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Abstract – 

  The shift towards synthetic e-fuels in MotoGP is expected to have a positive impact, with potential for expansion into other championships under FIM regulations. While cost remains a limiting factor in the choice of alternative energy carriers, synthetic fuels are a drop-in alternative that can be supported by current infrastructure. The development of e-fuels is expected to reduce production costs and increase availability. The uncertainty surrounding government legislation makes choosing only one alternative a risk, and smaller steps such as the switch to synthetic fuel appear to be the best approach. Lessons from Extreme E can be applied to create more sustainable race events, but a balance must be struck between sustainability and funding available to all participants and spectators in motorsport. 
1.0. INTRODUCTION

  Energy carriers provide the power required for transportation, heating, and industrial processes. As society continues to grow and demand for cleaner energy increases, there is a need to explore new energy carriers that are sustainable and have a reduced impact on the environment. Motorsport can be viewed an a non-essential activity, that needlessly contributes to carbon emissions, both directly at race meetings or indirectly through the logistics of competitor and spectator travel. 

 Legislation and practicality are critical factors to consider when adopting new energy carriers, as they determine the feasibility of their implementation and the potential impact on the economy, environment, and society. This report aims to examine the use of energy carriers from both a legislative and practicality approach. It explores the various energy carriers available exploring their advantages and disadvantages. 

 The report assesses the practicality of implementing different energy carriers for motorcycle racing events, taking into account factors such as infrastructure, costs, and public perception. 

2.0. ENERGY CARRIERS
2.1 Bio-Fuels

·  Bio-Fuels have the potential for positive and change, however are increasingly viewed with negative connotations.

· Bio-fuels are considered as renewable as they are generated from crops. Most applicable for motorsport, is the production and use of bioethanol which utilises the fermentation of corn, sugarcane, potatoes, wheat and sugar beets, varying by country of production
·  As global food supply becomes of greater concern, other types of fermentation are being used, known as second and third generation bioethanol. These can use less arable land, however have more complex pathways to produce ethanol (biochar or syngas are the main products) to scale or are water intensive, switching food supply pressures into potentially water availability problems in certain areas of the world (Tse et al., 2021) (Lee, 2013)(Speight, 2019).
· Syngas based fuels (Gas-to-Liquid (GTL)) have been used successfully in Le Mans Prototype racing, however it is a diesel fuel base (Shell, 2007)., not suitable for performance motorcycles due to the weight of diesel engines. The 2022 24 Hours of Le Mans endurance race was completed with 100 % renewable biomass fuel and a Mazda Roadster completed a tour of Great Britain with drop-in biofuel (Whitlock, 2022) (House of Commons Transport Committee, 2023). There have been successes with bio-fuels in 4-wheeld vehicles, however it does not appear to be a development priority for motorcycle manufacturers.
·  Public perception of biofuels is positive within the EU. However, the public understanding of biofuels has been found to be limited. With increasing climate and environmental awareness, the risk redistribution from energy to food supply, could become a prominent topic. This leaves biofuels at risk of negative media coverage, and public perception being swayed against the production and use of biofuel  (Løkke, 2021).
·  Investment into the use of biofuel would be risking the future public perception of the championships that adopt it. As a long term solution, the negative aspects of biofuel production do not fit within the objectives outlined by the FIM Sustainability Strategy, where environmental protection and  fostering biodiversity are aims (FIM, 2021).
 2.2 Synthetic Hydrocarbon Fuels
·  Synthetic fuels are created using carbon extracted from the atmosphere and hydrogen. The hydrogen used in synthetic fuels should ideally be green hydrogen, created using only renewable energy and electrolysis of water. Most hydrogen produced is currently grey hydrogen, which is created from natural gas and emits carbon dioxide. Between green and grey hydrogen is blue hydrogen, the difference being that blue hydrogen employs carbon capture to the methane reforming process that grey hydrogen production uses. Green hydrogen is expensive as the electrolysis process requires a large amount of energy and so is not yet the most prominent method of hydrogen production. It is expected that the cost of production will fall, similar to wind power. The mainstream uptake of synthetic hydrocarbon fuels could accelerate this. Yellow hydrogen, defined as being created using electrolysis powered by solar energy is a new category, and is increasing in use. The hydrogen colour spectrum is increasing, suggesting a confidence in the future prospects of hydrogen generation (National Grid, 2023) (Williams, 2022) (Willage, 2022).
·  Synthetic fuels are created using carbon extracted from the atmosphere. This is a crucial part of achieving the Paris-Agreement aim of limiting the “global increase in temperature to well below 2°C above pre-industrial levels”. The “well below” is suggested to be 1.5°C. This requires peak greenhouse gas emissions to occur by 2025 and decline by 43% by 2030 (UNFCCC, 2015). Synthetic fuels act as a temporary carbon capture device. The carbon dioxide is released when the fuel is burnt. The use of synthetic fuels acts as a pathway reducing the reliance on fossil fuels medium to long-term, slowing the release of carbon dioxide into the atmosphere (The Royal Society, 2019). 
·  Synthetic fuels can be used immediately, without modification to current machines. The effect of substituting fossil fuel for synthetic fuels is immediate, the rate of carbon dioxide emissions reduces, on the assumption that the energy used to create the synthetic fuel is carbon-neutral.
· By 2027, MotoGP, Moto2 and Moto3 are set to use 100 % synthetic fuel. The ethos is to fast forward development of synthetic fuels by allowing each manufacturer in the series to work with their own fuel supplier, with the fuel eventually being readily available to the public (MotoGP (1), 2023). The research and development is therefore not prone to restrictions through business resource. 
· The switch to synthetic fuels by MotoGP, could influence public opinion in favour of synthetic fuels over electric vehicles (EV’s). The Asia-Pacific regions account for 20 % of all MotoGP viewers. In 2021, the Asia-Pacific region accounted for 60 % of the market. An increase in new motorcycle sales of 13.2 % was recorded in India for 2022 (McD, 2023) (GVR, 2023) (MotoGP (2), 2023). The use of synthetic fuel could filter down through championships, World Superbike (and potentially the national championships) could adopt synthetic fuels if MotoGP shows it to be successful and cost-effective.  Infrastructure to supply synthetic fuels is in place, it is a ‘drop-in’ replacement for fossil fuel derivations (Blume, 2023).  Where EV’s may require a change in lifestyle to make them practical,  a change to synthetic fuels would not impact the vast majority of motorists if synthetic fuel prices were comparable to current fuel prices. The challenge is reducing the production costs (House of Commons Transport Committee, 2023).
· Some manufacturers in the automotive industry are eager for synthetic fuels/e-fuels to be exempt from the EU ICE ban. Germany has appealed the ban, resulting in e-fuel vehicles being exempt from the 2035 ban. Porsche are well known to be developing e-fuels, however have no plans for public distribution, using them for prototypes and racing only. Manufacturers that had committed to EV’s such as Ford argue that the regulatory framework is not strong enough, and could have “significant consequences for businesses” (Lasarte, 2023)(Martin, 2023). Prodrive have expressed concern over the limiting nature of the tailpipe emissions ban, and that without a level-playing field for alternative fuels, the governments climate targets will not be met (House of Commons Transport Committee, 2023).
 2.3 Hydrogen

·  Hydrogen fuel cell vehicles (FCVs) use hydrogen as a fuel to produce electricity through a chemical reaction with oxygen from the air. This process generates water vapor as the only tailpipe emission, making FCVs a zero-emission vehicle option.

The hydrogen fuel is stored in high-pressure tanks, and it is fed into the fuel cell stack, where it is converted into electricity to power the vehicle's electric motor. The electricity produced by the fuel cell is also stored in a battery that can be used to provide additional power to the vehicle during acceleration or climbing hills. Hydrogen does emit carbon to the atmosphere, however it emits water vapour which has a warming effect on the climate (House of Commons Transport Committee, 2023). . 
· Hydrogen is difficult to store in a compact vehicle. Its low density requires it to be compressed in order for a practicable amount to be stored on-board a
vehicle. Compressed to 700 bar, Hydrogen has a comparable rang and refuelling time to traditional gasoline vehicles. Compression of Hydrogen however requires energy, and when compressed the volumetric energy density is 5.6 MJ/L compared to gasoline which has a volumetric energy density of 32.0 MJ/L (Møller, 2017). Compression of hydrogen to 700 bar also introduces storage and transport risks. High-pressure leakage is prone to combustion leading to jet-fire or explosions. 2019 saw hydrogen explosions in Norway, the U.S. and South Korea. Injuries and deaths resulted in South Korea. The rapid dispersion of Hydrogen as a result of its low density, reduces risks of combustible atmospheres, however the embrittlement effects and small molecule size raises risks (Li, 2022). Adopting hydrogen as the primary energy carrier for a championship is likely to gain positive media coverage initially. Serious perception problems are likely to arise after racing accidents or paddock incidents involving hydrogen. Further research into the safety of a hydrogen fuelled motorcycle during crash scenarios is needed.
· Hydrogen powered vehicle uptake outside of motorsport would likely need to be achieved prior to using hydrogen as the primary energy carrier. The results of ongoing feasibility trials by the UK government would give an indication on the likelihood of hydrogen vehicles becoming popular (House of Commons Transport Committee, 2023).

· Expectation that circuits would develop on-site hydrogen storage facilities in the near future is unreasonable. The cost of installation for a technology that is rarely utilised would be too high, and in addition likely to increase insurance  and maintenance costs for circuits.  

· Kawasaki Motors are currently developing a liquid hydrogen fuelled variant of the supercharged H2 engine. The project is supported by Toyota, Yamaha, Subaru and Mazda. This model would use pre-filled canisters, rather than pumping hydrogen directly on-board the vehicle (Purvis, 2023). The hydrogen engine unit has been used in a 4-wheel offroad vehicle in conjunction with Toyota producing positive results. Long term, hydrogen may prove to be viable if safety concerns are alleviated (Quick, 2022). 
2.4 Electrification
· The UK government appear committed to electrification of private vehicles. Where the EU have recently pushed back the ban on new ICE sales and introduced an exemption for e-fuels, the UK government stance is “we have seen no evidence that

e-fuels can deliver the air quality benefits that come from a battery/electric or hydrogen

fuel cell car. That is the real challenge. They deal with the carbon, but they do not deal

with the NOx and other emissions.” (Low, 2023). Motorsport UK have expressed concerns that funding for alternative energy carriers is too focused on electrification. This is positive if electrification is guaranteed to be the future, however motorsport should be exploring all options to develop the best option (Motorsport UK, 2022).
· The benefits of electric vehicles are established. No tailpipe emissions being the primary point. In terms of performance, the additional weight of electric machines (225 kg & 150 bhp)  restricts power-output in order balance battery carrying capacity, packaging and riding dynamics. The 2023 Ducati V21L that the MotoE championship uses, is 11 seconds slower at Jerez than a MotoGP (157 kg & 300 bhp) machine (Mclaren, 2023). 
· It is fair to say MotoE has not shared the popularity of MotoGP; it has always been categorised as a supporting race class to MotoGP. TTZero has paused, citing lack of depth in competitors (IOM TT Races, 2019); although performance had been improving dramatically. The limited number of manufacturers, particularly major manufacturers, removing the traditional competition and rivalries, may be limiting interest in the electric racing classes. The single make MotoE class switch to Ducati will need its popularity monitoring in it’s maiden year of world championship status.
· An important factor in the green credentials of moving to all electric is the electricity source. As a global championship, energy for each championship round would need to be generated by renewables. This may not be possible depending on the host country; some current host nations electrical production is < 20 % of their total output (based on 2021 data) (Enerdata, 2021) . Circuits investing in renewable energy to become self-sufficient may be a solution. 

· Circuit de Barcelona Catalunya has installed electric car charging points powered by solar panels. In total there are 13 charging points. Th circuit has achieved an Environmental Excellence Certificate from the FIA since 2015 (circuitcat, 2023). Electric charging points are not the sole criteria for the certification, however given the size of the venue (hosting Formula1 and MotoGP) it demonstrates the lack of infrastructure readiness for electrification. Cost plays a large part, with some UK circuits placing a ban on charging electric vehicles using the venue power supply. Smaller venues would be unlikely to be able to support a change to electric, based on different the infrastructure demand. Large venues currently support one electric racing class in MotoE, further work would be required to establish if a venue could support the needs of 4 or more electric racing classes of 30 or more machines simultaneously.
· Extreme E generates power through hydrogen fuel cells at each race. It is clean energy and outputs water which is then used by teams. Paddock power is provided by second-life batteries. (Extreme E, 2022). Adoption of this model would likely rely on transport of the fuel cells with the championship following the Extreme E model. Permanent fuel cell installation at venues is unlikely unless commitments are made to electrification by the FIM, but also governments, to ensure national / club championships would make use of the fuel cells, justifying the costs.
3.0 VENUES
· Creating a more sustainable culture amongst competitors and spectators may be beneficial in alleviating criticism from external sources. Increased recycling and reduction in single use packaging should be encouraged through provision of recycling waste bins and the use of reusable drinking containers, similar to Extreme E.
· Mugello Circuit has implemented a food waste program where surplus food is donated to local charities. Yas Marina Circuit generates its own drinking water suppl through atmospheric water generators (Enovation, 2022). Many circuits have their own sustainability programs. Elements of these programs should be implemented at every race meeting. 
· Silverstone Circuit has invested in solar power (to generate 13 % of the venues’ requirement) and biofuel generators (Silverstone, 2022). This is positive, however may only be affordable for premier venues.
4.0 CONCLUSION
· The current shift towards synthetic e-fuels by the MotoGP paddock is expected to be positive. The effects of the change should be reviewed annually with the aim of expanding the use of e-fuels into other championships under FIM regulations.  Other alternatives are currently too uncertain. The continuation of
 MotoE keeps motorcycle racing in touch with electrification and acts as a long term viability test without full commitment to electrification.
· The most limiting factor in choice of alternative energy carriers in motorsport is cost. Synthetic fuels are a drop-in alternative that is supported by current infrastructure. Initially expensive to produce, the development of e-fuels pushed by MotoGP is expected to reduce the costs of production and make e-fuels readily available. Hydrogen and electrification require significant changes to infrastructure and racing machinery, placing financial burden in the most at risk areas; the circuits and competitors.

· Motorsport can innovate and bring new technologies to the motorsport and automotive sectors, however the uncertainty and lack of faith in government consistency ( The EU changing the terms of the ICE ban and the UK government remaining blanket ban) makes choosing only one alternative a risk. The financial outlay and potential for public perception of a fuel type to be swayed easily does not allow for large changes to be made. Smaller steps, such as the switch to synthetic fuel, appear to be the best approach.

· It would be beneficial to learn lessons from Extreme E for race events, creating  more sustainable events, however a balance must be found between the sustainability in regards to environmental concerns and sustainability in regards to the funding available to all those that participate or spectate motorsport.
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