well as ongoing research and development, in order to realize this potential. As such, it is important for all stakeholders in the industry to work together to support the adoption of hydrogen fuel in motorsports, and to ensure that it is done in a safe and responsible manner.

5 PROMOTING CIRCUIT INFRASTRUCTURE DEVELOPMENT FOR SUSTAINABLE RACING  

As the governing body of motorsports, it is important for the FIM to promote sustainable practices and encourage the development of infrastructure to support sustainable racing. In order to achieve this, the author believe that the FIM should be encouraging the circuits to develop infrastructure that supports sustainable practices, including the adoption of hydrogen fuel.
The development of hydrogen refueling stations at circuits is essential for the widespread adoption of hydrogen fuel in motorsports. Therefore, the FIM should encourage circuits to invest in the development of this infrastructure, either through public-private partnerships or through direct investment. This would enable teams to use hydrogen-powered vehicles for long-distance racing or endurance events, promoting sustainable practices in the industry. In addition to the development of hydrogen refueling stations, the FIM should also encourage the implementation of safety protocols and training programs to ensure the safe handling and storage of hydrogen fuel at circuits. This includes the development of safety standards and protocols for the design and construction of hydrogen refueling stations, as well as the development of training programs for circuit staff and teams. In conclusion, the FIM has an important role to play in promoting sustainable practices in the industry and encouraging the development of infrastructure to support sustainable racing. By promoting the adoption of hydrogen fuel and encouraging the development of infrastructure and safety measures, the FIM can help to reduce the overall environmental impact of racing and promote innovation and technology development in the industry.

6.  CONCLUSION

In conclusion, hydrogen fuel has the potential to revolutionize the motorsport industry, offering cleaner, more sustainable, and efficient energy solutions. While there are still challenges to overcome, such as infrastructure, safety, and cost, the promising advancements in technology and the growing interest from manufacturers and governing bodies indicate that hydrogen could be the future of motorsport.
As we continue to tackle the global climate crisis and shift towards a more sustainable future, it is crucial for the motorsport industry to lead the way in adopting innovative and eco-friendly technologies. The FIM and other governing bodies have an essential role to play in encouraging the development and adoption of hydrogen fuel technology. This includes investing in the necessary infrastructure, supporting research and development, and promoting safety measures to ensure the successful implementation of hydrogen fuel in motorsport.
It is also important for circuits to be heading towards supporting infrastructure and health & safety considerations for hydrogen fuel, such as the implementation of refueling stations and safe handling practices. As the industry moves towards more sustainable solutions, it is vital that circuits are prepared to accommodate these changes and support the transition to a cleaner future.
Overall, the adoption of hydrogen fuel in motorsport represents a significant opportunity to not only reduce the environmental impact of racing but also drive innovation and technological advancements. As we continue to navigate the challenges of the 21st century, hydrogen fuel could be the key to unlocking a more sustainable and prosperous future for the motorsport industry and beyond. 
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