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Introduction 
This paper will analyse how electric propulsion vehicles are being deployed into the motorsport industry and how they reduce the carbon impact of motorsport. 
The feasibility of electric propulsion will be discussed including: the genuine CO2 benefits, the ethics behind the change from ICE to electric, the practicability of the technology and the overall cost, e.g. manufacturing, distribution, maintenance. These factors will be assessed in terms of short, medium and long term implications to the motorsport industry if there was a large scale change to technologies in the industry in an effort to cut the carbon impact of the industry.
With the introduction of formula e in 2014 as the world’s first fully electric international single seater street racing series, (fiaformulae.com), the world started to look at this fully electric championship being an alternative and possible successor to formula 1, with publications such as: CNN, BBC Sport and GQ comparing the two championships. At the same time formula 1 made the switch from 2.4 litre V8 engines to 1.6 litre turbocharged engines with energy recovery systems. The head of the FIA powertrain department Fabrice Lom stated in the 2014 formula one power unit regulations this was done in the name of efficiency, “The game is still to go fast, but to go fast spending less – less money and less energy”. (Fabrice Lom, 2014). 
With formula 1 downsizing and looking at using electric power to aid the ICE in a hybrid system and formula e running a fully electrical championship, with two fully electric support championships as well, this paper will use opinions of engineers, drivers and executives alongside statistics to analyse which way the motorsport industry will go in the future. 

Research & Analysis
Fans:
When formula E started in 2014, the first race was watched by 40 million people and generated more than a billion social interactions on sites such as facebook and twitter, (Allen, 2014). This sort of support is vital in both the short and long term for a championship, in the UK viewing figures have raised from an average of 216,000 for the first season 14/15 to 280,000 for the third season in 2016/17, (Nelson, 2017). Whilst the average viewing figures over seasons have increased the single event figures have dropped off, formula E’s highest single viewed event in the UK was the 2014/15 London ePrix race 2 with 700,000 views compared with the 16/17 season where the highest single event views were 426,000 at the Buenos Aires ePrix, (Nelson, 2017). Formula E isn’t the only championship suffering from a loss of fans, since formula 1’s move to hybrid propulsion they’re reported to have lost views, from 600 million down to 400-450 million, (Formula 1 blog, 2016). 
The rise in average viewership of Formula E however is not enough to cover the costs of the championship, the holding company Formula E operations reported a loss of £49.4 million in its first season. The increase in viewership has narrowed the loss down to £28.5 million as of 31 July 2016, (Christian Sylt, 2017). Each new fan gained from the first season to the third is worth roughly £326.56, meaning the championship needs another 87,274 fans to break even, with new teams joining in the next few seasons such as Mercedes in 2019, (www.fiafirmulae.com, 2017), and Nissan in 2018, (Report.Nissan-Global.com, 2017). This influx of new teams could potentially bring in new fans to the championship and raise the money needed to break even. 
Manufacturers:
Whilst Formula E is currently the only major electric championship, other existing championships such as: the isle of man ‘TT Zero’ a motorcycle championship where bikes must be powered with the use of carbon based fuels and produce zero emissions, (Phillips, 2016), and the pikes peak international hill climb that pits electric powered motorbikes and cars against their internal combustion competitors, (Gordon-Bloomfield, 2016), act as classes with an already established championship so can be cut without damaging the overall package. 
Now however, due to the automotive industry’s push for greener cars, the motorsport industry is reacting quickly not only are manufacturers joining in existing championships, such as Audi and the Fiat-Chrysler group joining Formula E, (Richards, 2017), they are creating their own electric championships to run as either support series to championships like Formula E, such as Jaguar Land Rover creating the iPace eTrophy to start in 2018, (Media.Jaguar.com, 2017), or Tesla creating their own electric GT championship using the Tesla model S P100DL and an electric karting support series, (www.electricgt.co, n.d.). 

It’s also not just high-level motorsport that is adopting electric cars, in June of this year, Shelsley Walsh launched a new electric-only hill climb class. The new class received backing from both ford and Renault, with the former bringing their new electric focus and the latter bringing the 2017 version of their electric Zoe, (Sheenan, 2017). 
Sustainability:
Motorsport is an industry that is under increasing pressure to reduce its energy consumption and change its operation to become more environmentally friendly, (Trendafilova, S & co, 2014). The FIA are now looking at the sustainability of their championships, especially their flagship events such as formula 1 and creating targets for the teams to meet in order to bring the sport into the new age of environmentally friendly motoring. In 2010 the formula 1 team’s association unveiled a project to cut the emissions of the sport by 15% within 3 years, (Black, 2010). At the end of the 3-year period the environmental research analysis organisation Trucost performed an audit, they found that the teams’ emissions had cut by 7% between the years of 2009 and 2011 and that the teams had cut the cars carbon emissions by 24% helped by the increase in fuel efficiency and development of systems such as KERS, (Sylt, 2015). 
Formula E are taking sustainability to the next level, they pride themselves on the fact that not only are the racing cars low emission vehicles but that the entire championship has a low carbon footprint. Formula e claim that their footprint dropped from 25,000 tonnes of CO2-ep in the first season to 12,000 tonnes of CO2-eq by the end of second season, (Sustainability, n.d.)they achieve this using different methods to achieve their medium and long-term targets: 
Emission free charging: Formula E cars obviously need to be charged up before each race, traditionally this would be done using some form of fossil fuel burning generator. Formula E however use generators that they claim are virtually emission free because they run on a fuel called glycerine. The fuel is a by-product of bio-fuel and is used to run the all the team’s generators to provide safe and emission free recharging, (INSIGHT: Formula E’s emission-free charging, 2016). According to figures provided by Ofgem, a UK electricity regulator, the use of these generators over one hour saves nearly half a tonne of carbon emissions and half a kilogramme of NOx emissions are avoided, (Aquafuel, 2015). 
Partnerships: during season 2 Formula E partnered with a company called Enel, they provided the championship with renewable energy solutions in the form of infrastructure. One part of the infrastructure that was put in place for season 3 was a portable mini power grid. The paddock was hooked up to this grid and therefore not placing any extra strain on the host cites power grid. Another part of infrastructure provided was a highly innovative storage system that the previously mentioned generators and solar panels were connected to so that the energy collected could be distributed at the event as needed and minimise waste, (Formula E Sustainability Report Season two 2015/16, 2016). 




 
Battery Technology:
Currently the previously mentioned electric championships all run vehicles powered by lithium-ion batteries with varying degrees of power: Formula E currently run a 28kw/h battery, (Insight: Williams’ updated battery, 2017), the Jaguar will use a 90kw/h battery, (I-Pace Concept, n.d.) and the Tesla Model S using a 100kw/h battery, (Braun, 2017). 
The use of lithium ion batteries come with some disadvantages: 
Cost- the cost of a battery is still currently one of major factors in manufacturers decision to not produce electric vehicles, a study published in January of this year by McKinsey & Company had the price of a battery at $227 per kwh in 2016, the lowest it’s ever been; however, they believe that the price would have to come down to $100 per kwh to achieve “true price parity with ICE vehicles (without incentives)”, (Lambert, 2017). 
Heat- when a lithium ion battery is exposed to high temperatures, usually anything above 45°, the battery will degrade at a must higher rate. This is due to an increased rate of side reactions, when this happens it causes a build-up of resistance at the electrode surface and a loss of the lithium, (Ahmad Pesaran, 2013). 
Damage: when damaged a lithium ion battery is extremely volatile and has the potential to catch fire and even explode, this means that they need extensive safety enhancement, subsequently this causes the price of the batteries to increase because of the safety technology, (Deng, 2015). 
Resources: while the amount of resources is not a direct concern now, its estimated there’s 18-40 million tonnes of lithium readily available, (Are we facing a lithium shortage?, 2017), the demand for the resources is increasing exponentially with swiss bank UBS forecasting that 14% of all vehicles globally will be electric vehicles by 2025, (Sanderson, 2017). The production of lithium must therefore increase with Dr David Deak of Lithium Americas estimating that the lithium market needs to grow from its current annual production of 182,000 tonnes to an average of 3.1 million tonnes for 20 years to cope with the demand, (Sanderson, 2017). 
Unfortunately, despite these disadvantages, there hasn’t been a successful breakthrough in battery technology to replace lithium ion due to a variety of factors and seemingly that if one aspect is improved it compromises a different aspect, (Martin, 2016). So currently this will remain a long-term target for both the automotive and motorsport industry to continue to research. 

Jobs:
With the increase in electric championships the industry has needed a sudden increase in engineers to work with the electric cars, currently on motorsportjobs.com tesla alone have 95 jobs posted on their page ranging from electrical engineers to cad designers, (www.motorpsortjobs.com, n.d.). environmental areas of motorsport have also come to the forefront of the industry with the start of formula E and the hybridisation of Le mans not just racing teams but smaller supply chain companies are now hiring engineers as many teams and championships switch their focus to electric and hybrid propulsion, (Harris, 2014). 



Conclusion 
Looking at the research around the electrification of motorsport the industry has its short-term advantages for both engineers and manufacturers. With the automotive industry pushing for more electric and hybrid vehicles manufacturers are using motorsport to not only reject a positive brand image about their own commitment to green issues and sustainability but to further their development and research into these areas and use motorsport to trial new technology and then trickle it down into their road vehicles. This trickle-down affect benefits engineers who now have a whole new area of industry to work in and benefit from. 
The medium and long-term goals are still there for the industry, from convincing fans that electric and hybrid motorsport can be as exiting and interesting and its ICE counterpart, generating enough money from fans and sponsors alike to keep the championships running so that as more fans arrive to the championships they stay round and aren’t forced to stop due to over expenditure. The industry’s sustainability and emissions targets that are either set by themselves or by governments that these championships must reach or face missing on popular race destinations. To lastly the need for further research into battery technology, because whilst now the objective is just to perfect the lithium ion battery that the industry is usually so regularly, they also need to find alternatives so that the demand doesn’t outreach the supply. 
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