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[bookmark: _Toc161604763]Introduction
This report will discuss the environmental impact and sustainability of the Formula 1 (F1) season, Formula 1 (2024) is a sport where 20 drivers from 10 teams (2 drivers with their own car per team) race around over 20 different race circuits all over the world. The Fédération Internationale de l'Automobile (FIA) is the governing body for F1 and runs and regulates the events. The environmental impacts of F1 will be discussed along with the sustainable practices which are already in place and the challenges the sport face with improve its sustainable future. During this report reference is made to mainly 4 F1 seasons which took place in 2019, 2022, 2023 and 2024. Below is the calendar for the current 2024: 
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[bookmark: _Toc161604785]Figure 1 - 2024 Formula 1 calendar (FIA, 2023)


[bookmark: _Toc161604764]Environmental Impact
It is obvious that, on the surface at least, hosting an event for 20 cars to race around a racetrack in over 20 different countries would be both wasteful and damaging to the planet, however that is a very single sided way to look at such an event. Although there are most definitely damaging impacts of an F1 race and some people such as Underwood (2023) believe F1 will never be a good thing for the environment until it transitions to exclusively use electric race cars, it is critical to recognise the positives highlighted below curtesy of Luzich (2023):
· Tourism Boost
· Infrastructure Investment
· Brand Exposure
· Job Creation
· Local Business Boost
These aspects are backed by Pavlovic (2023) particularly when it comes to tourism, job creation, local business boost and Infrastructure development. Both Luzich and Pavlovic use data from the 2023 F1 season because at the time of this report being written the 2024 season has only had 2 race weekends which does not give sufficient data to analyse the impact of an entire season. Another positive point which is only really recognised by race fans is the social impact of a Grand Prix. In the case of the 2021 Dutch Grand Prix according to Breda University (2022) 195,000 people attend the 3-day event and “87.2% were impressed by it and 88.1% say they enjoyed it; 88.9% say the event positively surprised them” (F1, 2022a).  None of these benefits come without a cost however, and for the most part, looking at this from an environmental viewpoint the largest cost is the carbon footprint an F1 season leaves behind.
[bookmark: _Toc161604765]A Single Race Weekend Impact
Most establishments use carbon footprints to indicate their environmental impact because it shows “the total amount of greenhouse gases (including carbon dioxide and methane) that are generated by our actions” (The Nature Conservancy, 2024) and puts a measurable figure on the impact. According to F1 (2019, p. 8) it is estimated that just over 256,500 tonnes of CO2 was produced over to course of the 2019 season which consisted of 21 Grand Prix’s. This means that on average just over 12,214 tonnes of CO2 were produced at every race weekend, it must be noted this includes the logistics of getting the equipment to and from the race circuit. It is important to recognise that the only carbon footprint figures for a F1 season that were able to be found were published by F1 themselves and the CO2 values are estimates. With the data coming from F1 there could be a biased calculations in the carbon footprint figures however with F1 being governed by the FIA one would hope the data is accurate. Since this carbon footprint data is the only data available there is limited choice but to use these values.
[bookmark: _A_Seasons_Impact][bookmark: _Toc161604766]A Seasons Impact
Looking at the season as a whole, the starting point is the baseline carbon footprint. Below is a pie chart published by F1 in 2019 when they announced carbon net zero by 2030, the chart shows the estimated total amount of CO2 produced over the 2019 season and the percentage impact from each aspect of an F1 season:
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[bookmark: _Toc161604786]Figure 2 - F1 season carbon footprint pie chart (F1, 2019, p.9)
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Outlined by Mercedes-AMG Petronas F1 Team (2023) and Oracle Red Bull Racing (2024) scope 1, 2 and 3 correspond to 3 categories that contribute to the total carbon footprint, these categories are shown to the left. Although not said by F1 (2019) it is assumed that F1’s carbon footprint follows suit with the above-mentioned categories. Since the above chart was produced using the 2019 seasons data it consisted of 21 Grand Prix’s which is 2 less than the 2023 season and 3 less than the current 2024 season. A rough equivalent carbon footprint of the 2023 season can be calculated by taking the average from one race (12,216 tonnes) and multiplying it by the number of races that took place in the 2023 season (22 races, the Emilia Romagna Grand Prix was cancelled) giving an estimate of 268,752 tonnes of CO2 which is a 4.7% increase compared to the 2019 season. However, Sullivan (2023) stated the 2023 season added an additional 10,000 tonnes of CO2 to the 2022 season and Mehta (2023) calculates that there would be a 15% increase compared to the previous season, this 15% increases does consider for the greater distance to travel to get to the additional race circuits. It is unclear whether Sullivan’s data included logistics. Looking at the largest contributor to the seasons carbon footprint it shouldn’t be a surprise that logistics contributes to most CO2 at 45% (over 115,000 tonnes of CO2 in the 2019 season). Observing the next largest factor which is business travel at 27.7% it is clear to see that essentially 72.7% of the carbon footprint is made up from transportation whether that’s people or equipment.

[bookmark: _Toc161604767]Sustainable Practices and Legislation
Highlighted by Chase Carey in F1’s sustainably strategy they set “an ambitious target to be net zero carbon by 2030, we recognise the critical role that all organisations must play in tackling this global issue” (F1, 2019, p. 2). This plan pushes all the teams and associated companies to make change to become a more sustainable sport. Formula 1 is regulated by the FIA who design and publish the regulations for F1 season, the 178-page technical regulation document is available to anyone free of charge direct from the FIA and in said document the FIA (2024) demonstrates the procedure to supply fuel to a competitor. There is no mention in the technical regulations that indicate changes to make the cars more sustainable but one would assume that due to the push for carbon net zero that the FIA would only allow a fuel supplier to supply a fuel that meets the net zero targets set out.
[bookmark: _Toc161604768]Fuel Used
Historically F1 have used fossil fuels to run the race car but since the introduction of carbon net zero by 2030 in 2019, the cars have been run on “E10 fuel, which contains 10 percent renewable ethanol” (Coleman, 2023). Running the car on E10 was always a temporary move and since 2019 the sport has been “pioneering a ‘drop-in’ 100% sustainable fuel that can not only be used in F1 cars from 2026 but crucially can be utilised by most road cars across the world” (Barretto, 2022b). Jennifer (2023) makes a bold claim that with a 100% sustainable fuel it could offer up to a 96% reduction in carbon emission from the power unit, however, the testing and results of this new fuel have not yet been seen and a carbon emission reduction of 96% seem like a very ambitious target to achieve. 
[bookmark: _Toc161604783]Table 2 - Air emission from driving a compact passenger vehicle after 80,000 km used (Dale and Kim, 2005, p.118)
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[bookmark: _Toc161604784]Table 3 - Air emission from driving sport utility vehicle after 80,000 km used (Dale and Kim, 2005, p.120)
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Looking in the tables above at the levels of CO2 that gasoline fuel and E10 fuel produces clearly shows that E10 produces less CO2 than traditional gasoline, 6.8% less CO2 for both the passenger vehicle and the sport utility vehicle (SUV). One would expect that due to the increased mass of an SUV the positive effect of E10 may be less influential when it comes to CO2 emissions. These tests were road tests which evolve extended periods of cursing which is something F1 cars do not experience on a racetrack, but despite this it is valid information and would be a supporting reason for a decrease in carbon footprint for the power unit and generally the whole race car on track.
[bookmark: _Toc161604769]Renewable Energy in Buildings
[bookmark: _Toc161604770]F1 Buildings
According to F1 (2022b) since making their net zero commitment, they have since transitioned all F1 relating offices to 100% renewable energy. This is stated by both F1 (2022b) and Jennifer (2023) confirming the FIA awarded F1 the top rating (3 star) for sustainability management accreditation when it comes to powering F1’s offices.
[bookmark: _Toc161604771]Mercedes-AMG Petronas F1 Team Factory
Mercedes-AMG Petronas F1 Team (2023, p. 16) claim 98% of waste from their building are now diverted away from landfill and sent to energy recovery plants and recycling centres but as noted in the appendix (2023, p. 118) this percentage was calculated using data from waste handling contractors. In addition, there has been a 13% reduction in gas consumption in 2022 compared to 2021 with the move to full electrification but it is not stated where this electricity is coming from and what form of electrical generation is used. It is noted that there has been a 1% increase in the total energy consumption despite company growth, but the relatively small increase is apparently achieved through more energy efficiency projects.
[bookmark: _Toc161604772]Oracle Red Bull Racing Factory
Oracle Red Bull Racing (2024) state that since embarking on carbon net zero by 2030 they have implemented initiatives that include switching to renewable energy suppliers, implementing smart building technology, sending zero manufacturing waste to landfill, and reducing single use plastics. They claim that to “date these actions have resulted in a reduction of over 70% if scope 1 and 2 emissions and over 30% of scope 3 emission” (Oracle Red Bull Racing, 2024).
[bookmark: _Toc161604773]Increased Remote Broadcast Operations
F1 (2022b) notes that for the 2nd year running, the British Grand Prix achieved an Albert Certification for broadcast production, the certification is given to productions that meet certain sustainable credentials and tackle the environmental impact of broadcasting. This certification is industry-backed and awarded by the British Academy of Film and Television Arts (BAFTA).

[bookmark: _Sustainability_and_technological][bookmark: _Toc161604774]Sustainability and technological Challenges
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Description automatically generated]Evidently, the sport is making great headway to improve the fuel used but this makes up only 0.7% of the total carbon footprint that F1 (2019) published, looking at F1’s carbon footprint breakdown it’s clear to see that F1’s largest contributor is also unfortunately the most difficult to cut down on, logistics. As discussed in section 2.2, logistics which involves the transportation of teams and paddock equipment made up 45% of the seasons carbon footprint in 2019. Being a global sport which takes place in over 20 different countries there is of course significant distances where equipment needs to be transported. Going off Mitchell’s (2024) calculations the total distance that will be covered in the 2024 season for logistics is 122,344 km (76,021 miles), most of which will be cover by aeroplanes. Below are the official statistics published by DHL, F1’s logistics partner. DHL (2024) claim 131,995 km (82,018 miles) were travelled using 6 Boeing 747 planes. An obvious change which would likely have a large impact on logistic CO2 emissions is to move more equipment using ships as they produce about 92% less CO2 per kilometre than aeroplanes according to Vitality (2022). This is of course not practical as sea freight takes longer than air freight with typical transit times of 24 - 48 hours for long distance air freight says Union Pacific (2023). When compared to sea freight which PBS (2022) states can take anywhere between 20 – 45 days, this would clearly not cooperate with F1’s tight season calendar, so a compromise needs to be made.[bookmark: _Toc161604787]Figure 3 - Formula 1 logistics key stats (DHL, 2024
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The most obvious change which would make a substantial difference to the distance equipment has to travel around the world is take change the order of the season calendar. Below curtesy of Kisby (2023) are two different calendar orders for the 2024 season, a proposed order, and that actual order which F1 is currently following.
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[bookmark: _Toc161604788]Figure 4 - Proposed F1 calendar vs the actual 2024 calendar (Kisby, 2023)
Kisby’s (2023) order reduces the travel distance by 24% (29,729 km, 18,473 miles), a rough calculation using data from Pearce (2023) relating to a Boeing 747’s carbon emission can be used to give an estimated reduction in air freight CO2 emissions for the above proposed calendar. A Boeing 747 flight from Heathrow to Edinburgh, a distance of 530 km (329 miles) produced just over 33 tonnes of CO2, therefore a distance of 29,729 km would produce around 1,850 tonnes of CO2 which would be decrease of only 0.7% using the carbon footprint data from F1 (2019). Let’s not forget however according to DHL (2024) there are 6 Boeing 747’s that would be coving this near 30,000 km, meaning over 11,100 tonnes of CO2 could be saved, that’s a 4.3% carbon footprint saving just by changing the order of the seasons calendar.
[bookmark: _Toc161604777]Changes to Travel
[bookmark: _Toc161604778]Equipment Freight
Kilgore (2024) claims the carbon footprint of an aeroplane is 20 to 30 times more than ships and as mentioned by DHL (2024) over 660 tonnes of equipment is transported by air. There are over 500 tonnes transported by ships but with air freight producing upward of 20 times the carbon emission surly more of F1’s logistic should be handled by ships. As discussed in section 4 changing from air freight to sea freight would have a significant impact on F1’s logistics carbon footprint but it is also very difficult to do with the calendar times. Being as though sea freight takes such a long time, with F1’s pushing carbon net zero they may direct resources to making sea freight more efficient and quicker as that may give more results when it comes to carbon emission than working on air freight.
[bookmark: _Toc161604779]Personal Travel
Pointed out in section 2.2 business travel makes up 27.7% of F1’s carbon footprint, this is mostly transporting people track to track and it is evident in most driver’s social media posts that their transportation methods appear to be privatised aeroplanes. It is likely to see some pushback on this as it is not a very efficient method of transporting up to 10 people.

[bookmark: _Toc161604780]Conclusion
In conclusion, it is evident that F1 has a negative impact on the environment but the number of positives the event gives to the cities the sport visits must be considered carefully or business that depend on the sport’s crowd may be hit financially. The sport has made ambitious commitments to becoming carbon net zeros by 2030 and have focused most of their efforts into developing a 100% sustainable fuel for 2026 which may aid the automotive industry as well. The largest obstacle F1 faces regarding sustainability is its logistical challenge of transporting 1000s of tonnes of equipment around the world and it is still uncertain how this will be done sustainably. It was discussed that the most sensible action to take is the change the order of the seasons calendar to reduce the travel distance race to race. This is likely to be event in the next few years as there are little downsides and don’t require much in the way recourse to be spent on changing shipping techniques.
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