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[bookmark: _Toc88142099]1: Introduction 
This report will investigate the immediate and long-term uses of vehicle to grid system (V2G) technologies, it will be looking specifically at what it is overall and how it is affected by the four issues highlighted in the report brief. Automotive systems are the primary focus of this report. However, there will potentially be crossovers between motorsport and motorcycle industry applications due to the constantly changing climate of these types of technologies. The report will also explore the other issues that are currently being faced by industry such as electricity demand and its capabilities and the potential solutions that can tackle that, ethical issues that may occur because of switching to sustainable means of energy consumption, the practicalities of using these technologies for specific applications, in this case the Military industry and how they are adapting their systems to become more sustainable. Lastly the report will look at current charging technology’s and how they hold up to industry standards and the difference between charging systems. Following from this will be a discussion about this technology and then a conclusion. 
[bookmark: _Toc88142100]2: Acronyms and tables 
V2G: Vehicle two grid
EV: Electric vehicles 
UK: United Kingdom 
MOD: Ministry of defense 
US: United States
Figure 1: One chart (left) showing the cost of kWh per hour over time and second chart showing the increase in batterie production (Right) over time. (Economist, 2021)
Figure 2: Private and publicly accessible chargers by country in 2019. (IEA, 2020)
Figure 3: Different contributions of electric vehicles to hourly peak demand by country/region. (IEA, 2020)
Figure 4: Number of Public charging points Vs speed. (maps, 2021)
Figure 5: Various charger types used within the UK. (charging, 2019)
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Figure 4: Number of Public charging points Vs speed. (maps, 2021)
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Figure 5: Various charger types used within the UK. (charging, 2019)
[bookmark: _Toc88142102]4: Vehicle to grid systems 
Vehicle to gird (V2G) is a concept which takes energy that is not being used from the battery of an electric vehicle and transfers it back into the electric grid, or national grid for the UK. Vehicle to grid systems can help combat the issues that currently face the electric vehicle market, such as reducing the need for vast amounts of electrical infrastructure due to the energy being returned from the vehicle, “Energy should be either used where its produced or stored somewhere for later usage”. (Virta.global, 2021) 
One company that is leading the way for vehicle to grid technology is EDF energy, they clam that, “the chargers will be offered to EDF energy’s business customers and will be used at its own sites to provide up to 15 megawatts of additional energy storage capacity. That’s the equivalent amount of energy required to power 4,000 homes.” (oilandgas360.com, 2018) This move by EDF will be beneficial to encouraging to up take of vehicle to grid technology and allowing for the use of it to become more widespread among public skeptics. 
This vehicle to grid technology can be applied to different vehicle platforms and will allow for energy regain for each of these. Figure 3 shows that normal 4 wheeled vehicles would be making up a significant amount of the total projected contribution of electricity back into the grid, there are also gains from buses and larger vehicles as well. 
Uptake of this technology relies on the appeal to the current UK market, currently electric vehicles are not affordable to the wider UK consumer, the current cheapest electric vehicle available on the market at the moment is, “Skoda CITGOe iV at just £15,000, with many other electric cars priced around the £16,000 mark.” (EDF, 2021) 
[bookmark: _Toc88142103]5: Issue one: Electricity demand and its capabilities 
The first issue that will be looked at in this report is how electrical demand from the increasing use of electrical zero emission technologies such as electric vehicles (EV). The UK national grid provides electricity across the country, according to the RAC “an estimated 80 percent of electric car charging take place at home” (RAC, 2021). This figure shows that demand from households has increased significantly from the popularity of electric powered vehicles, which will mean energy bills increasing for the average homeowner due to the increased demand, U Switch found that “home energy costs are often higher for EV drivers, although this extra expense is usually significantly outweighed by the running cost savings and environmental benefits” (Uswitch, 2021). 
Another factor of electrical demand is current ownership of chargers, as chargers will be needed to be able to carry our vehicle to grid energy transfer. Looking at Figure 2 you can see the different percentages of chargers owned privately and publicly. In terms of the UK private slow chargers are only made up by 4% globally, this means that that 4% could carry out vehicle to grid. However, they are slow charging so it would mean users my potentially not be able to use their vehicle for more than 8-12 hours respectively. 
Recent events such as Covid-19 and the government lockdown legislations have influenced the influence of adoption of electric vehicles and means there will be less use of services such as public transport or charging stations due to the limited movement. There is also a benefit to this, as more people work from home, those who own electric vehicles can keep them plugged in for longer this discharging more energy back into the grid. 
[bookmark: _Toc88142104]6: Issue two: Ethical issues
Issue two of this report looks at the ethical issues that surround use of electrical vehicles and using concepts such as Vehicle to grid technologies. One of the main ethical issues is the use of lithium batteries and how the process is conducted, this section will look at that as well as how it will impact the implementation of V2G technology. 
Acquiring lithium for EV’s has been increasing throughout the years as the demand for this technology increases as well as shifting attitudes in both world governments and general Populus attitude. The sourcing of lithium has started to become a problematic issue, “the two principal methods of extracting lithium are, brine harvesting from lakes and hard rock mining, both carry risks of environmental and social damage due to the toxic chemicals required.” (Tibet, 2021) 
Lithium batteries will play a huge part with vehicle two grid technology, this requirement means that the cost of production will increase significantly, “The market for lithium-ion batteries is projected by the industry to grow from $30 billion in 2017 to 100 billion in 2025.” (Nature.com, 2021) This significant increase means that the attraction from different companies to join the rush to make profit to fill demand will mean more mining and a higher impact on the environment. Taking this potential outcome, vehicle to grid technology would be idea which would be beneficial as the use of current batteries to produce energy would reduce the need to produce newer cells. 
Another material which is used in the construction of these modern batteries is cobalt, this material has been linked to ethical issues, “current Li-ion batteries use significant amounts of cobalt, which in several well-documented international cases is mined using child labor in dangerous working environments.” (Forum, 2021) 
[bookmark: _Toc88142105]7: Issue three: Practicalities of Armed forces applications 
The third issue in this report looks at how the practical use of electric technologies can be applied to use within the armed forces. Already the UK military has started to look at investing money into EV systems for their current fighting vehicles as well as their transport vehicles. The MOD announced, “New hybrid technology is being tested on the army’s MAN SV, Foxhound and jackal vehicles following a £7million pound investment from the MOD”. (Forces, 2020)
Looking at the practicalities of EV technologies in the armed forces, there are different reasons as to why it would make an advantage to use within the field. One such advantage would be, “Sustainability benefits and deliver potential military advantages, reducing noise and increasing stealth capability” (Forces, 2020). Another advantage is the claim by the MOD that, “When completed, the four schemes will result in £1million in efficiency saving and reduced emissions by 2000 tonnes of carbon dioxide equivalent a year” (Army, 2021). 
This referring to the placement of solar farms at 4 major military bases. Another practicality of electrical technology is its use for solders out on the ground who are operating in areas where there is no electrical infrastructure, the British army currently using power bank technology, “Some of the power banks being tested are methanol generator or lithium-ion batteries paired with solar panels, which are ideal for supplementing power for a patrol base.” (Army.mod, 2021) 
Looking at some disadvantages of EV technologies, when the US army where being demonstrated electrical tech the current outlook for fighting vehicles, it is quoted that, “Maybe for robotic platforms. That might be the first case, because its about the size and weight. If you took the amount of batteries with current technology that you would need to move an Abrams tank purely electrically, its bigger than the tank, so we have a packaging and storage problem when it comes to pure electric.” (news, 2021) 
Looking at some of the technologies that the military is investing in another way that using vehicle to grid tech can help is in humanitarian aid scenarios, having military vehicles or generators which are capable of discharging energy back into power grids in areas affected by devastation would be a huge benefit, acting as a temp source until such a time when normal power grids are renewed. While not military related, a company named “Energy Solutions” has been developing on this issue and has created small off the grid generators which “hybrid power system can easily be connected to renewable power sources if available and this will further reduce the reliance on fossil fuels.” (solutions, 2021)
[bookmark: _Toc88142106]8: Issue four: Current technology 
The last issue facing vehicle to grid technology is the current technology in use. There different charging speeds depending on the type of charger that vehicle is equipped to use, as well as what is available at the charging station, Figure 4 chart shows the levels of public charging points against the speed in which they charge at throughout the past 5 years. The different charger types that are in current use are shown in Figure 5, these chargers’ range in availability depending on the vehicle manufactures use. 
Another type of technology that is currently being trialed is a “Solvent, made of commodity products choline chloride and ethylene glycol, extracted more than 90 percent of cobalt from powdered compounds, and a smaller but significant amount from used batteries.” (Futurity, 2019) This new solvent will allow for a greener production of lithium batteries and a more sustainable way to gather cobalt which is vital to the feasibility of vehicle to grid technology being mainstreamed. 
Nuclear power is a huge area of current technology which has the potential to provide vast amount of electric supply, “In 2020, 16% of the UK’s electricity came from nuclear power plants.” (Government, 2021) This figure gathered from the national statistics shows how interest there is from a government level which will be key in the uptake of this technology. In relation to vehicle to grid technology, nuclear would seem as an issue as it would look to be an easier source of electric generation, however there is prenotions which a large amount of the public has to the safeness of using nuclear in the scenario that there is a failure resulting in a dangerous meltdown. 
[bookmark: _Toc88142107]9: Discussion 
Looking at the different factors presented through this report there a few main areas of vehicle to grid which will positively promote it and some which will negatively impact its adoption into the wider market. Vehicle to grid is defiantly a viable source of renewable energy, which is very marketable to the majority of EV consumers as well as regular ICE vehicle drivers, who may be thinking about changing to electric. Positive areas of V2G are: 
Accessibility: Each year public chargers are on the increase with infostructure, with this means there will be a greater accessibility for EV users to regen energy back into the grid for peak times within a working day. Those charging there vehicles privately would also have access as they could transfer power via there house back into the grid, those living in rural areas would also be able to participate with vehicle to grid. 
Technology status: Vehicle to grid has been improving as time has gone on, being applied to a variety of vehicles, stepping away from the UK, China has been investing heavily into this technology Looking at figure 2, you can see the percentage of chargers available for this technology when compared to the rest of the world. 
Environmentally friendly: Another positive benefit to vehicle to grid systems is the environmental friendliness the technology brings, already working from EV systems which have a reduced emissions and less of a carbon footprint, this would appeal to consumers who are looking for ways to be greener. 
Financial benefit: The cost to the consumer for using this technology would reduce significantly as the price of electricity is significantly lower than the cost of petrol/diesel, but also there is opportunity for users of V2G to gain money from subsites preposed by government for providing energy back into the grid. An example was carried out in a “recent trial in Denmark carried out by nuvve found that, over two years a fleet of 10 Nissan e-NV200 electric cans each preformed 100 hours of V2G, selling a total of 130,000kWh to the grid. This saw each van generate €1,860 (£1,600) per year.” (Fleetnews, 2019)
After looking at the positives there are also some negatives to also take into consideration with this technology. 
Compatibility of technology: One of the issues with vehicle to grid systems is the compatibility with smaller generator systems sending energy to larger power plant systems, as there may not be a need due to the already higher outputs that bigger power sources such as nuclear generate. 
Not suitable for curtain applications: Motorsport applications of vehicle to grid would not benefit longer term as to their counterparts in the automotive industry, this being due to the vehicles being needed constantly during race season with very little window for charging, then during the off-peak season, being stripped down for testing and redesign in cases of rule changes or practical changing needing to be made to that vehicle. 
[bookmark: _Toc88142108]10: Report conclusion 
To conclude this report vehicle to grid technology and other types of power generating tech would be a massive benefit to society and the sustainability of the UK and the rest of the world. Vehicle to grid has to potential to solve future issues such as electrical demand on the grid in areas of higher peak demand, reducing carbon footprint of bigger energy suppliers and provide power to areas which are struggling both domestically example rural areas, to areas internationally being affected such as war-torn countries where the electrical infostructure has been destroyed. Looking at the ethical issues, vehicle to grid tech currently suffers on the reliance of lithium batteries, which when explored has a devastating background on the environment and terrible ethical practices. When applying vehicle to grid to a military application, it would be a huge benefit as it will provide humanitarian advantage and a tactical advantage as the use of electric vehicles would mean silent running for military vehicles. When looking at the current technology there are interesting developments from fast charging power points to solvents capable of harvesting cobalt from used batteries reducing ethical impact on cobalt and nuclear power stations which provide vast energy outputs. 
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Fast and Rapid EV charging connections
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Private and publicly accessible chargers by country, 2019
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The vast majority of electric light-duty vehicle chargers are private chargers. China
accounts for 80% of publicly accessible fast chargers compared to 47% of the world's
electric light-duty vehicle stock.
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