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1. [bookmark: _Toc29332453]Introduction 
Motorsport has been around not long after the internal combustion engine was invented in the 1880s. The first known completion was an reliability test from Paris to Rouen, France. (Augustyn , 2019)  The internal combustion has always been used in racing and has developed over the years. Modern race cars consume a vast amount of fuel and exhaust allot of emissions.  The main pollutant with racing cars is Carbon Dioxide or CO2 which is a greenhouse gas.  Polluting CO2 into the atmosphere causes the ozone layer caused the heat energy to be reflected into the atmosphere instead of being release into space.  This causes the earth’s temperature to increase by 0.9 degrees. This statement is supported by Sarah Zielinski which states “Since about 1850, though, human activities have been releasing extra greenhouse gases into the air. This has slowly propelled a rise in average temperatures across the globe. Overall, the 2017 global average was 0.9 degree C (1.6 degrees F) higher than it had been between 1951 and 1980. That’s based on calculations by NASA.” (Zielinski, 2018).  
The reduction in CO2 can be carried out by reducing the amount of pollution out vehicles exhaust.  Motorsport is prolifically bad due to the fact that the engines have no regards for fuel efficiency, and pollution. Motorsports main goal is to be the fastest by any means necessary. This causes the industry to be prolific polluters.  By reducing the CO2 that being polluted, can have a significant effect in reducing the greenhouse effect.  By analysing the advantages and disadvantages of using an electric propulsion system to be adapted for motorsport use.  CO2 emission needs to be identified first to establish if electrocution is the correct route.  Once identified, the good points and bad points of using an electric system can be investigated to ultimately gain an understanding what kind of savings an electric system would have and what could be held for the future.  
Electric vehicles aren’t a new technology and had first appeared in the mid-19th century.  The batteries were heavy lead acid batteries and the motors were convention DC brushed motors.  Since then battery, motor and control advancements makes using electric systems more viable solution to reduce the amount of pollutions. With the batteries, advancements in chemical theology enabled the vehicle to travel much further on a single charge.  Motor and controllers enable unparalleled performance, causing the power to become instantaneous.  The combination of all of these make it a perfect solution for motorsport in terms of performance.  







2. [bookmark: _Toc29332454]Analysis of electric propulsion within motorsport
The adaption and implication of electric cars in motorsport would have a verity of advantages and disadvantages for the industry.  By resorting to a possibly renewable source of racing, could reduce the environmental impact racing has on the environment.  
Historically motorsport mainly focuses developing technologies to gain an advantage over the competitors by primarily improving the engines power output at the sacrifice of increased fuel used and increased emissions. This can have the effect of increasing the amount of pollution by motorsport alone.  To ensure motorsport is doing its part to reduce its carbon footprint, the racing governing bodies are implementing mandatory regulations to ensure that the vehicle are conforming to certain emission standards.   The adaptions have an impact on the companies participating in the racing due to the increased cost involved. These companies must use expensive resources for research and development to ensure that the car conforms to the emission regulations.  This is also amplified to the possible increased manufacturing costs like new tooling to implement these changes. With these extra costs, companies find themselves leaving certain races or worse go out of business altogether. The motor and battery technology exist but changing the powertrain system on the gasoline engine is not an easy task which requires allot of adaptions to accommodate this. One main hurdle is adapting the driveline to accommodate an electric motor. One method is adapting the original gearbox to accept electric motor input. The second option is to replace the gearbox as well as the engine to an electric motor and gearbox combo.  Regardless the main challenge of any electric conversion is the battery placement.  Adapting the conventional car to accommodate batteries often leaves battery placement to be anywhere there is room. With the implantation of an electric powertrain systems would initially see a majority of companies leave the racing world due to the cost involved developing an existing vehicle to accommodate the electric powertrain and battery. Long term would see companies strive further to allow the companies to gain an advantage over the competitors. This leads to new developments and technology to be developed like in battery technology or motor technology which then can be used on many different products.  “Innovative technology developed in Formula 1 goes well beyond motorsport. It’s not all about winning the race, it’s also about supplying cutting-edge technologies to the wider world, for the benefit of everybody.” (Technology, 2018) Proves that technology used in motorsport, is then implemented on many different products. If electrification of motorsport vehicle is adopted, infer structure to support these vehicle needs to be introduced.  The extra load these vehicles would have on the existing cables could cause problems no being able to keep up to demand.  Most track don’t have support for such high demands so a lot of tracks would probably need to be upgraded with expensive cables and chargers to coupe with the high demands.  
Burning gasoline produces a verity of emissions including sulphur, lead, hydrocarbons, carbon dioxide and water. Over the years the emissions have improved drastically by improving the combustion and implementing catalytic converters to reduce the amount of pollutants being exhausted.  
[bookmark: _Toc29332402]Table 1 Table illustrating the different fuel types and respective CO2 emissions
[image: ] (Tarpenning, 2006)
In the table (Table 1) shows 6 different fuel types and 6 different vehicles with the respective CO2 emission output.  Gasoline is the main fuel source for the motorsport industry so the CO2 emissions will be compared with the electric system. For the electrical system CO2 is calculated from the output of natural gas and other electrical sources may have different amount. In case of emission comparison, the CO2 emotion units is the grams of CO2 per every kilometre.  The gasoline engine has a CO2 output of 141.7g/km while the electric has a out put of 46.1g/km.  This means that the electric car outputs 3 times less CO2 than the gasoline car.  For the electric car, this table only shows the amount of CO2 generated by natural gas. But in the UK, the primary fuel for generating the UK’s energy is oil, followed by natural gas. This is evident in the graph (Figure 1) below which shows oil uses 10 million tones more than natural gas.
[bookmark: _Toc29332094][bookmark: _Toc29332389]Figure 1 Fuel Energy providers
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(Department for Buisness, Energy & Industrial Strategy , 2019)
For the table of CO2 output (Table 1) to be representative for the UK, then oil should be the factor that should be calculated but since natural gas contributes a significant amount of fuel to the supplement the national grid, then the table is relevant.
In terms of the electric powertrain versus the gasoline system, there are serious benefits to in favour of switching to electric.  The CO2 can be reduced by 66.66% (if the power charging the battery comes from natural gas). The main issue of swapping to an electric system is the batteries. To manufacture a Lithium-ion battery causes a vast amount of CO2. In the table below (Table 2) shows the studies conducted by the international council of clean transportation found the battery production emissions. They write “the studies indicate that battery production is associated with 56 to 494 kilograms of carbon dioxide per kilowatt-hour of battery capacity (kg CO2/kWh) for electric vehicles. Several of the studies also provide estimates for the equivalent amount of emissions per kilometre driven over the vehicle lifetimes. These generally find 1–2 g CO2 per kilometre per kWh of battery capacity. We emphasize that the table simplifies the analytical findings, which in many cases have more scenarios and results than are basically summarized here. The wide range of values found in these studies indicates the degree of uncertainty in assessing life-cycle emissions and the variety of methods and materials used in manufacturing batteries.” (The Internatinol council of clean transportation, 2018)
[bookmark: _Toc29332403]Table 2 Studies on electric vehicle battery production emissions
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(The Internatinol council of clean transportation, 2018)



The manufacturing emissions are high due to the fact that the lithium ion batteries require more resource extracting the material needed out of the ground.  Combine this with the special manufacturing conditions needed to assemble the batteries. This usually consists of high heat and sterile conditions.  The majority of the batteries are manufactured in china and south Korea where approximately 20%-40% of power is generated from coal plants which increases the carbon footprint of the manufacturing of the battery. On the topic of outsourcing the work to different countries, could have an ethical issue.  The materials gathered are often underpaid workers with bad working conditions and improper tools to mine.  This statement is supported by a washing post journal which states “The world’s soaring demand for cobalt is at times met by workers, including children, who labour in harsh and dangerous conditions. An estimated 100,000 cobalt miners in Congo use hand tools to dig hundreds of feet underground with little oversight and few safety measures, according to workers, government officials and evidence found by The Washington Post during visits to remote mines. Deaths and injuries are common. And the mining activity exposes local communities to levels of toxic metals that appear to be linked to ailments that include breathing problems and birth defects, health officials say.” (Frankel, 2016) Weighing up the CO2 exhausted from the vehicle and the manufacturing pollution is still less than the gasoline car. The petrol itself has a considerable carbon footprint when compared to the electric vehicle.  This is due to obtaining the crude oil, the transportation and refinery of the oil into petrol. 
[bookmark: _Toc29332095][bookmark: _Toc29332390]Figure 2. Life-cycle emissions (over 150,000 km) of electric and conventional vehicles in Europe[image: ]
(The Internatinol council of clean transportation, 2018)
As shown in Figure 2 illustrates the total CO2 output throughout the vehicle lifecycle. This includes the all of the vehicle activities: manufacturing, fuel cycle (petrol car), Battery Construction (Electric car) and use.  Looking at the chart shows the average European car outputs 250g/km of CO2 in its 150,000 km life.  Comparing this to the European average electric average for arguments sake is outputting 135g/km which is 50% less pollution than the petrol car which is be official to the ozone layer.  With this considered, Once the lifecycle of the battery has finished, the batteries often are difficult to recycle or even disposed of.  The recycling process is developing but is still flawed.  But in the case of the contribution of CO2, the disposal of the batteries isn’t considered in this study. 
Electric motorsport isn’t a new concept. Formula e already has a substantial following in terms of fans and teams.  Formula e consist of only electric single seater cars with its own motorsport championship. The championship has 12 teams with two drivers per team. The races take place in city centres where which is ideal for first-time spectators.  The cars are limited to 250kW and the drivers are allowed two cars to swap half way through to ensure that the race lasts 45 minutes (FIA Formula-E, 2020). Another motorsport that is on the table is electric rallycross cars.  This race style would be ideal due to the short races and the downtown the cars have to charge.  One problem with motorsport that is a concern is the fanbase.  Turning exciting, loud, smelly fuel burning race cars to quiet electric vehicle have a concern looming of the fanbase.  This is a concern for the industry where loyal fans could be put off with the change.  This could lead to loss in revenue and the motorsport industry stopping.  Therefore, the motorsport officials are slowly introducing electric technology into the vehicles to allow for easy adaption and opens to the sport. An example of this is Formula 1 where electric motors and batteries are utilised for certain amount to time to ensure an interesting race. 


















3. [bookmark: _Toc29332455]Conclusion 
In conclusion electrifying the motorsport vehicles would be beneficial in reducing the amount of CO2.  By analysing the amount of CO2 petrol or electric its has been identified that throughout the lifecycle of the electric vehicle including the resource mining and manufacturing, The CO2 emissions would be 50% less than the competing petrol vehicle. This is respective on the type of energy used.  If coal power is back in the equation, then this figure could possibly rise.  With the increasing amount of renewable energy sources being introduced, the CO2 output could possibly go down if renewable energy is utilised.  By also adapting to electric could see an increase in electric vehicle technology which can help the consumer vehicles in the future. By using motorsport for developing trials, could lead a path in more efficient and eco-friendly vehicles.  The main disadvantages of using electric powertrain for motorsport purposes is the lack of electrical infer structure.  Most tracks don’t have a high demand for electricity so an initial cost would on installing increased capacity cables and chargers would have to be considered. Also, with the theme of adaption into electrification, the teams would have to develop existing vehicle of design new platforms for the electric systems to be installed. This can have an extensive cost to the companies which could pout come teams at risk of not competing and dropping out due to lack of funds. This could cause some legacy companies to possibly go bankrupt.   A worry with electric vehicle in motorsport is the spectators might not like the new sport.  This could lead to further financial complications if there isn’t any fan interaction.  Formula-E have an interesting idea of using “Attack mode” which give the driver a boost to enable overtaking.  Combine this with close quarter racing and the fans have a reason to like the sport.  
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Table 1 Table illustrating the different fuel types and respective CO2 emissions

1 1 1 COContent | Efficiency ]
Natural Gas Engine_|Honda CNG 52.8 g/M, 0.32 km/MJ 166.0g
[Hydrogen Fuel Cell JHondaFCX_ INafwralGas | 528 /M 035 kmMIl——— 1517 gkl

Diesel Engine ____IVW JettaDiesel _ICrude Oil I 730g/Mf 048 km/M]| 15279
14179
Hybrid (Gas/Electric) YTovota Prius ___JCrude Oil Y 730/ 056 km/M)|

In the table (Table 1) shows 6 different fuel types and 6 different vehicles with the respective CO2
emission output. Gasoline is the main fuel source for the motorsport industry so the CO2 emissions
will be compared with the electric system. For the electrical system CO2 is calculated from the
output of natural gas and other electrical sources may have different amount. In case of emission
comparison, the CO2 emotion units is the grams of CO2 per every kilometre. The gasoline engine
has a CO2 output of 141.7g/km while the electric has a out put of 46.1g/km. This means that the
electric car outputs 3 times less CO2 than the gasoline car. For the electric car, this table only shows
the amount of CO2 generated by natural gas. But in the UK, the main supplier of energy is oil
powered stations.
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Table 1. Studies on electric vehicle battery production emissions.
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