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This report will be focusing on the implementation of vehicle to grid technologies. Internal combustion engine vehicles have been used for transport for the last century, these work on the premises of burning fossil fuels such as petrol or diesel in an engine to move the vehicle. Due to the high energy density of these fuels it has been a practical way to power vehicles. However, there are some major issues which surround the conventionally powered ICE vehicles such as pollution from the tail pipe emissions and the fact that one day fossil fuels will run out. Alternative means of propulsion such as hydrogen and electric are now being viewed as possible solutions these issues. Electric cars are not a new phenomenon and have been around for as long as fossil fuel vehicles, however due to the limited capacity of the batteries and the long charge time they have never caught on. Recent advancements in battery technologies and future predictions have now started to allow electric vehicles to be seen as a viable solution but the next issue raised is how to charge them.
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[bookmark: _Toc88510712]National Grid 
The National grid is a large network across the UK made up of power stations and sub stations that supply the demand for power, the grid is linked by overhead and underground cables operating at 50 hertz. The grid is also linked to Europe via under sea cables, this allows power to be shared throughout Europe. The grid provides power to the UK as demand rises and falls throughout the day, it is important for the grid to keep up with energy demands to prevent blackouts. Predictions are made by the grid to supply energy at different times depending on what the expected demands may be.  Power for the grid is generated in several ways, this is important as the gird is not reliant on a single type of energy source.  Most of the power is produced by fossil fuels, in 2016 42% of power was generated by natural gas and 9% was produced by coal fire power stations. Nuclear power provided 21% of electricity and renewables providing 24%. The rest was made up from imports from abroad. 
Energy UK,(2016)
The National grid is aiming to reach net zero emissions by 2050, to achieve this a greater reliance on renewable energy is needed. Conventional means of renewable energy production such as solar and wind are dependant on weather conditions. This is an issue due to there poor ability to cope with sudden increases in energy demand. Alternative options of energy storage do exist however, the  Dinorwig hydro electric power plant in north Wales is an example of this. When energy demand is low water is pumped up 636 meters above sea level when energy demand is low, it is then released back down to sea level spinning turbines when energy demands increase. This Hydro electric power station is proven to be 73% efficient.  
Power Technology,(2020)
[bookmark: _Toc88510713]Vehicle to Grid 
V2G technologies aim to act in a similar fashion but on a wider scale, in 2018 the UK government put £30 million into V2G projects. Gov.UK,(2018). The basic concept behind V2G Is that the battery in an electric vehicle is used to store electricity for the grid when the vehicle is not in use. This electricity will be fed back into the grid during times of high demand. EV vehicles will need to be adapted so that they can charge and then discharge back into the grid. Owners of EVs will likely be encouraged to sell their stored energy back to the grid, in England the majority of vehicles are only used for 4% of the day. This statistic has barley changed in 25 years. 73% of this time a vehicle is parked at home and 23% of time parked at a different destination such as at work. (Nagler, E 2021).  This will allow ample time for vehicles to be used as part of the grid. V2G is estimated to be 80% efficient which is 7% higher than traditional mechanical alternatives such as the Dinorwig power station. This will benefit the energy companies as the costs involved in building energy storage systems will be saved and will also increase the current performance of power plants. (Tsoleridis, Christos & Chatzimisios, Periklis & Fouliras, Panayotis. 2016) 
[bookmark: _Toc88510714]Vehicle to Building
V2B technology is the idea that a vehicles battery will be used to power the home or be charged up at a place of work. This will require a bidirectional charger capable of charging and discharging the vehicle. V2B will provide a solution to sudden grid failure or a power shortage when the vehicle is at home. The vehicle will be charged at night while energy demand is low therefore the cost is also less. It can then be plugged into a place of work to supply the building with energy when the demand is high. An intelligent grid will ensure that no vehicle is completely depleted of its energy supply and will also charge the vehicle if the demand is low during the day. With vehicles and infrastructure producing 75% of Co2 it will provide a large decrease in greenhouse emissions. While also providing power at home during grid failures V2B will supply energy to critical services such as emergency lighting and hospitals. (Sustainability in Energy and Buildings 2020)
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V2V is an interesting idea that proposes the charging of vehicles between each other wirelessly, this works by having a transmitter coil and receiver coil in the front and rear of the vehicle. This will help solve an issue of a lack of vehicle charging stations as vehicles will be able to park close to each other and share the power between themselves.  In addition, vehicles can charge other vehicles on the move or at traffic lights if a vehicle is in desperate need of electricity. 
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Fig 1. Plug in V2V charging                                          Fig 2. Wireless assistance charging 
(Vehicle to Vehicle Charging (V2V) Bases on Wireless Power Transfer Technology 2018)
[bookmark: _Toc88510716]Vehicle to Infrastructure 
Vehicle to infrastructure is not about charging but instead about communication. Vehicles will communicate with each other and with the infrastructure to create a safer and efficient driving experience. Vehicles will be communicating with traffic lights and road signs to help predict future events. It is estimated that V2I will reduce accidents by up to 80%, pedestrians will also be connected via their phones which will warn them and vehicles of potential hazards. This information will also be shared with the national grid to help predict energy usage and the location of energy sources. 
(RGBSI, 2020)


[bookmark: _Toc88510717]Discussion 
It is evident that a solution to climate change is needed and a V2G network can provide a possible solution to this, however it is not without some major hurdles. 
Battery technology will firstly need to advance as current lithium batteries are do not hold enough power to effectively drive more than 300 miles at motorway speeds and be recharged quickly and frequently without degrading. The limited capacity may also prove to be an issue with V2G as if most of the electricity has been used by the grid and the driver needs to make an emergency journey it can potentially leave the vehicle with limited range. 
The mining of lithium for batteries is a harmful process to the environment with poor countries being exploited for their resources. A lithium mine in Navada USA is projected to use 3224 gallons of precious ground water per minute. “The lithium will be extracted by mixing clay dug out from the mountainside with as much as 5,800 tons a day of sulfuric acid. This whole process will also create 354 million cubic yards of mining waste that will be loaded with discharge from the sulfuric acid treatment, and may contain modestly radioactive uranium, permit documents disclose.” (Penn, I & Lipton, E 2021) The increase of electric vehicles and the degradation of batteries will only exacerbate the damage caused by lithium mining. 
V2G and especially V2I technologies will potentially have a huge social impact on society, people may feel like they are stuck in a routine that forcers them to ensure that the vehicle is always charged. Range anxiety will also not help the public perception of V2G along with concerns about V2I data being shared with the grid with potential privacy violations.  These factors along with increasing connectivity may scare off the public due to increased feelings of lack of freedom. The risk of a grid attack will also have a larger impact on the entire country essentially bringing everything to a halt. 
[bookmark: _Toc88510718]Conclusion 
Overall, the current state of technology means that any V2G possibilities within the recent future do not seem viable, the extreme cost and complex development of the National Grid seem to make such as task impossible. However, if battery technology improves and increases in renewable energy sources in the future will no doubt see the V2G format more viable. 
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Vehicle to Vehicle Charging (V2V) Bases on Wireless Power Transfer Technology

Plug-in with wireless V2V
charging system

B

Fig. 3: Coil design for wireless V2V charging system

anxiety that an EV battery will run flat some distance from
the nearest charging station.

The magnetic resonant coupling WPT technology is a good
choice for wireless V2V charging due to its high power
transfer efficiency with long transmitting distance. Compared

Vehicle Assistance System with the common wireless magnetic resonant coupling EV
charging technologies, the proposed wireless V2V charging
system not only has lateral offset but, because of the location
of the resonant coils, also angular offset. The next section will
focus on introducing the angular offset multi-turn coil design.

III. FUNDAMENTAL THEORY OF ANGULAR OFFSET
MULTI-TURN COIL DESIGN

C.Cai et al. [4] proposes that compared with a circular coil,
the mutual inductance of a square coil has greater stability
and changes more slowly when a horizontal offset occurs.

Fig. 2: Vehicle Assistance System bases on wireless charging However, the current at the right angle of a square coil

is uneven due to skin effect and proximity effect; a fillet

design can be adopted to avoid the effect at the corner of

a square coil to reduce resistance losses. In order to simplify
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