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Vehicle to Grid (V2G) technology revolves around the theory of using electric vehicles, which have recently become much more popular, in order to return power to the national grid when the vehicles are no longer running. This would allow EV owners to sell power stored in their vehicles to the power grid at times of peak demand, therefore, saving money and assisting in the reduction of carbon emissions. This would allow the National Grid to be topped up without burning excess fuels in order to meet demand. (Vehicle to Grid (V2G) Technology - IEEE Innovation at Work, 2021)
This technology has a lot of potential with the increasing popularity of electric vehicles (EVs). With the implementation of the V2G technology and the volume of electric vehicles entering the market recently; the vehicles could be used as batteries to top up the grid in times of peak demand. This technology could be extremely useful with the current lack of renewable energy sources. 
The implementation of the V2G technology has the potential reduce strain on the electrical grid in business situations where there is currently a large push for zero emissions and will continue to be in years to come. The technology could potentially utilise a fleet of fully electric vehicles which, at the end of the business day, can be plugged in and the electricity sold back to the grid.
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In recent years, there has been a significant increase in the amount of focus on sustainability and emissions of both the business and domestic sectors. From analysing the emissions output from different sectors in 2019, the two largest contributors to the greenhouse effect are the transport and energy supply sectors. These statistics can be seen below in Figure 1. (2019 UK Greenhouse Gas Emissions, Final Figures, 2021)
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Figure 1: Territorial UK Greenhouse Gas Emissions by NC Sector, 2019(%)


As can be seen above, the transport industry contributed to around 27% of Greenhouse Emissions in 2019 with the energy supply sector close behind at 22%. As the focus on environmentally friendly motoring continues to grow in the minds of consumers, so does the annual sale figures of electric vehicles. In 2020, over 175,000 electric vehicles were registered, this is an increase of 66% upon the number of EV registrations in 2019. (Lilly, 2021)
With the continued increase in Electric Vehicle registrations and sales, the prospects of implementing the vehicle-to-grid technology in the United Kingdom is looking promising. However, it may be a while until these chargers are commonly seen across the country.
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Alongside the sharp increase in domestic sales of electric vehicles, many companies are opting for EVs to keep their businesses running. For example, one of the nation’s largest courier services, DPD, are currently operating their ‘Vision 25’ pledge. The Visions 25 pledge is DPD’s commitment to provide an all-electric vehicle delivery solution to 25 major towns and cities in the UK by 2025. The pledge is supported by a large investment in the EV market of well over £100 million and is estimated to save the UK 42,000 tonnes of CO2 (the equivalent of planting 170,000 trees) by the end of 2025. (DPD – transportandenergy, 2021)
DPD have already achieved their goal of creating a green delivery service in Oxford, operating out of a brand new eco depot in Bicester. This depot consists of a 40-vehicle fleet and not one Internal Combustion Engine (ICE) vehicle is a part of it. (DPD – transportandenergy, 2021)
The development of this new technology opens the door to not only reducing the emissions produced by the transport sector but to potentially reduce the environmental impact of both the transport and energy supply sectors. The use of the Vehicle-to-Grid technology has the potential to allow transport companies to reduce their carbon footprint by not only running a fully electric fleet but also using V2G technology to sell unused electricity from the EV batteries back into the grid when energy demand is much higher, such as when many domestic premises are fully occupied.
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In 2020, Nissan began looking for businesses to participate in their V2G trials. The aim of these trials is to investigate how the storage and sharing capabilities of electricity in fleet vehicles can assist in supporting the UK power grid and potentially save businesses money. These trials involved using Nissan’s NV200 and Leaf electric vehicles alongside the vehicle-to-grid chargers which were heavily discounted for businesses due to grants offered from Innovate UK. (Trinkwon, 2020)
In January 2021, Nissan and partners in the trials E.ON Drive and Imperial College London presented their findings in a paper. There are three key findings outlined in the paper. First of these is the potential economic benefits of vehicle-to-grid systems in fleets. E.ON Drive and Imperial College London estimate that the technology could unlock cost savings in the power system of between £410m and £885m within the next decade. On top of this economic impact that has been forecast, figures regarding environmental impacts have also been released. These show that there is the potential to cut the carbon emissions from the power system to as low as -243gCO2/km. The final key outcome from the trials is the financial benefits for the vehicle owners. It is estimated that the annual saving per electric vehicle using V2G could be up to £12,000. Potentially, each vehicle could also reduce the CO2 emissions by 60 tonnes each year. (Nissan, E.ON Drive and Imperial College highlight the carbon saving and economic benefits of Vehicle-to-Grid technology, 2021)
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With the prospect of mainstream V2G technology fast approaching, knowing which vehicles are currently compatible is important. In order to make use of the vehicle-to-grid technology, electric vehicles must be able to support bidirectional power flow to allow energy to be taken back out of the vehicle battery. Currently, there are only a handful of vehicle manufacturers which support this. As stated above, Nissan is one of these manufacturers which supports the bidirectional power flow. Other companies which can currently support this technology are Mitsubishi and Toyota. Although many manufacturers continue develop their own versions of bidirectional power flow; these include Fiat, BMW and Tesla. Each of these systems will be slightly different but will allow the vehicles to make use of the Vehicle-to-grid technology when development and testing is complete. (Electric car charging - the latest home charging innovations, 2021)
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In recent years, the number of companies offering V2G chargers to their customers has increased drastically. The options that are available to businesses have grown to the point that the majority of energy providers are able to offer business aimed solutions to allow electric fleets to be charged and discharged at appropriate times to take pressure off of the grid. For example, EDF Energy have partnered with Nissan to offer a full V2G package which willow allow fleet managers to control the charging of the EV fleet through an application. This ensures that the vehicles are charged when the energy demand is low and allows them to be discharged back into the grid when the demand for power is higher, therefore allowing the business to reap the financial benefits of V2G as well as showing their willingness to work towards net zero emissions targets. (EV: Business > V2G, n.d.)
Applications such as the one offered by EDF are available from a few other energy providers such as E.ON and Hive. These apps have the same basic functions and are again geared towards allowing fleet managers to control the charging and discharging of their vehicles to maximise profits and savings whilst simultaneously benefiting the power grid and reducing the carbon emissions produced by their company and the transport sector.
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There are currently nearly 345,000 fully electric vehicles on the road in the UK with more being registered every day. (Lilly, 2021) However, with the plans released by the government in 2020 to completely ban the sale of new ICE powered vehicles from 2030; the focus of manufacturers has now moved to EV development. The National Grid predicts that by the time ICE vehicles are banned in 2030, there will be somewhere in the region of 11 million electric vehicles on British roads. (Electric car charging - the latest home charging innovations, 2021) This means that a large proportion of the vehicles on the roads will be fully electric. This vastly broadens the potential of effective vehicle-to-grid technology being rolled out across the country. Therefore, allowing many more businesses to benefit. 
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The most obvious impact of the implementation of V2G technology are the environmental factors. Having the ability to return power from electric vehicles, that are not being used, into the power grid at times of high demand. This assists in taking some of the strain that is put on the grid at peak times. The idea is that the electric fleet are charged at times of low demand, such as overnight, and then used for the day’s business the next day. Then, by the time that most people have returned home from work, the vehicles are already plugged back in. This allows the power still stored in the vehicles’ batteries can be sold back into the National Grid to boost the energy supply when it is needed. Giving fleet managers the ability to set the vehicles to charge at a given point allows them to try to improve the carbon footprint of their business but still allow business to continue as usual daily. This means that if some vehicles are required for a night shift or very early morning, they can be set to charge earlier than the rest of the fleet. Allowing the vehicles to be ready for the shift but still allow the fleet to contribute to the power grid if required.
The economic benefits for the implementation of V2G technology would be  a huge driving force behind businesses taking on the technology. The potential saving and reward from the use of this technology would be a huge financial incentive for many companies. For example, being able to run a 40-vehicle fleet with each vehicle saving the company £12,000 annually, could save a company £480,000 per year. This sort of saving on energy supplies would increase profit margins and allow development and research into new innovations.
One issue that surrounds the vehicle-to-grid technology would be the availability of the required hardware. For example, the choices currently available to businesses looking to implement this technology is quite limited. There is a relatively small range of vehicles that support bidirectional charging. Therefore, there is a lack of larger vehicles that can carry cargo; even large passenger vehicles are quite limited compared to small hatchback shaped vehicles. This severely limits the type of company that can benefit financially from taking the step into V2G. There are quite few companies currently manufacturing the bidirectional chargers which are required to make use of the V2G technology. However, even the few companies that do manufacture these have often partnered with specific energy providers and/or vehicle manufacturers. 
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One of the effects that could come from the implementation of the V2G technology and has not yet been addressed is the long-term effect of the constant charging and discharging on the batteries. The constant rapid charging and discharging of the battery cells could cause them to prematurely deteriorate. This could potentially completely cancel out many of the savings that many companies would be making. The service costs of the fleet could potentially increase.
The long-term effects of this technology on the National Grid have the potential to change the way the country stores and produces energy. The vehicles could be charged using completely renewable energy sources and then top up the grid when required. This could potentially allow the UK to produce more of its power from sustainable and renewable energy sources. If the technology was able to be implemented and could increase the proportion of renewable energy that is used in the country from the current 43%, there would be a huge shift towards a then more achievable goal of net zero emissions.
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Vehicle-to-Grid technology has a huge potential to take the UK forward into the future with a reduction in emissions from not only the transport sector but also the energy supply sector. The effective implementation of this technology would greatly benefit the economy and the environment simultaneously. By using this technology, many companies could reduce expenditure on fleet operations hence hopefully freeing up more capital to invest into researching new ways to reduce the carbon emissions of the nation. 
The environmental impact of being able to replenish the National Grid when energy demand is high will reduce the amount of fossil fuels that are required to produce electricity to power the nation. This will be much more apparent as the percentage of electric vehicles continues to rise on the roads. When there are millions of batteries that can aid the grid, the country’s power stations will reduce their own emissions. Furthermore, allowing businesses to make a sizeable saving each year by running their own fully electric fleets greatly improves the likelihood of larger corporations taking on this change and becoming a part of a lower emissions industry.
Although V2G technology is still in fairly early stages, there is a huge potential for growth in this industry. When the market begins to open, and more manufacturers begin to develop and sell the necessary hardware to utilise this technology, along with an increase in EV coverage throughout the nation; the true potential of a system such as this will be realised and undoubtedly revised and improved many times over. The eventual success of a system such as this could open avenues to effective implementation of Vehicle-to-Everything technology and further enhance the capabilities of modern Electric vehicles.
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In 2019, 27% of net greenhouse gas emissions in the UK were estimated to be from the
transport sector, 21% from energy supply, 17% from business, 15% from the residential sector
and 10% from agriculture. The other 10% was attributable to the remaining sectors: waste
management, industrial processes, the public sector and the land use, land use change and
forestry (LULUCF) sector. The LULUCF sector includes both sinks and sources of emissions.

Figure 4: Territorial UK greenhouse gas emissions by NC sector, 2019 (%)
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Source: Table 1.2, Final UK greenhouse gas emissions national statistics 1990-2019 Excel data tables
Note: LULUCF is land use, land use change and forestry.
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