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1. [bookmark: _Toc161561498]Introduction
1.1. [bookmark: _Toc161561499]Background
The use of sustainable fuels in motorsport is becoming more prevalent and even becoming mandated by some governing bodies due to them being a possible alternative to EV powered vehicles. The automotive industry appears to be more focused on the EV route to reduce the impact of vehicle production and use but many people do not believe this to be the solution to the climate crisis. Motorsport has avenues into both EV and alternative fuels, with several championships being set up for EV and several championships converting to hybrid powertrains. The championships which were running prior to this big push to being more sustainable are looking into drop in alternative fuels likely for both the ease of transition and reduction in development and modification costs over converting to EV especially in the lower classes with less money invested in. Another reason for a championship to stay with internal combustion is for the viewers and spectators, with 225 million viewers following the Formula E 2023 season, and Formula 1 had a cumulative 1.54 billion viewers across the 2022 season, figures for 2023 season have not yet been released, this could be due to the viewer being more interested in watching and more importantly hearing internal combustion engines over EV motors. As these championships are largely dictated by money, they are likely to go where the money leads and with such massively increased viewers internal combustion is still dominating the money.
(RaceFans, 2023, FIA, 2024)
It was stated that renewable fuels can have a reduction of 90% compared to traditional fuels from well to wheel, with can being the keyword, just because it is possible does not mean its done and if this is a best-case scenario, where does the average lie.
(FuelsEurope, 2024)
The Alternative fuels infrastructure regulations report from Office for Zero Emission Vehicles (2023), included plans for the rapid deployment of electric vehicle charging points and for hydrogen refuel points, in regard to road vehicles, it discusses the consistent support to provide these fuels however there is no provision for biofuels as it appears until recently the government has invested heavily into EV at the cost of other possible fuels. In the future steps proposed by the government biofuels are not mentioned either so it appears that they still are not considered a possible solution if even a temporary one to help reach net zero by 2050.
1.2. [bookmark: _Toc161561500]Types Of Fuels
In motorsports currently there are several types of sustainable or alternative fuels being used, this includes biofuels and hydrogen. Biofuels covers several different types of fuels such as ethanol, biogasoline and biodiesel. Hydrogen could technically conform to the UK governments aim of zero tail pipe emissions by 2035, as the burning of hydrogen does produce H2O, but is this considered an emission, as it is naturally occurring and in itself is not a damaging compound to be produced. Biofuels do not conform to zero tail pipe emissions, they can be a net zero fuel, whether or not this would be accepted by government in the future is not certain. The benefit of biofuels over EV and hydrogen is they can be used as drop in fuels, meaning not only can newly produced cars run on them they can be used in older cars, thereby reducing the emissions during use of cars already on the road as well.
(Department for Transport, 2023)
2. [bookmark: _Toc161561501]Literature Review
Thus far literature which has chemically compared the fuels, and their emissions, which are being used in the highest forms of motorsport are not publicly available, so when it comes to the values that are being quoted by various manufacturers on the emissions of using and producing these fuels it appears these are all that can be used to judge as of yet.
2.1. [bookmark: _Toc161561502]Governing Bodies
The FIA set out a sustainability strategy regarding the powertrains of their championships over the next 6 years at the time of publication, from 2021 to 2027. This saw all championships being forced to transition to either electric, sustainable fuels or hydrogen by 2027. Some have already fully transitioned, and some are in the process of ramping up the sustainable fuel content in the fuel blends.
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Figure 1, FIA’s sustainable fuel road map. (FIA, 2023)
Motorsport UK currently does not mandate the use of sustainable fuel across all its series, there are several series currently using a 20% sustainable fuel blend, called Carless Hiperflo R20, which claims a reduction of 18% in greenhouse gases produced. Motorsport UK also states that sustainable fuel is a vital part of their sustainable vision for UK motorsport but does not have a road map set out for all its series as the FIA does.
(Motorsport UK, 2022)
2.2. [bookmark: _Toc161561503]Series
2.2.1. [bookmark: _Toc161561504]Formula 1
Currently the fuel used in formula 1 is a 10% ethanol blend, but as per the FIA road map is due to run the ICEs on 100% sustainable fuel by 2026. In 2019, during the time period in which a 4% sustainable fuel blend was used, the fuel burnt by vehicle power units during events accounted for 0.7% of total emissions across a season or 17959 tonnes of CO2, which is a very small percentage but still a very large amount of CO2. This was the figure as calculated by the Formula One (2019) championship for all teams, and only states a value for CO2, no NOx values or any other greenhouse gases were mentioned. 
Outside of the racing Mercedes (2023) has implemented the use of Hydrotreated Vegetable Oil (HVO100) in their race trucks and this claims a reduction of 88% in freight emissions over 1400KM of driving for the last 3 events only of the 2022 season. However, work done by Clairotte, M., et al (2019), which looked into blends of HVO and diesel during a WLTP cycle at -7°C and 23°C, some emissions were found to have no fuel related trends and others such as CO2 were reported lower due to HVO’s chemical composition more H2O was produced comparative to CO2 and as well as that it has a higher calorific value so less fuel has to be burnt per cycle for same power values assuming engine efficiency is constant. It doesn’t appear however to create an 88% decrease in emissions overall, so perhaps this is selective data analysis on Mercedes part to appear more environmentally friendly, or they may also be including the production of the fuel as an emissions decrease.
2.2.2. [bookmark: _Toc161561505]World Rally Championship and World Karting
The World Rally Championship (WRC) and World Karting both moved to 100% sustainable fuel produced and developed by P1 Fuels. This fuel is produced from alcohol converted into synthetic hydrocarbons and is produced using renewable energy sources. P1 Fuels (2023) states their fuel is 100% fossil fuel free and currently produces 80% less greenhouse gases than normal fuel from well to wheel. It also claims to be a drop in replacement fuel legal the US, UK and Europe, and matches or exceeds the performance of gasoline. In 2022, the first year which P1 fuels was implemented in WRC it was estimated that from well to wheel there was a reduction of 94% or 512 tonnes of CO₂. This does not consider the other emissions which can be produced during combustion and production, which might be on purpose due to this being published by the FIA (2023) and there being an interest to appear more environmentally friendly, however does show a positive improvement in at least CO₂ production for both the series and the fuel production.
(FIA, 2023, WRC Promoter, 2023)
2.2.3. [bookmark: _Toc161561506]British Touring Car, Ginetta Juniors and British F4
The BTCC, Ginetta Junior and British F4 championships all use the same control fuel produced by Carless again but using the Hiperflo R20, using 20% renewable resources and creating a claimed reduction of 18% in greenhouse gas outputs. The 20% renewables are 15% second generation ethanol and 5% renewable hydrocarbons. There is no confirmed cost publicly available for any of the Carless sustainable fuels, however the rest of their performance fuels are priced between ~£3 to £4 per litre.
(The British Automobile Racing Club, 2022, HCS Group, 2024, Vital Equipment, 2024)
2.2.4. [bookmark: _Toc161561507]World Rally Cross
As of 2024 the World rallycross championship is allowing both sustainable fuels and electric powered cars to compete after being solely electric for the previous two years, which may show how the entire industry is changing on the outlook of electric vehicles if ICE is being brought back again. The fuel for World Rallycross has not been revealed yet, but due to links with the World Rally Championship P1 looks to be the likely fuel.
(FIA World Rallycross, 2023, Forbes, 2023)
2.2.5. [bookmark: _Toc161561508]Demonstration and Experimental Cars
 There have also been cases of recognized rally drivers attending some national level events using sustainable fuels where not mandated, Oliver Solberg completed the Roger Albert Clark Rally powered by Carless Hiperflo ECO98 R70 fuel in a MK2 Ford Escort, as did Phil Mills, WRC navigator, in the Rally Ceredigion in a MK1 Ford Escort, both in late 2023. This fuel claims a reduction of 50% in greenhouse gases over fossil fuel. Carless Hiperflo ECO98 R70, is composed of 70% biogenic materials, is ethanol free and can once again be used as a drop in fuel. There does not appear to be external testing publicly available to confirm or deny this.
(Frankfurt, A. M., 2023, Motorsport UK, 2023)
Bentley also used a sustainable fuel in its hillclimb Continental GT3 at Pikes Peak hillclimb in 2021, where it came second in class and fourth overall, beating all other sustainable entrants including the electric vehicles, it did however suffer a backfire towards the end of the final run costing 16 seconds and first in class, this hadn’t been credited to the choice of fuel however, the cause was not revealed. Bentley had also previously confirmed all cars produced by 2030 will be Battery Electric Vehicles (BEV), this makes the use of alternative fuels an interesting approach for Bentley possibly showing not complete confidence in EVs, however as 80% of all Bentleys produced are still on the road it could be in an effort to make these and therefore the whole Bentley brand more sustainable. The type of fuel the Bentley was using wasn’t confirmed however was stated to produce 85% less GHG than fossil fuels.
(Bentley Motors, 2021)

3. [bookmark: _Toc161561509]Further Implementation
An issue with these fuels when concerning the public or lower-level events or competitors is availability, as shown previously by the lack of a price available to the public these fuels are not available enough for those that do want to use them, which is slowing down the progress of these fuels becoming widely accepted as alternatives by not being proven across a wide range of engines and conditions.
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Figure 2, Total sales of electric cars per year between 2016 and 2023, (IEA, 2023)



Figure 2 shows the sale of electric cars between 2016 and 2023 has increased almost exponentially, this could be down to both the pressure to be green and the customer seeing these cars working and this gives confidence in the vehicle and concept. The same could happen with alternative fuels but they need to be introduced to allow them to become widely accepted.
3.1. [bookmark: _Toc161561510]Availability
The motorsports researched had control fuels which must be purchased direct from whichever supplier is relevant. The Rali Ceredigion didn’t allow refueling at forecourts between stages so the two competitors who used Hiperflo were in the same situation as everyone else, having to bring fuel beforehand and refuel in Parc Ferme. The Roger Albert Clark rally however allowed and promoted competitors to refuel at forecourts where possible and Vital Equipment was also present with a super unleaded lorry to refuel at points between stages, meaning Oliver Solberg using a sustainable fuel was then at a disadvantage by only being able to refuel where his team could refuel him. Vital Equipment, however, is also a supplier of Carless fuels and they were also providing fuel for Rali Ceredigion, so for local events like these the processes to have these fuels available are already there, the demand isn’t. The fuels allowed in these events aren’t specified, only the minimum quality is, any fuel which conforms to FIA Regional Rally Sporting Regulation 62 and FIA Appendix J, Article 252.9 can be used.
(Heppenstall, A., 2023, Rali Ceredigion, 2023)
For sustainable fuels to become widely used the understanding to the public must first be there along with proof and confidence of its suitability to standard road cars and performance cars alike. The Hiperflo R20 having 15% ethanol content may not be popular as could be seen by the lack of confidence of E10 being introduced, the ECO98 R70 does not have any ethanol content and is instead produced from bio waste which may introduce a different set of ethical issues among the public.
3.2. [bookmark: _Toc161561511]Production
As these fuels are produced from materials and energy which are widely available as opposed from specific sites and refined could a more local based distribution network be set up with several smaller plants set up across the UK instead of being imported in from Norway.
(Office for National Statistics, 2022)
Currently Haltermann Carless (2024) produces fuels out of one of their three sites in the UK, out of a total of nine sites across five countries, only one other site produces biofuels which is in Hamburg. The UK site is roughly eleven acres and staffs one hundred workers internally, should demand increase this is a factory size which is small enough to allow several locations across the UK, which would allow more jobs more locally to workers as well as reduce the distance of deliveries if these fuels became widespread. 
It has also been reported that the UK had a production capacity of 1.5 billion litres per year, in 2014, of biofuels, both biodiesel and bioethanol, but at that point only around 50% was being used and the number of companies reporting had reduced as well, between 2005 and 2014. There was one bio methane plant, six biodiesel and three bioethanol. Three of these plants’ feedstocks were edible products the rest were waste products, the use edible feedstocks can create ethical dilemmas.
[image: A screenshot of a computer

Description automatically generated]Figure 3, The UKs production capacity of biofuels from both operational and planned sites. (ECOFYS, 2014)









After a tax relief was removed for biodiesel and therefore margins decreased the UKSBA (UK Sustainable Biodiesel Alliance) surveyed forty producers on the effect this had on their trading, of the twenty two which responded fourteen replied to confirm they had either stopped producing biofuels completely or moved from on road fuels to alternative markets, due to the technology and investment needed to consistently produce biofuels which met the required standards to be sold in the UK being too costly, of the remaining eighteen companies which didn’t respond only three were known to still be trading in the biofuels market.
(ECOFYS, 2014)
3.3. [bookmark: _Toc161561512]Public Use
Public use and acceptance of alternative fuels would be largely dependent on the information provided with it at release, if it is well researched and a proven fuel it is likely to be received better by the public. Another way to incentivize consumers could be a tax relief on the fuel itself, similar to electric cars not paying road tax a reduced tax on sustainable fuel at the pump could help, this was previously the case with a twenty pence per litre tax exemption but that has since been removed in 2012. Previously a study by Delshad, A., and Raymond, L. (2013), found in America between 1999 and 2008, where 610 articles about the use or introduction of biofuels were analyzed, showed that the media representation of biofuels had gotten worse in that timespan, commenting on the cost them and the ethical connotations of using what could be food as fuel.
(ECOFYS, 2014)

4. [bookmark: _Toc161561513]Conclusion
In conclusion the introduction of biofuels appeared to be a viable alternative to reduce the emissions of vehicles with the possibility in the future of becoming carbon neutral when not depending on a fossil fuel mix, however it is likely going to require significant funding and continued funding, so a repeat of the previous advancements isn’t made when EVs began to become available. The motorsport industry will likely play a role in proving the successfulness of the fuels they use which, as has happened in the past, would then drop down into performance and then into general road use. This can already be seen to be the case as the high-level championships are using fully renewable fuels and showing the suitability of them in their powertrains and then smaller championships are following suit, even if through the use of mixed fuels, this still provides a reduction in emissions and proof of concept. The single cars or teams competing in national and regional rally events are also showing the fuels to be competitive and of equivalent quality to those competitors and companies that also attend these events and, as these fuels become more affordable, may encourage them to use in their rally cars.
If these biofuels receive the funding and publicity required to become widely accepted as part of the solution to climate change and governments allow and encourage the development of these fuels along side EV, then perhaps the impact the motorsport and transport sector is having on the environment could be greatly reduced and allow future generations to enjoy the spectacle of motorsport as many previous generations have in a more environmentally responsible way.
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As these fuels are produced from materials and energy which are widely available as opposed from
specific sites and refined could a more local based distribution network be set up with several smaller
plants set up across the UK instead of being imported in from Norway.
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33. Public Use
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