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[bookmark: _Toc161567328]1.0 Introduction 

The Fédération Internationale de l'Automobile (FIA) plays a pivotal role in steering the automotive industry towards sustainability amidst global engineering and technical innovations. As the governing body for world motorsport, the FIA not only oversees international racing competitions but also advocates for sustainable practices and environmental awareness in the automotive sector.
This technical report delves into various aspects of sustainability within the automotive industry, with a particular focus on FIA-led initiatives. It offers a comprehensive analysis of the intricate connections between engineering, sustainability, and legislative frameworks, covering environmental impact, sustainable practices, technological challenges, and future outlook.
The automotive sector faces increasing pressure to reduce its environmental footprint while navigating technological advancements and regulatory compliance. The FIA emerges as a catalyst for change, championing environmentally responsible solutions that balance performance, safety, and consumer needs.
Environmental effects of motorsport operations, including waste generation, pollution, resource depletion, and carbon emissions, are scrutinised, with comparisons drawn to other industries to highlight unique challenges and opportunities.
The industry's embrace of sustainable practices and regulations, such as emission standards, recycling programmes, electric/hybrid propulsion, and alternative fuels, is investigated, offering insights from successful and unsuccessful cases.
Complex technological and sustainability challenges are analysed, considering social, political, economic, and technological factors, and potential strategies for long-term progress are proposed.
The report concludes by outlining sustainable approaches that could shape the future of the motorsport industry, emphasising the importance of collaboration among stakeholders, including manufacturers, governments, and consumers.


[bookmark: _Toc161567329]2.0 Environmental Impact

The FIA, and motorsport as a whole, have a massive impact on the environment through the use of finite resources, pollution, and carbon footprint. This section of the report evaluates the impact of the FIA on the environment.

[bookmark: _Toc161567330]2.1 Carbon Footprint 

Wiedmann and Minx (2007) suggest that carbon footprint is ‘a measure of the exclusive total amount of carbon dioxide emissions that is directly and indirectly caused by an activity or is accumulated over the life stages of a product’. The following is a pie chart by F1 Sustainability Strategy (2020) of the amount of CO2 Formula 1 produced over the 2019 racing season, Formula 1 being one of the motorsport events the FIA oversees, and what aspect of the event caused them. 
[bookmark: _Toc161564676]Figure 1 - Formula 1's Carbon Footprint for the 2019 Racing Season


The pie chart reveals that Formula 1 logistics, encompassing equipment shipment and car transport, account for 45% of CO2 emissions, while travel to different tracks contributes 27.7%. These findings underscore the significance of addressing transportation methods for races. While other contributors exist, their smaller percentages warrant secondary consideration. Thus, prioritising improvements in logistics and travel can effectively mitigate Formula 1's environmental impact.
In Chan et al. (2023), two figures, seen below, illustrate trends in carbon dioxide emissions. The first graph displays emissions from various vehicle types from 2000 to 2030, indicating a gradual increase until a projected decline in 2030 aligning with efforts towards net zero emissions. Globally, vehicles presently emit over 7 billion tonnes of CO2 annually.
The second figure outlines CO2 emissions by country and sector. It highlights that electricity and heat production contribute the most to global CO2 output.[bookmark: _Toc161564677]Figure 2 - Global CO2 emissions from transport by subsector, 2000–2030. APS: announced pledges scenario; NZE: net-zero emissions by 2050 scenario, from Chan et al.

[bookmark: _Toc161564678]Figure 3 - Carbon Dioxide emissions, in billions of tonnes, from multiple countries, showing the different sectors that produce it. From Chan et al.


According to the Chan et al. study, as of 2021, China accounted for 30.9% of worldwide emissions, making it the world's greatest producer of CO2. Since agreement from every nation is required, reaching a consensus on global initiatives and policies is challenging. As a result, there are frequently few globally enforceable standards, and many permit nations to establish their policies for reducing their emissions. This may lead to disparities in national efforts, which could impede global progress towards sustainability.


[bookmark: _Toc161567331]2.2 Resource Depletion 

[bookmark: _Toc161567332]2.2. Fossil Fuels and Oils 

Currently, in Formula 1 they use E10 fuel, a blend of 90% fuel and 10% renewable ethanol, however, this is still using up fossil fuels to run the cars. This is not sustainable as fossil fuels are a finite resource and will run out eventually. Not only does the racing cause finite resources to be used up but transporting equipment to the tracks and people does too. This includes all team employees but also the fans as well.
Another finite resource that is used massively in motorsports is oil, it is used in many moving components of vehicles as a lubricant, and it needs replacing often due to the speeds the engines are running. This is another aspect of how motorsport can be unsustainable.  

[bookmark: _Toc161567333]2.2. Deforestation 

In 2020, Formula 1 made plans to move away from Sao Paulo’s racetrack Interlagos and to have the race held in Rio de Janeiro, as explained in Cooper (2021). However, the Rio track was not built yet, and the plan was to build the racetrack at Deodoro, construction of the track would have major consequences on the Camboata forest area. This of course saw pushback, despite the promise to plant new trees, from many environmentalists including Mercedes Formula 1 driver Lewis Hamilton.

[bookmark: _Toc161567334]2.3 Pollution 

[bookmark: _Toc161567335]2.3.1 Tyres in Aquatic Environments  

The effect that tyre wear particles (TWP) have on water is the introduction of microplastics (MP), and other contaminants, as supported by Wagner et al. (2018), where they suggest that the introduction of TWP as particulate entities may have a direct effect on the aquatic environment's quality. Water quality, however, may also be impacted by compounds that are released from TWP and moved into the aqueous phase.
As Baensch-Baltruschat et al. (2020) suggested, when synthetic particles as MP, are present in an organism's digestive tract, they can have both chemical and physical impacts. A decrease in food intake and consequently a loss of energy and vitality may result from the particles in large quantities. 

[bookmark: _Toc161567336]2.3.2 Lithium Mining 

The mining of lithium for use in Lithium-Ion Batteries can cause harmful damage to the environment due to the processes used in extracting the lithium. Although the emissions from mining Lithium and Cobalt are less than those from producing fossil fuels, the energy-intensive extraction processes used for mining them can result in pollution of the air and water, damage of the land, and possible contamination of groundwater, supported by Zheng March, (2023).
In support of this Wanger (2011) states that the processing of lithium in the Bolivian salt pan Salar de Uyuni has the potential to seriously impact human health and the native biodiversity by altering the availability of freshwater through contamination of it.

[bookmark: _Toc161567337]2.3.3 Noise Pollution 

This can be a big issue within motorsport due to the engine noise and the long-running times, especially in events such as the 24 Hours Le Mans race. Not only is this an issue for people but it can harm animals as well, noise levels over 100dB can cause birds to stop migrating to the location where the noise occurs, as suggested by Hasan and Jamal (2021). Further research shows that noise pollution can lead to increased stress in animals and for cows a decrease in milk quality and quantity, which is supported by a paper by Olczak et al. (2023), and below is a figure showing the effect of noise on cows.
   [bookmark: _Toc161564679]Figure 4 – Effect of Noise on Cows, from Olczak et al.

According to Dolder, Suits and Wilson (2013), the noise levels at an F1 event can reach up to 140dB, which is well over the values stated in the figure above, so noise levels for racing events will harm the animals in the surrounding area. 

[bookmark: _Toc161567338]2.4 Waste Generation 

[bookmark: _Toc161567339]2.4.1 Tyre Usage
 
A big issue within motorsport is what is done with the tyres after they have been used once and then a newer set is put onto the cars. A total of 24,960 tyres are used, per a 24-race season in Formula 1, provided all drivers use all 13 allocated dry weather tyres, this is assuming that all the races are dry, and wet weather tyres are not used. This is an extreme calculation, as it is not likely that all 20 drivers will use all thirteen of their allotted dry tyres in a weekend but shows the number of tyres that need to be disposed of properly or recycled. 

[bookmark: _Toc161567340]2.4.2 Food Waste 
 
Plastic packaging is a big issue for the environment as about 6300 million tonnes (Mt) of plastic waste had been produced as of 2015; about 9% of it had been recycled, 12% had been burned, and 79% had accumulated in landfills or the surrounding environment, stated by Geyer, Jambeck and Law (2017).

[bookmark: _Toc161567341]2.4.3 Oils 

Oil is a big issue within motorsport as it is very difficult to dispose of correctly. It must be done in a certain way to not harm the environment, and motorsport goes through lots of oil, as there are so many moving components in the vehicles that need to be lubricated. As suggested by EPA (2021), used oil can be turned into fuel oils, lubricants, and raw materials for the petrochemical and refining industries. Steel manufacturers can also repurpose the recyclable scrap metal found in discarded oil filters as scrap feed.

[bookmark: _Toc161567342]2.4.4 Batteries

Batteries are a big issue in waste generation for the motorsport and automotive industries as they are very difficult to dispose of properly. When disposed of improperly they can have devastating effects on the surrounding environment as shown by Wu et al. (2015), where research showed that the previous e-waste recycling operation was still having an impact on the soil near an abandoned e-waste recycling site. For instance, the in situ washing of e-waste with sulfuric acid resulted in severe soil acidification at the acid-leaching site; the burning site, which is adjacent to the acid-leaching site, also experienced severe soil acidification; and the soil in the vegetable and paddy fields in the vicinity experienced mild soil acidification from irrigation with acidified stream water. 
Recycling batteries also produces and releases secondary hazardous gaseous emissions, solid waste residue, and pollutants into water effluents, amongst other potential causes of pollution, as suggested by Arshad et al. (2022).


[bookmark: _Toc161567343]3.0 Sustainable Practices and Legislations

[bookmark: _Toc161567344]3.1 Sustainability Strategies 

The FIA  Environment and Sustainability Commission (2019), which is the FIA’s environmental strategy for 2020-2030, states that the FIA acknowledges the effect it has on the environment. Further, it is working with its stakeholders to improve the impact that the events the FIA holds have on the environment when it comes to protecting said environment and the use of natural resources. It also lays out the target dates for which the FIA wants to meet certain goals, for example by 2030 the FIA aims to decrease its carbon footprint by 50% and to become net zero. 
Formula E administration faced criticism for their claim that the 2020 Formula E Championship would "promote the use of electric vehicles in Indonesia," even though the city's development programme did not include any mention of electric vehicles, as suggested by Næss and Tjønndal (2021). This shows that their goals of increasing the use of electric vehicles (EVs) through the championship may not work effectively in every country that they race within. However, this does not mean that the championship is ineffective at increasing the use of EVs in alternate countries. So, while it is unsuccessful in some places, it still does have an overall positive effect. 

[bookmark: _Toc161567345]3.1.1 Fuels 

Formula 1 is aiming to have 100% sustainable fuel in the cars by 2026, as stated by Net Zero Carbon | Formula One World Championship Limited (no date), and currently is testing 55% sustainable fuel in F2 and F3, the lower divisions of Formula 1. Supporting this, Barretto (2022) suggests that F1 is leading the way in developing a "drop-in" 100% sustainable fuel that can be used in its vehicles starting in 2026 and, more importantly, by most road cars worldwide as part of its goals to achieve Net Zero Carbon by 2030.
To address the logistics issue within Formula 1, DHL, who are partnered with Formula 1, have introduced a new fleet of trucks to reduce the amount of carbon emissions seen from the logistics of transporting equipment across the world for Formula 1. To do this they have introduced 18 new trucks that are powered by 100% Biofuels. This has seen a decrease in 60% of carbon emissions when compared to standard fuels. Information supporting this can be found in DHL Group (2023). 
Within Formula E, another event run by the FIA, the events do not offer parking for the fans to promote the use of public transport to reduce the carbon emissions produced by all the fans travelling to the event, while also reducing the amount of fossil fuels used up, which FIA Formula E (2022) supports. 


[bookmark: _Toc161567346]3.1.2 Batteries 

According to the Formula E website, Sustainability: Environmental Excellence - ABB FIA Formula E World Championship (no date), all of the batteries used in the Formula E cars have a second life after use, through an industry partner Umicore, where over 95% of the metals are extracted, 60% of which can then be recycled. This avoids the issue of improperly recycling batteries and causing damage to the environment.  

[bookmark: _Toc161567347]3.1.3 Waste Generation 

Another area in which Formula 1 has worked to lessen its environmental effect is waste management. The sport has put in place a lot of waste reduction strategies, like recycling as much waste as possible and using biodegradable materials for some car parts. The sport has also prohibited single-use plastics at all events, which has contributed to a decrease in the quantity of plastic rubbish produced. As suggested by The Environmental Impact of Formula 1 Racing | by Raptor Sport | Medium (no date).

[bookmark: _Toc161567348]3.1.4 Tyre Recycling 

When race tyres reach the end of their useful lives, Pirelli is working on investigations intended to recover useful components from them. Additionally, Pirelli is looking at creative ways to collect primary materials from worn tyres as they are recycled. They have launched a programme to recover all the tyres used internationally in a range of motorsport championships to increase the quantity of tyres participating in this process, this is supported by Sustainability | Pirelli (no date).

[bookmark: _Toc161567349]3.2 Sustainability Legislation 

[bookmark: _Toc161567350]3.2.1 IC Engine Vehicle Sale Ban 

The UK government has taken a step towards ending its contribution to climate change through the ban on the sale of any new vehicle that is 100% petrol or diesel-powered by 2030 and pushing to see that only vehicles sold after 2035 are fully emission-free at the tailpipe, stated by Department for Transport (2020). This law would mean that manufacturers would not be able to sell any new vehicle that is powered by petrol or diesel in the hope of stopping any more emissions from being produced. This is not a ban on the driving of petrol or diesel-powered cars however and does not restrict people from driving them so there will still be vehicles on the road emitting tailpipe emissions but is a step in the right direction towards this.  


[bookmark: _Toc161567351]3.2.2 FIA Event Fuels Roadmap 

The FIA has a plan for which they hope to make all of the motorsport events it oversees more sustainable by adapting the fuels it uses. The plan is outlined in Figure 5 below, by Fédération Internationale de l’Automobile (FIA), (2023), in which it shows the FIA’s plan from 2020 to 2027 to remove fossil fuels from their chamionships. In the same report, it states that the World Rally Championship was one of the first FIA Championships to use 100% sustainable fuels in 2022, which decreased CO2 emissions by 94%. As can be seen in Figure 5, all championships will be using 100% sustainable fuels by 2026, and hence should massively cut down emissions. However, the events only take up 0.7% of Formula 1’s emissions, and a similar value would be expected for the other championships as well, so while reducing emissions from the race vehicles is beneficial it is not going to have the biggest impact on the total amount of emissions FIA championships cause. 
[bookmark: _Toc161564680]Figure 5 - FIA's plan to remove fossil fuels from all its events by 2027.


[bookmark: _Toc161567352]3.2.3 Paris Climate Agreement 

The United Nations (UN) issued the Paris Climate Agreement, which aims to keep global warming below 1.5°C and states each country needs to implement policies that reduce carbon emissions effectively. The goal of this is to achieve carbon neutrality in all countries, which is further explained by Chen et al. (2022), which explores the different initiatives implemented by different countries. The paper goes on to state that the number of countries that are committed to achieving net zero carbon emissions is 198 countries. Of these 198 countries, only 4.5% have currently achieved carbon neutrality. Furthermore, 60.6% of the countries committed to reaching net zero carbon emissions aim to achieve neutrality by 2050-2070. 


[bookmark: _Toc161567353]3.2.4 Euro Emission Standard 7 
[bookmark: _Toc161564696]Table 1 - Euro Emission Standards 7 Emission Limits


Above is a table showing the allowable emissions for vehicles from ‘Euro 7 New proposal for vehicle emissions type approval in Europe’ (2023).
Due to these increased limits, emissions seen by road vehicles should be reduced, as the vehicles need to be engineered so they do not produce high amounts of emissions when run. Also being introduced is the limit on brake particle emissions for the first time, meaning that manufacturers will have to ensure that they are below that limit. They are investigating the amount of tyre particles that are being discarded from the vehicle and are looking to monitor this and limit it as it is the biggest source of microplastic released into the environment. 

[bookmark: _Toc161567354]4.0 Sustainability and Technological Challenges 

[bookmark: _Toc161567355]4.1 Technological Challenges
[bookmark: _Toc161567356]4.1.1 Electric Vehicle Technology 

The Valencia Formula E battery fire, as discussed in Smith (2023), highlights persistent challenges in the engineering of electric vehicle batteries despite advancements. This incident underscores the ongoing risks associated with the complexity of battery technology, even within leading electric vehicle initiatives.

[bookmark: _Toc161567357]4.2 Economic Challenges

The pursuit of sustainability in motorsport necessitates investment in sustainable technologies and practices, which can be costly. This presents teams with the dilemma of reallocating budgets, potentially impacting performance, or seeking additional sponsor investment. Smaller teams and championships face challenges maintaining performance while embracing sustainability, contrasting with larger teams that can more easily afford such initiatives.

[bookmark: _Toc161567358]4.2.1 Performance

Ensuring that races stay thrilling while retaining car performance is a challenge in the goal of sustainability within racing. Since motorsport operates as a profit-driven industry, any decline in interest could result in fewer viewers and less revenue. For the sport to be profitable, it must continue to be entertaining.

[bookmark: _Toc161567359]4.3 Social Challenges

[bookmark: _Toc161567360]4.3.1 Fan Opposition
 
Achieving sustainability in motorsport necessitates changes within the sport, some of which fans may oppose if they perceive a negative impact on entertainment value. For instance, transitioning to more sustainable fuels that reduce engine power and car speed may face resistance from fans.

[bookmark: _Toc161567361]4.3.2 Community Engagement  

Motorsport events significantly impact local communities through noise pollution, increased traffic, and environmental effects. Engaging with locals can mitigate these impacts by addressing community concerns and fostering better relations.

[bookmark: _Toc161567362]4.4 Interrelationship Between Challenges 

The interconnected nature of sustainability issues in motorsport is evident, as adopting sustainable practices can mitigate impacts on surrounding areas by reducing noise pollution and traffic congestion through increased use of public transport. However, these changes may not please all fans, as they alter the sport's traditional dynamics. Additionally, sustainability initiatives require significant financial investment, especially to maintain performance standards while transitioning to sustainable technologies.

[bookmark: _Toc161567363]5.0 Future Outlook 

[bookmark: _Toc161567364]5.1 Alternative Calendars 
[bookmark: _Toc161564681]Figure 6 - 2023 Calendar Flight plan based on the race calendar.
[bookmark: _Toc161564682]Figure 7 - A proposed Formula 1 calendar that reduces emissions.


Figures 6 and 7, from Feser (2022), propose an alternative Formula 1 calendar to reduce emissions by 46%, from 80,000 to 43,000 tonnes, which if applicable will be majorly beneficial to numerous other championships. However, it overlooks things like the fact that the equipment and personnel travels back to the team's headquarters if the gap between races is longer than a week. It also overlooks seasonal constraints such as extreme temperatures or weather conditions, impacting race viability. Addressing these factors is crucial for effective emissions reduction in motorsport logistics.

[bookmark: _Toc161567365]5.2 Impact of Becoming Sustainable  
[bookmark: _Toc161567366]5.2.1 Stakeholders 

In the long run, becoming sustainable could be beneficial for motorsport, as that is the way the world is progressing, so if motorsport stays as it is it will likely become obsolete. However, in the short-term becoming sustainable may lead to lower profits, as more money is being spent on investing into sustainable projects and initiatives. 

[bookmark: _Toc161567367]5.2.2 Sponsors 

Sponsors could potentially gain brand image from supporting a sustainable motorsport event, which could lead to them investing more money into the sport and hence allowing the sport to do more sustainable initiatives. 

[bookmark: _Toc161567368]5.2.3 Fans 

Becoming sustainable may lead to fewer fans due to them disagreeing with the direction the sport is going. However, it could lead to new ecological minded fans supporting the events as they do align with the current direction of the sport.
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