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[bookmark: _Toc88505110]1 Introduction

With concerns on clean energy and issues environmentally, electric vehicles have attracted attention from Governments, industry, and customers. Due to the UK Government announcing their emission changes set for 2030, which include no emissions from the tailpipes, this is projected to contribute to the sale of electric vehicles by 60%, thus creating demand on the national grid, which includes peak demand hours. (Gough et al., 2017) Electric vehicles are now regarded as one of the most effective ways to reduce the UK dependence on oil and gas emissions and increase energy conversion efficiency. The Concept of the Smart Grid will give electric vehicles an added role to return unused energy into the national grid. These electric vehicles would then be called gridable electric vehicles (GEV). This report will analyse the feasibility for the widespread employment of vehicle-to-grid for domestic/ company/ factory based automotive applications technology as a solution for the energy demands in the UK.
[image: Vehicle to Grid (V2G) Training Workshop – 31/1/2018 | Sustainability West  Midlands]




[bookmark: _Toc88330188][bookmark: _Toc88410173][bookmark: _Toc88411288]Figure 1- Vehicle to grid basic concept diagram (Vehicle to Grid (V2G) Training Workshop – 31/1/2018 | Sustainability West Midlands, 2018)
Figure 1 shows the concept of the vehicle-to-grid technology on a basic level to understand the process.
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[bookmark: _Toc88505112]2.1 Current and future electricity demand on the grid

Recently, the electric car market has been on the rise, with over 186 per cent increase of the car registrations in 2020 from the previous year 2019.(Willems, 2021) In 2020, the total electricity demand was 331,448 GWh, which decreased from previous years despite the increase in population. This is due to more energy-efficient items such as lighting.(Total electricity demand UK 2020 | Statista, 2020) However, with the increase of more households becoming more energy-efficient, the transportation industry is due to follow these procedures to become net-zero, meaning to reduce emissions due to the UK Government green plan, which is set to ban new sales of petrol and diesel vehicles by 2030 and no emissions from tailpipes by 2035. (Harrabin, 2021)
This has given people and industry little choice but to invest in electric vehicle development. 
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[bookmark: _Toc88330189][bookmark: _Toc88410174][bookmark: _Toc88411289]Figure 2- Number of EV on UK road prediction between 2013-2018 (Evans,2018)
Figure 2 shows how predictions have increased every year for the number of electric vehicles on the road. 
The increase of the demand could see peak demand of electricity by 3-8 gigawatts by 2030. (Evans, 2018) Recent research shows that people charge their vehicle as soon as they finish work, many vehicles would have 50-60% charge left in the vehicle, but with mileage anxiety, people charge their car as much as possible due to many charging stations not having fast chargers or car parks not having enough charging points on the premises, resulting in vehicles with excess energy. This unused energy could be returned to the grid, which would assist with the increase of demand. (Gough et al., 2017)
Current electric vehicle owners, as mentioned, tend to charge their cars at the end of their working day, which coincides with when energy demand is already at its peak. The draw on the grid for each electric vehicle is estimated to be an equivalent of an entire house. For example, if a network line had 2000 homes and 400 of those homes decided to charge their cars simultaneously, the peak demand would increase by 20%. This demand on the grid would have consequences such as power outages which would disturb everyday life.(Flexi-orb, 2020)

To assist the future demand on the grid, the UK government is poised to approve funding for a fleet of mini nuclear reactors from Rolls-Royce, which will assist the UK target of zero-carbon electricity by 2035. There will be plans for 16 of these reactors around the country, and each reactor will have a capacity of 470MW, which would be enough power to supply 1.3 million homes. (Davies, 2021)

[bookmark: _Toc88505113]2.2 Current charging technology in the UK

Electricity is supplied in one of two ways, alternating current or direct current. When charging an electric vehicle, the power needs to be converted from AC to DC to be stored in the battery. This is done by a converter inside the charging system in the vehicle, this allows the car to be charged from home by a UK three pin plug, but the issue with this charging method is that it is prolonged charging which is usually at 10 Amps (2.2KW). (EV Home Charging EV OneStop, no date) There are now more than 42,000 charge point connectors across the UK in over 15,500 locations, including slow, fast, and rapid charging. There are no charging facilities in the UK for rapid charging because many electric vehicles in the UK do not have the capabilities to charge at 43KW. The most common charging is fast charging 7-22KW; this type of charging tends to be installed in car parks, supermarkets, and workplace parking. (EDF, 2021) This type of charging is beneficial to electric vehicle owners because it eliminates the mileage anxiety factor of EV ownership, but planning is still needed to make sure a fast charger is available within range if needed. 


[bookmark: _Toc88505114]2.3 Vehicle-to-grid technology
Vehicle-to-grid technology is returning energy stored in an electric vehicle’s battery back into the national grid, this type of technology is used to help the national grid’s energy supply at peak demand times. The charger will be connected to WIFI and will be a form of communication to the vehicle, the National Grid, and the electric vehicle charging infrastructure. This form of communication will gather numerous amounts of data to determine the best time for your car to charge. (Tweedale, 2020) This technology looks at how much electricity is being used in the local area and how many electric vehicles are charging at a particular time to ensure the car charges when it will not overload the grid. The electric vehicle owner would be able to see what the smart charger is currently doing via a mobile app; this app can also guide the user with advance trip planning and calculate what charge the vehicle would need. (Eurelectric, 2019) This technology can also be used for fleet businesses. 
The only cars that support this charging technology to date are Nissan Leaf and e-NV200, Kia Soul and a Mitsubishi Outlander. (Flexi-orb, 2020)
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Figure 3 shows four different models of V2G models and demonstrates the potential electricity and revenue flows across its stakeholders.
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This technology has numerous benefits: it will support the National Grid with concerns of grid overload due to an increase in demand, particularly with a potential of 8 GW increase in output. 
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[bookmark: _Toc88410176][bookmark: _Toc88411291]Figure 4- charging impact on UK electricity demand (Evans,2018)
Figure 4 shows where the peak demand would increase at the hours throughout the day. The vehicle-to-grid technology pictured would help reduce the peak demand and move the vehicle charging to off-peak periods, which could save money on energy bills for smart meter tariffs.

Another benefit will be fleet costs for businesses. It is claimed that fleets using this technology will reduce electricity operating costs by £12,000 per annum per electric vehicle. This would mean the benefit of this it would cost between £700-£1,250 per vehicle, which would also reduce the Co2 by approximately 60 tonnes per year for an electric vehicle, which helps with the aims of UK government becoming net zero. (E.ON, 2021)

By installing this technology during the trial period, electric companies such as E.ON offer rewards by exporting energy back into the grid; the company claims it will reward the consumer the equivalent of up to 10,000 EV driving miles. This means that running an EV car would not cost much during the early stages of this technology compared to petrol and diesel vehicles.

[bookmark: _Toc88505116]2.5 Immediate and long-term implications of V2G technology

In terms of implications, the clear one is the issue with the charger; this infrastructure relies on a WIFI signal to be effective. In some parts of the UK, there are country villages that may not have strong WIFI signals, if any available. Due to demand on the WIFI provider increasing and the current reliability of the WIFI, the provider service could crash more frequently. This could result in more maintenance for the provider service, which would result in WIFI bills increasing. Another implication of smart charging is the electric companies’ tariffs. The UK Government statement for consumer protection on smart ChargePoint states that consumers should not be unfairly disadvantaged in switching between energy suppliers with a smart charging tariff.(Office of low Vehicle emissions, 2019) Homes with V2G chargers could increase their energy bills by having this system if they do not own a V2G compatible vehicle. Consumers are very limited on companies that can supply their homes with the charger and have the desired tariffs for the V2G system. Current prices to instal chargers at home are around £800. (EDF, 2021)

There are ethical issues regarding the increase of electric vehicles; the batteries require materials such as cobalt and lithium to be mined. In the Democratic Republic of Congo, it is claimed that the country uses child labour as young as seven years old to assist with the cobalt and lithium demands and get paid as little as $1 a day. This sort of mining work is a dangerous material to be exposed to; hospitals near the mines report that children and young adults suffer from chronic lung disease due to cobalt dust. This sort of view on electric vehicles can taint the views of V2G because the grid wants help with electricity demand. However, there is no help or consideration towards the health of workers producing materials for the batteries, and due to V2G charging and de-charging the battery, this will reduce the lifespan of the battery; which means the vehicle will need a new battery thus more cobalt and lithium to produce a new battery. (Broom, 2019)
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[bookmark: _Toc88330191][bookmark: _Toc88410177][bookmark: _Toc88411292]Figure 5-increase of plug-in sales from 2016-2018 (Broom, 2019)	
This increase in sales is worrying when taking into consideration the amount of work needed and the rise of health issues in cobalt and lithium mining countries. The International Energy Agency predicts there will be 125 million in use worldwide by 2030 and potentially double that number if Governments step up the pace of legislative change. The long-term implication of this ethical issue is that the UK may become closer to becoming greener to zero emissions; this will cause other issues hidden from the public eye, which may be more concerning for the world's human rights. (Griffiths, 2021)

An issue with the vehicle-to-grid technology is that the charging points will have to be installed at homes and benefit if the home has parking in front of a garage; homes in heavily populated cities will struggle to carry out this form of charging. For example, in Swansea, many homes consist of 5 flats; this will cause problems if 5 of those tenants own electric cars because parking will cause an issue if the street contains 20 similar properties. The vehicle-to-grid technology will struggle to work in these types of areas. Ideas have come from an organisation called EVStreetCharge; this organisation is starting to install streetlights that have charging capabilities to charge electric cars and are looking into vehicle-to-grid charging solutions. This will be a long-term implementation because the company will need to work with local councils to carry out this solution. The considerable risk for this sort of technology is vandalism; some streets may not be in a wealthy area, so if someone owns an electric car, the damage could be done to the charger by other residents that do not own an electric vehicle.

An immediate implication of using this technology is battery degradation; due to the high number of charge and discharge cycles, many car manufactures do not provide a warranty on the battery on this type of technology. The known manufacturers that provide a warranty which includes this technology are Nissan and Mitsubishi. Other than the Nissan Leaf and Mitsubishi Outlander, these car manufactures are commonly rated lower than the competition, such as Audi, Peugeot, and Kia. This affects the ownership of electric vehicles because consumers are not going to use the V2G technology unless more companies support it and add the terms of the warranty to use V2G. (EVENERGI, 2021) 

Adding to battery degradation, most dead lithium-ion batteries get stored for long periods of time or go in a landfill. Lithium batteries can catch fire when close to a heat source for long period of time and dumping batteries in soil can contaminate the earth and water with harmful toxins. Recycling these batteries is expensive process due to them being smelted and have the material extracted. One long term implication of vehicle-to-grid is battery life will decrease at a quicker rate and the UK will need to invest more on battery recycling companies or solutions on the re-use of batteries. (White, 2020) One solution for this is to re-use the batteries to power streetlighting, many car manufactures such as Nissan, Tesla and Hyundai support these types of recycling.



[bookmark: _Toc88505117]3 Discussion

This technology would only work effectively if the infrastructure plan were reliable and if electric cars were more affordable than the petrol and diesel cars they wish to replace. One benefit of this technology is it opens new ideas for similar methods, such as vehicle-to-vehicle. This concept would also assist in reducing demand from the grid and making more use of the excess energy in the vehicle. For example, if a household had two vehicles compatible with this technology, they would share energy without requiring more from the grid. Also, a bonus add-on of this concept is power sharing at charging stations; this will drastically assist the grid with demand if business fleets use this charging (Krishnan, 2018), but manufacturers will need to add this sort of technology onto the warranty for this to be considered as mentioned in the research.

The major issue that would need addressing will be the mining of the raw material. As mentioned in the research, child labour and health issues taint the idea of owning an electric vehicle. Car manufactures need to reassure the public that their vehicles will not contain any material that is used or related to child labour or contribute towards safety equipment to the mining industry; the UK Government will also need to evaluate the ethical issues relating to the increase of electric vehicle ownership alongside reducing emissions to net-zero.

It is clear the grid will see an increase in demand as ownership of electric vehicles increases, and a solution is necessary. Vehicle-to-grid/vehicle technology will solve many potential issues the grid will face in terms of demand, but manufacturers will need to add this to their warranty policy. The UK will also need to conduct trials of this technology using different scenarios and situations and improve the infrastructure across the UK, which will include country living and farms.

Many households in the UK do not own a smart car charger; this can be purchased and installed by electric companies such as EDF. This would cost £800, as mentioned in the research. To many residents in the UK, the cost of this technology would be worthless. Electric companies will need to show a clear indication on their tariffs on how much savings they can have on their energy bills by having this technology installed on their homes to charge their vehicle and make the chargers cheaper to purchase.

With manufacturers having government funding to assist with the net-zero green plan, such as Rolls-Royce’s nuclear plants. This will assist the National Grid with the increase of electric vehicles, and if V2G technology is used alongside, the grid will be able to control the demand requirements by obtaining relevant data from the technology and assist with reducing the cost of energy bills for homeowners.


[bookmark: _Toc88505118]4 Conclusion 

To conclude this report, there seem to be more issues with the increase of electric vehicles, not only as the grid will have implications but also concerning ethical issues that will need to be addressed. In the UK, it seems that this technology is being tested on business fleets which are showing positive results, but for this technology to succeed on a citizen scale, a high level of work will be needed across the homes and parking of the UK to ensure all citizens can benefit with cost reduction of running an EV. The ideas that come from this sort of technology are promising, such as vehicle-to-vehicle, which can assist the grid with controlling the increase in demand and save costs on the consumer. However, the vehicle-to-grid technology will heavily depend on car manufacturers to support this charging system on their warranty policies. Otherwise, alternative solutions will need to be assessed, such as solar power charging assistance on vehicles.
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to more energy efficient items such as lighting. (Total electricity demand UK 2020 | Statista,
2021) But with the increase of more households becoming more energy efficient, the
transportation industry is due to follow these procedures to become net zero, meaning to
reduce emissions due to the UK Government green plan which is set to ban new sales of
petrol and diesel vehicles by 2030 and no emissions from tailpipes by 2035. (Harrabin, 2021)
This has given people and industry not much choice but to invest in Electric vehicle
development. The increase usage of electric vehicles will change the electricity demand
within the grid which would be in the night due to people charging the cars over night to use
within the day. The increase of the demand could see peak demand of electricity by 3-8
gigawatts by 2030. (Evans, 2018) Recent research show that people charge their vehicle as
soon as they finish work, many vehicles would have 50-60% charge left in the vehicle, but
with mileage anxiety, people charge their car as much as they can due to the electric

charging infrastructure.
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