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[bookmark: _Toc88439972]Introduction
This report will look to outline V2G systems and their uses. Research will be conducted into how V2G technologies change depending on who owns them and how they are used. The report will also look to show any ethical issues surrounding the topic and if it will help improve areas such as the national grid and electric vehicle cells. Aims and objectives are set with three different points to help outline the reports information, as it investigates V2G technology.
[bookmark: _Toc88439973]Aims
1. Comparing the uses of V2G for Individuals, companies and factories
2. Looking at the effects of V2G on the national grid and electric vehicle cells
3. Explaining any ethical issues that can be caused through the use of V2G 
[bookmark: _Toc88439974]Objectives
1. The uses of V2G will be explained on how it benefits Individuals, companies and factories, while looking at how it can benefit the three different groups.
2. Research will be conducted to outline how the introduction of V2G can both benefit and negatively affect the national grid and electric vehicle cells.
3. Ethical issues around the technology will be explain to help give a clear outline if the technology benefits everyone and not just those in a better financial status.

[bookmark: _Toc88439975]Explanation on How V2G Technology Works
The UK and the rest of the world is currently seeing a substantial increase in the number of electric cars and plug-in hybrids coming onto the road. Electric vehicles can also be thought of as just a large battery pack on wheels, this has led to an increase into the development of Vehicle to Grid (V2G) technology. Vehicle to grid technology is a way to help reduce the strain on the national grid at peak times, the system works through a 2-way charger system that allows the owner of the vehicle to be able to ‘choose to charge your car up from the grid – or sell stored energy in your car back to the grid’ Topping (2021). Vehicle to grid technology does not affect the standard uses of the vehicle as it will only look to sell the stored energy at peak times. This allows the owner of the vehicle to switch their vehicle into becoming a ‘power sources or opportunities for energy storage during peak hours, recharging at off-peak hours such as later at night’ (Xinchen et al., 2018). This is good for drivers of electric vehicles that work during the day, this would allow them to create a small amount of revenue when they come home from work, as they can sell their cars stored energy. This benefit is also a negative for drivers of electric cars that work during the night, as they can’t sell their excess stored energy for a small amount of energy during peak times. After selling the stored energy the vehicles would then charge at off peak hours such as late at night or early in the morning. The drivers also get the incentive to use the V2G technology as during off peak hours as it allows them to ‘purchase electrical energy at a lower price from the grid’ Shariff (2019). There are 2 main types of V2G technology, the types are Unidirectional V2G and Bidirectional V2G.  Unidirectional means that the technology only works in a ‘single direction power flow between the EVs and grid’ Shariff (2019). This is the opposite of the bidirectional V2G which allows the flow of power ‘between the EVs and the power grid’ Shariff (2019). The bidirectional V2G is a more complicated system as it requires a DC-to-DC converter and an AC-to-DC converter. Both of the converters serve different purposes, AC-to-DC converter is used to transform ‘the AC power produced in the smart grid into DC power, and then during discharging, it changes that DC power back into AC before sending back the power to the grid’ Mughees (2020). Whereas the use of the DC-to-DC converter ‘uses current control methods to regulate the bidirectional power flow. It acts as a boost converter during discharging and as a buck converter during the charging of EV’ Mughees (2020). Both unidirectional and bidirectional have their advantages and disadvantages, Unidirectional whilst having fewer uses still also has some advantages to its system. Some of the advantages include that it is a much simpler system than the bidirectional and requires less specified and complex hardware such as an ‘Bidirectional Battery Charger’ Shariff (2019). The advantages of a bidirectional system help to our way the option compared to the unidirectional system, the benefit of being a bidirectional system allows for both ‘reactive and active power support, deployment of renewable energy support, preventing power grid overloading, failure recovery, reduced power grid losses and power factor regulation. The active power support further provides load-levelling services and peak load shaving’ Mughees (2020). According to Samir a bidirectional system is more economical than a unidirectional system. When comparing the two systems it becomes clear that a bidirectional system is a much more appealing option due to all the advantages going for it. Even though it has the disadvantage of being a more complex system requiring more hardware, the disadvantages cannot outweigh the advantages of a bidirectional system. 

[bookmark: _Toc88439976]Application of V2G Technology
[bookmark: _Toc88439977]V2G Technology for Individuals 
There are many different applications for the use of V2G technology. The main three applications being domestic, company and factory uses. The first of the three applications are the use of V2G in domestic households. For a domestic user V2G can have a huge positive impact for them as the main reason for an Electric Vehicle (EV) owner to start using V2G technology is to start making some revenue from their idle vehicle, it’s said that an V2G users could stand to save per year ‘an average of over $1,200’ (IEEE, 2021). The revenue received can be contradicting depending on which company the V2G device is from, an explanation of this can be seen from the company Kaluza. Kaluza sells the vehicles energy at a ‘rate of 30p per kWh’ (Ofgem, 2021). Kaluza then goes on to say during the trial period of one of their V2G devices a driver is expected to ‘earn as much as £725 a year without needing to do anything except keep their cars plugged in’ Ofgem (2021). This is a little less than the average amount suggested by the IEEE. Whilst earning any extra revenue is still good, the cost of installing and purchasing a V2G charger from Kaluza would cost the driver ‘£3,700 higher than a smart (monodirectional) charge point’ Ofgem (2021). such an expensive entry cost to install one of these devices, Kaluza says that through the use of mass production ‘this cost is expected to decrease rapidly. A cost of around £1,000 would mean the payback period for V2G could comfortably be below five years.’ Ofgem (2021). Having this lower price entry will allow more EV owners to start using V2G technology to help them create a small amount of revenue per year from their vehicle. Whilst this is all good there is actually only a small number of vehicles that work with V2G technology, the most predominant vehicle used with the systems is the Nissan Leaf. The Nissan leaf is the only vehicle that works with Kaluza’s technology, whereas other V2G devices include vehicles such as Tesla by using a special adaptor. The current state of V2G devices from Kaluza means that it stops of a lot of EV owners from using their technology due to the limit on which of the vehicles that work with their technology. If Kaluza manage to adapt their current technology to work with other EVs they could look to maintain a monopoly on V2G devices in the UK. As the number of EVs in the UK are increasing, the UK could be looking at ‘11 million EVs’ Ofgem (2021). If as little as 50% of these EV owner used V2G technology, the technology would have ‘potential to save £3.5bn per year in areas such as grid infrastructure reinforcement and generation’ Ofgem (2021). With all the benefits of V2G technology to a domestic user, they still come with disadvantages. One disadvantage being that the cost to buy into the technology is expensive at over £3,700, whilst being so expensive to invest in the current state it will require others to purchase the technology to help lower the price down to £1000. Even with a lower price of £1000, it will still take the user 5 years to fully pay back the amount they invested using the revenue from their EV. Another disadvantage to this system is ‘a driving limit and degradation of EV batteries, should lie within an acceptable range’ (Shi, Lv and Wang, 2019). Degradation of the batteries could lead the owner of the EV to have to spend more money to have their vehicle fixed if they do not reach the standard needed from an V2G device. Whilst the bidirectional charger is vital to a Vehicle-to-home (V2H) setup it, there are components that help improve the system. ‘The other components are smart loads, static storage systems and combined heat and power generators such as micro gas-turbines’ (Sree Lakshmi, Divya and Sravani, 2019). Smart metering is very important to the V2H technology as it allows the system to ‘register data about system consumption and also provides interface to send or receive information from utilities’ (Sree Lakshmi, Divya and Sravani, 2019). This is then used to help ‘reduce burden the distribution electric grids’ (Sree Lakshmi, Divya and Sravani, 2019). V2H setup benefits the user, as it allows them to use their vehicle to ‘reduce energy bills, improve efficiency and can provide backup power’ (Sree Lakshmi, Divya and Sravani, 2019). All around a V2H system is very beneficial for the purchaser as it allows them to create revenue from their idle vehicle whilst also helping reduce the amount, they would have to spend on energy bills, the purchaser would first have to invest a small amount to be able to see the profits. 
[bookmark: _Toc88439978]V2G Technology used with in Companies 
Whilst an individual would be looking towards using a V2H systems for their homes, companies instead would be looking to implement a Vehicle-to-building (V2B) system instead. A V2B setup is the same as a V2H setup just on a much larger scale. V2B is ‘defined as exporting electrical power from a vehicle battery into a building’ (Pang and Kezunovic, 2012). A V2B setup provides advantages for both the company and the EV owners who work there. They set up benefits for the EVs owner as it allows them to create some ‘extra economic benefits’ (Pang and Kezunovic, 2012), with the benefit of not having to pay for the setup to be installed in their home and create some extra revenue whilst they are in the company’s building. The company running the V2B system could also look to implement other incentives for their customers, to help get more people to use the technology they invested in. The system benefits the owners of the building as it will help reduce the buildings ‘electricity purchase cost based on the demand side management’ (Pang and Kezunovic, 2012). Since the employees are set shifts the company will be able to work around their schedules to help reduce their energy usage. By using the V2B system when the employees are there as it will help reduce their energy bill, it will reduce the bill by using V2B to supply the building with energy when ‘electricity price is high at peak hours’ (Nour et al., 2020). Companies can also choose to help other local businesses and facilities by transferring the energy they have generated through the V2B, some of the facilities could be in a critical need for energy, examples of this would be ‘hospitals, hotels, universities, office buildings, shopping centres’(Sree Lakshmi, Divya and Sravani, 2019)
[bookmark: _Toc88439979]V2G Technology used with in Factories 
Vehicle-to-factory (V2F) works like the V2B system where it relies on the employees of the company to use their own EVs to make the system work.  When the factory is operational there is always a chance that the factory has ‘requirements of peak power’(Panday et al., 2015). The way to help fix this error would be by leaving the employees vehicles connected to the factories power grid, as it would allow them to be ‘called upon to provide the additional power supplies’ (Panday et al., 2015). This system is advantageous for both the employee and the factory, the employees get two main benefits out of this. They firstly get ‘their vehicles charged back during non-peak times’ (Panday et al., 2015), and also get ‘paid a particular amount for the usage of the vehicle’ (Panday et al., 2015). This creates a small amount of revenue for them whilst at work. The factory benefits from being able to continue work during peak usage of the factories grid with their back up supply of vehicles, to help avoid a disruption to the workflow. An example of a V2F setup has been created in a MATLAB setup. The reason for this creation is due to the German federal governments goal for their decarbonization targets by wanting their ‘transport sector with six million electric vehicles by 2030’ (Roth, S. et al., 2019). The MATLAB model was created to allow analyse on ‘the increase of self-consumption and the minimization of peak loads’ (Braunreuther et al., 2019). They also looked at this data at two different points of the year, one in summer and one in winter. On the first point it is found that the implementation of V2F ‘significantly increase the self-consumption rate both in winter (13.6%) and in summer (4.3%)’ (Roth, S. et al., 2019). This is good as it will help decrease the amount of energy the factory will have to purchase from a supplier, due to them creating more energy.  When looking into the second point it showed that when they implemented V2F to help them minimize the peak load it did not ‘show the desired effects on the basis of the specific application case’ (Roth, S. et al., 2019). It is said that is not due to the method but it is to do when there are vehicles in the factory as ‘Most of the peak loads that occur at the production plant of the medium-sized company are outside the times the electric vehicles are available’ (Roth, S. et al., 2019). They suggest fixes to this problem, one of the fixes suggest is to ‘adapt the working shift plan to an energy-oriented production planning in order to combine the advantages of V2F and flexible production processes’ (Roth, S. et al., 2019).

[bookmark: _Toc88439980]Ethical issues surrounding V2G 
Ethical issues become a big factor when there are new emerging technologies. One big ethical issue for V2G technology is how the technology gives more benefits for people in higher income groups. An example of this can be seen as the difference between the number of miles travelled, as ‘highest income quintile travel nearly three times further than those in the lowest quintile’ (Sovacool et al., 2018). Combining this with the high price of purchasing V2G technology for an individual’s home it helps reinforce the point of ‘mobility, or the lack thereof, has long been recognised as an important aspect of exclusion, inequality and poverty’(Sovacool et al., 2018). This is shown in countries where individuals view electric vehicles more as a secondary vehicle rather than a primary vehicle. These perspectives can be seen in places such as China and the UK, EVs in China are seen as ‘elite and luxury consumer technology’ (Sovacool et al., 2018). This has a negative effect on the environment as ‘pollution and con-gestion often accumulate in poorer neighbourhoods’ (Sovacool et al., 2018). V2G effect to help reduce pollution, will not be able to be seen until individuals from a lower wage group are able to easily afford EVs and V2G technologies. This is further backed up from the point that the majority of the research into V2G is conducted in first world countries as ‘very few authors within the population of V2G authors came from developing countries’ (Sovacool et al., 2018) V2G technologies can help to improve a community’s resilience in the face of natural disaster, as this start happening more frequently vehicles can be kept fully charged up and then during the disaster they can be used to ‘provide a temporary source of electricity for a household’(Sovacool et al., 2018). Whilst being a major benefit during some types of major disasters it cannot perform to the highest standard in other situations as ‘during major ﬂoods or blackouts, passenger vehicles such as BEVs would not be able to recharge and could become a liability more than an asset’ (Sovacool et al., 2018).
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Whilst stated before about the positives effect V2G technology can have on the grid, it’s fair to say the technology also comes with negatives effect on both the grid and the vehicles batteries itself. When it comes to V2G technologies and how they can negatively affect the grid there are a few different reasons why this may occur. Uncontrolled charging has caused many negative effects on the grid due to its high penetration levels. Some of the negative effects caused are the ‘impact due to increase of peak demand, voltage deviation from the acceptable limits, phase unbalance due to the single-phase chargers, harmonics injection, overloading of the power system equipment, and increase of power system power losses’(Nour et al., 2020). One of the many factors that goes into affecting the voltage instability and phase unbalance, this becomes a difficult issue as ‘operation at high load demand and near the stability limit’(Nour et al., 2020). This is a problem for the grid as the ‘grid voltage stability is crucially affected by the characteristics of the load. EVs load characteristics are different from the conventional loads’(Nour et al., 2020). This causes the EV to ‘consume more power in a short time to fully charge the battery’ (Nour et al., 2020). This will lead to a phase unbalance happening, a phase unbalance creates ‘unwanted negative effects at distribution network operation and connected loads and should remain in the acceptable limits’ (Nour et al., 2020). Furthermore, another problem is that an increase of power losses can be seen, this is caused by EVs needing extra power for the V2G system to work. This is leading to ‘higher currents flowing and extra power losses in different system components, such as generators, transformers, and cables, which is the main concern for utilities’ (Nour et al., 2020). There have been many studies that have looked into the increase in power loss due to the uncontrolled charging of EVs. It showed that uncontrolled charging whilst under three different penetration levels lead to a ‘large increase in energy losses and required investment cost’ (Nour et al., 2020). The losses could be decreased if the vehicle charging had been controlled, this can be seen in a Danish study that looked the grid loss between controlled and uncontrolled charging on a distribution network. The study’s results showed ‘uncontrolled charging with 50% penetration level the grid losses increased by 40% and increased only 10% for controlled charging’ (Nour et al., 2020). Whilst these are two main negatives effects on the grid caused by uncontrolled charging, there are still other negative effects caused such as the overloading of network components and harmonic distortion. 
While some of the positives of V2G on the grid have been covered such as congestion management, this is where ‘During peak hours expensive generators should be turned on for few hours for supply–demand balance’ (Nour et al., 2020). Another positive for V2G systems is how they can help improve the power quality; this can only happen when used in controlled charging. When using controlled charging it can ‘decrease system unbalance’ (Nour et al., 2020). The method to help decrease system unbalance is controlled autonomously as it ‘depends only on local voltage measurement without the need for infrastructure upgrade and expensive communication infrastructure’ (Nour et al., 2020).  By using this method and looking at the results it proved that ‘the proposed EVs controlled charging method can reduce voltage unbalance and minimize voltage drop’ (Nour et al., 2020). Furthermore, another benefit that can come from using a V2G system is looking at voltage regulation. The voltage regulation problem can occur in two ways, this is when the ‘Voltage is high if the network is lightly loaded and low if the network is highly loaded’ (Nour et al., 2020). The more common problem is where ‘in distribution system is exceeding the lower limit, excessive DG may cause voltage rise and exceeding the voltage upper limit’ (Nour et al., 2020). These problems affect the grid as they have to keep the ‘voltage within normal values at distribution level’ (Nour et al., 2020). If these problems occur, the problems will ‘result in improper operation or damage to the connected loads and may lead to voltage instability’ (Nour et al., 2020). There are two methods to help control these problems, they are active or reactive power control. Active power control is ‘controlled by DGs, energy storage technologies, and controllable devices like EVs and heat pumps’(Nour et al., 2020) . Whereas reactive power control is controlled by ‘transformers on-load tap changer (OLTC), capacitors, and static var compensators’ (Nour et al., 2020).
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Whilst looking at the effect of using EVs on a grid, it shows both the positive and negative effects that can happen to the grid. So, when using V2G systems how does this affect the EVs battery over time.  A study was conducted to look into the calendar ageing of the batteries using a controlled Grid-to-vehicle (G2V) system. For the cells the study used, they opted for ‘e Li-ion cells with a Nickel Aluminium Cobalt’ (Dubarry, Devie and Mckenzie, 2017). To perform the tests, they had to take into account the different ways the cells are used. This is because ‘battery degradation is path dependent; it is possible that in some cases more intense cell use may still result in lower degradation’ (Dubarry, Devie and Mckenzie, 2017). Due to the issue of performing V2G at a time of high demand the ‘peak demand for electricity will also delay the battery charge’ (Dubarry, Devie and Mckenzie, 2017). This issue changes how the method of the study was conducted as ‘the effects of V2G/G2V combined with different charging schedules (1 or 2 charges a day, immediate or delayed charging) and different charging currents (level 2 or fast charging) were investigated’ (Dubarry, Devie and Mckenzie, 2017). Furthermore, the study also looked at ‘the effect of calendar aging at different temperatures was also investigated in a second set of experiments’ (Dubarry, Devie and Mckenzie, 2017). Using simulation software, it shows that after 5 years the difference between the capacity loss of cells when used in V2G twice a day or not used at all. The results show during a 5-year period ‘slightly less than 20% capacity loss, whereas the duty cycles with no V2G steps are predicted to induce half of that loss, around 10%’ (Dubarry, Devie and Mckenzie, 2017). It also shows the effect of calendar aging over a 5-year period, it compares the capacity loss due to storage conditions. The storage conditions affect the capacitance of the cells as, ‘high temperature and high SOC storage conditions are predicted to result in more than 30% loss of capacity. The cells aged at room temperature are calculated to only experience between 7 and 10% capacity loss’ (Dubarry, Devie and Mckenzie, 2017). The study then goes on to explain how a 24-hour day would change the capacitance even more, as another ‘3 years of calendar aging need to be added to the 5-year cycle aging prediction to be able to account for a 24-hour day’ (Dubarry, Devie and Mckenzie, 2017). This would have a massive effect on the cells as ‘more than 15% capacity loss at high temperature and SOC, which indicated that these batteries would reach end-of-life well before 5 years’ (Dubarry, Devie and Mckenzie, 2017). The use of a V2G system has a drastic effect on the vehicle’s cell, this is shown by the study where ‘implementing a V2G step, even once a day, would cause the battery to lose more than 20% total capacity after 5 years’ (Dubarry, Devie and Mckenzie, 2017).
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In this work, research has been conducted in regards to the implementation of V2G technology. The research outlined the difference between the use of V2G for individuals, companies and factories. Looking at the research shows that the more vehicles that can use the technology in an area will create a greater return from the investment into the technology. For an individual its technology only benefits those who are in a better financial position than others. As individuals who are in a worse financial position will struggle to be able to purchase an EV and gain the financial benefits from a V2G system.  V2G systems can still benefit everyone during times of crisis, the V2G system can be used to provide energy when the power grid is not working due to natural disasters and other factors. If V2G systems are not maintained properly it will lead to more damage being done to the national grid rather than helping it. We can also see this type of damage happen to EVs cells due to constant use of V2G. In conclusion V2G systems are a good solution to help solve environmental issues and help boost the national grid during points of struggle throughout the day. The disadvantages still exist for V2G systems as with newer technologies they look to mainly only benefit those who already find themselves in a good financial situation.
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