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Abstract
This report will focus on possible implementation of V2G in professional and clubman motorcycle racing. The information delivered by the author is divided into progressive stages that will guide the reader through the discussion. The information provided in this report shows V2G can be integrated into the motorcycle racing world. It does so by analyzing the history of electric vehicle racing and associated challenges already experienced. An investigation is carried out also for the capabilities for the paddock and race circuit to cope with EV charging. The ethics of transportation, power generation and consumption are discussed while looking at the general direction in which motorsport seems to be going. This report will address past and current trends within motorsport while asking the question, what does the future hold in terms of achieving a carbon natural paddock. Furthermore, an analysis of the current climate change movement is necessary to reenforce V2G’s potential as a Leading technology in combatting this. 
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[bookmark: _Toc88518033]Introduction
[bookmark: _Toc88518034]Overview
Global warming is becoming more familiar topic among the public. Internal combustion engines, ICE, are associated as the main pollutant. Electrified vehicles are meant to be the alternative answer for a “greener” future. However, the national grid has physical limitations which cannot handle such a transition. A possible solution is vehicle to grid because it can boost the grid’s capability and reduce greenhouse gasses. V2G manages the energy from hybrid or electric vehicles and powers the grid back in case of high demand, less need for non-renewable energy production.
[bookmark: _Toc88518035]Aims and objectives
The racing industry will not stop burning fuels due to its popularity. There are other ways to reduce the emission levels in racing. Transportation procedures are optimized and electric units are combined with ICE, for instance, F1 cars. Fully electric classes are also part of some championships. Theoretically, V2G can benefit the image of the sport and improve its carbon offsetting.





[bookmark: _Toc88518036]Literature review 
Global temperature has been rising since the mid-20th century. There are many legislative bodies and proceedings that are already in place the global temperature will rise above 1.5 degree Celsius. The environment already experiences large-scale changes at warming of only 1 degree including Arctic sea-ice melting, sea-level rising, coral reefs disappearing, etc.  (IPCC, 2021).
[bookmark: _Toc88518037]Greenhouse gases
[image: ]Overall temperature of the planet rises when greenhouse gases are trapped in Earth’s atmosphere and sun rays are absorbed. Carbon dioxide is a greenhouse gas and is primarily produced by human activities. According to NASA, CO2 pollution occurs at 250 times faster rate than it should from natural resources (NASA, 2021).[bookmark: _Toc88347231][bookmark: _Toc88347269][bookmark: _Toc88517637]Figure 1: UK’s territorial greenhouse gas emissions graph (National Statistics, 2021)

[bookmark: _Toc88347232][bookmark: _Toc88347270][bookmark: _Toc88517638]Figure 2: UK’s territorial greenhouse gas emissions graph showing greenhouse reduction between 1990 and 2019.  (National Statistics, 2021)

The industry managed to reduce its emission levels by 65.5 % in 2019, figure 1. Transport has always been the largest emitting sector by producing 27% of the CO2 emissions in the United Kingdom. Urban traffic and technology improve with every year, although transport pollution levels have lowered 4.5% since 1990s (National Statistics, 2021).


[bookmark: _Toc88518038]Regulations 
Pollution caused by ICE got the attention of the research community since 1992. Accordingly, Euro 1 was introduced along with a mandatory procedure called New European Driving Cycle, NEDC. It measured emissions and fuel quantity values to control vehicle manufacturers (VDA, 2020). 
[image: ]Tighter standards were set by Euro 6 in 2015, figure 2. Volkswagen managed to cheat the system and still produce unfair amounts of emissions levels (Hotten, 2015). In the following year, the World-Harmonized Light-Duty Vehicles Test Procedure was obtained. The WLTP replicates urban traffic conditions whilst ensures strict control. The new testing procedure examines and determines the best approach for emission reduction  (TUVSUD, 2021).[bookmark: _Toc88347233][bookmark: _Toc88347271]Figure 2: Euro 5 against Euro 6 emission standards (icct, 2016)

[bookmark: _Toc88347234][bookmark: _Toc88347272][bookmark: _Toc88517639]Figure 3: Euro 5 against Euro 6 emission standards, at that time NEDC was still used. (icct, 2016)

Euro 7 is expected to be announced by 2021 which will rise the bar even higher. Vehicle manufacturers started to change their focus on technologies associated with batteries. Hybrid vehicles were firstly introduced and they reduced a third of ICE pollution. Emission levels were easier to meet but the solution was not environmentally friendly enough (bbc, 2020).
A fully electric vehicle was available on the market in 2019. The EV achieves 70% emission reduction than a typical petrol or diesel vehicle. A study predicts “…in 2050 every second car on the streets of the world could be electric. This would reduce global CO2 emissions by up to 1.5 gigatons per year, which is equivalent to the total current CO2 emissions of Russia.” (Harrabin, 2020).


[bookmark: _Toc88518039]Road to zero
In 2020, the UK has announced that they will transform every sector of the economy to stop their contribution to climate change. Power and heating will be produced only by renewable resources. The goal is to reach net zero emissions before 2050. (HM Government , 2021). The vehicle industry will experience significant changes. Petrol and diesel cars, vans and motorcycles will be banned by 2030. All new vehicles sold must be zero tailpipe emissions by 2035 (Harrabin, 2020). 
[bookmark: _Toc88518040]Electricity demand
[image: ]In 2020, the UK generated more electricity from renewable technologies than fossil fuels, figure 3. This includes solar, wind, hydro, tidal and geothermal.[bookmark: _Toc88347235][bookmark: _Toc88347273]Figure 3: UK electricity production for the last 5 years (National Statistics , 2021)

[bookmark: _Toc88347236][bookmark: _Toc88347274][bookmark: _Toc88517640]Figure 4: Electricity generated as renewables progressively increase every year until they exceed fossil fuels in 2020 (National Statistics , 2021)

Figure 3 proves UK’s strategy is realistic. If the EVs are the answer for zero tailpipe emission regulations, the grid must be powerful enough to supply energy to all battery packs. 
Over 600 million passengers EVs and 750 million electronic motorcycles will be on the global road by 2040. Approximately, 90% of them will be stationary when the grid needs them. This means, 1.2 billion batteries on wheels can be used to help the grid by delivering energy back to it (EVO 2021, 2021).
[bookmark: _Toc88518041]V2G
[image: ]V2G allows the energy network to balance electricity demand. Energy from EV batteries can be discharged and sent back to the grid when it is most needed, figure 4. For instance, a building will have high consumption of energy when the working day begins. V2G minimizes energy losses due to direct electricity transfer paths. Peak-shaving and less energy losses can save a lot of money. Furthermore, V2G is an effective strategy to optimize renewable energy and minimizes carbon footprint (ABB, 2021).[bookmark: _Toc88347237][bookmark: _Toc88347275]Figure 4: V2G application per sector. (ABB, 2021)

[bookmark: _Toc88347238][bookmark: _Toc88347276][bookmark: _Toc88517641]Figure 5: Sectors where the V2G system can operate effectively. (ABB, 2021)

[image: ]V2G requires bi-directional charging stations which are manufactured by only a few companies. These stations support only specific EV models.  The installation cost of V2G should also be reviewed to allow more charging points. The whole infrastructure must dramatically expand to meet the net zero scenario, figure 5. Figure 5: Total bi-directional connectors needed to meet Net Zero and Economic Transition Scenarios by 2050 (EVO 2021, 2021)


The management software of V2G adds complexity as well. The system communicates with the customer to set the energy levels for the next journey. This determines how much operational time the V2G has available, without interfering with the owner’s plans (Fully Charged Show, 2019).
It is possible to select charging rates which make the charging process cost effective. Also, if the battery feeds the grid with energy, the corresponding amount of money will be returned to the owner. ( Driivz, 2020) Recently, the first domestic V2G home charger was introduced which makes the whole process more convenient for ordinary people (INDRA, 2021).


[bookmark: _Toc88518042]Possible motorcycle applications
Carbon offsetting is a topic which seriously affects the racing industry. EVs are more commonly seen in the automotive and motorcycle racing sectors and V2G can make great use of them. 
[bookmark: _Toc88518043]Enel MotoE 
FIM Enel MotoE World Cup became part of the MotoGP series in 2019. The e-class used diesel generators to power the electric machines due to their high energy demand. The e-paddock went on fire before the first race. The incident was caused by charging issues which led to the current solution, semi-mobile units (Turner, 2019).
[image: ]The SMU has 50kW DC output and 22kW AC input from the grid and an extra 51kWh of storage. 1MW is shared between 20 chargers and 10 per cent of the electricity comes from solar panels. If the grid struggles, the SMUs receive energy only from the solar panels (MotoGP, 2021).[bookmark: _Toc88347239][bookmark: _Toc88347277]Figure 6-Enel’s SMU used in the MotoE paddock (MotoGP, 2021)

[bookmark: _Toc88347240][bookmark: _Toc88347278][bookmark: _Toc88517642]Figure 6-Enel’s SMU used in the MotoE paddock (MotoGP, 2021)

The SMU, figure 6, keeps the grid healthy and ensures independent energy availability for the quick charging procedures, I.e., between practice sessions. 


[bookmark: _Toc88518044]Isle of Man TT Zero
[bookmark: _Hlk87800829][image: ]Formula 1 has more advanced electric technologies compared to motorcycle racing. In reality, Isle of Man TT was the first to plan a zero-racing programme in 2010. A few testing laps have been obtained but the financial situation of the teams did not allow further development. The race is postponed with every year (BBC Sport, 2019).[bookmark: _Toc88347241][bookmark: _Toc88347279]Figure 7: Lap record of 121,909mph set by Michael Rutter on the zero-bike in 2019 (Honda, 2019) 

[bookmark: _Toc88347242][bookmark: _Toc88347280][bookmark: _Toc88517643]Figure 7: Lap record of 121,909mph set by Michael Rutter on the zero-bike in 2019 (Honda, 2019) 

Similarly, to the previous chapter, V2G can positively influence championship aims. However, the TT race takes place once in a year which means V2G might not be worth the effort. Final decisions cannot be concluded until the end of the assignment.
[bookmark: _Toc88518045]E-XBike
FIM E-XBike World Cup participates within the MXGP federation since 2019. The goal was to introduce motocross racing to younger riders and improve their talent. The class consists of 24 small-electric machines with capacity of 3.9kWh and operating time of 30 minutes (Youthstream, 2019).
The federation is not as popular as the MotoGP championship and hence its recourses are low. The same statement applies for clubman level racing. For instance, the British Talent Cup does not hire employees to save money for tyres.
[bookmark: _Toc88518046]V2G practicality in Motorcycle racing
[image: ]Formula 1 produced 256,551 tonnes of CO2 in 2018, table 1, excludes spectators transportation to events. MotoGP is no better in this regard. As a result, the FIM plans to become carbon neutral by 2030 (Kimberley, 2020).Table 1: Carbon footprint of F1’s season in 2018 (F1, 2019)


[bookmark: _Toc88518047]Travel 
Teams are trying to minimize their traveling logistics but there are transportation processes which are inevitable. MotoGP transfers its facilities around the world via hydrotreated vegetable oil trucks, HVO, which offer 90 % CO2 reduction (MotoGP, 2016). 
[image: ]Mercedes-Benz announced a more practical solution in 2021. F1 teams have small factory departments near every city, where the race weekend takes place. Transportation from these locations is done by EV trucks which cover up to 400 kilometres, figure 8 (DAIMLER , 2021).[bookmark: _Toc88347243][bookmark: _Toc88347281]Figure 8: The eActros truck which is charged from 20 to 80 per cent within an hour (DAIMLER , 2021)

[bookmark: _Toc88347244][bookmark: _Toc88347282][bookmark: _Toc88517644]Figure 8: The eActros truck which consists of four battery packs which can be charged from 20 to 80 per cent within an hour by a 400A DC station. (DAIMLER , 2021)

V2G can make great use of all e-transports and help the championship zero-carbon emission targets. More frequent usage of EVs by teams will increase the positive effects of V2G in racing.
[bookmark: _Toc88518048]Racing 
[bookmark: _Toc88518049]E-motorcycles
Usually, e-motorcycles are off-track due to energy storage limitations associated with their batteries. MotoE teams, for example, charge the motorcycle before every use and before the race start. SMUs will be required again because it is impractical to build charging stations on the starting grid. Discharging procedures affect battery lifespan and performance which is not preferable in racing. V2G may not seem an applicable option but there is another point of view which rises interest.
MotoGP teams have 6 spare engines available for each season, per bike. Likewise, MotoE bikes must change their battery packs within a season. The amortized batteries can be used for low-performance storages in the paddock. If there is a present V2G system, these extra storage devices will improve grid’s flexibility. 
[bookmark: _Toc88518050]E-scooters
In smaller scales, e-scooters are used by team members to move around the track. The electric vehicles do not need full charge, all the time. Short distances are only covered. Theoretically, the scooters can always be connected to the grid to act as quick sources of energy. This is another way to utilize V2G advantages and achieve consistent results.  



[bookmark: _Toc88518051]Grid capability and energy solutions 
The grid cannot simultaneously supply enough charge to all electric devices, machines and buildings during a race weekend (MotoGP, 2021). V2G could benefit the grid but there must be another energy source presented. 
[bookmark: _Toc88518052]Solar parks
[image: ]Solar photovoltaic panel, PV, is a worldwide technology used to absorb sunlight and convert it into electricity. In 2020, 12 % of UK’s renewable electricity capacity came from PVs which helped to meet the current emission targets (UK Business Energy, 2020).[bookmark: _Toc88347245][bookmark: _Toc88347283]Figure 9: The biggest photovoltaic system in Europe by Audi Hungaria. (Green Car Congress, 2020)

[bookmark: _Toc88347246][bookmark: _Toc88347284][bookmark: _Toc88517645]Figure 9-Project of the biggest photovoltaic system in Europe by Audi Hungaria. (Green Car Congress, 2020)

Figure 9 illustrates 36,400 solar cells installed on a building at the Audi Hungaria plant in Gyor. The project managed to save 18,000 MWh of energy which equates to 5,750 tons of CO2 (Green Car Congress, 2020).
PVs can be located on pits’ rooftops, grandstands, motorhomes, car parks, etc. Silverstone is a good example because there is plenty of opportunities which will simplify grid’s operation and help the racing industry get closer to carbon neutrality (Harlow, 2020).


[bookmark: _Toc88518053]Wind farms
Energy is derived from wind by converting air’s motion into a mechanical motion it can than produce energy using a generator. Wind turbines generated 24 per cent of the total UK’s electricity in 2020.  At that time, project named “Hornsea One” was the largest operational wind farm and it contained 174 wind turbines. In the next 5 years, 31 offshore wind projects have been set by UK’s government to reach the 40GW target. Crown Estate estimates the new wind farms will produce 8GW of energy which is enough to power over 8 million homes in 2021 (airswift, 2021).
Wind farms can find similar applications in the racing industry as solar parks. Their installation is slightly more complex due to safety requirements but not impossible (renewable UK, 2019).
[bookmark: _Toc88518054]Nuclear reactors
Nuclear reactors produce electricity by nuclear fusion reactions. The process is not renewable but there are no CO2 emissions presented. Currently, 13 nuclear reactors are spread around UK and they produce 7.8GW of power, 20 % of the nation’s electricity. The government announced easy-build and install mini reactors will be manufactured to reach their zero-carbon aim. A reactor will have a capacity of 470MW which is enough to supply 1.3million homes with “renewable” energy. (TheGuardian, 2021)
If a circuit has its own nuclear reactor, the energy available should be more than enough. Unfortunately, nuclear reactors have lifespan between 20 and 40 years and then they produce radioactive waste from uranium fuel. It must spend around 60 years in “spend fuel pools” until its radioactivity fully decays (U.S.NRC, 2019). Nuclear energy is a great energy source but has the potential for devastating environmental impact. 


[bookmark: _Toc88518055]V2G limitations
There are a few circuits which the MotoGP and Formula 1’s calendar has in common. This should be the starting point of integrating the V2G technology. 
[bookmark: _Toc88518056]Financial issues
V2G is a complicated and expensive infrastructure which small budget companies cannot afford. It is easier for the organisers and teams to manage their logistics in a better way to reduce carbon emissions. For instance, online team meetings will save time, fuel, emissions and money.
In 2019, the Covid-19 pandemic meant no spectators were allowed at racing events. Motorcycle racing is not really popular on TV hence most of its income comes from fans, in person. The global situation should stabilize so the motorcycle industry can think about V2G.
[bookmark: _Toc88518057]Accessibility
V2G is an independent project because each racing venue must build its own infrastructure. Circuits like Monaco, for example, have limited free space and hence it is impractical to integrate V2G. Circuits host specific racing events only a few times in a year which also questions the usage of V2G. 
Sometimes, teams must attend events which require long distance travel. These “fly away” occasions make EV transportation almost impossible. Even if the hosted circuit have a potential V2G system, it will not have enough energy resources to effectively operate. 


[bookmark: _Toc88518058]Ethical issues
Lithium-ion batteries experience degradation with the number of full charge-discharge cycles. Different stress factors can also affect the lifespan of the battery including state of charge, current and temperature. V2G operates at slow charge regimes. It keeps the battery units within their operational zones to minimize the stress but degradation still occurs. At some point, the battery pack must be replaced which costs resources and emit pollution gases (Kotub Uddin, 2017).
[bookmark: _Toc88518059]Lithium battery 
[image: ]EVs’ market is expected to rapidly expand and demand of lithium-ion batteries will increase, figure 10. The Bank of Global research department states the battery supply can run out as early as 2025 due to lack of key materials. Respectively, the price of lithium carbonate is 320 % higher since 2021. Vehicle manufacturers and governments face a serious threat and long-term solutions are required. Alternative storage technologies should be explored (Cohen, 2020).[bookmark: _Toc88347247][bookmark: _Toc88347285]Figure 10: Global lithium-ion battery demand specifically for vehicles (Cohen, 2020)

[bookmark: _Toc88347248][bookmark: _Toc88347286][bookmark: _Toc88517646]Figure 10: Global lithium-ion battery demand specifically for vehicles (Cohen, 2020)

[bookmark: _Toc88518060]Production
Extraction of raw materials, mainly lithium and cobalt, is another existing problem. The process takes place in mines where the working conditions are dangerous and human right are abused. Democratic Republic of Congo is responsible for 75 % of the global cobalt supply. Tesla, Apple, Microsoft and other tech companies were law suited by several families of the children who were forced to work, injured and killed in DRC’s mines in 2019 (Kelly, 2019).


[bookmark: _Toc88518061]Recycling 
Lithium batteries have negative impact on the environment. Extraction of virgin material is energy intensive which produce CO2 emissions. Sometimes, SOx is also emitted which causes acid rain. Recycling can minimise the environmental harm by saving precious natural resources. Production processes will be cost effective as well.
Less than 5 % of Li-ion batteries were collected and recycled by EU or US. Apparently, lithium batteries are not designed to be disassembled which complicates the extraction of valuable materials (Jacoby, 2019).
Some vehicle manufacturers reuse their battery packs for less-intensive applications. Nissan uses their secondhand electric Leaf’s batteries to power the automated guided vehicles in the factory (Woollacott, 2021).
[image: ]Recently, a battery treatment procedure was developed by Fortum. It combines mechanical and hydrometallurgical recycling processes which recycle 80% of the batteries, figure 11. Only, 5 per cent of battery metals cannot be reused (Fortum, 2021).[bookmark: _Toc88347249][bookmark: _Toc88347287]Figure 11: The latest recycling procedure for lithium batteries (Fortum, 2021)





[bookmark: _Toc88518062]Conclusions
The information provided in this report shows V2G can be integrated in the motorcycle racing world. The system is not suitable for electric motorcycles because they lose performance with every charge/discharge cycles. However, V2G can utilise the rest of EVs in the paddock and help the sport to improve its “green” image. Spectators can also provide an additional amount of charge by plugging their EVs whilst watching a race. V2G 
Batteries from e-motorcycles or transportation e-vehicles can be reused for backup power applications. Furthermore, battery life is extended, production of new batteries is reduced and the environment experiences less harm.
To conclude, V2G is not an appropriate solution for professional motorcycle racing. The high-cost infrastructure of the system is not realistic for the sport, considering the latest events, Covid-19. Certainly, V2G is not a feasible option for motorcycle clubman level racing. 
Vehicle to everything is an alternative technology developed to replace V2G in the near future. V2X offers a lighter wight, smaller size and easier installation which seems more suitable option for the motorcycle industry (newmotion, 2021). Other solutions for emission reduction such as bio-fuels should not be excluded.
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[bookmark: _Toc88518066][image: ]Current energy demandTable 2: Primary energy consumption of the world, including modern renewable resources  (bp, 2021)






[bookmark: _Toc88518067]EV future market
[image: ]China have already produced 33.9 million units of electric scooter and 95.1% of them are for domestic usage (Research and Markets, 2021).Figure 12: Economic Transition Scenario of passenger vehicles sales (EVO 2021, 2021)


EVs are expected to take 60% from the global market by 2040, figure 12.  Plug-in hybrid vehicles are also progressively expanding while ICE vehicles sales decrease.

[bookmark: _Toc88518068][image: ]Wind farm projectsTable 3: Key offshore wind projects in UK (airswift, 2021)




[bookmark: _Toc88518069][image: ]Lithium battery componentsFigure 13: All the component of a lithium-ion battery (Jacoby, 2019)

Recycling is a more economical solution than reusing batteries. However, the process is not efficient enough as only cobalt, nickel and copper are recovered, figure 13. The recycling procedure takes place at around 1500 degrees Celsius and lithium and aluminum are usually lost. A secondary process is required to recover lithium from the slag (Jacoby, 2019).
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Logistics  Road, air or sea logistics across the sport. 45.00%

Bussines travel  Air and ground transportation including hotels. 27.70%

Facilities and factories

F1 operational offices or facilities, as well as teams' offices, 

factories or facilities.

19.30%

Event operation

Broadcasting, support races, paddock club operations, circuit 

energy use, generator use and teams at circuit impacts.

7.30%

Power unit emissions

Emissions associated with the fuel usage of the power units 

across all teams.

0.70%
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Name Location Current state Estimated results

In construction phase Capacity of 1.4GW

Fully operational in 

2022

Power to well over 1.3 

million homes

Capacity of up to 

3.6GW

Powering up to 6 

million homes

3

Moray West Offshore 

Wind Farm

Approximately 22.5 

kilometers from 

Caithness, eastern 

Scotland

Aiming to be fully 

operational in 2024/25

Capacity of up to 

850MW

Capacity of 1.4GW

Providing power to over 

1.2 million UK homes

5

East Anglia Hub 

Offshore Wind 

Complex (EA1 North, 

EA2, EA3)

 East Anglia area, the 

southern area of the 

North Sea

Start in 2023 

A total installed 

capacity of 3,100MW

6

Floating Offshore 

Wind Farm Erebus

Celtic Sea, Wales /

A total installed 

capacity of 96MW

Capacity to up to 1 GW

Power up to 1 million 

homes

Installed capacity of 

1,075MW

Power more than 1.6 

million homes

2

1

Hornsea Two 

Offshore Wind Farm

Approximately, 89 km off 

the Yorkshire coast in the 

North Sea

The first phase, 

Dogger Bank A, is 

expected to be 

operational in 2023

Between 130km and 

190km from the North 

East coast of England

Dogger Bank Wind 

Farm A, B & C

Seagreen Offshore 

Wind Farm

27km off the coast of 

Angus in the North Sea

Enter commercial 

operation in 2022/23.

8

Expected by 2026 Dogger Bank, North Sea

Sofia Offshore Wind 

Farm

4

7

15 km off the Angus 

Coast

Inch Cape Offshore 

Wind Farm

/
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