



Proposal 1.0
In today's world, the need to shift towards sustainable and environmentally friendly practices has become increasingly pressing. This is true not only in the automotive industry, but also in the world of motorsports and motorbike racing. This report will critically analyse a range of energy carriers in terms of operation and effectiveness, as well as consider whether energy recovery systems should be implemented to reduce environmental impact. Additionally, the report will highlight progress made in the automotive industry and advise the board on what direction they should encourage circuits to take in terms of supporting infrastructure and safety considerations.
Chosen governing body. 2.0
The British Racing and Sports Car Club, or BRSCC, has been selected as the governing body. The BRSCC covers over 25 different track racing championships from GT and touring cars down to single seater cars for both amateur and professional drivers. Since its founding in 1946, the British Racing and Sports Car Club has been declared as one of the most important and influential organisations in the domestic motor racing community ((Anon, n.d.))
The BRSCC are continually developing to ensure the upkeep of ever-growing demands and technologies to make racing more ecologically friendly, and they have already begun to consider and implement aspects of sustainability. One notable example being that the club has announced their partnership with Green Recycling Ltd (The Official Home of Formula E, n.d).
BRSCC are very welcome to the idea of making motorsport more sustainable and are excited for what new supporters and opportunities will become available to them. We’ve suspected from the outset that a club-level EV racing programme would attract support and sponsorship opportunities that traditional fossil fuel racing programmes might not have access to We all know that motorsport survives because of sponsorship and commercial support programmes, and race teams and drivers shouldn’t underestimate the potential doors that will open to them should they choose EV racing as their next career move” (Anon, n.d.))

Pre-existing championships 3.0
Formula E is at the forefront of electric racing championships and has continued to dominate and improve in this field with other championships taking inspiration from every aspect, it is also potentially beginning to take over the motor sport community (Ferreira et al., 2016). Formula E does not just save the environment by using electric powered vehicles, the background work that takes place makes the championship what it is today. Formula E covers all aspects including:
Chassis 3.1
[bookmark: _Hlk131349707]According to the Official Home of Formula E (The Official Home of Formula E, n.d), they have now transitioned from first generation into a second generation of vehicles, however, the damaged chassis from said cars has been recycled into fabric and thermoplastic products. By recycling the old chassis used in previous generations formula E can reduce the amount of wasted materials used, this could be implemented across all forms of motorsport.
Batteries 3.2
Formula E is in partnership with an organisation called Umicore, this partnership allows FE to be able to extract 95% of metals from generation one batteries and over 60% of these can be recycled. (The Official Home of Formula E, n.d) This is a massive criterion when trying to implement electric vehicles into any application whether that is the automotive industry or motorsport due to the batteries being difficult to recycle. The materials used in electric vehicle batteries today compared to a standardised battery are more difficult to recycle due to the hundreds of lithium cells within. (Veolia UK, n.d)
Tyres 3.3
We recycle 100% of our Michelin racing tyres after use, we use just one type of hybrid (engineered for any weather or surface) tyre per season and only two sets of tyres per race per car, which is 30-50% less tyres transported.” (The Official Home of Formula E, n.d) Whereas in formula 1, each team is allocated “13 sets of dry tyres to use over the weekend – two sets of hards, three mediums and eight softs. They also get four sets of intermediate tyres and three sets of full wets.” (www.motorsport.com, n.d)
carbon management 3.4
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Figure 1 Formula E carbon capture
Waste 3.5
“On average across all Formula E events, 52% of waste is recycled, which increases to 90% for races in the European Union and USA. Formula E Recycling Rangers to encourage and educate teams, staff and spectators on how to maximise recycling. “They can keep all waste produced by fans and teams to a minimum, and all waste products used by either spectators or teams is also recycled. (The Official Home of Formula E, n.d)
energy management 3.6
Formula E’s goal is to achieve a 100% renewable energy target for all events in line with our energy roadmap, prioritising high-quality event power sources, (The Official Home of Formula E, n.d)
these are all aspects that formula E have been able to make sustainable to keep their championship as environmentally friendly as possible. They aspire to reduce as much waste materials, emissions, energy as possible in every aspect of what is involved with running a championship and all of this can be applied within BRSCCs championships.
British GT Championship 4.0
The series in question for changing to a new energy carrier within the BRSCC is the British Racing Championship. This championship is spread across the UK attending tracks such as Oulton Park, Silverstone and Donnington Park. Within this championship there are four different classes “GT3, GT4, GTC and invitation” within these four classes many manufacturers compete such as BMW, McLaren and Porsche.
Within the regulations for the championship provided by the BRSCC, it states that the vehicles competing within the championship must use Sunoco CFR Racing Gasoline. Throughout the regulations there is no mention of an alternative fuel or energy carrier.
The reason for this championship to be considered for changing to a new energy carrier is that the British Racing Championship is one of the biggest championships governed by the BRSCC this comes with a large audience and influence for motorsport within the UK. With manufacturers like BMW and Porsche competing who have already started looking into the future with new energy carries such as Porsches Taycan vehicle.
Developing Technology 5.0
Electric Vehicles 5.1
The heightened demand for electric vehicles provides a reassuring solution to the concerning environmental predicament of increased greenhouse gas emissions (Mekhilef et al., 2012). Battery electric vehicles (BEVS) produce no carbon dioxide emissions through high powertrain efficiency and renewable energy incorporation, in comparison to hybrid electric vehicles (HEVS) and plug-in electric vehicles (Li et al., 2021). According to this study the introduction of hybrid power trains in F1 has led to less fuel consumption and better energy efficiency. This could be implemented across multiple championships that are overseen by the BRSCC. There is an ever-growing demand for electric powered race championships as more and more people are becoming more educated and invested in protecting the environment.
Several electric-powered racing championships have emerged in recent years, including the Formula E World Championship, the Extreme E Off-Road Racing Series, and the Electric GT Championship. These races feature electric vehicles that are fast, powerful, and capable of competing with their gas-powered counterparts. Many major automakers, including Porsche, Audi, and Mercedes-Benz, have also begun to invest in electric motorsport to promote their electric vehicle technology and develop new innovations. As electric vehicle technology continues to advance, it is likely that the demand for electric-powered racing championships will only continue to grow. Several electric-powered racing championships have emerged in recent years, including the Formula E World Championship, the Extreme E Off-Road Racing Series, and the Electric GT Championship. These races feature electric vehicles that are fast, powerful, and capable of competing with their gas-powered counterparts.
Many major automakers, including Porsche, Audi, and Mercedes-Benz, have also begun to invest in electric motorsport to promote their electric vehicle technology and develop new innovations. As electric vehicle technology continues to advance, it is likely that the demand for electric-powered racing championships will only continue to grow.
As discussed in section 3.0  electric drivetrains have already been integrated into motorsport with the top level of electric motorsport being formula E. however to make this a suitable energy carrier for the British GT championship the electric batteries must be sufficient for the race duration.

One concern for EV to be suitable for the British GT championship is the charging port on the vehicles. Typically, EV chargers are universal and use the same plug which is a benefit for tracks who want to transition having the infrastructure for EV as they do not have to buy multiple charging station types. However, this universal charging is typically for level 1 and 2 charging which does not allow for fast charging. (Elisha keep, 16/06/2022) EDF energy stated that EV powertrains are better for the environment and emit fewer greenhouse gases and air pollutants than petrol and diesel vehicles this also includes their production and the electricity generation to keep them running.
Batteries 5.1.1
[bookmark: _Hlk131349774]Formula E is in partnership with an organisation called Umicore, this partnership allows FE to be able to extract 95% of metals from generation one batteries and over 60% of these can be recycled. (The Official Home of Formula E, n.d) This is a massive criterion when trying to implement electric vehicles into any application whether that is the automotive industry or motorsport due to the batteries being difficult to recycle. The materials used in electric vehicle batteries today compared to a standardised battery are more difficult to recycle due to the hundreds of lithium cells within. (Veolia UK, n.d.))
Batteries have developed over the recent years with the tesla model x being capable of 348 miles without charging whereas the first tesla (roadster) was only capable of 245 miles). To make this applicable for the British GT championship if the powertrain was to convert to electric it would need to be able to last between 2/3 hours as this is the race duration with a minimum of one pitstop. However, with battery development over recent years and governments funding for the advancement of EV vehicles. Electric drivetrains is a suitable option for the British GT championship but also for road applications.
Biofuels 5.2

Biofuels are a renewable energy carrier,
One type of biofuel is liquified natural gas. The national grid group stated that LNG produces 40 percent less carbon dioxide than coal and 30% less than oil. They also stated that it is the cleanest of the fossil fuels.
Compressed natural gas otherwise known as CNG, is another type of biofuel. CNG is not emission free Anna Krajinska stated that CNG vans can still produce a large amount of emission particles when driving under real-world conditions. However, CNG produces less emissions that petrol and diesel and is still classed as a biofuel.
Biogas is another form of renewable fuel; it is produced buy organic matter such as food or animal waste is broken down by microorganisms (national grid group). This process is called anaerobic digestion. The university of Florida stated that biogas production is carbon neutral and does not add to greenhouse gas emissions.

Uses and current applications. 5.2.1
All biofuels have current applications which are primarily within the transportation centre. A major application for biofuels in long distance travelling as EV is not suitable to long distance trips that your typical cargo lorry would be able to do on petrol or diesel, however due to Biofuels capability of being used within a combustion engine they are a great alternative for this situation (Helen Adams, November 11, 2021).
Infrastructure 5.2.2
The infrastructure needed for biofuels is dependant on the type of biofuel. However, an extensive infrastructure is needed in order to supply biofuels to a common petrol station. Due to biofuels being made up of crops such as corn, sugar cane and others. A large quantity of land is required in order to grow enough biofuels to be able to supply this fuel alternative on both a on road application and motorsport application (Joan Ogden, university of Florida)
Current motorsport and on road application 5.2.3
Biofuels have already been seen within motorsport, including Formula 1. For example, E10 biofuels have already been used in this series to help with their goal of transitioning to 100 percent sustainable fuel within f1 cars from 2026 (Mercedes AMG F1). Another current application for biofuels within motorsport also occurred within formula one however this time off track. Mercedes AMG F1 team has also introduced biofuels within 16 of its transportation trucks. Mercedes stated that this is to “further reduce our CO2 emissions and achieve verified Net Zero by 2030.” (Mercedes-AMG PETRONAS F1, n.d) By implementing biofuels into their trucks, the study showed that they saved 44,091KG of CO2 and reduced their freight emissions by 89% (Mercedes AMG F1). Another example of biofuels being used as an on-road application is McDonald’s, where the fast-food company re-use their cooking oil to then fuel their delivery trucks. By doing this, they can fuel 42% of their trucks from this and they also have the infrastructure in place. (www.mcdonalds.com, n.d.)). A business today article further stated that McDonalds converts more than 35,000 litres used cooking oil every month into biodiesel, which then saves the company from using 420,000 litres of crude oil as fuel. In addition to this it also reduces the emissions produced by 75%. ( Dannyd Cruze, Jul 25, 2018,)
Hydrogen 5.3
Hydrogen is a potential energy carrier that could be used for race championships, but it currently faces some challenges in terms of infrastructure and performance compared to other energy carriers like electricity.
Hydrogen fuel cells generate electricity by combining hydrogen with oxygen, producing water and heat as by products. This technology is already being used in some road cars, and it has the potential to be used in race cars as well. However, “The vast majority of car companies have turned away from hydrogen because of the high density of energy consumed in its production, as well as poor funding and backing from governments,” (Car Dealer Magazine, 2022)
Hydrogen infrastructure is currently much less developed than charging infrastructure for battery-electric vehicles. This means that it would be more challenging to establish a network of hydrogen refuelling stations at racetracks and along race routes. However, with the current infrastructure for petrol and diesel vehicles this could be altered to support hydrogen fuelling. The problem with this is the extensive amount of work to be able to change the standardized fuel stations to hydrogen is extensive and costly “The HRS investment costs will remain relatively high in the early years and with equivalent low utilisation” (h2me.eu, n.d.))
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Figure 2 hydrogen fuel stations world wide

Despite these challenges, some organizations are exploring the use of hydrogen in motorsports. For example, the FIA World Endurance Championship introduced a hydrogen-powered prototype class in 2021, and the inaugural H2 Speed hydrogen racing car was unveiled in 2016. Since then, hydrogen powered race vehicles have been seen more often. 
A concern for hydrogen vehicles by the governments and public is that they are more dangerous to operate due to hydrogen being very flammable however “Hydrogen vehicles driven in demonstration trial programmes have all undergone the automotive manufacturers’ complete development cycle, including crash tests, and are cleared for road use. The vehicles are therefore as safe as conventional vehicles.” (h2me.eu, n.d.))
Overall, while hydrogen is a potential energy carrier for race championships, it currently faces some significant challenges in terms of infrastructure and performance compared to battery-electric vehicles. With the ban on internal combustion engines only eight years away, hydrogen has a lot of catching up to do if it’s to play any significant part in the fuel revolution. (Olabi, A.G., 2017.)

Circuit infrastructure to accommodate for new energy carrier. 6.0
Tracks used within BRSCC can implement EV charging stations so that when they do hold EV championships, the teams will be provided with adequate equipment to charge their vehicles, in addition to this these charging stations will open the tracks up to spectators who drive EV vehicles to be able to come watch and support this change.


What will they benefit from this? 6.1

With EV powertrains developing within industry and the push for a resolution of the petrol and diesel crisis as stated in section… Tracks will see a growth in fans in events such as club level racing, this will be due to the new generation being ever more concerned with the environment, this will be the future of motorsport for them and will be what they grow up watching and love. Due to this track implementing the correct infrastructure, they will be prepared for the future and not fall behind on track development. Less noise means more days where they are allowed to open.

The general limit for most UK Circuits is a max decimal limit of 105db which is a standard club race limit but there are several circuits and specific dates with more strict regulations and therefore lower limits. A drive-by noise limit is often used as a secondary test carried out whilst the vehicles are on track. (trackdays,2004) all circuits within the UK have to follow noise regulations by law depending on track location, the surrounding area and also agreements in the community that the track is located different tracks will have different track limits. A Major factor within noise regulations is the council, the council in the area have to be the “middleman” between the community and the track to come to an agreement on how loud the track can be. However, in some cases some tracks have selected days of the year where the track can have an extended noise limit if agreed upon by both parties. By introducing EV championships to these tracks noise regulations change. Electric vehicles must be fitted with a device called AVAS (acoustic vehicle alert system) this is so that the vehicle is not silent and can be heard by the public. Introduced in 2019 was the regulation on the sound level of motor vehicles, the regulation was that all new electric vehicles must make sound at speeds up to 12.4MPH both forwards and backwards. The noise produced must be a minimum of 56dB (15). By allowing EV championships to compete on tracks used by the BRSCC it would benefit not just the track but also the surrounding community and environment due the decreased in noise nuisance 

Motorsport governing body emission plan 7.3.
The BRSCC has set no exact figures of what they want to achieve in the future in terms of sustainability like other government bodies such as the FIA, however as discussed in section it is clear they know change must occur and their partnership with green recycling is a clear sign of this.

Environmental impact 8.0
Motorsport does have an environmental impact, formula one alone produces 256,000 tonnes of carbon a year which is the equivalent of 128,000 people driving on the road (Jess Adams, 6th sept 2022) it was also stated further on that the motorsport industry has the potential to help aid the change to a cleaner resolution. 
Motorsport overseen by the BRSCC does affect biodiversity due to the pollutants created by the vehicles when racing, this can be resolved in two ways. The first being the energy carrier that is used but also the tracks can take measures to try resolve the situation such as protecting their surrounding environments.
Summary 9.0
With all of this considered, it is proposed that the BRSCC take under consideration two plans to help them become more sustainable and prepare for the future for their GT championship. 
The first plan to help the BRSCC become more sustainable is that they introduce a biofuel into the British Gt championship, as discussed in section 5.2 it can clearly be seen that biofuels are a short-term solution as they still emit pollution and generate noise which can be an issue for some tracks as they have limited operating days due to noise levels. However, biofuels such as biodiesel or LMG can be ran in a combustion engine which means team will not have to find funding straight away and can already start to reduce the emissions they produce with the GT championship. However, the infrastructure is limited within the UK for biofuels, so this is a short-term resolution. 
The long-term plan would be to convert the British racing championship to EV powertrains. EV powertrains have the most financial backing by governments and automotive manufacturers are all investigating the possibility of EV within motorsport and on road application. By introducing EV into the GT championship, the teams that compete such as Porsche and Lamborghini will spend more time investigating the potential of EV and this could lead to a long-term solution for the petrol and diesel ban on UK roads if automotive teams use what they discover for racing for road application. Batteries have developed over the years and can last the 2/3-hour races that undergo within the championship and the infrastructure is also very accessible for tracks to purchase and develop especially if the use of solar panels are implemented to provide the electricity whereas the infrastructure is still a long way from being ready. Electric vehicles also discussed above are more environmentally friendly than any other energy carrier. One major reason for the conversion is that with the new generation being ever more concerned about the environment and preserving it, by having the GT championship convert to EV will attract a whole new wave of fans as seen with the introduction of formula E within the FIA.  Whilst all the infrastructure is being developed and installed and the teams prepare Biofuel is a safe option to convert to for this period however once all the infrastructure is put in place EV should become the main energy carrier for the British GT championship. When EV does take over, Biofuels should then be used for the logistics side of the championship such as transportation back and forth different tracks like Mercedes did to further reduce the effect on the environment and produce less emissions. 
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