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1.0	Introduction
As the world is starting to move towards a sustainable future, it is essential for industries to help with the global effort to reduce carbon emissions, F1 being no exception. Given the environmental impact of fossil fuels it is time for the organisation to transition towards different energy sources. The FIA has recognised the importance of sustainability and has made significant progress in promoting sustainable motorsport practices, however more needs to be done and the motorsport industry must continue to adapt and evolve. Legislation is a crucial factor behind the transition towards a greener future, In 2014 Euro 6 was introduced to reduce emissions and by 2025 euro 7 will come into play which might include exhaust emissions including particles from brakes and tyres.  The UK has also introduced a ban on the sale of petrol and diesel cars from 2030, these regulations will undoubtedly have an impact on motorsport and the industry needs to adapt to these new changes.
(Euro 1 to Euro 6 guide – find out your vehicle's emissions standard, n.d.) (When will petrol and diesel cars be banned?, 2022)
2.0	Environmental Impact
A F1 season has 23 races with 20 cars participating in each race, each car burns 110kg of fuel a race and over the course of a season a total of 50,599kg of fuel is burnt (only race fuel was calculated which would be even more with practice and qualifying sessions), although proposed to go net zero by 2030 excessive fuel is still a major issue in F1. On a forum a member named Desmo proposed an idea that would make F1 meet the current Euro emissions standards for road cars as part of its technical regulations, this idea seems to be a good one and would mean that F1 cars would produce the same emissions as road cars however testing and compliance on race weekends would be very difficult and would require a lot of time.
 (Desmo, 2023) (greenorb, 2021)
 In 2019 F1 published its first future sustainability strategy and are committed to a net zero by 2030. Net zero would mean changing the F1 engine usage regulations from the ICE to the hybrid power unit with low fuel consumption and stronger power, with net zero F1 revealed six main plans which are:
· Introducing remote broadcast operations that are projected to reduce event carbon emission by 7%.
· Redesigning freight containers to enable more efficient aircraft usage.
· Transitioning to 100% renewable energies at F1’s offices.
· Delivering sustainable and carbon neutral broadcast productions.
· Achieving the highest sustainability management accreditation awarded by the FIA.
· Issuing guidelines to campaign for suitable racing sports to the audience concerning energy, plastic and waste, wellbeing and nature, and travel.
The 2019 report stated that F1 produces approximately 256,000 tonnes of CO2 each year, with around 73% of the emissions being generated by the transportation and race setups across the world during a calendar year, only 0.7% of F1 emissions come directly from the cars itself, even with the most efficient hybrid power unit if F1 removed all car related emissions, it would still have 99.3% of its emissions to deal with. One issue that I suggest you consider is for a better organised race calendar, in 2022 the sport crossed the Atlantic thrice, twice for single events and a third for US/Mexico’s double header. Canada’s race is twinned with Baku a week later which is a distance of almost 9,000km between both cities, considering the emissions which were created by all this travelling as well as all the cargo and equipment which each team carries around with them to each circuit something should be done to prevent this, one option could be by grouping races which are closer together into the calendar e.g. Europe races, then America, then Asia etc this would help prevent the amount of emissions produced when travelling.
 (Smith, 2023) (Panji, 2022) (Singliarova, 2023) (Rencken, 2021)
 Although these issues exist F1 has been at the forefront of engineering innovation, by 2026 F1’s technical regulations are designed to support the growth of road relevant technologies and will influence the considerable value of R&D. In 2026 F1 intends to make hybrid engines powered by 100% advanced sustainable fuel as well as aiming to derive more energy from its electrical power with plans to restrict use of unsustainable materials in battery production, they are also looking to produce cutting edge telemetry and connectivity that will be the backbone of autonomous vehicle infrastructure in the future.  
(ESG Briefing Note, 2022)
The FIA has also helped by creating sustainability objectives within the FIA, members, and championships, in 2021 the FIA set 15 objectives which only 3 were still ongoing or postponed. They have also set up a roadmap for achievement of 2025 goals mainly based around reducing its carbon footprint. 
 (FIA ENVIRONMENTAL REPORT JUNE 2022, 2022)
Another big issue in motorsport in general is the noise, since the noise act 1996, circuits around the UK has noise level limit. Car noise is measured through noise measuring instruments such as a decibel reader which has been weighted to consider the perceived loudness of a sound, if a car exceeds the decibel limit set by the circuit you would not be allowed to race. This noise act affected several UK circuits such as Castle Combe which since the noise nuisance order they could no longer run British Formula 3 or GT Championships as a strict 100db(A) maxed allowed noise was put in place. 
(Colin, 2019) (Tudor, 2023)
3.0	 Different Energy Carriers
Going fully electric in open wheel racing such as F1 is not an option not only because the FIA has agreed that Formula E would be the only full electric open wheel racing until at least 2039 but also because electric vehicle technology isn’t up to the job of providing a similar on track spectacle and the current all electric formula E cars does not have the amount of energy required to complete a 189.5 mile Grand Prix, so alternative energy carriers are to be considered. 
(Gilboy, 2021)
3.1.0 Hydrogen 
Hydrogen is one of the most promising ways to power vehicles with 63% believing that the first consumer options will be on the roads within two years, although not as popular as EV they have already crossed over from racing innovation some recent examples are Hyundais ix35 fuel cell and Toyota Corolla Sport with a hydrogen burning engine which competed in the Fuji Super TEC 24 Hour race where the car completed the race however it was only able to achieve 10 laps before having to refuel. Expleo has partnered with Faster engineers and became involved in the Dakar Rally project to collaborate on the design of a sports 4x4 powered by hydrogen and is being developed in accordance with the rally raids new energy transition plan, Dakar Future. Unlike fossil fuels, there are no emissions with fuel cell electric vehicles since the energy produced is due to a chemical reaction making it one of the cleanest options available. Compared to EV, hydrogen has a better range as well as charging times for any races which requires re fuelling. Although producing zero emissions hydrogen has its limitations due to the need of increased infrastructure which would help turn this new energy source into a practical application for both racing and consumer cars, another limitation concerns around the production of green hydrogen as well as the safety of engineering and future access to service stations all due to limited access to R&D and infrastructure.
(Expleo Report: The Road to Hydrogen Cars – Making the Automotive Sector Cleaner, n.d.) (Day, 2021) (McEvoy, 2021)
3.1.1 Biofuels 
Biofuel has been used in the transport sector for years with the use of Bioethanol and Biodiesel, Bioethanol is typically produced from corn or starches through fermentation and is often mixed with traditional petrol in 10% and 85% blends sold as E10 and E85. Biodiesel is typically produced from oils or fats in a chemical process. Using biofuels are considered more environmentally friendly than fossil fuels due to the plant based feedstocks which are used to make the fuel capture carbon out of the air as they grow. Racing series such as V8 supercars and IndyCar have been using E85 for years, thus benefiting reduced detonation allowing higher performance with the right engine tuning. NASCAR also runs on biofuel opting for an E15 blend. According to the US environmental protection agency using biofuels helps reduce greenhouse gas pollutant emissions, exhaustible resource depletion, and dependence on unstable foreign suppliers with even increasing farm income due to the demand. Some limitations and potential drawbacks to using biofuel include changes to land use patterns that may increase greenhouse gas emissions, pressure on water resources, air and water pollution and increased in the cost of food.
(Day, 2021) (Economics of Biofuels, n.d.)
3.1.2 e-Fuels 
Also  known as electro fuels is a new development which consists of using hydrogen ideally split from water using renewable energy and combine it with carbon dioxide captured from the air in order to make useful hydrocarbons that are a drop in replacement for the fuel we currently use, although the idea sounds promising intense chemistry is required to complete the process. The renewable energy used would be from solar and wind and then store it in chemical bonds of hydrocarbons to be released through combustion, some e-fuels are drop in replacements which means that no engine modifications are required. Using e-fuels would allow regular cars to be run in a more environmentally friendly way, with the fuels production process capturing CO2 to offset vehicle tailpipe emissions. In a study produced an estimation is made that using renewable energy to make e-fuels leads to a total system efficiency of 16% whereas by just putting electricity in an electric car is 72%, despite this manufactures such as Audi and Porsche are still pursuing e-fuels and are beginning construction on a pilot plot that hopes to produce 550 million litres of e-fuel and will combine hydrogen with air captured CO2 to produce methanol. Porsche is using its 911 GT3 cup car to test e-fuels and in 2021 the renewable racing fuel was used in all races of the 2021 Porsche Mobil 1 Super cup.  E-fuels are expected to cut carbon emissions by up to 90% although less clean compared to EV, e-fuels could potentially be great for F1 as it enables the current combustion engines to run more cleanly. The main limitation to using e-fuels are the low energy conversion efficiencies from electricity to energy at the wheel and the high production costs compared to fossil and biomass-based counterparts. 
(Day, 2021) (Porsche Mobil 1 Supercup focuses on renewable fuels, 2021) (Brynolf, 2022)
3.1.3	Energy Recovery System
Implementing energy recovery systems is essential in reducing environmental impact, energy recovery systems are used to recover energy which would otherwise be lost and reuse it to provide additional power, KERS and TERS are two commonly used recovery system. KERS recover energy whilst braking which is still used in F1 cars to this day whereas ERS captures energy from the cars exhaust. Exhaust gases from the engine powers the turbocharger. The MGU-H recovers the excess energy in the exhaust stream, which is a bi product from the increase in power of the compressor. Electrical energy can then be used to keep the compressor running while braking, with the conversion of rotational energy into electrical energy. 
(Sarkar, 2016) (Energy Recovery Systems (ERS), n.d.)
4.0	 Automotive Technology
The automotive industry has made considerable progress towards sustainable and environmentally friendly technologies, hybrid and electric vehicles have become more popular and many major car manufacturers such as Volkswagen and Ford have pledged to be carbon neutral by 2050 as well as Mercedes commitment to making its production neutral by 2022. These technologies are becoming increasingly efficient, with longer battery life and shorter charging times. The developments in the automotive industry could have significant implications for motorsport series. As battery and charging technologies improve, the use of electric vehicles in motorsport could become more feasible. 
(Attwood, 2021)
A main automotive technology which could be influential to motorsport is autonomous vehicles, they can sense its environment and operating without the need of driver input. This has already been made with Tesla’s self-driving car although it requires steering input. With F1 already stating that they are looking to produce cutting edge telemetry and connectivity that will be the backbone of autonomous vehicle infrastructure in the future could mean a new race series where it has driverless cars competing against each other a bit like what Virtual Formula is but in real life, this development could attract a new audience to motorsport, which may be more interested in sustainable and environmentally friendly technologies. Autonomous driving could also lead to a much more safer and more efficient form of racing.  
(What is an Autonomous Car?, n.d.) (ESG Briefing Note, 2022) (Virtual Formula, n.d.)
Advanced materials could also be influential to motorsport as the automotive industry have been developing and using advanced materials such as carbon fibre, magnesium alloys, and titanium for years, these materials are known for their lightweight and high strength properties which are essential to high performance vehicles. These advancements could benefit these vehicles as they can make vehicles lighter, faster, and safer. 
(Waurzyniak, 2009)
5.0 	Circuit Encouragement
The FIA should encourage circuits to invest in more modern and high-quality infrastructure, such as upgraded pits, paddock facilities, and spectator areas. The circuits should also be designed to meet the needs of the latest vehicles. To achieve this, a need for state-of-the-art technologies, including charging infrastructures for electric cars, as well as autonomous vehicle facilities. The FIA should also prioritize health and safety concerns and work closely with the circuits to ensure they comply with the highest standards. Several measures could be implemented, including improvements to track layout and design, the use of the latest safety technologies, and the provision of on-site medical care for drivers, teams, and spectators. Furthermore, as sustainability becomes more important in the world, the FIA should encourage circuits to adopt sustainable practices. Energy consumption can be reduced, waste can be recycled, and renewable energy sources can be used. Also, the FIA could encourage the use of eco-friendly materials in circuit construction, as well as the adoption of sustainable transportation solutions for fans, teams, and staff.  It is possible for the FIA to encourage circuits to adopt technological innovations. This applies both to the vehicles racing on the circuits and the technology used to create an immersive experience for fans. As technology is constantly changing perhaps In the future, circuits may be able to invest in augmented reality and virtual reality experiences, as well as integrate more advanced data analytics and telemetry into their operations.
6.0 	Conclusion
In conclusion it is evident that the motorsport industry must embrace and adapt to the idea of change and the exploration of using different energy carriers. The legislation which is put in place by the government is driving the transition into a more greener and efficient technology, which the automotive industry is making significant progress in developing these sustainable technologies with the help of F1 trying to provide and produce 100% renewable energy. The effectiveness of different energy carriers should be considered and energy recovery systems should be implemented to reduce the environmental impact, the progress made by the automotive industry can be influential in promoting sustainable practises in motorsport. The FIA should encourage circuits to support sustainable practises, as well as considerations into its health and safety. For the motorsport world to progress it must continue adapting to the environmental change and evolve to meet the challenges faced by the world.
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