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Introduction
[bookmark: _Hlk88228187]This report will be analysing the immediate and long-term implications of introducing vehicle-to-grid (V2G) into a domestic, company and factory-based automotive setting with the main focus being on domestic. The report will be focussing on 4 key aspects; Electricity demand solutions and grid capabilities, ethical issues, practicalities of using V2G and current charging technology. This information will be used to help form a non-bias opinion as to whether V2G can be implemented into the relative sectors efficiently or not.


[bookmark: _Toc88299732]Research 

[bookmark: _Toc88299733]What Is V2G?
Greenhouse gases such as carbon dioxide (CO2), carbon monoxide (CO), nitrogen oxides (NOx) and unburnt hydrocarbons (HCs) are all produced by the electrical, transport and commercial sectors. Due to this electric/plug-in hybrid electric (PHEV) vehicles are seen to be the future of transport due to future capabilities of grid support, with a PHEV spending more time parked up than driving it is estimated that a fleet of vehicles could contribute up to two-thirds of forecasted peak loads. 
The core idea is the power exchange between the grid and the vehicle. When the vehicle is idle power will be taken and placed into the grid, thereby giving aid during peak power demands. The vehicle will then be charged during off-peak times, this process is called peak shaving.
Some of the advantages of peak shaving are:
· Reduction in Line losses 
· Reduction in Delay transmission 
· Reduction in Transmission congestion 
· Reduction in stressed operation of power systems, reducing maintenance fees and increasing the longevity of the power plant. 
· Reduction in the investment of peak power plants.
For V2G to work a bi-directional flow of electricity along with communication between the grid and vehicles needs to be established, thus allowing for the best harvest of electricity from the vehicle. 
(Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001)


[bookmark: _Toc88299734]Electrical Demand Solutions and Grid Capabilities
[image: ]With V2G making use of multiple vehicles the unpredictability factor of energy harvesting is greatly reduced with the use of traffic/road-use data. This is best seen in Figure 1, which shows the energy usage of a house during, mid-January/July (Kempton et al, 2001).  [bookmark: _Toc88299745]Figure 1: Power Used by a House Hold Throughout a Day (ResearchGate, 2021)

[bookmark: _Hlk88226279]This graph shows that during the times of 06:00-10:30 and 16:00-21:00 there's a spike in energy usage. From this it can be assumed that during these spikes households will have their relative vehicle sat idle, this makes these vehicles available for V2G (for a further example of this kind of data usage look at Kempton et al, 2001. From this data, it can best be seen when energy can be taken/given to or from the vehicle (BBC News, 2021; The Guardian, 2021; ResearchGate, 2021).
Power suppliers can predict peak loads and act accordingly, this can be seen in the September of 2021. Due to a lack of wind power and rising gas prices, coal power plants were used to help aid in power production; EDF was asked to fire up coal power stations to help with this. Chart 1 shows the national grid energy produced during this time, it can be seen that just under 50% of power being produced came from gas/coal (BBC News, 2021; The Guardian, 2021; ResearchGate, 2021).[bookmark: _Toc88299744]Chart 1: Powe Supply for UK 2021 (BBC News, 2021)

During this period ESO spent over £86m to keep the power stations going, this involved paying £4,000 per megawatt-hour for fossil fuel power stations to produce electricity when needed. By introducing V2G into the grid situations like this would make use of stored energy in vehicles instead of relying on costly/harmful power stations. This would lessen the burden placed on current power plants whilst acting as a solution to costly peak plant generators, this would also reduce maintenance costs of these facilities. All this will lead to savings of billions of pounds from the power sector along with providing the grid with a flexible, controllable load with load levelling during off-peak periods (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001; BBC News, 2021; The Guardian, 2021).
PHEVs can be used to help balance the frequency of the grid by acting as an energy producer/load. When a shortage of energy is seen it can be taken from the vehicle, when there is an overabundance of energy it can be placed back into the vehicle. Using the vehicle like this allows the following to be achieved:
· Reduction in the use of spinning resources (extra generators attached to the grid)
· Help in responding to unexpected equipment failures. 
· Stabler operation of the grid due to their ability to act as an ancillary service.
· Reduction in the use of protection relays and possible reduction in the impact of contingencies.
· Reduction in capital cost/maintenance of spinning resources.
[bookmark: _Hlk88226324](Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001)
Due to the use of the vehicle, power companies will provide reductions in the cost of electricity tariffs in addition to compensation due to damage caused to the battery due to repeated discharging/charging (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).
During a power outage, the PHEV can be plugged into the house independently and used as a power source. A Toyota Prius can produce at least 3 kilowatts continuously, this makes it capable to power a house during a blackout (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).
The storage of energy produced by renewable sources faces three main issues; location, cost and technology, V2G can be a solution to this problem. Energy generated by renewable sources sees peaks in energy output at different points threw out the 24-hour cycle, the issue arises when a range of renewable energy sources are used and these peak outputs happen at different times, this leads to problems integrating renewable energy resources into the grid. By using V2G, these energy peaks can be placed into vehicles and then placed back into the grid when needed; this again helps with the balancing/storage of energy in the grid (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).
V2G is still in its infancy of development, with a range of testing that still needs to be done before completion. This Is primarily to do with the destructive attributes the process has towards the battery/vehicle. Another issue facing V2G is for the ideas above to work the infrastructure needs to first be put in place, this would cost a lot and be dependent on whether people will use V2G; the more people who use the grid the cheaper it will become to run (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).


[bookmark: _Toc88299735]Ethical Issues
Lithium is used in everything from phones to laptops and off present-day cars, but obtaining the metal for use is a very lengthy and harmful process. Mining lithium alters from location to location but one thing all sites have in common is the use of harmful chemicals to saturate surrounding areas to remove the lithium in a usable state (Katwala, 2018).
The South American salt flats are said to hold half the world’s lithium. Removing this starts by drilling holes in the salt flats and pumping salty, mineral-rich brine to the surface. This is left to evaporate over months leaving behind a mixture of magnesium, potassium, borax and lithium salts. This salt mixture is then repeatedly saturated and evaporated for 12-18 months until lithium carbonate can be extracted, this method of lithium collection is cheap but requires 500,000 gallons of water per tonne of lithium (Katwala, 2018).
Due to the quantities of water, it was seen that surrounding local farms were starting to see water shortages along with toxic chemicals (hydrochloric acid) leaking into the surrounding water supplies, leading to the death of wild and farmed animals in the area. Even when traditionally mining lithium, chemicals have been found to contaminate surrounding water sources. Research found that fish as far as 150 miles downstream were being impacted by lithium processing; this mining process has also been found to pollute the soil and cause air contamination (Katwala, 2018).
Alongside lithium, the mining of cobalt is also taking its toll on the planet/surrounding communities. With cobalt being toxic straight out of the ground it starts to be problematic when due to its abundance and ease of obtaining, people start using child labour to mine the substance in great quantities. Alongside the harms stated above, other factors such as human interaction between minors and locals have shown to also cause an issue with the process (Katwala, 2018).


[bookmark: _Toc88299736]Practicalities of using such technology
A project started back in 2018 found the following when trying to implicate V2G into the UK. The project and technology used are expanded upon later in the report. 
1. Cost of charging hardware/installation: Installation of V2G across the country came to a cost of around £3,700, this price is higher than that of a smart charging point. However, this is expected to decrease as mass production increases.
2. Vehicle Compatibility: The only vehicle at the time capable of contributing to V2G was the Nissan Leaf, due to this the number of people able to or wanting to commit to V2G was greatly reduced. This demand for compatible cars will need to be met by the automotive sector leading to an increase in vehicle sales and revenue for manufacture. This increase in funds could also lead to further development in the blending of automotive and green energy production (solar panels on roofs of cars). It can be seen that car manufactures such as Tesla and VW are looking into adding bi-directional charging to their vehicles for the future (Lambert, 2020; Edelstein, 2021).
3. Certifications and localising V2G: Delays in the V2G hardware gaining the needed certification along with the connecting of chargers to distribution networks was experienced.
4. due to the infancy of the idea/technology funding and marketing was hard to inquire.
(Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001; Ofgem, 2021).
V2G Is reliant on the vehicle having a remaining charge to give back to the grid during peak energy demands, this will lead to the vehicle needing to be charged more causing inconvenience to the driver. Along with this the depth of discharge of the PHEV affects the longevity of the battery, as the depth of discharge increases the life of the battery reduces. This is common with V2G with vehicles being repetitively charged/discharged coursing quick damage/cost to the owner (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001). 
[bookmark: _Hlk88226436]The greater the rate of charge/discharge over an extended period (like when used for V2G) means the greater the temperature of the battery and surrounding components, prolonged exposure to these temperatures can cause damage to components. This leads to a decrease in vehicle efficiency and an increase in vehicle servicing, all this leading to inconvenience to the driver (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).


[bookmark: _Toc88299737]Current Charging Technology

[bookmark: _Toc88299738]Regular Charging System
When looking at the charging of an EV or PHEV it can be seen there are many variations in charger types, speeds and whether they support V2G or not (Jones et al, 2021).
Charging can be viewed in two different lights, they are:
1. First is looking at the vehicle like an appliance, this disregards the large loads associated with charging/battery capacity.
1. The second is smart charging, this is charging the vehicle during times of cheap power or low energy demand. Another variation of this is turning the charger on and off depending on grid power/price, this could prove inconvenient for the driver but can also offer aid in grid frequency control.
(Jones et al, 2021).
There are two variations of charging setups, these are:
1. On-board chargers – An AC/DC converter is stored in the vehicle with the vehicle connecting to an AC power supply. These chargers have a lower power capacity due to size/weight consideration, due to this their design is also a lot simpler.
1. Off-board chargers – the AC/DC converter is stored outside the vehicle and provides a DC power supply. These chargers do not face sizing/weight issues and due to this have higher power capacity/complexity.
(Jones et al, 2021)
Most vehicles will have an on-board charger and will accept DC connection to an off-board charger. Most chargers are two-stage converters, with the first stage being where the AC/DC converts AC input to an intermediate DC output. The second stage takes the DC output and feeds it into a DC/DC converter that provides increased control over the DC power flow of the vehicle's batteries (Jones et al, 2021).
When looking at charging standards and plug design, there are many variations across the world mainly due to the different countries/regions where vehicles are manufactured, some of these can be seen in appendix A (Jones et al, 2021).
Chargers are also described based on their charging speed; this can differ depending on location due to changing technology around the world (Jones et al, 2021).
1. Level 1 charging refers to single-phase power at the standard AC network supply voltage, this comes in around 120V or 240V with 10A and 16A depending on the country.
1. Level 2 refers to high-power AC charging with two and three-phase supply voltage and at a greater amperage. This level of charging normally involves a dedicated circuit and wall box (AC chargers will use the vehicles onboard charger).
1. Level 3 charging refers to DC fast charging, which in cases will bypass the on-board charger
Depending on the country the levels also can change, with some countries a 240 V charger maybe a level 1 and in others a level 2. The mode of charging will also alter depending on the country with 2,3 and 4 charging being the same as levels 1,2 and 3 respectively (Jones et al, 2021).
For more in-depth information surrounding charging systems refer to Briones et al (2012).
[bookmark: _Toc88299739]V2G Charging Infrastructure 
This section will discuss and expand upon the project mentioned previously.
A V2G program was started in April of 2018 to produce an efficient V2G system. some of the main names tied to this program are OVO energy, Kaluza, Nissan Motor Company, research consultancy Cenex and Indra Renewable technology. there was funding support from Office for Low Emission Vehicles and the Department of Business Energy and Industrial Strategy (BEIS). Since the start of the program, 330 V2G devices have been fitted across the UK (Ofgem, 2021).
The V2G system was connected to Kaluza’s platform. The system placed energy into the vehicles when an abundance of renewable energy was present, this energy was then placed back into the grid based on the live demands of the grid. This was all controlled with artificial intelligence which used real-time market signals (wholesale electricity price feeds, weather and grid data) to automatically charge the vehicle when price/carbon levels were low; it also controlled when to place energy back into the grid. To inshore the user still had some control an app was produced which allowed the user to state when they wanted the vehicle charged, this charging is then done using the cheapest energy available at the time; this could be green energy. The app can also inform the user whether their vehicle is supplying/taking energy from the grid (Ofgem, 2021).
Looking into the future it is estimated that by 2030 the UK could have 11 million EVs on the road. If only 50% used V2G this would open up 22 TWh of flexible EV energy per year providing 16GW of daily flexible capacity to the grid (Ofgem, 2021).
[bookmark: _Hlk88226396]People who take part in this V2G grid plan will be paid 30p per kWh, with a yearly figure calculated at £725 (Ofgem, 2021).


[bookmark: _Toc88299740]Discussion

Integrating V2G into the grid provides a large array of benefits. The first of these is a reduction in the use of coal/fossil fuel power stations as peak demand generators, threw doing this a pollution reduction will be seen. ESO spent £86m on keeping coal power stations going, with the use of V2G this could be greatly reduced and large sums of money saved and redirected into greener forms of energy. Money can also be saved due to V2G ability to help balance grid frequencies, this removes the need for spinning resources, relays and possible reductions in the impact of contingencies along with providing help in response to unexpected equipment failures (BBC News, 2021; The Guardian, 2021; ResearchGate, 2021; Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).
Although V2G will benefit the grid from a running and financial standpoint there are still problems. The integration of V2G into the grid proved to be very expensive when carried out in a recent project, it was found that the installation of chargers across the UK came to £3,700 (more expensive than a smart charger); another issue experienced was the gaining of certification for chargers along with connecting the chargers to various distribution networks. Other problems to be faced by V2G is not to do with the grid but with the vehicles, with there being a limited number of vehicles on the road that support V2G (Nissan Leaf) this greatly limits the number of people who can use the V2G system. With this being said companies like VW and tesla will be bringing out models with bi-directional charging. (Lambert, 2020; Edelstein, 2021; Ofgem, 2021; Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001)
There are two main areas in which the V2G system affects the user. The first is the financial benefits, it has been estimated that a person can be paid 30p per kWh or £725 a year for allowing their car to be used for V2G. The second point is the charging and discharging of the vehicle and how this could prove to be burdensome for the user, with the vehicle being complete/partly discharged this creates a situation where the user will need to charge the vehicle more often. This problem has been addressed with the use of an app produced by Kaluza’s, this app allows the user to decide when they want the vehicle to finish charging and allows them to know when the vehicle is providing/taking energy from the grid (Ofgem, 2021; Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).
[bookmark: _Hlk88229064]Batteries also provide a problem for the integration of V2G into the automotive sector with the main issue being the obtaining of lithium. Lithium mining is extremely harmful to the environment, with the saturation of the ground with harmful chemicals the mining process has been found to poison key waterways polluting the soil and producing air pollution. This can also be said for the mining of cobalt which makes use of child labour. To reduce the impact of mining methods harvesting lithium from saltwater has been looked into (Katwala, 2018). Another problem faced with batteries is their longevity. This is reliant on the depth of discharge and the battery temperature when used, As the depth of discharge increases and the rate of charge/discharge gets greater the hotter and more worn out the battery becomes; this leads to a decrease in battery life and an increase in maintenance for the user of the vehicle (Pandy et al, 2015; Morash, 2013; Zhou & Li, 2015; Kempton et al, 2001).  


[bookmark: _Toc88299741]Conclusion 

The main problem with V2G is the implementation of chargers up and down the UK. With the process costing £3,700, there were also issues with getting certification for chargers along with connecting them to various distribution networks. The cost of installation/grid modifications will drop as the number of users increase along with the levels of mass production.
A key problem with V2G is the automotive sector, specifically batteries. The V2G system involves repeatedly charging and discharging the vehicle's battery, this causes temperature increase and wear to the battery its self due to the depth of discharge and rate of charge/discharge experienced by the battery. Due to this not only will the maintenance and cost to the user increase but also the need for a new battery to be developed, this proves a problem when considering the need for lithium/cobalt and how the substances are mined. Mining these substances produces a large array of water, ground and air pollution due to chemicals used, they also make use of child labour. Mining also causes great problems for the local people around the mines, problems in farm irrigation due to the mining process requiring 500,000 gallons of water per tonne of lithium; along with the poisoning of livestock and wildlife. All this makes the batteries used in EV/PHEV technologically/environmentally inefficient. Progressions towards harvesting lithium from seawater may reduce this negative impact and help towards V2G being better implemented in vehicles.
With all this being said the positives of V2G can be seen with it providing great support to the grid and even greater financial support to its users (£725 a year), it is also being seen that companies like VW and Tesla are bringing out models with bi-directional charging. With this, it cannot be ignored the financial inefficiencies of the charging system compared to that of regular smart chargers along with the moral and technical issues with current batteries. From all this, it can be concluded that at the current time V2G would not be able to be implemented efficiently into everyday use/the grid due to the infancy of the V2G charging technology and the current availability/morality of battery technology within the automotive sector.


[bookmark: _Toc88299742]References 

BBC News (2021) UK fires up coal power plant as gas prices soar, Available at: https://www.bbc.co.uk/news/business-58469238 (Accessed: 19th November 2021).
Briones, A. Francfort, J. Heitmann, P. Schey, M. Schey. S & Smart, J. (2012) Vehicle-to-Grid (V2G) Power Flow Regulations and Building Codes Review by the AVTA, n.a: INL Idaho National Laboratory.
Edelstein, S. (2021) Mass-market VW EVs will have bidirectional charging starting in 2022, Available at: https://www.greencarreports.com/news/1131835_mass-market-vw-evs-will-have-bidirectional-charging-starting-in-2022 (Accessed: 19th November 2021).
Jones, L. Lucas-Healey, K. Sturmberg, B. Temby, H & Islam, M. (2021) The A to Z of V2G, n.a: The Australian National University.
Katwala, A. (2018) The spiralling environmental cost of our lithium battery addiction, Available at: https://www.wired.co.uk/article/lithium-batteries-environment-impact (Accessed: 17th November 2021).
Kempton, W. Tomic, J. Letendre, S. Brooks, A & Lipman, T. (2001) Vehicle-to-Grid power: Battery, Hybrid and Fuel Cell Vehicles as Resources for Distributed Electric Power in California, University of California: Inst. of Transportation Studies.
Lambert, F. (2020) Tesla quietly adds bidirectional charging capability for game-changing new features [Update], Available at: https://electrek.co/2020/05/19/tesla-bidirectional-charging-ready-game-changing-features/ (Accessed: 19th November 2021).
Morash, S. (2013) Vehicle to Grid: Plugging in the Electric Vehicle, n.a: Vassar College.
ofgem (2021) Case Study (UK): Electric vehicle-to-grid (V2G) charging, Available at: https://www.ofgem.gov.uk/publications/case-study-uk-electric-vehicle-grid-v2g-charging (Accessed: 19th November 2021).
Panday, A. Agrawal, H.P & Bansal, H.O. (2015) Integration of the Vehicle-to-Grid Technology, Pilani, India: Birla Institute of Technology and Science.
ResearchGate (2021) n.a, Available at: https://www.researchgate.net/figure/Average-UK-household-electricity-demand-against-time-of-day-for-weekdays-and-weekends-in_fig9_324141791 (Accessed: 19th November 2021).
The Guardian (2021) Britain's last coal power stations to be paid huge sums to keep lights on, Available at: https://www.theguardian.com/business/2021/sep/13/britain-last-coal-power-stations-to-be-paid-huge-sums-to-keep-lights-on-record-energy-prices (Accessed: 19th November 2021).
Zhou, Y. Li, X. (2015) Vehicle to Grid Technology: A Review, China: Shenzhen Institutes of Advanced Technology.


[bookmark: _Toc88299743]Appendix A: Charging Standards (Jones et al, 2021).

	Name
	Standard 
	Location of Rectifier
	Supports V2G

	Type 1
	SAE J1772-2009
	On-Board
	No

	CCS Combo 1
	SAE J1772-2009
	On-Board and Off-board 
	No

	Type 2, Mennekes
	IEC 62196/SAE J3068
	On-Board
	No

	CCS Combo 2
	IEC 62196
	On-Board and Off-board 
	No-Planned 

	CHAdeMO
	C601, IEC62196
	On-Board
	Yes

	Guobiao
	GB/T 20234
	On-Board and Off-board 
	No

	Tesla
	N/A
	On-Board and Off-board 
	No
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