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[bookmark: _Toc88517537]1. Introduction
The aim of this report is to analyse the possibility of introducing Vehicle to Grid technology nationally across the UK to help solve energy demands during peak periods. 
This report will discuss some of the technologies of V2G that are available and analyse the implementation of such technologies into the automotive infrastructure at peoples’ homes and businesses. It will also discuss the advantages of this to the ongoing threat of climate change and whether V2G can ease the strain to the National Grid that will be caused by the inevitable increase in demand for electricity. 
The report will also discuss the ethical issues that are faced by using said technologies and the increased production and usage of battery powered vehicles, along with the practicalities of these new technologies being introduced. 
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Figure 1 - Electric car with V2G technology (EVconsult, n.d)
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[bookmark: _Toc88517539]2.1 V2G Technology
[bookmark: _Toc88517540]2.1.1 What is V2G?
What is Vehicle to Grid technology? Vehicle to Grid, or V2G, refers to the process of when a battery of an electric or plug-in hybrid vehicle can supply unused energy back into the National Grid when it is not needed using two-way charging technology. Similar to smart charging, which is when charging power can be increased or lowered depending on the circumstances, however with V2G the power stored in the vehicle’s batteries can travel in the other direction, it can be accessed by the electricity supply. This regular smart charging is also known as ‘unidirectional’ whereas V2G is ‘bidirectional’, as the electrical power can travel to and from the batteries. Using this bidirectional charging technology, the batteries can either act as a back-up power supply to the local area, such as supplying power to your house where it is needed most, or the power can be redirected back into the National Grid for use elsewhere. (Virta.global, n.d) 

[bookmark: _Toc88517541]2.1.2 Why can it be important?
Climate change is undoubtably a massive issue for the entire world. And many nations are starting to implement measures to decrease emissions they are producing which is making this situation even worse. The UK for example has a large infrastructure of renewable energy sources being used to supply energy to the grid, such as solar and wind power. This is having a positive impact of reducing carbon emissions and V2G can help support this. Unlike fossil fuels which act as an energy storage until they are burnt to produce the energy needed, renewable sources need to store the energy after it is harvested if it is not used where it is produced. Another challenge of relying on renewable sources is that they are not always producing a high amount of energy. So, for example, when there is not much sun or wind, energy already stored in these EV batteries can be used to stabilise the demand for energy. The UK’s plan of the decarbonisation of road vehicles and the banning of all petrol and diesel powered cars by 2030, means that the sales of battery powered cars are increasing. This goes hand in hand with the emergences of the V2G technology, as car batteries can be seen as a good solution to store this electrical energy being produced and then supplying it to where it is needed using this V2G technology. By 2030 it is estimated that there will be between 140 and 240 million EVs in the world. Meaning there will be millions more small energy storages in the UK alone. (Virta.global, n.d) 

[bookmark: _Toc88517542]2.1.3 How can it be used?
V2G could be a good option for vehicle fleets for businesses. As (EDF, 2021) states you could save £250 to £450 a year from energy bill with the optimisation of V2G charging. This can account for around 9000 miles. Along with saving the business money, it can also improves the public’s opinion of the company by lowering its carbon emissions and enhancing its own sustainability. The V2G chargers could work in a fleet of business vehicles by charging the vehicles’ batteries to the required charge overnight, ready for the work day ahead, when the demands for energy supply are low. Then when they are not in use they can be returned and plugged back in to the charger. The energy can then be regulated between the battery and the grid to support with energy usage during peak times. Then, the required charge can be returned to the vehicle’s battery for the next day. 
A collaborative white paper published by Nissan, E.ON Drive and Imperial College suggests that the usage of V2G technology within a business’ fleet of vehicles could reduce ‘carbon emissions from the power system to as low as -243gCO2/km’. It also states that per electric vehicle it could save £12,000 per annum from electricity system operations and reduce carbon emissions by around 60 tonnes per vehicle per annum. Also, the annual charging benefits of the fleet over the year could amount from between £700 and £1250 per vehicle. (Nissan Motor GB, E.ON Drive, Imperial College, 2021) 
Other options for V2G to be used within fleets in vehicles include introducing it into buses. In fact, a school bus manufacturer along with V2G specialist company called ‘Nuvve’ launched electric school buses capable to exploit this innovation. The San Diego-based manufacturer produces two types of electric school buses across the US that come adapters that can transfer the power bidirectional from the 155kWh batteries. This is an ideal example of how this technology can be used to its full potential. School buses spend the majority of time during the day stationary. They are only used at most twice a day, in the morning and evening, to pick up and drop off students from home. If these buses were to plugged in to V2G chargers then any battery charge left over from their journeys’ can be exploited by pumping back into the grid. (Randall, 2020)
Another example of the use of fleet vehicles experimenting in the use of this technology is the US military. As reported by (Loveday, 2013), six military bases participated in a project to incorporate V2G into their infrastructure. By introducing ‘non-tactical’ electric vehicles, compatible with V2G charging, then this could regulate the military’s energy usage at their bases. This will help the US military reach their aim to reduce their substantial electric bill. It can also be a good example for providing energy to help stabilise energy usage locally like small remote bases where it is needed, such as lighting and powering small appliances. 

It is also suggested that this technology can be rolled out on a domestic level, to charge people’s personal vehicles at home. (Ofgem, 2021) reports that customers of V2G chargers connected to a platform run by a company called Kaluza will make the most of this new technology. Using artificial intelligence (AI) that combines factors such as the weather, electricity grid data and electricity price feeds, the chargers can increase the batteries energy when there is plenty renewable energy available and prices are low, and export energy back into the grid when it needs it the most. Owners of such chargers can also have financial benefit. They could earn £0.30 per kWh of energy supplied back to the grid. They can also use a simple app on their smart phones to set preferences towards the performance of charging so that they can set certain times of the day so that they know there’s enough charge to adhere to their personal schedule, and set the minimum amount of charge that it can reach. It also has the ability to save up to £3.5bn a year towards the grids ‘infrastructure reinforcement, storage and generation’. (Ofgem, 2021)

[bookmark: _Toc88517543]2.2 Electricity Demand and National Grid capabilities
There are two big aspects that make people wary of the ever growing numbers of EVs in the UK, can the National Grid support this surge in demand of electricity, and whether we have a good enough infrastructure in place to charge all these new EVs. In just one year alone, from 2019 to 2020, (Willems, 2021) states electric car sales have increased by 186% to 108,000 from 38,000. And this was during pandemic which for sure has affected the total number of vehicles sold due to people and businesses being affected economically. Without this economic impact from the pandemic the EV sales would have surely risen even further. 
So can the National Grid cope with this extra demand? The grid needs to manage power supply in a cost effective way that produces power to consumers stably, along with decarbonising the power generation. Coal and gas power plants are being slowly phased out of use in the UK, which decreases the already low power generation capacity, and being replaced with renewable generators using the sun and wind as renewable power sources. But, these are considered as very intermittent and requiring support to be effective in coping with power demand. (Eelpower Limited, n.d)
However, experts say that the National Grid will be able to cope with this surge in demand. Graeme Cooper, the Director for the decarbonisation of transport in the UK, states the grid will be able to cope with this increase in sales. Cooper reports that ‘the growth in wind power from extra offshore wind farms being developed will adequately meet the future demand for electrifying transport’ with an extra 100 terawatt hours available. (Nationalgrid.com, 2020)
So can the introduction of bidirectional chargers for EVs help this situation with electricity demand? Renewable sources as discussed before can be unpredictable. This issue, along with the increase in power demand overpowering the grid, can cause ‘grid congestion’ which thwarts the ability of electricity reaching areas where it is required. V2G compatible EVs can help provide a solution to this meaning that expensive improvement in grid infrastructure is not necessary. It also prevents the need for energy to be supplied from reserve power plants which in turn increases the price of electricity at peak times of usage. (Virta.global, n.d)
An example for how V2G can effective in times like these was back in November 2020, low wind speeds meant that power generation could not meet the power demands. But, with sourcing power from EV batteries using V2G the shortage of power was avoided. (Topping, 2021)    
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The decarbonisation of transport in the UK with the removal of all petrol and diesel powered vehicles and replacing them with battery power is undoubtably beneficial for the environment. But is this causing other issues elsewhere?
As the sales for EVs are increasing, the demand for production for new batteries is also going up. This also means that more lithium is required, which is required to produce these batteries. (Nature, 2021) states that it is projected that lithium-ion industry will grow from $30bn in 2017 to $100bn in 2025. 
However, ethical issues have been exposed in the process of acquiring the lithium to make these batteries. In Chile, where the majority of lithium comes from, the UN reports that in some areas lithium mining requires the use of up to 65% of the local water supply. This causes the water supply to be inadequate which causes local populations to abandon their homes and move elsewhere. It also cause damage to the landscape and miners suffer from respiratory failures, who are often children. (Griffiths, 2021) 
To counteract this, companies can start to recycle lithium-ion batteries where possible to decrease the demand for new batteries to be made. 

[bookmark: _Toc88517545]2.4 Is V2G practical?
The use of V2G charging technology has many positives. But, is it practical? Can it work in the real world?
There are a few issues when facing this query. Most of them relate to the domestic application of bidirectional charging. Firstly, depending on people’s living situation this charging facility may not be feasible to them. For example, if someone lives in a flat for instance, or people only have access to street parking, there won’t be anywhere for them to install and use these charging facilities. A way this can be resolved is for car parks to have a large availability of bidirectional chargers nearby, but this encounter its own set of problems and can be seen as impractical.
Another issue is that what if you came home and plugged you EV into the V2G, but, you suddenly need your vehicle for an emergency after the grid has taken most of the power supply from it batteries meaning you cannot reach your intended destination. As mentioned before, there are products available with an app so that you can set a minimum battery percentage it can be drained to, but, what if this is not enough. It may be a better solution for consumers to plug in their cars when they arrive at their workplace. This means there is parking where the car can be connected to V2G and the unused power from their batteries can be used to help supply power to the local area, yet still have enough power to take them back home.
Finally, electric powered vehicles is definitely considered as the future for transport at this moment in time. But, this is not the only alternative to petrol and diesel that is being developed and available. What if the future is not electric and we turn more towards hydrogen or another alternative. Then all this investment in technology production and infrastructure could be irrelevant and a waste of time and resources.     
 
[bookmark: _Toc88517546]2.4.1 Current charging technology
Another practicality issue is whether we have the current charging technology to support this introduction of bidirectional charging. Firstly, the current charging infrastructure for normal unidirectional charging of EVs is not great. Especially in more rural areas where charging stations become further and further between and the performance of which are of not great standard. There are currently only 25,000 charging points available to the public in the UK. With only a few charging a decent rate and some not even operational. This is far from the amount needed for the projected figures of 30 million EVs expected in the UK by 2030. However, the UK has just announced plans to install a charging port to every new house built from 2022. (Walfisz, 2021)
It must also be considered the cost of installing V2G chargers compared to regular unidirectional charging points. The hardware costs are higher at this moment due to the low numbers produced today. However, over time these costs will reduce due to mass production and also the financial benefits from selling power back to the grid with V2G can be taken into account. (Green Fleet, n.d)
V2G hardware and installation costs have been quoted as £3700 more expensive than current smart unidirectional charge points. And there aren’t many vehicles currently compatible with bidirectional charging. The Nissan Leaf is one example, so only a select few of customers can have V2G hardware readily available to them. (Ofgem, 2021)
  
 


[bookmark: _Toc88517547]3. Conclusion
The points discussed in this report illustrate the implications and feasibility of the employment of vehicle to grid technology in the UK. I support that this introduction of technology in UK can be considered a good option and solve some issues that the nation is facing with power consumption and EV technology at present. But, it is only feasible in certain situations. The main ways we can benefit the most from using this technology is if it is used for commercial fleet vehicles and at certain workplaces where large numbers of employees gather at one site. It is not believed the full potential of benefits of this technology can be acknowledged where it is used scarcely in domestic areas. Places where it will benefit the most is where it is used consistently in abundance. 
The ethical issues outlined in the report can pose a considerable argument against this introduction. However, if the future of transport is heading towards electric power, then introducing V2G does not make these circumstances any worse. In fact, it can expose the full potential of battery powered vehicles and even decrease the demand of new batteries. 
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