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While world rallycross has recently turned to electric power European and other regional events still use gasoline powered internal combustion engines. The regulations for RX1 cars as they are known state that a 2-litre turbocharged engine must be used. These regulations have recently changed so that the current topflight cars must be electric. This report is aimed at discussing the current cars and problems that can be attributed to them with suggestions to improve upon both regulations and the marketability of the sport.
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[bookmark: _Toc131353538]Current Regulations
There are currently two topflight rallycross classifications RX1e and RX1, the RX1 regulations have been in place, with small amendments, since the sport was first governed by the FIA in 2013. RX1e however was introduced for the 2022 world rallycross season. Both regulations follow the group a  standard for the cars dimensions which allow for any size car to be used as long as the race variant follows the same dimensions (FIA 2023a). Because of the tight nature of rallycross circuits smaller hatch back style cars tend to be used. 
Where the two regulations differ is the powertrain, RX1 uses a 4 cylinder up to 2058 cc turbocharged engine which produces 600hp. The minimum weight for these cars is 1300kg (FIA 2023b). The RX1e cars however use two electric motors to power the car which produce a combined 680hp however must weigh a minimum of 1430kg to offset the greater power(FIA 2023c).
Rallycross takes place on circuits with a length of around 1 km that have a mix of both gravel and tarmacked surface. The races last a maximum of 6 laps which means that the short races allow for suitable use for alternative energy sources as there is less need for a large amount of energy compared to endurance races.
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[bookmark: _Toc131353540]Biofuels
Easy alternatives to the use of gasoline are to replace them with a more renewable and ‘greener’ fuel type such as biofuels or synthetic fuels. While both these fuels have similar qualities and properties the main difference is in how they are produced. Biofuels are generated from organisms or by organisms and use natural processes to produce fuels such as bio ethanol or biodiesel. Synthetic fuels on the other hand are derived from coal or another biomass. They are produced by a combination of both chemical processes and physical means to produce the fuel (Markov 2012).
The current regulations regarding fuel for the RX1 cars allow for standard gasoline petrol with an ethanol content up to 5% ethanol (FIA 2023d). However because one of the fuels that is produced as a product of bio fuels is bio ethanol this content can be increased to either a mix of gasoline and ethanol or pure ethanol. E80 is used in regional rallycross competitions such as Nitro Rallycross that takes place in the US (Nitro RX 2022). 
Ethanol can be produced from a range of crops including sugarcane, sugar beets, maize, barley, potatoes, cassava, and mahua (Baker and Keisler 2011). These crops can then be turned into ethanol by fermentation of the sugar slurry that is produced from the crops this process yields 12% ethanol. This can be improved up to 96% ethanol if an invertases is used which helps catalyse the sucrose into fructose and glucose. These are then turned into ethanol when combined with yeast zymase (Fundação and Cruz 2011).
Some draw back of the use of bio ethanol is that while it is a renewable energy source there are questions around the land usage that would be required for it to be used on a large scale. Other problems include a higher volatility than naturally occurring ethanol which is not ideal if the fuel tank were to be ruptured in the event of a crash. It is recommended that is blended with regular gasoline to help which improves power ratings for an engine (Tan et al. 2008). 

[bookmark: _Toc131353541]Synthetic Fuels
To create a comparable fuel to that of the current gasoline type fuel synthetic fuels can be used. To create synthetic fuels carbon in the form of CO2 is captured from the atmosphere and then using electrolysis is combined with water to create gasoline (Ridjan et al. 2013). While this creates a better fuel than a biofuel it is a more costly option.
The drawback of this fuel is that while it is a renewable fuel unless the process is 100% efficient then it is still emitting pollutants. This is because while the energy needed in the electrolysis process between the CO2 and H2O can be produced from renewable sources that is not a guarantee. Other issues in the storage of the captured carbon will mean that some CO2 can escape. The fuel doesn’t solve issues like NOx production which means that while greener than current fossil fuels it is not perfect (Graves 2010).
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[bookmark: _Toc131353543]Pure Electric
As stated above there was a decision to change the RX1 class to electric for the 2022 rallycross season. While this was chosen as the route to go down it was a little rushed and garnered a mixed response. This section looks at the benefits and drawback of the electric system.
The base principle for an electric powertrain starts with the battery which stores the energy in a chemical form and converts it into electrical when needed. This is linked to the controller which can request energy from the battery before sending it to the motor. Which transfers the electrical energy into a rotational energy which is used to drive the wheels.
Some benefits from an electric powertrain are torque characteristics that are more suited to a rallycross car which can displace the need for a gearbox. Because the races are short, smaller batteries can be used allowing for a lower weight. Another benefit is that no emissions are produced while the cars are being ran. Finally, they produce less noise than an ICE equivalent which is ideal as there may noise restrictions in place or introduced.
The downsides of electric vehicles are that while no emissions are produced when in use the sociological impacts on the mining of the materials which is predominantly in poorer African and south American countries may be negative. The Li-ion battery making process is extremely energy and carbon intense requiring nearly 1500 TWh of energy and emitting 379 MT of CO 2-e gases (Vitta 2021). This is not ideal for a championship that is promoting sustainability and how green it is. 
While rallycross cars can run lower battery weights than other racing series it is still heavier than contemporary RX1 cars as seen by the 100kg increase in minimum weights. 
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As solution that was implemented in the world rally championship (WRC) was the inclusion of a hybrid powertrain. A hybrid powertrain utilises both an Internal combustion engine (ICE) and an electric motor together to power the vehicle.
The type of powertrain WRC implemented was a parallel hybrid where they kept the same 1.6 litre engine as before but had an electric motor that joined at the gearbox to provide extra power when requested. This brought the total power up to 550HP which is similar to the RX1 cars.
The other type of hybrid is a series configuration which was utilised by Audi in the Dakar rally. The way this works is they use a 2 litre DTM engine which drive the generator to charge the batteries which provide energy for the motors to drive the wheels. While this configuration is better for longer distance the need to charge batteries mid race is not a major concern for a rallycross team.
Some advantages of a hybrid powertrain is that the efficiency of the car can be increased or the maximum power can be increased depending on the needs of the car. The drawbacks of a hybrid are that they have the same problems as ICE powertrains in regards to emissions and the weight problem of a combination an ICE lump and a large battery pack.
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A promising alternative energy source is hydrogen. This can be used either in an ICE unit or as part of a fuel cell. Fuel cells produce energy by combining hydrogen and oxygen in a electrochemical cell which charges the hydrogen ions and electrons which causes them to split paths and thus creates energy (Dicks 1996). While this is ideal for having a long range for an electric vehicle it is less suitable for racing.
The other option is to use it within an ICE and burn it. Hydrogen is a common element and can be found in other chemical compounds such as water. The hydrogen can be split from the oxygen in water by means of electrolysis making the fuel source readably available (Holladay et al. 2009). Hydrogen has a wide air fuel ratio allowing for it to run in most conditions, but its stoichiometric mix is 34:1. Its energy density is 141.9 which is 2.75 times better than gasoline however when comparing energy in comparison to volume hydrogen is vastly inferior (Gomes Antunes et al. 2009).
Hydrogen when burnt can be ran in the same engine as petrol with slight changes to fuel lines and injectors (Eichlseder et al. 2003). However BMW used a dual fuel car to demonstrate hydrogen combustion and while the fuel economy was considerably worse than petrol it managed to achieve 37.5% efficiency which is comparable if not better than a gasoline engine (Wallner et al. 2008).  
Some advantages of combusting hydrogen is that it can be ran in a similar engine to engines ran currently with a few changes to some components. It also has a faster burn rate than gasoline allowing for higher rpms to be reached. Higher compression ratios can be reached which is ideal for a performance engine because it means a higher power output can be achieved (Karim 2003).
Some drawbacks however are that the cylinder volumetric efficiency is reduced due to the low density. And while hydrogen appears to have better characterises than gasoline at the higher rev range it may be hard to fill the cylinder to achieve these results. Because of the low density of hydrogen the fuel tank will need to be larger to accommodate enough fuel for the race (Astbury 2008). And finally the production of energy that is used to create the hydrogen can be from renewable energy however that is no guarantee.
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As discussed above there are many routes to be taken to implement a greener solution than what is currently used. WRC as stated above have implemented a hybrid powertrain (WRC 2023a) with the use of synthetic fuels (WRC 2023b). This was an ideal solution for this championship because it allowed teams to use the same 1.6 litre engine that they had previously developed and combine it with a greener fuel and add a hybrid to seem more eco-friendly.
Whilst it can be argued that the hybrid system was introduced to improve the efficiency or greenness of the championship, it can be offset because in 2022 the regulations changed reducing the effect of aerodynamic features on the car. This meant that to keep a similar speed car more power would be needed and this can derived from the hybrid system.
The introduction of the hybrid has been a success for WRC however it is less suited to a rallycross race because it increases the weight of the car and the power offset is not worth it over a 6 km race. The use of synthetic fuel that WRC employ would be more of a stop gap because while greener than fossil fuels it still produces NOx and releases CO2 so not ideal.
WRX instead went to the option of completely electric cars for the 2022 season instead. This was after Stard developed an electric rallycross car for the 2020 season. The problem they encountered for this cars was that it was heavier than the ICE counterparts and had no power increase meaning that it was around a second a lap slower.
This project was then shelved until 2022 when WRX went fully electric. These cars are heavier than previous cars but have more power to offset this and are now on pace if not quicker than before. Whilst from a competitive standpoint there are some advantages in electric motors with the instantaneous torque there are many drawbacks. 
One such drawback is the mixed opinion from fans of the sport which disliked the electric cars as one of drawing points is the noise produced which is no longer evident in the RX1e cars. Another drawback is that all cars have the same powertrain provided by the championship. While this guarantees the same performance it doesn’t give teams the freedom to design a powertrain to suit the cars design package. It also comes with a big price tag of €400,000 (Wilde 2022) while an ICE unit is around £50,000. 
The governing regulations are also used in regional competitions such as British rallycross with most of these entries being privateers changing to electric may be financially impossible. This can be solved if manufacturer interest is garnered however in 2018 when three manufacturers (VW, Audi and Peugeot) were involved there was a lack of support and interest in electric RX1 cars which eventually led to all three manufacturers withdrawing.  Whilst the new electric regs are trying to appeal to more car manufacturers there has been little support with both VW and Peugeot still sporting cars but as privateers.
Finally electric cars need to drive 13,500 km, if all energy supplied is from renewable sources, to achieve similar emissions over its lifetime (Leinert 2021). However with a lap being around 1km and 4, 4 lap races and 2, 6 lap races with 10 lap morning practice on an event weekend that equates to 38 laps in a typical race weekend. To break even a car would need to do 350 race events. However there are only 10 per year so the car would need to be ran for 35 years to break even. Because of the development to stay at the top of podium this would be a costly mistake. 
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The solution that would be proposed instead of an electric powertrain is a hydrogen ICE engine. This would suit rallycross as it would allow the retention of the noise which is appealing to die hard fans whilst making the championship greener.
As suggested above the vast majority of drivers are the owners of cars and thus don’t have the money to be spending on an electric powertrain. A simple solution is to use hydrogen in place of gasoline. This can be done because the hardware for a spark ignition gasoline and hydrogen engine are the same, with slight modifications needed to the injectors and ignition timing (Sopena et al. 2010).
Other changes needed are to modify the fuel tank so that it can accommodate the hydrogen rather than the gasoline. Although there will need to be an increase in tank size it won’t be a major issue as only around 10 minutes of hydrogen is needed and 20 minutes at max. The other issue of potential volatility compared to gasoline can be solved with a hydrogen le mans car being ran in the 2023 le man. This means that an existing solution for FIA homologation has been achieved meaning it is possible. 
It should be proposed that teams can make their own powertrain as is normal with RX1 cars or a spec engine and fuel system can be purchased for smaller privateer teams. This should allow for implementation of hydrogen across all levels of rallycross. 
Another benefit of using hydrogen is that either a spec fuel can be chosen by one supplier like, WRC with P1 fuels providing the whole paddock a synthetic fuel. Or it can allow for competition for energy suppliers which can promote technology from these supplier while creating an environment to develop new technology faster than another supplier.
Toyota have expressed interest in hydrogen and been leading the technological advancements for this for a while now (Campbell 2023). They also have a large interest in WRC with the past 4 drivers’ championships being won by a Toyota driver and the 2021 & 2022 constructors championship going their way as well. They are currently developing a rally 2 car for use in the wrc2 championship. This chassis can be used in the WRX championship with the correct powertrain. This is accompanied with a new hydrogen rally car that debuted in 2022 (Toyota 2022) could mean that it can garner a manufacturer support for the championship which it is currently lacking. 
To summarise this proposal is to use hydrogen in internal combustion engines to help reduce costs of electric powertrains and preserve the ICE for die hard fans. It is also to help try and introduce more manufacturers into the championship to improve marketability and competitivity. And finally, to try an entice an energy company to showcase the potential of both their technology and their company. This can allow for WRX to become the premier race series for hydrogen powered vehicles. .
.
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To conclude the need for sustainability within the sport of rallycross has become a significant and growing issue for both market relevance and for the governing body. While synthetic and biofuels provide a greener solution, they still have drawbacks. Meanwhile electric powertrains have been introduced with success in terms of speed and drivability they still have issues regarding land usage and the impact of rare earth materials. While hydrogen has been suggested as the best proposal a balance must be struck between sustainability and improving upon rallycross as a sport. 
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