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[bookmark: _Toc131357216]1. Introduction 

  As the automotive industry homes in on improving their sustainability and environmental impact it is time for motorsport to lead the way to a more sustainable future. Motorsport is renowned for cutting edge technology such as the development of hybrid systems in Formula 1.
  This report is structured around improving the sustainability of Motorsport as we know it. As time goes on there needs to be a drastic change to protect the earth. The prominent target area is to adjust the energy carriers to cut down on emissions. This report delves into the current avenues that the world of motorsport can explore with the goal to a cleaner environment on a global scale. 




[bookmark: _Toc131357217]2. NASCAR

  NASCAR, predominantly an American Audience, has up to 12 million viewers per race (Wolkin, 2020) making it the second most watched motorsport in the world. NASCARS complete dozens of laps at close to 200 mph. The high-speed driving results in the fuel not going far. While members of the public complain if their car achieves less than 20 miles per gallon fuel efficiency, typical NASCARS achieve 5 miles per gallon. The U.S. Environmental Protection Agency (EPA) mandate normal cars to have catalytic converters to keep emissions to a safe level. NASCAR race cars are only regulated by NASCAR so there is no need for emission safety precautions. This all adds up to some serious fuel consumption. In a typical NASCAR race weekend, with more than 40 cars at high speeds for 500 miles (804 kilometres) plus practice laps. At 5 mpg it is expected that conservatively, around 6,000 gallons (22,712 litres) of fuel is used. Each gallon burned emits about 20 pounds (9 kilograms) of carbon dioxide equating to 120,000 pounds (54,431 kilograms) of CO2 per a race weekend. Multiply that by roughly 35 races per year, and NASCAR's annual carbon footprint is in the region of 4 million pounds (1.8 million kilograms).  (Layton, 2009) The new 7th generation of NASCARS have evolved to be a more fuel efficient so the figures might slightly differ however NASCAR still emits a copious amount of CO2 into the atmosphere which can be greatly reduced. 



[bookmark: _Toc131357218]3. Automotive Legislation

  The Prime Minister, Transport Secretary and Business Secretary announced the end of the sale of new petrol and diesel cars in the UK by 2030. (GOV.UK, 2020) The plan is that all new cars from 2035 will be fully zero emissions from the tailpipe. Washington State has also announced to ban the sale of petrol and diesel cars by 2030. (HT Auto Desk , 2021) This is important as motorsport is often used as the driving force for new technology so with legislation being put out like this the motorsport industry need to develop solutions. 
  This is the latest legislation which at present indicates the transition to electric vehicles in the automotive industry. Realistically in this current moment in time the battery technology and infostructure is not in place for everyone to make the switch to electric transportation. With more research and development taking place the current legislation is subject to change if or when alternatives become more viable. 
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  Energy carriers are crucial in determining the sustainability and environmental impact of motorsport. The use of fossil fuels in motorsport has been a long-standing tradition, but it is no longer sustainable or environmentally friendly. Alternative energy carriers such as electricity, hydrogen, and alternative fuels offer potential solutions.
  Motorsport has always run from fossil with the majority of race series still keeping with tradition. Only in recent years there has been the introduction of alternative energy carrier championships such as Formula E and Extreme E. Racing series like Formula 1 have implemented hybrid technology into their cars since 2009 which can now be found in the World Rally Championship and the British Touring Car Championship as of 2022. Formula 1 is renowned for being the pinnacle of Motorsport always pushing the limits of what is possible and is usually the birthplace of revolutionary technology that will later trickle down into the automotive industry.  
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  Energy recovery systems (ERS) are an important consideration when discussing energy carriers in motorsport. ERS are designed to recover energy that is otherwise lost during braking or deceleration, which can then be used to power the vehicle. ERS offer a way to improve efficiency and reduce emissions without compromising performance.

[bookmark: _Toc131357221]5.1 Kinetic Energy Recovery Systems (KERS)
  Kinetic Energy Recovery Systems (KERS) are utilised to turn kinetic energy into electrical energy to be utilised to produce more power. The KERS can either store the kinetic energy through a flywheel or a battery that would typically be lost during braking and supplement the engine's power when needed. (Kristensen, 2022)
  Fitting KERS to Formula cars classified the vehicles as hybrids which helped the sport retain links with hybrid road car technology. "Fuel efficiency is the biggest driving factor in the way road cars are being mapped out. It's something F1 needs to be part of” (Allison, 2012) comments technical director of the Lotus F1 team. KERS cost between $25-40m, was an extra expense at a time when the sport was trying to cut costs amid a global economic crisis. (BBC Sport, 2012) When first introduced in 2009 a few teams opposed the implementation of KERS on the grid due to its added expense being abandoned in 2010 but returned the following year. 
  This was just the beginning, as of 2014 Formula 1 fully embraced hybrid technology with all of the grid utilising their own form of a V6 Hybrid power unit. With the new era of cars all adopting hybrid technology the teams implemented a the MGU-H (motor generator unit-heat). 

[bookmark: _Toc131357222]5.2 Motor Generator Unit Heat (MGU-H)
  The MGU-H is one of the two ERS found in modern Formula 1 cars. The MGU-H works in conjunction with the turbocharger and can function as either a generator or a motor depending on the situation. One of the most effective performance-differentiating systems onboard the Formula 1 power unit is the turbocharger shaft-mounted heat energy recovery system (MGU-H). The MGU-H uses exhaust gas entropy to spin the turbine during the energy recovery phase converting the energy from the exhaust gases into electrical energy. (Mitchell, 2022) The MGU-H contains a series of magnets, which spin around each other when exhaust gases enter the MGU-H generating electrical power. This power is then sent to the car's energy stores, where it sits until it is needed again. (Kristensen, 2022)
  When the MGU-H functions as a motor, it is not used to power the wheels but instead provides supplementary power to the turbo. The MGU-H can compensate for turbo lag by using its alternative function as a motor to keep the turbo's compressor spinning even when the driver is off on the throttle. 
  These are the final years of the MGU-H in Formula 1 as of 2026, teams will stop using the MGU-H in their cars, mainly because the units are very complex and extremely expensive to use. Instead, Formula one is entering an entirely new era implementing alternative fuels. 

[bookmark: _Toc131357223]5.3 Motor Generator Unit Kinetic MGU-K
  The motor generator kinetic (MGU-K) is the second ERS used in Formula 1. The MGU-K is attached to the crankshaft, when the throttle is engaged, the MGU-K acts as a small electric motor, adding its own power on top of the engine's power. When active, the MGU-K adds an additional 161 horsepower to the car's total power output. The drivers are only eligible to use the MGU-K for a short period of time each lap.
 During the braking phases, the MGU-K recovers the energy that is normally lost in heat. The kinetic energy can be recovered and then stored in a battery. The MGU-K can work in both directions: to recover or to supply energy. The stored energy can then be used to assist the V6 petrol engine. (Rémi Taffin, 2016) 
  The KERS technology was applied to hyper-cars of 2013 including the Ferrari LaFerrari, McLaren P1 and Porsche 918. Despite not being motor vehicles of the general public, this was proof that the technology could be implemented into road vehicles.  It is said that with the use of KERS fuel consumption can be reduced by 15-20% for typical gasoline powered passenger cars and 10-15% for typical diesel-powered cars. (Boretti, 2013)
  In 2017 Heavy goods vehicles (HGVs) and buses were estimated to account for around 17% of UK greenhouse gas emissions from road transport and around 21% of road transport NOₓ emissions, while making up just 5% of vehicle miles. (Department for Transport, 2017) Tests employing KERS were conducted by various companies in the hope to improve efficiency.  The use of graphene-based ultracapacitors already enabled fuel savings of 36% in the test phase for double-decker buses. These results were also achieved with buses full of passengers. A further advantage over a battery-based hybrid variant is the space saving, which allows 3 additional seats in the bus. (Christoph Hammerschmidt, 2018)
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  Electric vehicles (EVs) have rapidly gained popularity in recent years, with several countries planning to phase out petrol and diesel vehicles in the coming years. EVs have proven to be effective in reducing emissions and have great potential for use in motorsport. Formula E has successfully showcased electric racing, with the series gaining traction and support over the years. More and more electrical race series are appearing with the likes of Extreme E, electric Rally cross and electric touring car championships to develop and exhibit the advancements in electric technology. However, the major issue with electricity as an energy carrier in motorsport is the reliance on battery technology. Batteries have a limited capacity, and the charging time is often lengthy. This means that the use of electric vehicles in motorsport would require significant advancements in battery technology to be practical.

[bookmark: _Toc131357225]6.1 Life Cycle Analysis of Electric Powertrains
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Description automatically generated]Figure 1: Carbon footprint for Polestar 2 and XC40 ICE, with different electricity mixes in the use phase used for Polestar 2. Results are shown in tonne CO2 -equivalents per functional unit (200,000 km lifetime range). (Polestar, 2020)

Figure 1 demonstrates that the alternative powertrains produce more CO2 during the material and manufacturing stages of the lifecycle than a ICE. It is only during the use phase that the alternative energy carriers omit less CO2 improving the overall carbon output during the vehicle’s life cycle. 
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Description automatically generated]Figure 2: Total amount of GHG emissions, depending on kilometres driven, from Polestar 2 (with different electricity mixes in the use phase in the diagram), and XC40 ICE. All life cycle phases except use phase are summarised and set as the starting point for each line at “LCA excluding use” (Polestar, 2020)

Figure 2 highlights how the ICE produces more CO2 than the other energy carriers during the use phase but initially has produced significantly less CO2 before the use phase. The white vertical lines represent the break-even points for the varying energy carriers. 
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Table 1: Number of kilometres driven at break-even between Polestar 2 with different electricity mixes and XC40 ICE
  Table 1 states the breakeven point for each variation of the Polestar 2. The break-even point is the distance that the vehicle must travel in the use phase to the point where the CO2 produced by the vehicle is less than the ICE variant. 
    A typical road vehicles life expectancy is 100,000-150,000 miles which equates to 160,000-240,000 Km. So the electric vehicle only becomes more efficient in terms of the tonnes of CO2 produced close to the end of the vehicles life cycle. Another element to consider is that the batteries in electric vehicles deteriorate. EV batteries stored at 70-80% can lose up to 4-8% of capacity to hold charge at the end of one year. Although 4-8% may not sound a significant amount, it has been stated that the current li-ion batteries on the market used in EVs are deemed to need replacing when their ability to hold charge drops by as little as twenty or thirty per cent. When batteries reduce their capacity by 20-30%, they can be repurposed to second-life applications such as battery energy storage system. (Fleet News, 2021)
  A deteriorated battery equates to less performance which results in less range. So as an electric vehicle gets older the battery is lightly to need re-placing therefore the CO2 produced would go up as more batteries are being used. 
  Figures from the RAC show that newer cars cover higher mileages. Cars up to three years old rack up an average of 10,400 miles a year and that’s split up into 12,500 miles a year for diesel cars, 9,400 for electric cars and 7,500 for petrol cars. (Goodwin, 2022)
  Assuming an average of 10,000 miles a year, a battery deterioration of 8% and a life expectancy of 100,000 miles, the electric vehicle would last a ten-year period and during that time the battery would have to be changed every 2.5 years resulting in a total of 4 battery changes over the vehicles life cycle. Taking into account the CO2 emissions generated during the production of the batteries, it is difficult to argue that the use phase of the vehicle is more environmentally friendly from a sustainability perspective.
  In terms of motorsport the vehicles do not cover anywhere near 100,000 km. The minimum required race distance in a Formula One competition is 305 km or 190 miles. The calendar average is, therefore, usually somewhere between 305 and 309 km (190-192 miles). (Mrkonjic, 2022) The current F1 calendar is 24 races long so in terms of race distance the cars cover 4,560 miles, on top of this the cars do practice, qualifying and testing but regardless the cars are not reaching anywhere near the distance to surpass the breakeven point. 
  NASCARs races range between 300-600 miles and they complete 26 races in a normal season. (Montgomery, 2021) Taking 600 miles per race this would equate to 15,600 miles (25,100 kilometres) so this is still far below the breakeven point. 
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  Hydrogen fuel cells generate electricity through a chemical reaction between hydrogen and oxygen, producing water as a by-product. This means that hydrogen fuel cells emit no harmful pollutants and offer an efficient and sustainable source of energy. However, the infrastructure for producing, transporting, and storing hydrogen fuel is still underdeveloped and expensive, making hydrogen fuel cells an unrealistic option for motorsport in the near future.
​
[bookmark: _Toc131357227]7.1 Toyota Hydrogen
  In 2021, Toyota entered a hydrogen-powered Corolla GR in Japan's Super Taikyu Series to test the propulsion system in racing conditions. Unfortunately, the car experienced a fuel leak during a testing session on March 8th, causing a major fire. Toyota assures us that the fire was not directly caused by the fuel change from gaseous hydrogen to liquid hydrogen. Instead, the Japanese carmaker blames the incident on the loosening of a piping joint from vehicle vibration, resulting in a hydrogen leak. (Agatie, 2023)
  On 21st May 2021, Toyota entered a specially prepared hydrogen-engine powered Corolla Sport race car into the Fuji 24 Hours. The Rookie Racing Corolla Sport which burns compressed hydrogen to power its turbocharged 1.6-liter inline 3-cylinder engine completed a total of 358 laps at an average speed of 67 km/h, a lap count which translated to less than half that completed by the race-winning Nissan GT-R. Toyota Rookie Racing’s Corolla Sport only spent 12 hours competing on the track. It had to pit 35 times to replenish its hydrogen tanks, a process which on average took around seven minutes, translating to a total of 4 hours refuelling. For logistical and safety reasons, the huge hydrogen refuelling trucks had to be parked in a corner of the paddock at Fuji Speedway. The Corolla also lost extra time for mechanical and maintenance issues which meant that the car could only compete for half the race. (Lyon, 2021)

[bookmark: _Toc131357228]7.2 MissionH24
   MissionH24 was created to test hydrogen technology. The hydrogen powered LMP car has already competed in 4 races such as the Road to Le Mans races in 2022, Michelin Le Mans Cup in 2022 with a best result of 25th in the LMP3 class. Automobile Club de l’Ouest wants to create a class reserved for Hydrogen prototypes to compete against the Hypercars by 2025 for the 24 Hours of Le Mans​
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[bookmark: _Toc131357230]8.1 Zero Petroleum Fuel
  Zero® fuel is a sustainable and fossil-free fuel. It can be petrol, diesel or jet fuel. It is exactly the same as a traditional fuel but manufactured using a carbon-neutral process in a factory rather than being extracted from the earth. The lifecycle of Zero® fuel is carbon neutral and produces zero net carbon emissions. This is because its production extracts the same amount of carbon dioxide from the atmosphere as is released when it is burned, leaving the atmosphere in exactly the same state as it was before it was manufactured and consumed. It is a direct “drop-in” fuel, meaning it can be utilised by any vehicle that runs on fossil fuel petrol without the need for any modifications. Zero fuel does not emit the same toxins created by fossil petroleum. This is because it is a pure fuel that is manufactured through a synthetic process just water and carbon dioxide that do not include any unwanted impurities. (Zero Petroleum Limited, 2022)

[bookmark: _Toc131357231]8.2 F1 Sustainable Fuel
  Formula 1's Chief Technical Officer Pat Symonds has explained why the motorsport is leading the push towards full use of sustainable fuel in F1 cars by 2026 – while F2 and F3 are aiming to use 100% sustainable fuels by 2027. Currently, both junior single-seater series use 55% sustainable biofuels in all 52 cars, as part of an innovative partnership with Aramco. (Formula 1, 2023)

[bookmark: _Toc131357232]8.3 Porsche eFuel
  Obtaining cheap renewable energy for the production process is vital for ensuring that eFuels can quickly develop into a competitive product. A wind turbine located next to the pilot plant in Chile operates at full load for an average of 270 days per year. The same equipment in Germany would only do so for around 80 days per year, due to the country's geographical and meteorological conditions. This means that the Chilean wind power plant’s 74 per cent utilisation ratio for full-load hours is three and a half times higher than could be achieved in Germany, where the utilisation ratio is 22 per cent from all onshore wind turbines. (Porsche, 2021)
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Figure 3: Porsche eFuel Manufacture (Porsche, 2021)
  Figure 3 compares the cost per MWh for the eFuel to be produced in different countries across the globe. The low cost of energy for manufacturing eFuels in Chile is not the only important factor: taxes and charges will also have an impact on the price, and therefore the financial success, of the product. eFuels will become competitive faster as fossil fuels become more expensive in the years ahead due to regulatory measures such as energy taxes and carbon pricing, as well as measures that make eFuels exempt from such charges, i.e. charges relevant to CO2 emissions. (Porsche, 2021)
  Porsche stated that their eFuels will be utilised in motorsport as of 2022. In 2021 their Mobil 1 Supercup series implemented 2nd generation Bio-based fuels and in Supercup 2022 the first use of eFuel. Alike 2021, in 2022 the Porsche 911 GT3 Cup cars ran on Esso Renewable Racing Fuel, a bio-based fuel blend from renewable sources. (Porsche, 2022)
  The first iteration of Esso Renewable Racing Fuel is a blend of primarily advanced biofuels. Porsche and ExxonMobil’s collaboration focuses on eFuels, which are synthetic fuels made from hydrogen and captured carbon dioxide. The eFuel is anticipated to achieve a greenhouse gas emissions reduction of up to 85 percent, when blended to current market fuel standards for today’s passenger vehicles. In the pilot phase, around 35,000 gallons of eFuels will be produced in 2022. (ExxonMobil, 2021)

[bookmark: _Toc131357233]  8.4 World Endurance Championship (WEC)
  In 2022, the WEC adopted a new fuel (Excellium Racing 100) which is now in its second year of competition. This 100% renewable fuel produced by TotalEnergies will be produced on bioethanol basis made from wine residues from the French agricultural industry, and from ETBE produced at TotalEnergies' Feyzin. The fuel will allow for greenhouse gas emissions savings of at least 65% compared with traditional fossil fuels. (WEC, 2023) The fuel made its debut in March 2022, in the season opener of the WEC, the 1,000 Miles of Sebring. (TotalEnergies, 2022)
  Alternative Fuels neutralise the earths current state by achieving carbon neutrality. This is a step in the right direction as no more additional carbon emissions are being produced.



[bookmark: _Toc131357234]9. Conclusion

   Through an in-depth analysis the evidence suggests that electric is not the best choice of energy carrier for motorsport but also the automotive industry with the battery powered vehicles having to complete over 100,000 km before reaching their breakeven point. In addition, the point was raised that the batteries would have to be replaced during ownership and each battery produced contributes to more CO2 being emitted during manufacture. 
  Carbon neutral fuels should be implemented to neutralise carbon emissions for the near future, this is not a permanent solution however technology and infrastructure needs to develop further for hydrogen to be a viable option. With the fuel being carbon neutral producing zero net carbon emissions this would have a huge environmental benefit for the series. 
  Carbon neutral fuels such as Zero® fuel are a drop in fuel, so the vehicles do not have to be modified in any manor, making the switch simple and easy. There is no need to establish additional infrastructure at the circuit for carbon neutral fuels, whereas the use of hydrogen would necessitate the installation and or accommodation of large hydrogen tanks and additional safety measures.
  With the fuels being a drop in solution it would be easy to test their effectiveness as the teams and championship do not have to make any modifications to how the series is run. A drop in fuel enables the sport to keep an ICE powertrain which will maintain the raw sound of a combustion engine that motorsport fans love. 
  NASCAR have several feeder series and subcategories that all could benefit from using a more sustainable energy carrier. Demonstrating the use of a carbon neutral fuel in the sport would massively impact the carbon footprint of the series but could be implemented into the feeder series to further reduce the carbon footprint of motorsport. If the fuel proves to be successful, it could garner enormous publicity with a vast viewership of up to 12 million people per race event. Success in motorsport will result in the implementation of carbon-neutral fuels in the commercial and public use of the automotive industry.
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