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[bookmark: _Toc29200807]Introduction
In this assignment, research into the motorsport side of the electric vehicle industry and technology, focusing the report on the CO2 benefits, ethical issues, the practicalities of the usage of electric vehicles and the costs that are involved. Included in the report is an in-depth look at Formula E and the viewership of the newly formed all electric intercity race series soon to be going into is fifth season. Looking at how the race series is one of the factors the electric vehicle sales has increased since it formed back in 2014 and through opening people’s eyes to the benefits of switching to EV or that they have help advance the technology going into the electric road cars and some hybrids. 
Then into the costs of Formula E and what the new race series does to keep the competitive edge across the entirety of the field, which is something that F1 (the biggest and most viewed motorsport race series in the world) has struggled with in recent years. Also what the Extreme E newly formed race series is doing to reduce its carbon footprint before it’s even started its first season. Also a look at the ethical issues with the recycling of the batteries used in Formula E and the CO2 issues for motorsport and what some race series are doing to tackle the issue and help fight climate change.
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In this section, formula E is the main focus because the race series is the first all-electric race series and they are changing the outlook on the way the FIA, engineers and the general public look at electric vehicles. The growth of the sport is extremely r=impressive and in the next sections are points that prove this by looking at the viewing numbers, the accessibility of charge points and the growth in electric car sales and also a look at the costs of the formula E car themselves in the Co2, Ethics and cost section of this report.
[bookmark: _Toc29200809]Formula E
Formula E as a sport did have a slow start when it launched. “The championship started life in 2014, with exclusive live coverage on ITV4. Live coverage of the first race from Beijing on September 13th, 2014 averaged 266,000 viewers, peaking with nearly half a million viewers. It was a good number for the inaugural race, helped by the race-deciding incident that made headlines around the world. It was something for Formula E to build upon.” (Nelson, 2017). The viewer stats showing a gradual growth for the first few years. “ITV4’s programming averaged around 160,000 viewers during season one, Buenos Aires drawing a mid-season high of 260,000 viewers in January 2015. As alluded to above, the lowest viewing figures for season one was in Putrajaya (same weekend as the 2014 Abu Dhabi Grand Prix) and Moscow (same weekend as the 2015 Canadian Grand Prix). The season ending London ePrix recorded by far the championship’s highest ever audience figures. The Sunday finale aired live on ITV in June 2015 to an audience of 700,000 viewers, peaking with 1.2 million viewers.” (Nelson, 2017).
The latest season of formula E’s viewership however, has grown a huge amount. “In 2017-18, more than 300 million viewers globally tuned into at least one Formula E race. More specifically, an average of 27.1 million people globally watched each Formula E race (there are 12 races in a season). The number is significantly higher than the 18.6 million viewers per race for the 2016-17 season.” (Everett, 2018). This shows that the money the sport is making at each venue is increasing and that means each new season the teams can invest more and more into the cars. The sports organisers do well at regulating this however to keep the competitiveness.
Formula E keep the sport even by regulating the cost spent on the cars. “The price for a car ready to race must not exceed the price indicated into the Registration Procedure for the supply of cars. The manufacturer must provide the FIA with the price list of spare parts. The total of this price list must not be more than 150% of the selling price of the complete new car.” (E, 2019 ). They also keep it a level playing field by not allowing modification to the cars to enhance performance but only reliability and safety. “Once homologated in accordance with the Regulations, no changes may be made to the design or construction of the homologated parts for the duration of the homologation period. Exceptional changes for the purpose of improving reliability or safety may be approved by the FIA and/or after full consultation with all other manufacturers.” (E, 2019 ).
“Formula E effect on electric vehicle usage, in cities such as Rome. Please use the sharing tools found via the share button at the top or side of articles. “Moment of transition towards electric mobility” in Italy, he says. “Last year electric car usage doubled in Italy. We are talking about from a low base, but the growth was large. The Formula E event sparked even more interest. For us in our home country it is positive.” As expressed by Enel Alberto Piglia in an article by (Miles Johnson, 2019).
Across Italy Enel has helped install 5,000 charging points with 150 being in Rome itself since the Formula E race being held in the Italian capital city. (Miles Johnson, 2019).
Charge master have teamed up with Formula E, with the CEO of charge master saying: “Formula E is going from strength to strength and we are delighted to be able to work with the organisation in supporting the races and promoting the use of EVs. Formula E is becoming more and more high profile and is a fantastic showcase of the performance and desirability of electric cars.” (E, 2015).
With teaming up with Formula E, charge master are teaming up with host cities to boost the EV charge stations and availability, “Charge master also works directly with the host cities to establish charging infrastructure in each location, with the aim of boosting awareness and making it easier for local people to adopt EV technologies themselves.” (Bairstow, 2016)
The help the race series like formula E has had on developing the technology “Respondents considered the FIA’s Formula E, the world’s first all-electric championship, to be an ideal platform for showcasing electrification by ‘fast-tracking’ some of the technologies while showcasing electric vehicles performing at very high levels. This falls squarely in line with the automotive strategy in 2013 by the automotive investment organization, where one of the stated aims was for much greater alignment between motorsport and the mainstream automotive sectors. The formula E series has structured its regulations in a manner that ‘forces’ increasing amounts of innovation from the teams each year. This never guaranteed a breakthrough in electric battery technology, but as of the 2019 season, Formula E Gen 2 cars batteries have doubled in power, no longer requiring drivers to switch to a second vehicle mid-race.” (Skeete, 2019).
The sales of electric vehicles has grown dramatically, this isn’t just down to formula E but the all-electric race series definitely has had a positive impact on the sales and the technology going into the electric vehicles, “Since Formula E’s first season in 2014, electric vehicle sales have jumped dramatically. Back then there were only about 10,000 EVs on the road, today there are around 85,000. It’s unlikely that this surge in popularity is down to Formula E alone but instead a number of factors. Firstly, the UK charging infrastructure has grown dramatically, from around 5,000 chargers in 2014 up to 11,500 at the end of 2016, and the range of EVs is growing all the time as battery technology improves.” (Shanahan, 2016).




















Costs, Ethical and Co2 
[bookmark: _Toc29200810]Costs
“The first race was watched by 40 million people and generated more than a billion social interactions. Investor services firm Ernst & Young estimates this new exposure for electric vehicles (EV) would generate an additional 65 million sales over the next 25 years. This would lead to 900 million tonnes of CO₂ emissions reduced. The equivalent of Italy's annual emissions over two years.” (Allen, 2014).  
The costs of building an electric race car such as a formula E car is very expensive. The breakdown of the costs are: “total cost €817,300. With the powertrain cost capped at €250,000. And the halo being €12,700 to design, develop and build. The spec MAT battery and Spark-built chassis are priced at €200,000 and €299,600 respectively.” (Mitchell, 2018). 
[image: ]The teams in formula E used to have four cars per team each driver using two each in every race. So the changed the structure of the costs by invest more into the cars and having one car per driver. The previous cost per car in full was €480,000 and this increasing up by €337,300 but overall this saved teams a staggering €300,000, because the teams only need half the amount of cars for a season. (Mitchell, 2018)
Figure 1-Sean O'kane-https://www.theverge.com/2019/5/3/18528551/formula-e-electric-racing-series-season-4-revenue-sponsorship
This in turn increased the power out from 200kW to 250kW. And the battery capacity almost doubling from 28kWh to 54kWh. (Mitchell, 2018). 



A new race series called extreme E is embarking on a new way the reduce the carbon footprint of the sport before its launch by purchasing the RMS St Helena and completing of a multi-million transformation to reduce the emissions produce by the ex-Royal Mail Ship. This will be the sports the base of operations, logistics, accommodation and garage hub for the extreme race series. (ExtremeE, 2019).

Ethical
There are ethical issues with the lithium-ion batteries and the fact that they are so difficult to recycle “Recycling has a potential to decrease the Co2 impact by making already extracted material available for production of new batteries and thus avoiding the processing of new raw materials. Dunn et al shows that the use of recycled materials can decrease the energy demand in material production with 48%. This requires of course that the recycling process doesn’t consume more energy than the process for the virgin materials it is to replace.” (Melin, 2019). 
There’s also second life use of batteries which is rare, “Second life has rarely been included in most LCA’s. Instead there have been a few dedicated studies that explicitly have investigated the effects of second life. These studies have many times looked at the second life battery from the perspective of use in the new application such as energy storage where second life batteries can save between 15% and 70% of the cumulative energy demand and GHG emissions can be saved compared to the other solutions such as lead-acid batteries or natural gas.” (Melin, 2019). 
As much as recycling of the lithium-ion battery needs to improve and the second life cycle of a battery may has its uses the second life battery isn’t a sufficient solution as the point is made in the next quote “no matter how its calculated it is clear that batteries that can last in many lifecycles are very beneficial with the potential to basically cut the embedded emissions in half if it’s possible to run as many cycles in the second life application as in the original application.” (Melin, 2019).
Formula E have been working Umicore to take the batteries created by Williams Advanced Engineering and recycle them “The batteries, created by Williams Advanced Engineering, have been collected and are already in the recycling process, which comprises of sorting, dismantling and recycling. Here, the valuable metals are carefully recovered using proprietary and unique smelting technology - followed by hydrometallurgical treatment.” (E, 2019). The CEO of Formula E went onto say, ““This is an important moment for Formula E and I’m grateful to be partnering with Umicore on this initiative” (E, 2019) & “Sustainability is at the core of both companies, and to be able to recycle our battery cells with a closed loop approach means we’re doing our utmost to limit the impact we have on the environment - while promoting a wider message of clean mobility.” (E, 2019).
Co2
Formula 1 recently announced that they have an aim of being carbon neutral by 2030, and on top of this that all events to be sustainable by 2025. “This aim is to eradicate its carbon footprint of activity at racetracks as the sport attempts to burnish its green credentials to appeal to commercial sponsors and younger fans.” (Kimberley, 2020).
 William Kimberley continues to report about formula 1’s carbon emissions for 2018 “it was calculated that the sport’s total carbon emissions in 2018 was 256,551 tonnes - not including fans’ transport to races – which is the equivalent of providing energy to approximately 30,000 homes for the same period. It comprise: 
· Logistics (road, air and sea freight) 45%
· Personnel travel 27.7%
· Factories and facilities 19.3%
· Events 7.3%
· Total f1 car emissions including all race and test mileage 0.7%”
(Kimberley, 2020).
It’s quite safe to say that formula 1 are one of the most innovative race series in the world especially when it comes to achieving something once thought impossible, a quote from Chase Carey CEO of Liberty Media in William Kimberley’s report explains that clearly “over its 70-year history, F1 has pioneered numerous technologies and innovations that positively contributed to society and helped to combat carbon emissions. From ground breaking aerodynamics to improved brake designs, the progress led by F1 teams has benefited hundreds of millions of cars on the road today” (Kimberley, 2020). 
Formula E have an aim to reduce the air pollution in Partnership with the UN Environment Programme’s #BeatAirPollution. “WHY DO WE RACE? Air pollution kills more people every year than smoking, with the World Health Organization estimating that seven million people die from air pollution every year. Electric vehicles are one of the best solutions to reduce urban air pollution.” (E, 2019).
Formula E hope to use their championship to send a positive message in the fight against climate change by trying to speed the switch to electric power, “Using the spectacle of sport, the ABB FIA Formula E Championship is sending a powerful and meaningful message to help alter perceptions and speed-up the switch to electric mobility. We also operate as a testbed to push the development of new technologies needed for an electric, low-carbon future. Working in close collaboration with our host cities to leave a lasting legacy wherever we race, Formula E is racing for a cleaner future, faster.” (E, 2019). 






















Conclusion
To conclude this report on  the employment of electric propulsion to reduce the carbon impact of motorsport vehicles, by conducting researching into the ethical issues and the CO2 issue from some of the most viewed race series in the world, also a look into the money in Formula and what the teams spend on the car and what regs allow them to do to them, also how they are innovating the electric vehicle world and how race series like Extreme E are charging the how set up in order to reduce their carbon footprint before they make one. 
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