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[bookmark: _Toc88494155]Section 1 – Introduction
With devastating flooding across most of Mainland Europe and a giant polar vortex ripping through Texas, USA paralysing the state and resulting in massive power outages over just one year, the world is finally waking up to the climate emergency happening across the globe (Buis, n.d.). 
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Figure 1.1 – An image of the devastation left behind by the Texas Snowstorm in 2021 (Dias et al, 2021)
The sixth assessment report (AR6), due to be published by the intergovernmental panel on climate change (IPCC) in 2022, has observed that greenhouse gas emissions as a result of human activity account for an approximate 1.1oC rise in global temperature since the industrial revolution (IPCC, 2021). On top of this, the IPCC has discovered that, if current emission trends are to be followed over the next 20 years, that number will exceed 1.5oC of warming (IPCC, 2021). Similar reports like the IPCC’s AR6 have prompted widespread anger towards worldwide governments and appeals for stricter climate controls to be implemented to kerb the exponential growth of the global temperature, most notably from world renowned nature broadcaster Sir David Attenborough. In a plea to the United Nations Security Council, Attenborough warned that if the planet continued towards its current trajectory, the world would ‘face the collapse of everything that gives us our security: food production, access to fresh water, habitable ambient temperature and ocean food chains.’ (UN News, 2021). 
This outcry has prompted world leaders to take action to kerb their countries’ contribution towards the current climate crisis. At the 26th UN Climate Change Conference of the Parties (COP26), held recently in Glasgow, dignitaries from 180 countries around the world met to discuss the current climate emergency and possible solutions to the crisis. On the 10th of November 2021, over fifty governments signed a declaration to commit to only having vehicles with zero tailpipe emissions by 2040 at the latest (GOV.UK, 2020) Currently, the only vehicles on the road with completely zero tailpipe emissions are electric and are therefore being pushed as the most viable option for replacing electric vehicles. This switch from the conventional combustion vehicle to an electric alternative has created concerns about how the power grid in its current state would handle the large increase in power load associated with electric vehicle charging. These concerns have prompted global researchers to develop possible solutions with an aim of taking strain off the grid during peak charging times. 
One possible solution is the Vehicle to Grid (V2G) concept. This paper will be carrying out a critical analysis of this concept, assessing its viability for solving the overloading of the grid as well as investigating any possible issues that arise as a result of its implementation. 
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Description automatically generated]The vehicle to grid (V2G) concept utilises the power storage capabilities of an electric vehicle to support the operation of the power grid (Pearre and Ribberink, 2019). As shown in the diagram below, the concept works using a consumer controlled bi-directional charger. The consumer can then choose when to discharge their vehicle’s leftover storage back to the grid (Thompson and Perez, 2020).

Figure 2 – A simple diagram of the V2G concept (Bibak and Hatice, 2021)
A very basic concept of V2G is capable of supporting the grid’s operation in the form of a “spinning reserve”. Pearre and Ribberink (2019) describe spinning reserve as “extra generation available to serve load in case there is an unplanned event such as a loss of generation” (Pearre and Ribberink, 2019). This support is only useful in the event of emergencies, for example a power generator failing. A more comprehensive vehicle to grid concept, as detailed in the Loisel et al paper, utilises a more optimal charge/discharge strategy to create a more efficient system. Loisel et al use the German power system to create a countrywide vehicle to grid concept, looking to be deployed by 2030. Taking a more analytical approach to the V2G system, Loisel et al’s framework uses a power plant dispatch model, a system that continuously adjusts a power plant’s output to meet electricity demand (www.e-education.psu.edu, n.d.), to create a more in depth concept that would support the German power system in its day to day operation, by improving the grid’s stability and capacity, as well as supporting the grid in the event of emergencies in the form of spinning reserve (Loisel et al, 2014). 
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At the time of writing, the only chargers with Vehicle to Grid capability are CHAdeMO chargers (ElectricNation, n.d.). As well as this, there are only 8 electric vehicles on the road right now with CHAdeMO plugs fitted (DrivingElectric, n.d.) and they are:
· Nissan LEAF 40kWh
· Mitsubishi Outlander PHeV 
· Toyota Prius Plug-In
· Nissan e-NV200
· Kia Soul
· Citroen Berlingo 
· Citroen C-Zero
· LEVC London Taxi
With this in mind, there should be a common charging technology, with vehicle to grid capabilities, across the whole electric vehicle market in order to avoid consumer confusion that could hamper progress towards a greener automotive industry. A potential option could be the combined charging system (CCS), a much more common charging technology that is capable of up to 350kW (Lilly, 2020) of DC charging capacity, compared to CHAdeMO charger’s 50kW (Lilly, 2020) maximum DC charging capacity. CCS will be bi-directional compatible by 2025 and can therefore become the standardised charging technology for the implemented vehicle to grid system. 
Furthermore, implementing V2G technology will results in high initial costs for the consumer. A bi-directional charger capable of communicating with the grid, as mentioned in section 2, will need to be fitted, with EDF Energy quoting a potential £1000 for the charger and work (EDF Energy, 2015). There are, however, government grants to aid in paying for electric chargers, like for example the OLEV grant (pod-point.com, n.d.) that gives the public up to £350 towards an electric home charging point but despite this, the cost of just fitting the charger is still a minimum of £650 with the government grant. On top of the cost of fitting the charger, EDF Energy warn that introducing an electric vehicle charger to the home could increase the home’s electricity bill (EDF Energy, 2015), with Pod Point suggesting that fully charging a 60kWh electric vehicle would result in a £9.90 increase in the occupant’s electricity bill with every charge (pod-point.com, 2018). With this in mind, however, when compared to the conventional combustion engine the running cost of an eV are much less than their combustion counterparts, with Drive Electric quoting a £366 decrease in running cost between the VW Golf GTE PHeV and its petrol alternative (DriveElectric, 2021). This dramatic decrease could sway consumer opinion towards the electric car market and promote their uptake. 
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In the long term, after vehicle to grid has been implemented, the concept can be beneficial for the consumer. These benefits can come in the form of charging payment schemes run by electric companies. Bibak 2021 suggests that in a fully integrated vehicle to grid system, the consumer can manage their charging in order to create profit margins for themselves. Bibak recommends the public charge their vehicles during off-peak times for a cut price, while recharging the grid during peak loading times for a higher price (Bibak and Hatice, 2021). These profits, much like the running cost decrease mentioned in section 3.1, could sway public opinion towards the vehicle to grid technology creating a sustainable support system for the power grid in the future. 
As discussed in section 2, the vehicle to grid concept involves much more charging and discharging compared to the normal charge/discharge cycle of a typical electric car. This increase in the frequency of battery cycling can drastically decrease the lifespan of the battery, as found during research by Axon et al. They analysed the effects the increased battery cycling had on the lifespan of an eV battery using a set of predetermined calculations as well as running the engines through a simulated version of the NEDC cycle. The group found that the additional charging demands required by the V2G concept ‘introduced additional wear on a vehicle battery and accelerated the frequency of its replacement’ (Axon et al, 2013). This increase in the battery replacement could incur high service cost for the vehicle owner, which could turn the public away from electric vehicles towards a safer, more reliable alternative. 
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In May 2020, the delivery company DPD announced they would be introducing a fleet of 300 Nissan e-NV200 vans to create the largest fleet of electric delivery vehicles in the UK (www.dpd.co.uk, n.d.). As mentioned in section 3.1, the Nissan e-NV200 van is fitted with CHAdeMO charging technology and therefore vehicle to grid compatible. Using the delivery fleet as a case study, the vehicle to grid system becomes an impractical task for a delivery company to carry out. 
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Figure 3.1 – A graph showing the most optimal time to charge an electric vehicle (New Motion, n.d.)
As shown in figure 3.1, New Motion suggests that the optimal time for a vehicle to draw power from the grid to charge an electric vehicle is between 11am and 4pm (New Motion, n.d.). For a delivery fleet, this coincides with the normal time for a delivery company to be out delivering packages, making it impractical for a delivery fleet to operate using vehicle to grid technology. Using figure 3.1 again, the vehicle to grid technology would be better suited to an office environment. Once employees have arrived at the office, their vehicles will remain stationary for the day and would therefore be much better suited to the V2G technology. 
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Saber and Venayagamoorthy suggest that the implementation of vehicle to grid will benefit the environment by reducing dependency on the existing forms of power generation. Implementing a system, such as the one detailed in Loisel et al’s paper from section 2, would reduce the need for power to be generated due to power already being added to the system in the form of eV power. 
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Figure 3.1 – Pie Chart of the spread of gases involved in Global Warming (United States Environmental Protection Agency, 2018)
At the moment, the most common type of power generation in the United Kingdom is Natural Gas, accounting for 51% of the country’s generators (Sky News, n.d.). With natural gas being a fossil fuel, it releases carbon dioxide (CO2), a key contributor to global warming, during the burning process (United States Environmental Protection Agency, 2018). As well as this, during the drilling process to extract the gas large quantities of Methane, another key contributor towards global warming, as seen in figure 3.1, are leaked into the atmosphere (United States Environmental Protection Agency, 2018). With the recent zero carbon emissions pledges made by countries worldwide during the recent COP26 conference, as mentioned in section 1, it is clear that a V2G system, specified by Loisel et al in section 2, can create a net zero carbon emission environment for the future. This net zero environment can change opinions among climate activists about the existing power grid technology. 
As discussed in section 3.2 in the Axon et al paper, the increased battery cycling involved in the vehicle to grid process will decrease the lifespan of the battery and result in more frequent replacements. Currently, Lithium, a raw material mined from the Earth by either breaking hard rock or evaporating saltwater (www.volkswagenag.com, n.d.), is the most common battery technology in the electric vehicle market (Iclodean et al, 2017). The aforementioned mining process draws concerns from global environmentalists, with water pollution being attributed to lithium mines being based locally. For example, the waters of the Liqi River in Tibet were contaminated with mining-related chemicals from the local Ganzizhou Rongda Lithium mine, resulting in locals finding dead Cow, Yak and Fish along the riverside (Institute for Energy Research, 2020). As well as this, during the refining process, large amounts of Lithium are released into the air posing a potential risk to the refinery workers, as found by Agusdinata et al in their 2018 investigation into the effects of Lithium mining. They found that a blood concentration of higher than 20mg/L can potentially be fatal (Agusdinata et al, 2018), which would therefore pose a large threat to the Lithium refinery workers who, it can be assumed, would be exposed to large quantities of Lithium in the air. With all of this in mind, it is fair to say a much cleaner mining process should be developed to brighten the image of Lithium mining and, as a result, create a cleaner image of electric vehicles in general. 
[image: Multi barrier disposal concept for used nuclear fuel Swedish company Posiva]Finally, regardless of the decreased need for power generation systems, mentioned earlier, there is still a need for more power generation systems to be introduced. As found by virta-global, who calculated that a 1% increase in electric vehicles in Germany would require five gigawatts of extra power generated (Virta, n.d.). With the previously mentioned zero emission pledges announced by world leaders at the recent COP26 conference, the move to cleaner power generation sources will be imminent. One option would be nuclear energy, considered a clean source of power due to its low greenhouse gas emissions (World Nuclear Association, 2021). Recently, the UK government have announced plans to collaborate with Rolls Royce to build sixteen nuclear reactors across the country in order to reach their zero-carbon emission pledge (The Guardian, 2021). Despite nuclear power’s apparent clean energy generation, there are major concerns surrounding the safety of the power source. One concern being the disposal of dangerous radioactive waste, left after the reaction process. Consumed fuel rods from the heart of the reactor will need to be disposed of and one option for the disposal of spent fuel is burying the rods deep into the ground for 200,000 years, a diagram of which is shown below in figure 3.2 (World Nuclear Association, 2018). However, in a recent article Jacobsen suggests that with larger accumulations of radioactive waste developing, the risk of radioactive leaks, which would damage surrounding water supplies and crops, increases (Heinrich-Böll-Stiftung, n.d.). 
Figure 3.2 – A diagram of the disposal process for spent nuclear fuel rods (World Nuclear Association, 2018)
Another safety concern of nuclear energy is the potential risk of major nuclear meltdown, shown in the catastrophic events of the Chernobyl Nuclear disaster in 1985. After a control rod failure in Reactor 4 of the Chernobyl Reactor caused a major meltdown and eventual reactor explosion, 190 tons of radioactive uranium, responsible for up to 4000 radiation-related cancer cases (Blakemore, 2019) as well as the complete evacuation of the neighbouring city of Pripyat, was released into the atmosphere. This major incident, as well as the risk of radiation leaks involved in the fuel disposal, has obviously created an incredibly poor public opinion of nuclear energy that could push consumers away from renewable energy sources. It would be more beneficial for the government to focus on different renewable energy sources, such as solar, wind and hydro-electric power. 
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In its current state, the national grid cannot support a fully integrated vehicle to grid system like the one mentioned in the Loisel et al paper in section 2. Cortes et al suggest that in order to mitigate the effects vehicle to grid has on a vehicle’s battery, as detailed in section 3.2, active management systems need to be added to the system (Cortes, 2019). As well as this, Habib et al find that in order to achieve the financial benefits, mentioned in section 3.2, optimised charge/discharge strategies should be created to monitor the optimal time periods for charging and discharging an electric vehicle to obtain the most amount of profit for the consumer (Habib et al, 2015). With these points in mind, it is reasonable to suggest that a major overhaul of the current national grid is needed to support the introduction of a fully integrated vehicle to grid system. One potential option is to develop the Smart Grid approach. 
[image: Diagram

Description automatically generated]
Figure 3.3 – A diagram of the Smart Grid concept (Ali et al, 2013)

Ali et al describes the smart grid as ‘the transparent, seamless, and instantaneous two-way delivery of energy information, enabling the electricity industry to better manage energy delivery and transmission and empowering consumers to have more control over energy decisions’ (Ali et al, 2013). Ali et al goes on to detail the benefits of a fully integrated smart grid concept stating that the concept would ‘provide consumers with greater information and choice of supply’ (Ali et al, 2013) as well as ‘revolutionising the transportation sector through the integration of electric vehicles as generation and storage devices’ (Ali et al, 2013). 
Despite all of the benefits mentioned by Ali et al, implementing the smart grid concept requires a massive amount of work being carried out across the country in order to fit the necessary technology required for the system to operate efficiently. For example, high voltage direct current (HVDC) cable, chosen for its long-distance capabilities and its minimal transmission losses (Abbsweden, 2012), will need to be laid across the country, which would cause widespread disruption across the country. 
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In conclusion, the vehicle to grid technology can be a viable solution to the growing charging issue associated with the rise in electric vehicles but only if further research is conducted to find solutions to the issues detailed in section 3. For example, upgrading to a smart grid to accommodate for the implementation of the V2G system needs to be a much more financially viable option for any government to consider switching towards a vehicle to grid technology. 
Though V2G might need more research to be a viable solution, there are other options better suited to the task at hand. For example, the vehicle to home (V2H) system. The V2H system avoids the infrastructure and financial issues associated with the vehicle to grid and therefore focuses solely on supporting the home in its daily operation (Haines et al, 2009). Tesla have developed the Powerwall technology, a wall mounted AC battery system developed to ‘provide energy storage for solar self-consumption’ (tesla.com, 2011). The Powerwall, a diagram of which is shown in figure 4.1, runs independently from the grid, generating its power from solar panels mounted to the roof, and only provides support to the national grid in the event of emergencies (tesla.com, 2011). The electric vehicle will operate the same as in the vehicle to grid system, charging and discharging into a bi-directional charger, but in a V2H system the vehicle will draw and supply energy back to a house mounted battery, like the Powerwall. 
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Figure 4.1 – A diagram of the Tesla Powerwall system (tesla.com, 2011)
To conclude, V2G is capable of supporting the national grid during peak electricity load times but is a long way off being implemented. With the support of other options, like vehicle to home and the Tesla Powerwall, it can be developed into a much better system ready to support the surging electricity demand related to the increase in electric vehicle sales.
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