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 This article discusses the need for sustainability in the motorsport industry, specifically in the Formula One championship, due to the sector's high contribution to global CO2 emissions. The article highlights the importance of alternative energy carriers in motorsport. The literature review covers the different alternative energy carriers available, including electric vehicles, hybrid plugin electric vehicles, biogas, hydrotreated vegetable oil, hydrogen, and electrofuels. This paper concludes with suggestions for potential improvements for the FIA. 
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[bookmark: _Toc131358447]Introduction

As of 2023, the world is at a crucial juncture where humanity needs to find a balance between economic development and environmental sustainability. With the transport sector contributing 37% of all CO2 emission, there is an ever-increasing concern to reduce the emissions that are associated with it. Motorsport is under even further scrutiny due to the impact of not only the vehicles, but the logistics of getting to each race along with infrastructure and necessary support equipment needed to go with it. One of the main changes that can be made is to improve upon or consider different energy carriers. With more alternative energy carriers being offered as technology advances, there is a consideration to be had for how motorsport can incorporate these new technologies into their operations to become more environmentally sustainable. Additionally, there is a growing push for motorsport to adopt more sustainable practices in the construction and maintenance of racetracks, as well as in the disposal of waste products and the management of water resources and these areas should be considered when choosing circuits for the race calendar. These are all areas the FIA should investigate in order to reduce the emissions produced by Formula One. 
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[bookmark: _Toc131358450]Literature Review
The Formula One championship aims to be net zero carbon emissions by 2030 (Barretto, 2022). As of the 2022 season, cars use a mixture of 10% sustainable fuel and 90% standard fossil fuel to race with, with the aim of introducing a 100% drop-in sustainable fuel by 2026 (Formula One, 2021). However, there are other alternative energy systems that the FIA could employ. 
[bookmark: _Toc131358451]Energy Carriers
There are several new technologies being developed regarding alternative energy carriers within the automotive sector. More common examples of these include electric vehicles (EVs), hybrid plugin electric vehicles (PHEVs), biogas, hydrotreated vegetable oil (HVO) and hydrogen (Smith, 2022). There are also several other synthetic fuels in development, known also as eFuels, most notably Zero Petroleum (led by ex Formula One technical chief Paddy Lowe) and a sustainable e-fuel plant being developed by Porsche in Chile (Page, 2022). 
[bookmark: _Toc131358452]Electric Vehicles
Electric vehicles have fast become a common option for car ownership in the last decade. In 2016, only 30,699 battery electric vehicles (BEVs) whereas as of February 2023, there were more than 693,000 which is a more than a 2100% increase (Zap Map, 2023). This increase is due to improvements in efficiency and an increase in options available to the market where there was not a decade ago. Lower operating costs and government schemes such as no road tax for EV’s in the UK (until 2025) has also helped consumers make the change to an alternative energy carrier (HM Revenue and Customs, 2022).  
Other subcategories of electric vehicles include HEVs and PHEVs. Hybrid EVs share an IC engine as well as an electrical motor which generate electricity through regenerative braking or from the engine. PHEVs are similar Hybrid EVs can make good use from a smaller engine due to the extra power provided by the motor which could be useful in a motorsport application by running smaller more efficient engines twinned with a hybrid system . However, due to high upfront costs, limited availability of infrastructure to charge the vehicles and concerns about range means electric vehicle adoption is not happening fast enough in time to meet UK and global emission targets (Wood, 2022). As well as recent issues with the grid, people are becoming more apprehensive to buy electric vehicles. 
[bookmark: _Toc131358453]Hydrogen
Hydrogen fuel cells (HFC) generate electricity through an electrochemical reaction between hydrogen and oxygen. With hydrogen releasing approximately three times the energy of the same weight of petrol, hydrogen is far more power dense meaning high power could potentially be produced from a relatively small power unit package, which is key within motorsport. Fuelling is also efficient as fuel cells can be filled quickly and in a similar way to traditional ICE powered vehicles. Vehicle emissions consist entirely of water only, with no CO2 emissions produced (US Department of Energy, n.d.). However, for this to be a viable option in motorsport, more must be done to lower production costs and improve the storage capabilities of hydrogen. 
[bookmark: _Toc131358454]Electrofuels
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[bookmark: _Toc131358902]Figure 1: eFuel Process (eFuel Alliance, 2022)
Electrofuels, also known as eFuels, represent a promising alternative energy carrier that has recently gained attention in the field of sustainable energy. eFuels are synthesized fuels made from hydrogen and carbon dioxide, which are combined to create a virtually carbon-neutral energy source. The process for creating eFuels involves extracting hydrogen, through electrolysis of seawater from desalination plants, and combining it with CO2 from the air to produce a liquid energy carrier. Furthermore, the production of eFuels can also be powered by renewable energy sources, such as wind or solar power, which can help to further reduce their carbon footprint. The potential for eFuels as a sustainable and versatile energy carrier has led to increased interest and investment in their development and commercialisation. The use of eFuels can help to reduce carbon emissions in the transportation sector, which is a significant contributor to global greenhouse gas emissions. Additionally, eFuels have the potential to be used in existing internal combustion engine vehicles without the need for significant modifications, which could help to accelerate the transition to more sustainable energy sources (Dr. Ing. h.c. F. Porsche AG., 2022). 
Porsche have begun production of a new eFuel and are made from water and carbon dioxide using wind energy which enable ICE engines to operate nearly CO2-neutral (Dr. Ing. h.c. F. Porsche AG., 2022). The success of eFuels as a competitive product depends on obtaining cheap renewable energy for the production process. The site choice for this plant was due to several reasons. A wind turbine in Chile has a higher utilisation ratio than in Germany, making energy cheaper to manufacturing eFuels in Chile. Taxes and charges will also affect the price of eFuels, and as fossil fuels become more expensive due to regulatory measures, eFuels will become more competitive. The methanol-to-gasoline process used to produce eFuels uses water and carbon dioxide, which are transformed into eMethanol and then synthetic, straight-run petrol. The virtually CO2-neutral fuel can be used directly in petrol vehicles or added to fossil fuels. The fuel being developed by Porsche is being made initially just for Porsche for its Mobil1 Supercup championship and experience centres (Dr. Ing. h.c. F. Porsche AG., 2023). However, when full production begins, it will be more readily available and could be realistically seen in further motorsport series.
[bookmark: _Toc131358455]Current Alternative Energy Carriers in Motorsport
Multiple motorsport series are currently looking at transitioning or have already transitioned to an alternative energy carrier as public opinion has shifted towards a more sustainable future. Some of these series have already committed to being as sustainable as possible. Such examples include Formula E, created with sustainability as a core focus. 
[bookmark: _Toc131358456]Formula One
Formula One cars currently uses an E10 fuel mix composed of 10% ethanol and 90% fossil fuels, with this increasing to a 100% drop in sustainable fuel in time for the engine regulation changes for the 2026 season (Barretto, 2022). In partnership with ARAMCO, a global partner of the championship, the racing series has tested a blend of 39 different fuels in order to help understand the types of fuel blends that can be used in a sustainable fuel. With production between two plants in Saudi Arabia and Spain, the 100% sustainable fuel is on track to be delivered in time for the 2026 season. 
[bookmark: _Toc131358457]World Endurance Championship
MissionH24 
One area where alternative fuels are already being tested is Le Mans. The event has a history of running cars in a separate class that focuses on innovation. The H24 car runs entirely on hydrogen power, fuelled from a mobile hydrogen station that accompanies the car to all tracks (Automobile Club d'Ouest, 2022). Electricity produced is mostly fed to the electric motor but some is saved and instead fed into the cars battery, allowing for fast acceleration at key points (like a corner exit) around a lap (KHADILKAR, 2021). 
Le Mans organiser Automobile Club de l'Ouest (ACO) set up a task force in 2017 to establish a category for zero-emission vehicles in the race series with a plan of a proposed category start of 2025, establishing that hydrogen has a major role to play in the future of motorsports (Newbold, 2023). With teams such as GreenGT (in collaboration with the ACO) developing hydrogen fuel cell race cars for Le Mans, as well as the proposed race series for the middle of the decade, the championship looks ready to accept new forms of energy carriers that will be able to handle competitive racing for 24 hours. 
Excellium Racing 100
As well as the inclusion of a different energy carrier and a new racing series, the sport currently powers every car on the grid using 100%[endnoteRef:1] certified sustainable fuel, consisting of 85% standard hydrocarbons, 10% renewably sourced ethanol and 5% bio-hydrocarbons (TotalEnergies, 2022). The fuel uses biowaste from French vineyards to produce bioethanol, which is then mixed with renewable hydrocarbons and various other additives, producing biogasoline. TotalEnergies claim that by providing the series with this fuel, greenhouse gas emissions produced by cars on track will be reduced by a minimum of 65%.  [1:  It should be noted that Excellium Racing 100 is a certified 100% sustainable product according to the mass balance system applied by a voluntary certification organisation approved by the European Union] 

[bookmark: _Toc131358458]Energy Recovery Systems
One system currently implemented within Formula One is the energy recovery management system. Developed in 2008 and implemented in various forms since 2009 (though an agreement by the teams saw not to use it in 2010), its focus is to recover energy lost through braking. 
Formula One currently implements an ERS system through the use of a motor generator unit-heat (MGU-H) and a motor generator unit-kinetic (MGU-K). Connected to the turbocharger, the MGU-H recovers thermal energy lost from exhaust gases. The thermal energy is then converted to electrical energy through a generator and can either be stored for later deployment in a battery or can be used to spin the turbocharger, resulting in the generation of additional boost. This technology has since been integrated into the automotive sector and can be seen in some performance production cars, known also in the industry as an e-turbo and is designed to help spin the turbocharger at low revs (Fagnan, 2016). The MGU-K, on the other hand, is connected to the crankshaft. Modern MGU-K systems allow for the additional power produced to be transferred to the wheels at almost all times around a lap. When decelerating, the MGU-K harvests energy by recovering some of the kinetic energy dissipated during braking. This can then be deployed however it is limited to an output of 120kW (161bhp). 
Though the MGU-H is still a powerful tool employed by the race teams, power unit regulation changes for the 2026 season have outlawed the system due to high costs and complications for multiple teams (Renault in 2014 and Honda in later years) since its inception in 2014 (Noble, F1 agrees to ditch MGU-H as part of new engine rules, 2021). Paired with the fact that the technology has limited road car applications, the technology will instead be replaced with a newer and more powerful version of the MGU-K, aiding new manufacturers into the sport with regulations that don’t allow manufacturers to have such a head start on newer entrants. 



[bookmark: _Toc131358459]Industry Research and Legislation
An academic study by Ababneh and Hameed provides a comprehensive review of the recent advances in the field of electrofuels as an alternative energy source in the transportation sector (Ababneh & Hameed, 2022). It explains the production process of electrofuels and their different types, including recycled solid metal fuels, and highlights the importance of using zero-carbon electric energy to produce them. The study also discusses the life cycle assessment, technical evaluation, and economic viability of electrofuels. The study suggests multiple options for improving the production cost of these fuels through improving efficiency in production, amongst other suggestions. It should also be noted that a Life Cycle Analysis on electrofuels, as well as improvements on minimizing intermittency of energy production, should be completed to make the potential energy carrier a viable economic option. 
A study in 2009 into the effects of motorsport around sustainability suggests that while motorsport is an important economic and social activity, there are serious concerns about whether it is currently being managed and marketed in an environmentally sustainable way (Dingle, 2009). These concerns include the use of fossil fuels, emissions of greenhouse gases, and the disposal of waste products, among other issues. It also suggested that in order to effectively address the environmental impact of motorsport, it is necessary to clearly define what sustainability means in this context and to develop specific, measurable goals for achieving it. Since then, the FIA have introduced a 3 star accreditation scheme that enables all businesses, teams and partners to be accredited with a sustainability certificate.  
The automotive industry is under increasing pressure to conform to ever-tightening emission standards in time for a proposed 2035 ICE ban across Europe. Proposed EU legislation bans the sale of new non-hybrid petrol and diesel cars from 2030, with an outright ban on non-zero-emission vehicles by 2035 (European Parliament, 2021). While many manufacturers across Europe, most notably the VAG group and Mercedes Benz, have decided to produce purely electric vehicles in the future, a withdrawal of support from Germany on the policy (due partly to its reliance on the automotive industry for its economy) has forced the EU to potentially rethink its policy on an outright ban of ICE vehicle sales. Because of this, manufacturers are looking to find ways to keep current vehicle architecture while combining with a sustainable energy carrier. 
In 2020, the FIA Environmental Strategy was adopted by Formula One. The FIA has set net zero carbon emission targets for the sport by 2030, with three strategic goals in mind: climate action, sustainable practices and technology and innovation (FIA ENVIRONMENT & SUSTAINABILITY COMMISSION, 2020). 
[bookmark: _Toc131358460]FIA Recommendations
It is worth mentioning that for a motorsport series to reduce its environmental footprint, the series should be looked at holistically and not just at the energy carriers that the cars use. Mercedes AMG Petronas Formula One Team have made progress with reducing their carbon footprint in the sport as a trial run was completed between three grand prix weekends. The logistic trucks trialled biofuel over 1400km which resulted in a CO2 emission reduction of 89% (Noble, 2022). Therefore, to reduce the sports global emissions, the sport should also consider other areas of improvement.  
[bookmark: _Toc131358461]Potential Alternative Energy Carrier Possibilities for Formula One
The main alternative to be suggested to the FIA is the sustainable fuel that is already being developed in time for 2026. Importantly, it should be mentioned that by replacing internal combustion engines with either battery or fuel cell electric technologies will not by itself resolve the carbon emission issue. Therefore, due to Formula E being the primary electric racing series and the FIA running a hydrogen championship designed to showcase and accelerate new hydrogen technologies, a sustainable fuel is the best option available or Formula One. This takes into consideration the cost of changing the series energy carrier as the capital needed for redesign would far exceed the $130M cost cap in line for the 2026 season. By improving the infrastructure around the circuits that are on the calendar, a greater reduction in emissions can be had. 
[bookmark: _Toc131358462]Supporting Infrastructure
Additional supporting infrastructure may be required and should be implemented to further reduce the emissions related to the racing series. Such improvements could include a reshuffle of the calendar to minimise the distance travelled by teams as freight equates to a large proportion of emissions relating to the sport. The circuits visited should also try to provide 100% renewable energy on site along with electric car chargers and transport options to reduce the emissions produced by travelling to and from the circuit. 
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