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[bookmark: _Toc88492371]1.0 Introduction 
Electric vehicles and their widespread introduction have been a key aspect of combatting the climate crisis. The UK government in particular has made its stance on electric vehicles clear. Moves to phase out petrol diesel cars with a ban on new petrol and diesel cars coming in 2030 (Harrabin, 2020) and made electric vehicle charging in new homes a legal requirement (Race, 2021) make it very clear that the UK government is serious about the widespread use of electric vehicles. In addition to this with, the government has made large investments in sustainable power generation. 
Electric vehicles as of recently have been gearing up towards a new technology known as Vehicle to grid technology (V2G). V2G is when electric vehicles put charge back into the power grid during peak times where the power grid may not be capable of suppling enough power. This technology has been worked on for a few years both in theory and some limited practical testing. (Mikolajek, 2018). 
This report covers the potential implementation and likelihood of V2G technology in a motorsport setting. This report will assess the short term and long-term implications of V2G technology on the industry and suggest strategies that could potentially be used by the motorsport industry in the future. In addition to this, the report will assess the current grid demands of the UK and the available charging technology that is readily available in the UK. This is important has electric vehicles do need charging points to charge the batteries very much like petrol stations, however the electricity does need to come from the national grid. Ethical issues that come with V2G technology, and the electric vehicles required for the technology to work are also covered in this report.  

[bookmark: _Toc88492372]2.0 Current electrical demand 
In the UK as of 2020, electrical demand had hit a record low of 330 TWh due to the restrictions placed in response to the COVID-19 pandemic, although the pandemic is not the main factor to this has electrical demand fell year by year since 2015 (Martin, 2021). Most of this power is produced by natural gas and nuclear power however, renewable sources make up a large amount of power generated. The demand is expected to increase to the range of 575 to 672 TWh by 2050 (Department for Business, Energy & Industrial Strategy, 2020). This increase is due to the UK governments push of electric vehicles and disassociation with fossil fuels to combat climate change.
With these projections of electrical demand infrastructure changes are expected to happen due to political factors which include fighting climate change and the move to more sustainable power generation. Another factor that has a potential to cause a problem for the UK power grid is that the oldest nuclear reactors in the UK are approaching 40 years old within 5 years which is typically the age where nuclear reactors are shut down. These factors mean that within the next 30 years V2G technology may become an important power generating source for the UK. 
  


[bookmark: _Toc88492373]3.0 Ethical issues 
Although there are no ethical issues directly related to vehicle to grid technology, there are ethical issues from some of the process involved making electric vehicles and the batteries for said vehicles as the processes are counterproductive to helping preserve the environment.   
[bookmark: _Toc88492374]3.1 Sourcing lithium 
The most common type of battery used in electric vehicles is the lithium-ion battery. As of 2017 most products that contain lithium are batteries (Jaskula, 2017), this number is expected to grow with the further push of electric vehicles. Lithium occurs as a mineral compound in subsurface lithium brines, clays, igneous rock and saltwater (Sterba, et al, 2019) Out of the sources mentioned, most of the lithium used in the world is sourced via brines or rock.   
Lithium extraction from brines largely occurs within the “lithium triangle”, a region that lies between Chile, Argentina and Bolivia (Ahmad, 2020). Lithium extraction in within the lithium triangle involves pumping out brine from a salt lake and placing said brine into an evaporation pool to evaporate. Thanks to the conditions of the regions within the lithium triangle of low rainfall, high humidity, good sun exposure and high winds, the evaporation process functions at the best it can in a realistic setting (Meng, et al, 2019). From here the impurities of the brine such as magnesium, boron and calcium are extracted leaving the compound Li2CO3. 
There are problems with this method has been with waste management. This is because the evaporation process produces a large amount of waste product which consists of the all the salts inside the brine that are not lithium carbonate. Although this waste product is not toxic, the amount of waste product is substantial and storage methods for this waste product must be arranged (Flexer, Baspineiro and Galli, 2018). This same report also covers the amount of water used in the process and that the local population and environmental groups are monitoring the amount of fresh water used in the process as fresh water is used to sustain the local environment. 
Hard rock mining is similar to traditional mining where an ore is mined from the ground. Multiple different ores contain lithium including but not limited to spodumene, jadarite, petalite, amblygonite and zabuyelite (Karrech, et al, 2020). However, it is noted that most of these ores apart from zabuyelite contain less than 6% lithium. Because of this most ores are refined to make a concentrate by removing impurities. Different methods are used on all the ores with some processes performing better with different ores. These methods include dense media separation which separates the ore from impurities by using the specific gravities of the materials to reject the impurities as the ores have a higher specific gravity and therefore sinks away from the impurities. This is typically done with large particles. Magnetic separation, which separates the iron bearing material from the ore. This process is partially effective with ores that contain high levels of iron (Tadesse, et al, 2019) 
Hard rock mining also has some environmental problems, one being that to access the rock, the ground has to be dug up which leads to the destruction of the landscape and the local environment. Another problem with hard rock mining is water pollution with the presence of heavy metals in above the global average in water surrounding a lithium mine in China (Gao, et al, 2021). Although this study centres around one specific mine, water contamination is a problem that does need addressing to sustainably mine lithium. 
[bookmark: _Toc88492375]3.2 Sourcing other materials 
Other materials go into the construction of lithium batteries including cobalt and copper. Cobalt much like other minerals is mined underground and around 50% of cobalt originates from the Democratic Republic of Congo, according to Amnesty International (Amnesty international, 2019). The same source, covers the dangerous work conditions inside the cobalt mines where the workers are not protected against the apparent dangers of underground mining. In addition to this, child labour is often common in cobalt mines. This is a major problem ethically as cobalt is dangerous when inhaled and can cause hard metal disease which can cause early death in some cases (Health and Safety Executive, 2013). 
Copper has been sourced from many places across the globe throughout human history. Unlike the other minerals mentioned, copper is mined via open pit mining, which takes up significant space and can destroy large area of the environment. The waste of copper production however has been very problematic due to the presence of elements such as arsenic, lead and mercury. Traces of these metals have been detected in the soil that surround the copper in Zambia which causes the plants grown in said soil to contain toxic metals (Lindahl, 2014). This contamination if not monitored properly can cause severe health problems for the local population that rely on the local water sources and crops. 

[bookmark: _Toc88492376]4.0 Currently available charging technology 
As of the 11th of November 2021, there are 27122 charging points throughout the UK (Zap map, 2021). However, there is a vast problem with the distribution of these charging points across the country as the majority of charging points are around major cities and service stations along the motorway system. Figure 1 shows the distribution of the charging points across the UK at this current moment with the most populated areas of the country having the most charging points.   
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[bookmark: _Toc88477157]Figure 1- Distribution of charging points in the UK (Zap map, 2021)
Along with this uneven distribution of charging points, there are different types of chargers that charge at different rates. The range of these is quite dramatic with the least powerful being rated at 3kW AC and the most powerful rated at and in excess of 90kW DC (Shakeel and Malik, 2019). In terms of V2G technology, all these charger types can be utilised in transferring charge from vehicles to the grid however, AC chargers are less preferable due to the grid in the UK using a DC voltage for high voltage transportation.  
Different connecter types are also a point to consider with charging technology, in the UK most fast chargers use either the CCS (Combined charging system) or the CHAdeMO connecter types. Tesla supercharger points are available in the UK as well but uses its own connecter type. These connecter types are not placed on all vehicles with Japanese manufactured vehicles favouring the CHAdeMO type. At the time of writing, only the Nissan leaf and e-NV200 are capable of V2G activities that is readily available to the general public (Hill, 2021), both of these vehicles use the CHAdeMO connection type. 


[bookmark: _Toc88492377]5.0 Implementation 
[bookmark: _Toc88492378]5.1 Setting 
Currently in professional level motorsport there are two active series that use electric vehicles, Formula E and Extreme E. In terms of other motorsport events, the Pikes Peak international hill climb permits the use of electric vehicles. In terms of the lower echelons of motorsport there are no official events using electric vehicles.  
As previously mentioned only a very small group of vehicles can currently use V2G technology. Race vehicles are an interesting point as charging the batteries does differ from conventional road vehicles, for example the Volkswagen ID.R uses two 90kW chargers to charge the batteries along with a air cooling system to keep the batteries at their optimal temperature (Volkswagen, 2019). 
Battery degradation does occur with V2G technology due to the battery going through multiple cycles which does reduce the battery capacity over time (Wang and Chen, 2017). Because of this risk, race vehicles are not suitable for V2G as the batteries need to be operating at their optimal to get the best performance out of them. Instead, other vehicles such as electric forklifts and electric vehicles used in the factories and shuttling team members to airports ready for away races would be more appropriate as the performance of these vehicles is not as critical as the race vehicles are. 
[bookmark: _Toc88492379]5.2 Setting up the infrastructure 
In terms of infrastructure, charging points are required, as previously mentioned the CHAdeMO connector would need to be used as it is currently the only type of connecter that can currently perform bidirectional flow. In terms of energy storage or use, the motorsport industry has a large number of options. There is the option of transferring the charge of the vehicle to the national grid. This charge can be sold to the grid in a manner that solar panels do. However, there are other option available which can be used in the motorsport industry. 
Micro grids are essentially smaller grids that have the ability to operate separately to the national grid. Alternatively, these micro grids can be connected to the national grid. Micro grids like the national grid can make use of various forms of power generation such as solar and wind power (Ucran and Bică, 2019). Using this concept, the industry can use this power as it seems fit. For example, the energy taken from the forklifts or electric vehicles can be used within the micro grid to power the factory facilities without the need of using the national grid.
In addition to this, the motorsport industry can use micro grids to make use of another technology called vehicle to vehicle (V2V). This technology allows electric vehicles to transfer charge to other electric vehicles (Liu, et al, 2013). The motorsport industry can make very good use of this technology inside the factory as certain vehicles are only used in certain times such as forklifts and cars used by workers. These vehicles if electric have charge that can be used to charge other vehicles when not in use. This can be extended to the race vehicles where other vehicles can charge up the race vehicles before a race weekend.     


[bookmark: _Toc88492380]5.3 Short term implications 
There are short term implications to implementing V2G technology into a motorsport setting, one being the initial setup of the charging systems, electric vehicles and the micro grid. Setting up such systems requires a lot of planning as the power to supply the chargers must be connected up to the national grid. In addition to this, the electric vehicles required for V2G technology to function are still expensive when compared to internal combustion engine powered counterparts. However, internal combustion engines can be altered to be compatible with V2G technologies (Masrur, et al, 2018). This can negate some of the problems with the initial setup of the technology however, setting up the charging infrastructure into existing buildings would be the biggest challenge in the short term
[bookmark: _Toc88492381]5.4 Long term implications 
Once the V2G system is put into place, the main implications of this technology in the long term is with battery degradation. This problem was previously mentioned and rules out the use of race vehicles in V2G activities. However, the vehicles that are compatible with V2G technology will be using the technology frequently. The frequent use of this does effect energy capacity and cycle aging adversely. There is a balancing act that must be met to negate this, low state of charge can lead to longer lifetimes of the batteries in theory, however if the state of charge is too low, cycle aging and energy capacity of the batteries is accelerated. (Tamura, 2019). 
With this battery degradation in mind, the cost of replacing the batteries must be factored into this. This factor is somewhat difficult to plot as with the UK governments plans to electrify cars, the demand for lithium will increase which may cause price jumps in lithium batteries. In addition to this, electric vehicles are becoming cheaper to purchase, which will make buying an electric vehicle more attractive.
[bookmark: _Toc88492382]5.5 Likelihood of implementation
Considering the factors covered previously, the likelihood of the implementation of V2G technology in a motorsport factory setting can be divided into two areas. As of writing this report, V2G technology is a well understood concept with some real-world applications being tested. However, at the same time, there are currently factors that stop this technology from working in a motorsport setting such as planning implications and the lack of commercially available connecter types that can perform bidirectional flow. 
However, due to climate change and the importance of electric vehicles in preventing further global heating, there will be a large push in making this technology more available to the general public. This will eliminate the problems that currently exist such as the cost of electric vehicles and the lack of connecter types that can perform bidirectional flow This means that in the near future, the likelihood of V2G technology being implemented in motorsport factories will be much higher than it is as of writing this report. 
     

[bookmark: _Toc88492383]6.0 Conclusion 
In conclusion, research has been conducted into V2G technology. Although a proven concept in theory, its real-world implementation is still in its relative infancy, specifically in the UK. Power demands have been assessed for the UK and some projections have been mentioned for 2050. Along with this some important changes of power plant shutdowns have been mentioned. 
Ethical issues have been highlighted in the construction of the lithium batteries needed for electric vehicle. These issues are concerning and serves as a potential sticking point in the push of electric vehicles as these problems are likely to get worse with the demand of electric vehicles likely to increase. 
Charging technologies have been assessed for the current time and proves to be a constantly evolving environment in the pursuit to improve charging times of electric vehicles. 
Taking all these factors into mind, a vision of the implementation of V2G technology has been created with the motorsport in mind, presenting ideas of which vehicles to use and how microgrids and vehicle to vehicle technology might be the key to implementing the technology in a motorsport factory environment. At the end of this a summary is provided that covers the likelihood of V2G technology being implemented within the motorsport environment. 
Overall, V2G technology is a promising technology that can revolutionise how people see vehicles and gives the power grid another avenue of energy generation that is environmentally friendly. With the technology still being developed, it has the potential to become a technology that is as important as the electric car in the pursuit of reducing the impact industrialisation has on the earth.    
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