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1.0 [bookmark: _Toc88483647]Introduction
In the current state of climate change there is an increased emphasis to make further development int technology that reduces the emissions produced at all sources. The effects of climate change can be seen all around the globe through the destructive natural disasters that keep occurring, these are such things as wildfires, flooding, hurricanes, and earthquakes (NASA, 2018). All these disasters have shown that there must be a change in the world’s pollution.
One of the main areas being looked at is the transport sector (Agency, United States Enviromental Protection Agency, 2019), with the knowledge of the damage that is caused by the combustion engine, therefore alternatives must be found. A possible solution is the use of electrical powertrains in the form of electric vehicles, however these systems have their own issues as they still require electricity to be created so that they can be charged from the grid. This is where the topic of this report is relevant.
This report will discuss the implementation of a vehicle to grid system as a possible solution to the current environmental issues in the world. The topics that will be covered are;
· Vehicle to grid technology and how it functions
· The current systems that exist and their application to domestic use
· Ethical issues with the system
· The long- and short-term effects of such a system
All of these topics will be broken down and discussed to determine the final conclusion of weather a vehicle to grid system is what is best to be introduced or weather another option is best.














2.0 [bookmark: _Toc88483648]Background 
[bookmark: _Toc88483649]2.1 What is a vehicle to grid 
Vehicle to grid systems is intended to allow the vehicle owner to discharge the car batteries while the vehicle is not in use. This energy can either be input straight back into the grid, where energy companies will buy the electricity, this aids the grid during high demand times. (Flexi-orb, 2021)
Another situation is that the power can be input directly back into their home to run smaller appliances. This would be beneficial during storms where power grids can be taken down or times where renewable energy sources are not operating at full potential. Here the vehicle acts as a reserve generator until made grid power returns. (Wenzel, 2019)
[bookmark: _Toc88483650]2.2 How does vehicle to grid work
The main technology being employed into vehicle to grid systems is bidirectional technology in the form of batteries and chargers. The batteries allow for energy to be stored within the vehicle in the same way as current electric vehicles, however it allows through the use of a bidirectional charger to be returned either back into the grid or into the home (Flexi-orb, 2021).
 (
Figure 
1
 Vehicle to Grid system 
(Seyfettin Vadi, 2019)
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Figure 1 shows the basic layout of a vehicle to grid system. The system would be run at a control centre, there they could identify when there is an increase in electrical demand, where they could then employ the system and diverge power from the vehicles to the grid, or in the case of a power outage, they could input the charge straight into the vehicle owner’s home.
The system could also be used to allow for greater control of sustainable energy surges, as when power is produced from these sources it either needs to be stored or used. The storage causes issues to the current grid as unlike fossil fuels which have the energy stored within and is released when burnt, the energy produced from renewable sources such as a wind farm is based solely on the element being used. The vehicle to grid system would allow for the energy to be directed straight into electric vehicles, this can either be used by the vehicle or later on be accessed and input back into the grid. (virta, 2021)



[bookmark: _Toc88483651]3.0 Implementation of Vehicle to grid 
[bookmark: _Toc88483652]3.1 Current existing technologies 
To implement a system like vehicle to grid (V2G) the entire infrastructure needs to be present, from the grid all the way to vehicles themselves. For the vehicle technology there is only one current system that exists that makes use of bidirectional charging, which is a must need component for V2G, this system is CHAdeMO (Flexi-orb, 2021). CCS (Combined charging system) have the intention to create V2G compatible system however this is not till 2025 therefore it cannot be considered at this present time (Nation, 2019).
The CHAdeMO technology is currently only used in a small range of electric vehicles, these are (Flexi-orb, 2021)
·  (
Figure 
2
 Nissan Leaf 
(Dredge, 2021)
)[image: Used Nissan Leaf Mk1 - front]Nissan leaf
· Mitsubishi outlander
· Toyota Prius 
· Kia Soul 
· London taxi EV
· Citroen Berlingo EV
· Citroen C-Zero 
· Tesla model S (only with the use of an adaptor)
This list of vehicles is somewhat limited, especially considering the large range of EV vehicles at thus current point, this shows there is reduced viability of the V2G because of such little number of compatible vehicles.
[bookmark: _Toc88483653]3.2 Practical considerations 
An important practical consideration is the installation of the all the systems for the vehicle to grid. This is mainly the aspect of charger installation, this due to all the high voltage cable that is needed to be installed to create the fast-charging network that is desired. As practical point, these cables would need to be dug into the ground for insulation as well as to reduce the risk of possible vandalization or damages. This could cause huge disruption to communities as the quantity of time would great to install all these cables. 
There are a few scenarios where the use a v2g system wouldn’t be practical. These are mainly where there is no access to private parking, mainly considering flats in cities, or built-up areas. The issue with these scenarios is lack of space to first fit a charger, but also the consistent access to these chargers to allow the system to function correctly and to its full potential. 










4.0 [bookmark: _Toc88483654]Implications of Vehicle to Grid 
[bookmark: _Toc88483655]4.1 Short term
One f the immediate implications is related to the practicality of the system, mainly considering the initial start up costs and work that is needed. The start up must considered of where and how it is paid, would it be governmentally funded, or would it be reliant on consumers to actively install the systems by there own choice, this however is not reliable. There is the temptation of the pay return but this is not going to be seen from some time after, not to also consider the risk that the value of the returned energy could reduce as the whole system becomes more mainstream.
Another immediate implication is the attitude of consumers, this is mainly to do with the lack of vehicle choice and the range anxiety caused by the system. There is currently only one charging system that can be used for vehicle to grid, this is CHAdeMO, this presents a problem as currently only limited number of vehicles make use of there software, which in turn means there a limited choices for consumers. The second concern is the range anxiety of electric vehicles, this is largely influenced by vehicle to grid as this makes use of the vehicles stored energy while it is stationary. This could be solved by proper consumer information, mainly on the discussion of how the system works to reduce their concern. 
[bookmark: _Toc88483656]4.2Long term
Over time the effects of vehicle to grid will be seen the implications of its infrastructure. One of these issues is the demand for lithium ion. The increase in demand will drive up the costs of the material, this will then drive up the cost of manufacturing, which in turn increases the consumer costs during vehicle sale. The quantity of lithium desired has increased from 0.5 gigawatt-hours in 2010 compared to 526 gigawatt-hours in 2020 and this is then predicted to increase to 9300 gigawatt-hours by 2030 (Statista, 2020). 
Another long-term effect is the degradation of the batteries due to constant charging and discharging. This system could reduce the life span of lithium batteries to less that 5 years as well as reducing the capacity loss over 18 months by 75%. There is also a link with power and capacity reduction by 12.1% and 9.1% respectively. These overall effects the efficiency of the vehicles, by reducing there storage capacity, this then reduces the performance as well as the total miles that the vehicle can achieve (policy, 2019). 
A particular concern is the possible risk of cyber attacks to the smart grid that would integrate with the vehicle to grid. This is a concern due to the damage that could occur if such an event was to happen, the grid could be overloaded by discharging all connected electric vehicles, this could cause power outages and much worse. Vehicles could also be overloaded with charge which could cause battery deterioration or even electrical fires. All these would be highly detrimental to society, with the final consideration of the cost of all these damages.






[bookmark: _Toc88483657]5.0 Ethical considerations for vehicle to grid 
The ethical aspects of V2G mainly considers its affects to the environment as well as its effect on humanity as a hole. The majority of this is considered in the production of the components needed for the system to run.
A key benefit of the V2G is that it reduces the reliance on purchasing power from the electrical grid, this is mainly due to its capability to use renewable energy sources directly. This overall means there is reduced use of fossil fuel power stations thus reducing the amount of emissions released and the cost of running the system. The reduced use of the grid also reduces the demand and strain the network. (Ahmed YousufSaber, 2010)
A negative aspect of V2G, is the use of lithium-ion batteries. These are the most commonly used batteries in EV systems, mainly due to the high energy density as well as their increased power per battery mass (C Iclodean1, 2017). To create lithium large quantities of water is pumped into salt flats, majority of which are in south America. This water then creates a mineral solution, with a mixture of materials including lithium salts, these are then refined further to create lithium carbonate (KATWALA, 2018). 
The process of the mining has been seen to cause huge damages to biome in places like Chile, where chemicals have entered water sources, causing loss of animal life, damage to crops as well as detriments to human life (IER, 2020). 
Another environmental effect is the causing of droughts, this is due to the massive volumes of water needed for the process as well as the location of the mining as many of these countries are arid or semi-arid countries. This again can be seen in Chile where nearly 65% of the water has been used in the Atacama salt flats (UNCTAD, 2020).
Another material used to create lithium batteries is cobalt, currently 60% of the world’s cobalt is mined from the Democratic Republic Congo (Pistilli, 2021). The ethical issue with this is there have been cases of child labour within these mines, there is predicted to be up to 40000 children working in these harsh mining conditions, some as young as 6 years (Lawson, 2021).
These are only some of the ethical and environmental issues with the batteries that would be used within a vehicle to grid system, these must be addressed before the infrastructure is put in place.










[bookmark: _Toc88483658]7.0 Grid power capability 
Currently the grid can only produce a maximum amount of power and the introduction of electric vehicles, the grid can cope with is a maximum of 15% EV population this number isn’t currently predicted till 2035 (Virta, 2021). However, once this maximum is reached it could cause huge issues exceeding the limit, mainly considering overload of the grid.
Due to the current environmental climate, there is a large emphasis on the move towards renewable energy sources, this however presents as large issue for the grid, this issue is the random influx of energy, this is mainly seen with solar and wind power. These types of renewable sources production of energy are dependent on the climate, this means that there can be sudden production of energy from weather changes. This electricity either must be used or stored, both require the use of the grid currently. Inputting this energy into the grid causes a multitude of issues, such as storage, protection issues as well as voltage and power fluctuations (S. Yasmeena, 2015). All of these can end up causing great deals of damage to the grid system, resulting in power shortages or even cuts.
Peak electrical times is when energy is at its highest demand therefore highest price, the average time of this varies depending on the season, during the summer the average times are between 10am and 8pm, whereas in the winter they are between 5am and 9pm (choice, 2020). It can be seen in figure 3 that the peak hour is 6pm, this is due to it being the time where most workers return, hence the increase in the use of electricity.
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Description automatically generated]These high demand times put pressure onto the grid which increases the cost of production, this then increases the cost of electricity for the customer. 
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Figure 
3
 Graph of peak power times 
(Grid, 2021)
)
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8.0 Conclusion 
A Vehicle to grid-based infrastructure has great benefits as well as glaring drawbacks. This can be seen throughout the report, with many arguments for and against. 
One of the main considerations is the ethical arguments, this includes the discussion of its environmental impact, as the main aim of the system is to reduce the damage caused by the burning of fossil fuels, it does achieve this two an extent however only using renewable energies. It does not however provide an instant environmental solution due to the great damage of lithium mining, this directly links to the ethical issues of the damage to the biome around the mining sites, mainly the death of species and the harm to human life. There is also the exploitation of young children during the mining of cobalt, which is unacceptable in any regard. Until all these environmental and ethical issues are addressed, most consumers would not be content with using the system knowing the damage it is still causing.
Another issue with the system is the lack of current compatible technology as the only system that can make use of v2g is CHAdeMO which is only in a small range of vehicles which limits consumers choices. Only having one system in place and no other alternatives could mean a possible monopoly and the company having control of price hike and due to reliability, there would be no choice but to pay the given price.
A benefit of the use of a such a system would be the reduced straight on the grid network, allowing easier control of electrical input from renewable sources as it can be input directly into the vehicles without having to pass through the grid. It can also help with peak demand times again further decreasing grid strain. 
Overall the installation of a vehicle to grid system on a national scale would not be viable. This is taking into consideration everything discussed above. It would be a viable environmental solution with further technology development and alternative charging options to deny the chance of monopoly as well as a greater move towards increased renewable energy used to charge the vehicles in the first place.
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