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[bookmark: _Toc88507955]Abbreviations
· EoL -    end of life (battery)
· EVs -    electric vehicles 
· PHEV - plug in hybrid electric vehicles 
· BEV -   battery operated vehicle 
· V2G -   vehicles to grid 
· V2H -   vehicles to home
· V2B -   vehicle to building 
· RESs -  Renewable Energy Sources
[bookmark: _Toc88507956]Introduction 
When looking into the possible uses of electric vehicles (EVs) batteries, there are different ways they could be used for instance they could be used for storage for vehicle to grid (V2G) or to provide storage to a more local network like vehicle to home (V2H). There are many systems, and they all have very different benefits and downsides Figure 1 vehicle to grid systems

The main reason for a vehicle to grid systems is to help balance the demand and production of electricity more effectively as the demand of electricity is constantly changing during day and night. The conceptual idea is that the car batteries are charged over night when the demand for electricity is low and, in some cases cheaper, then release the electricity when the demand is high during peak hours of the day.
[bookmark: _Toc88507957]Literature review 

[bookmark: _Toc88507958]V2G (vehicle to grid)
[bookmark: _Hlk87287785]The results of the implementation of a V2G system would be that there would be a better control of the grid this would lead to a more reliable source of electricity. The demand of electricity from EVs would need to be controlled in a smart way that would aid the grid this could be done by regulating the time of day or night the EVs are charged or the physical amount of electricity. This can be balanced in a way to help flatten the peak power consumption during the day and spread it over 24hours of the day. 
This is supported by (alsharif, 2021) “It has been observed that the V2G technology provides a bidirectional power flow that facilitates charging at a low demand period and is discharged when the power is required.”
In the future due to government policies to reduce emissions, the amount of EVs on the road would be increased drastically. meaning the long-term results of the implementation of a V2G system would be the new number of EVs on the road would increase the demand from the grid. an increase to the demand from the grid could overwhelm the supply and put the grid under stress causing possible power cuts this is one of the issues facing EVs and V2G technologies. 

[bookmark: _Toc88507959]V2H (vehicle to house) 
The immediate effects of the implementation of this system would be the owner of the house/EV would have control of what the electricity is being used for. The owner of the house could get a saving when using electricity from the car that was charged when the demand and price for electricity was low it would depend on how efficient the car can charge and discharge to see if it can outperform the costs of more peak hour time electricity that has higher costs.
This system could also be better optimised if paired with a renewable energy source at the house this would mean that the house owner would gain more from the times that the house isn’t consuming the full capability of the e.g., solar panels the energy that would normally be lost to the grid would now be placed in the car battery and can be used for later use. This would then reduce reliance on the grid to provide power to the house. This is supported by (alsharif, 2021) where it is reported that a system with 5 plug in hybrid electric vehicles (PHEV) with a supply of hybrid renewable energy sources, which include a Wind Turbine, PV cells, and a Fuel Cell with an electrolyzer this system reported a “16.1% reduction in price and the burden on the grid is reduced by 93.7%. Thus, V2G technology is used to improve the scheduling of payback for the PV Grid system.” This would mean that a similar system can be used in every house the reliance on the grid for electricity could be reduced.
The long-term effects of the implementation of the system would not be greatly different to the immediate implementation this would start to encounter more degradation on the battery due to more usage when the overall usage lower. 

[bookmark: _Toc88507960]V2B (at work)
This would be a system that is local to one large building such as an office building, this system could function by the having the EVs charging at home during the night when price and demand is low then discharge this energy at work. such a system would have to find a way to pay the EV owner for the electricity taken. This would be particularly useful when thinking about the work environment as the building could be full of computers with a large power consumption, V2B would reduce this consumption. This system would be able to potentially uses a larger portion of the battery as the EV owner would only need enough to get home plus 10% margin.
Another strategy is that a business could use a system where the employees are given an EV to use but have to uses it for V2B when at work to provide to the building this would mean that the degradation on the battery would affect the business more than the individual employee. This system could work in such a way that once an EVs battery reaches EoL (end of life) the employees car would be replace and recycled or the battery could be repurposed for a second life use for the business or sold on for other uses.
The long-term effects of the implementation of the system could be largely beneficial to the business owner as in the future the costs of implementation would have been paid for by the potation cost savings and would be reducing the business electricity costs and environmental impact. 

[bookmark: _Toc88507961]The challenges of V2G 
The effects of V2G technology has on battery is a reduced lifespan, due to use multiple times the battery goes though charge and discharge cycles there are multiple irreversible chemical reactions which reduce the batteries capacity. Another issue V2G faces is that the publics acceptance to this such as concerns of battery maintenance or replacement costs due to V2G, also the possibility to need the energy for an emergency use of the vehicle. Also, the cost of just the technology itself installation cost, running cost, and maintenance cost these cost apply to the home/EV owner and whoever is supplying the V2G service another issue not thought about is having a battery constantly charging a discharging may lead to safety concerns which mean better methods and technology requirement may have to be meet before implementation.

[bookmark: _Toc88507962]End of life (EoL) batteries 
EoL are batteries that are used and lost performance due to milage or age this means they could have potentially passed their ability to provide sufficient performance for the continued use in a car this performance loss is considered to be a capacity loss of 20%. These batteries could be then used in a second life for things such as [bookmark: _Ref88051738]Figure 2 How much available EoL batteries over time (Natkunarajah, 2015)


· Storage of energy from regenerative sources
· Domestic energy storage
· Management of network loads
· Emergency generator

Fig.2 show the possible future amount of EoL batteries and shows that the potential market for harvesting EoL batteries could be massive with the maximum case of 550 million KG of car batteries that could be used. 
The option to recycle EoL batteries is there and can be performed but at a high cost this is due to the process and the safety concerns of recycling this process also cant extracted 100% of the battery this also would require extra resources to recycle the battery with also an added environmental impact to the process 



[bookmark: _Toc88507963]Battery durability 
Figure 3 table demonstrates time till EoL (Gennaro, 2020)





















Fig.3 shows the battery degradation due to milage and charging strategy this means a comparison of the different charging strategies will be made on the vehicles doing between 1000km & 1500km a month as the average UK drivers yearly distance is about 12,000km. 
	
	Name 
	Constraints 
	kw

	1
	Long-Stop Random AC
	parking ≥ 120 min AND random parameter ≥ 0.6
	2

	2
	Short-Stop Random DC
	parking ≥ 20 min AND random parameter ≥ 0.6
	40

	3
	Night AC
	parking ≥ 4 h AND parking between 10 p.m. and 7 a.m.
	2

	4
	Smart AC
	Off-peak AND 4 h (± 2 h) time window around the minimum
	2

	5
	Long-Stop AC (3-phases)
	parking ≥ 120 min
	9


Charging strategies 



The information that can be taken from fig.3 is that charging strategy 1,3 and 4 all came back with similar results when looking at BEV 2, strategy 1 had a EoL time of 13.6 years with strategy 3 EoL was 13.7 years and strategy 4 was 13.1 years. But when looking at strategy 2 with 11.3 years and strategy 5 with 11.6 years show less lifetime this is due to a mixture of the type of charging method and the charge rate. as the kw charge rate for both 2 & 5 are higher this does show that DC isn’t as harmful as AC as charge strategy 2 with a 40-kw charger has a similar lifespan as the charge strategy 5 with only a 9-kw charger. This means if the right charge method and charging rate can be decided the lifespan of the batteries can be increased, reducing the impact V2G technology has on the battery. All of the data from fig.3 credit goes to (Gennaro, 2020)
Another paper (Bhoir, 2021) has found that a battery degradation of 0.752 per calendar year under normal use without use of any V2G technology this was tested on a 2020 Renault Zoe 52KW battery which has a range of 250 miles. This conclusion was under the parameters that the car will be charged from 20% to 100% and that the car has done 27 FECs (Full Equivalent Cycle) during the year. This would mean that the car has performed around 6,750 miles. This paper also found that at warmer battery temperatures due to the time of year the battery experience a higher rate of degradation.
This can be calculated to give what you consider EoL% to be and the degradation of the battery over the year 


Comparing this to the findings of (Gennaro, 2020) with the closest matching test was with BEV 2 as it has a 51kw battery and charge strategy 3 which has a similar charge time duration. The results show an EoL estimation of 16.9+ years or more due to the method of calculating the average. This means that under normal use a car battery can last between 16.9 years and 26.6 years before EoL state is reached. 
Continuing from the findings of (Bhoir, 2021) it was found that an additional battery degradation of 0.155 per year making the new total 0.907 which makes the new EoL time 22 years which is a decrease of 21%. This would mean that it would have to be considered if a reduced EoL of 21% is worth the potential gain whether that be for environmental reasons or cost reductions to electricity or to enhance the reliability of the grid supply of electricity. 

[bookmark: _Toc88507964]The impact of V2G technology 
The impact to the grid when implementing V2G technology. In paper (Bibak, 2021) they found that when charging during off peak hours of the night that a higher percentage of EVs using V2G increased the reliability of the power from the grid this was because “the EVs charge their batteries at home during the off-peak period and discharge during peak period” this paper also found that the overall emissions was increased regardless of the method used to implement V2G but found the best results happened at night when RESs are at the highest level. The cost for V2G technology was found that it would supply a cost saving for the more EVs us V2G until the grid reached its maximum output which was found to be 17% EV penetration this grid is based on Turkey’s grid capabilities. 
[bookmark: _Toc88507965]Likelihood of implementation 
The likelihood of V2G happening is very likely as there are very large benefits for its use when using the correct methods and in the right applications. the question is where this technology will be used it is most likely to be used in smaller applications such as V2B and V2H this could be because the implementation is made by a house owner, or a business owner and all the benefits go to the user. the likelihood of this being implemented in a larger scale by a government is unlikely as the grid would have to go though large changes which would involve a large upfront cost that would be very difficult to make back when used in a large scale and if it is used in more small scale the demand on the grid would be a more gradual increase which wouldn’t surpass the supply of the grid.
[bookmark: _Toc88507966]Conclusion 
This paper reported the potential uses for V2G technology including V2H and V2B with there implementation and the long-term impacts and suggestions of better ways to implement them in a more efficient method and better application for this technology. Other point is mentioned with the challenges facing V2G and the things that need to be considered when implementing. The possibility of using batteries after they have reached EoL also has be considered and how much potential there could be in the future. There are more significant finding on the battery degradation and the potential added degradation due to V2G technology with a comparison of two papers to verify its credibility. The impact of V2G was also considered this being the impact to the emissions produced, the economic changes and the reliability of the grids supply. Then a evaluation of the likelihood of an implementation of such a technology.
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