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[bookmark: _Toc87453620]1.0 - Introduction
This research paper is looking into the feasibility for widespread employment of vehicle to grid (V2G) as a solution to peak energy demands in the UK.
Within the paper, contemporary environmental issues raised by the automotive industry will be analysed as well as investigating the technical and legislative arguments for each response. A variety of areas will be covered such as immediate and long terms implications, charging technologies, electricity supply demand, grid capabilities and ethical issues.
With V2G being relatively new technology, reports like this will be created and used to help governing bodies and manufacturers design and create new products, legislation, and infrastructure to aid with the power demand that will come hand in hand with the ever-growing popularity with EV methods of transport.




[bookmark: _Toc87453621]2.0 - Background
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Description automatically generated]V2G charging is referred to the 2-way flow of electricity or bi-directional flow of electricity from the grid. This is done via specific DC chargers, which will be discussed later in the paper. EV owners will be able to choose whether to charge their vehicle or sell the energy that is stored in the vehicle back to the grid. [bookmark: _Toc87453099]Figure 1 - How V2G Operates (Newmotion, 2021)

Vehicle to grid (V2G) charging technology allows participating customers to save or earn money by allowing their EV batteries to store energy and discharge it back to the national grid, or their own buildings, when it’s most needed – for instance at peak demand during the day when usage and costs across the UK are at their highest. This way V2G also increases the positive impact electric vehicles already have in reducing carbon emissions, by supporting the introduction of renewable energy sources to the grid. (EDF Energy, 2021)
The main idea behind V2G is to take advantage of electric vehicle batteries when they are not used for driving, by charging and/or discharging them at appropriate times. For example, EVs can be charged to store excess renewable energy production and discharged to feed energy back into the grid during consumption peaks. This not only supports the introduction of renewable energies to the grid, but also prevents the use of fossil fuels thanks to an improved management of the grid. Therefore, V2G is a ‘win’ for the user (thanks to V2G monthly savings) and the positive environmental impact. (EDF Energy, 2021)


[bookmark: _Toc87453622]3.0 - Discussion 
Within this section of the paper, different aspects of V2G will be researched and analysis whether V2G is a feasible technology idea and the implications of the implementation of V2G within the automotive sector.
[bookmark: _Toc87453623]3.1 - Immediate
A study looking into the degradation of a battery while in use with V2G performed two different simulation tests. The first was simulating the impact of reciprocal energy flow on commercial lithium-ion batteries in maximising a car owner’s profit, this test was trying to sell as much cell capacity as possible during a peak one-hour period. While the second test simulated using V2G as a tool to adjust a battery’s rest conditions to improve its longevity. Both tests used the same battery model however the results brought different conclusions. (Uddin, 2021) 
The battery using the V2G smart technology could reduce the capacity and power fade of an EV battery by up to 9.1 and 12.1% respectively. whereupon the first tested battery had an estimated up to 5-year reduced life cycle and increasing capacity loss by 75% over an 18-month period. (Uddin, 2021)
The statement from European Commission stating the batteries performance makes the V2G technology seem like a feasible option, as they have started to provide clarity on how EV battery life can be reliably extended. However, current studies on V2G, model batteries without considering their degradation. This is an important factor which brings implications to governing bodies, manufacturers and lastly consumers.
[bookmark: _Toc87453624]3.2 - Long-term implications
Since all EV’s require a battery and the current go-to technology is the lithium-ion battery, although mentioned in the immediate implications section. Batteries will be continued to be manufactured and lithium will continue to be mined until it is no longer sustainable. However, to most lithium is a rare metal which will only become harder to obtain.
Katharina Gerber PH. D released a paper which stated Lithium is not rare per definition. The terminology, “rare metal”, does not come from academia and there is no consensus on which element it pertains. Some countries, like Japan, consider lithium as rare, others, such as Europe, list lithium as a critical mineral.
The consensus is that lithium is the 33rd most common element in the Earth's crust (right behind cobalt and two places before lead). As a whole, the Earth's lithosphere contains approximately 17-20 parts per million (ppm) of lithium. The issue with it is that lithium is widely distributed in trace amounts in rocks, soils, and oceanic and sea waters and only a fraction of identified lithium resources is in theory economically feasible for extraction (lithium reserves). In practice, at least a quarter of the global lithium reserves cannot be developed in the near future due to the political (Bolivia) and technical (lack of infrastructure for energy and water access) issues. 
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Description automatically generated]Lithium industry has done well continuing the exploration of new lithium resources worldwide. Since 2001 the identified lithium resources have increased substantially worldwide from 12 million metric tons to about 86 million tons by 2020. At the same time the estimated global lithium reserves increased from 3.4 million metric tons in 2001 to 21 million metric tons in 2020. (Gerber, 2021)[bookmark: _Toc87453100]Figure 2 - Identified Lithium Resources (Gerber, 2021)

These statements all sound very promising for the future of lithium mining and their use in lithium-ion batteries within EV’s. Though Gerber continues within her paper and says each EV battery consists of 30-40% of valuable cathode material by weight. Even if the lithium percentage in the lithium-ion battery accounts for only 7%, the total amount of lithium needed for 140 million vehicles equals 3,000kt of lithium content. In this case the currently known natural reserves of lithium would run dry during our lifetime. (Gerber, 2021)






[bookmark: _Toc87453625]3.3 - Electricity demand solutions and grid capabilities
High voltage DC (HVDC) technology development. Allows for more efficient (x5) transport of power compared to AC, especially with regards to offshore. HVDC is more expensive compared to AC but due to its gain in efficiency can pay back the initial outlay once link reaches 700km in length, thus making it ideal for creating energy superhighways that cross continents. (Professional Engineering Corporation, 2021)
HVDC lines can be submerged in water offshore and not suffer with losses that AC transmission must deal with. Several HVDC connections are already in place within Europe with the highest voltage connections running at 500kV. China and India already have connections that already run at 800kV. (Professional Engineering Corporation, 2021)
Existing HVDC connections have two terminals and power flows from one to the other. A project in Sweden is underway which will be the first system which has more than two terminals in Europe. However, integrating connections this way is difficult due to having to break a DC circuit on an industrial scale. Since DC systems have a constant current which doesn’t pass through zero means there is no opportune moment like there is with AC systems. Circuit breakers are used when breaking a DC system as this diverts current into a parallel circuit where semiconductors block the current. These circuit breakers are critical to the Supergrid for safety and being used to isolate the system with fault finding. If these faults aren’t found, the current is allowed to build up to high levels and damage converter stations. (Professional Engineering Corporation, 2021)
Dr Keith Bell of Strathclyde University disagrees with the vital usage of circuit breakers and says it is possible to build a Supergrid without circuit breakers. However, the network operator National Grid will need to ask questions such as how much does the technology cost to implement and if the extra abilities it will give them is worth the increased price tag. Operators like National Grid will need to know how much electricity consumers are using on an hourly and daily basis so they know how much to import from Europe or how much of their own power they can send to other parts of the grid. Unfortunately, this information isn’t available now even though the technology for this new type of smart and flexible grid is available. (Professional Engineering Corporation, 2021)
After reading the Supergrid article, it has become clear that the technology is heading in the right direction but there are big hurdles within which are stopping the progression of V2G on a hardware and data level. This starts the thought of what can be done to change these obstacles like not having the data from operators like National Grid.

[bookmark: _Toc87453626]3.4 - Any ethical issues that might occur
Creating sufficient power within the grid to support more EV vehicles, although HVDC connections to a supergrid would be a great increase, the UK will still need to construct more power stations. Depending on which power station is created, the ethical issues will fluctuate. With regards to nuclear power stations, with events from Fukushima and Chernobyl all in recent history, the development and use of nuclear power has been hotly debated for decades. (Xiang & Zhu, 2011)
A lot of the debates and what commonly comes up within the debates has been documented by the World Nuclear Association with state key points from each topic with nuclear power. Although the above statement would push the thought of nuclear being a dangerous method of power generation, but the World Nuclear Association have stated that major studies all conclude that nuclear is an exceptionally safe way to produce electricity on an industrial scale. Nuclear has by far the lowest number of direct fatalities of any major energy source per kWh of energy produced – over 100 times less than hydro and liquefied natural gas. (Nuclear Energy Agency, 2019)
Serious nuclear accidents are very rare, and not particularly dangerous. The April 1986 Chernobyl accident in Ukraine is the only nuclear accident that has ever led to measurable health effects: 30 fatalities and up to 4000 thyroid cancer cases in those who were children when exposed. (UNSCEAR, 2008) (Bennett, Repacholi, & Carr, 2006)
The March 2011 accident at the Fukushima plant in Japan did not cause any immediate health effects and is unlikely to cause any future health effects according to the United Nations Scientific Committee on the Effects of Atomic Radiation. (UNSCEAR, 2008) (World Nuclear Association, 2021) (United Nations Environment Programme, 2013)
The UK Government is about to approve funding for a small reactor modular reactor (SMR) or also known as a mini nuclear reactor, the project was being managed under the name UK SMR but will soon change to Rolls Royce SMR. These SMRs are supposed to be easy to build and install compared to regular nuclear power plants but will have a capacity of 470 megawatts which on average is enough power for 1.3 million homes based on average UK household power usage. 
Rolls Royce have stated “A single Rolls-Royce SMR power station will occupy the footprint of two football pitches and power approximately one million homes. It can support both on-grid electricity and a range of off-grid clean energy solutions, enabling the decarbonisation of industrial processes and the production of clean fuels, such as sustainable aviation fuels (SAF) and green hydrogen, to support the energy transition in the wider heat and transportation sectors.” (Rolls Royce, 2021)
Nuclear energy is considered as a sustainable energy source that reduces greenhouse gas emissions and produces far less wastes than conventional energy. On the other hand, nuclear fuel and wastes are highly radioactive, posing many threats to public health and the environment. Safety is another big concern, since most of nuclear power plants are in densely populated areas. Nuclear accidents are catastrophic on a global scale, which has caused public fear of nuclear power. (Xiang & Zhu, 2011)
There are other power generation methods such as wind turbine farms. These farms take up considerably less space and land compared to its fossil fuel alternatives however do still come with their own ethical issues. While many people find the sight of turbines to be “pleasant and optimistic” because it “symbolizes energy independence and local prosperity,” others argue that the tall, large turbines ruin the landscape and emit noise that interferes with their everyday life. (Lopazanski, 2012)
Additional ethical issues can be related lithium mining, continuing on from section 3.2, as well as the lithium sources being limited, the methods used to extract the material is a highly debated issue. Lithium can be mined in various methods however, in Bolivia and Australia is acid leaching, this is from leaching spodumene ores that produce a lithium sulfate solution, to be converted to the useful lithium carbonate, electrochemical processes are introduced. Pumping the ground with substances will always be an ethical issue due to land degradation and the destruction to local habitants.
[bookmark: _Toc87453627]3.5 - Practicalities of using such technologies for my area
There are companies like EDF Energy that have V2G Package(s) which allow businesses to get up and running on the smart charging technology with not many requirements. Operators like EDF requires a half hourly metered supply, three phase connection and a V2G compatible EV like the Nissan Leaf which is a 5-door compact car or a Nissan e-NV200 which a small compact courier van. In return, EDF provides: 
•	Vehicle to grid charger
•	Full installation
•	Ongoing support and maintenance
•	Asset management & reporting portal
•	Vehicle to grid monthly savings
•	Vehicle to grid compatible car leasing and purchase through our partners
DPD has been using the Nissan e-NV200 successfully for deliveries over the last 18 months. Feedback from their drivers so far has been extremely positive, and the company has developed its own in-house training to help drivers adapt to electric vehicles, as part of a comprehensive vehicle handover programme. (EDF Energy, 2021)
The Nissan e-NV200 can cover a WLTP-approved 124-187 miles on one charge and can be rapid charged to 80% in around 60 minutes, or to full in less than eight hours with a wall box.
As the courier service only delivers during office hours, throughout the night whilst the van is idle, leftover charge can be distributed back into the grid but also getting a full charge ready for the next working day. V2G works very well in this scenario as the vehicles won’t be needed unexpectedly or at random due to all vehicles having plans and timetables for when in use, in place. (EDF Energy, 2021)
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Description automatically generated]Newmotion, a member of the Shell Group, have released data showing the percentage of EV either and work or home against hours in the day and where charging said vehicles could aid with electricity consumption.[bookmark: _Toc87453101]Figure 3 - When are Electric vehicles idle? (Newmotion, 2021)

The chart demonstrates that EV’s that are charged between 11am and 4pm will smooth the demand during these hours and allowing for grid operators increased time to adjust for the increased power consumption. (Newmotion, 2021)
Newmotion also provided a statement saying “By drawing power from the grid during the midday hours when solar output is greatest, electric vehicles can soak up the sun-generated power and in turn reduce the evening ramp-up by returning power to the grid” which aids the argument for V2G technology.
Regardless of how promising this data is, DPD and other courier services all mainly operate during office hours which will charging during 11am to 4pm which means charging time.
More simple day-to-day issues that come with V2G and regular EV charging, how can people living within busy cities or living within high story accommodation safely and successfully. A common practicality issue that often arises is the charging cables themselves. If the majority of vehicles on the road are EV then a system will need to be designed to ensure cables aren’t causing obstructions across roads and pathways, these cables could also be a trip hazard as well as a possible target for vandalism.

[bookmark: _Toc87453628]3.6 - Current charging technology
Currently in the EV industry, charging is generally unknown unless having owned or had to use an EV in the past and even then, it can be confusing and generally an off-putting experience while also increasing range anxiety (the fear of running out of power on a journey). 
Unlike filing up an ICE vehicle with diesel or petroleum, EV charging is not at the same level of accessibility, hardware and software wise. These differences are the reason it can be so challenging and causing hesitation for those wanting to switch to EV. These differences can vary between connectors and electricity flow however the main concern for V2G technology to be implemented and successful, the chargers must be bidirectional flow.
Currently either the chargers or the EV itself will need a converter to allow the grid AC power supply to work with the car DC system. With bidirectional chargers, all contain internal converters that handle the conversion as well as the amount of power supplied to and from the battery.
Although DC charging is a must for bidirectional charging, some chargers use AC power supply and there is no recognized standard across OEM EV’s. An example of this is Nissan using the CHAdeMO connector whilst other manufactures use CCS-1 in the USA and CCS-2 in Europe, and to make it more confusing, Tesla may use either of the options or even their own port design and connector. (POD, 2021)
V2G charging only uses the CHAdeMO DC connectors and there are only a select few cars which are currently V2G, Flexi-Orb released a statement on 1st October 2019 listing the cars that support and are capable V2G charging, these are:
•	Nissan LEAF 
•	Kia Soul
•	Mitsubishi Outlander
•	Nissan e-NV200
(Flexi-Orb, 2021) 

[bookmark: _Toc87453629]4.0 - Conclusion
To conclude the report, after performing the research on V2G technology. It has the potential to be a successful solution to the peak energy demands in the UK however there are certain negatives which hold the technology back for immediate enrolment. For example, lack of V2G cars that are currently for sale and the current UK electric supply from the grid, it is simply not ready to cater for millions of EV cars wanting to be charged regardless of them returned unused energy in their batteries. 
Also as seen with PHEV’s, the owners may not use the technology as the manufacturers intended. Some PHEV owners do not charge the EV system within and rely on the ICE within the vehicle, which in turn decreases the efficiency of the car. This raises concerns to whether owners would allow their cars to return energy to the grid even though governing bodies are pushing for financial benefits with V2G. While owners may think it is easier to keep the energy stored within the vehicle, so it is ready for the next time the vehicle needs to be used. 
Although there can be negatives which hold V2G back for the time being, V2H and V2X maybe other solutions to look into and consider for a sooner employment.
V2X is vehicle to everything and is more suited to the individual as well as smaller office solutions. V2X can be described very similar to V2G though with added benefits. Those primarily being relative to efficiency and accessibility. The charger used for V2X is much smaller and lighter than the relative V2G chargers. Due to the V2X chargers packaging being improved it has eliminated the inconveniences such as installation of the V2G chargers being complex and hard to access resources. The Newmotion V2X system has is superior to the V2G system due to the response time of changing the charging direction has considerably increased. (Newmotion, 2021)
V2H is vehicle to home technology and this system is like the two previous mentioned energy storing and bidirectional systems however V2H is currently directed at individuals due to it allowing power from the EV to be transferred and aid with powering the household. An example of how this may work could be by charging automobile batteries during the night, when power consumption is low, and using it in the home during the day, when power consumption is high, overall power consumption during peak times can be reduced. V2H can also be named or known as V2B which is vehicle to building.
To bring the report to an end, V2G technology has opened the door for great research and new technology to be produced however currently isn’t the best option for widespread employment of the technology as a solution to the peak energy demand but with the aid of all the other energy and power systems related to EV’s such as V2X, V2H and V2B, the power surge demand could be smoothed out in the near future.
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