





1. [bookmark: _Toc88500808] Abstract 
With the ever-increasing electric vehicle market, the power demand on the national grid may become a problem during peak times in the future. This report will analyse the feasibility of Vehicle to Grid Technology V2G as a solution to peak energy demands in the UK. This document will look at the long- and short-term effects of this technology. Installation costs and payback times are major factors with this technology. As the Uk Government proposes more targets for a greener future, the need for these types of technologies becomes greater. The report contains case studies, trials, and articles about V2G and V2X in use and all the results involved.
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2. [bookmark: _Toc88500809]Introduction 

The UK government has stated they will reduce carbon emissions by 78% by 2035 compared to 1990 levels. This brings incentives for industries to switch to more renewable energy sources and burn fewer fossil fuels. The UK has set the most ambitious targets in the world. This means that the need for new technologies is greater than ever in the UK and the opportunity is huge. (GOV, 2021) in 2019 the transport sector produced 27% of all greenhouse gasses in the UK. 
In June 2021 there were stated to be 39.2 million licensed vehicles in Great Britain. (RAC, 2021) The UK government has stated that in 2030 all-new motor vehicles purchased must be electric. This means more and more vehicles on the road will be electric and our electricity demand will be increasing rapidly. There is a concern that the UK national grid may not be able to cope easily with the new electricity demand. Therefore, the question is will smart-charging systems be needed to meet the demands and increase efficiency. Smart Charging (V1G) systems are already in use however they do not support the bi-directional flow of electricity. Vehicle to Grid Technology (V2G) could be used to feed power back into the national grid during peak times by using the battery of the car when charging.  There are now more than 42,000 charge point connectors in the UK in over 15,500 locations. Research shows that there are less than 2000 V2G charge points in the UK. Battery prices have fallen from $1,160 per kWh in 2010 to just $137 in the past year. The UK government has announced that all new homes in England will now be required by law to install an EV charger. This move will see up to 145,000 charging points across the country each year. This brings greater opportunity for V2G technology to take off in the UK as the government incentive is now in place. (Race, 2021) This decision will help the Uk meet its climate targets, with the automotive industry accounting for 16% of the UK emissions in 2019. (Race, 2021)
Jaguar and Volvo plan to go all-electric from 2025 and 2030 and ford following closely behind. (Race, 2021)
The government said the new laws will "make it as easy as refuelling a petrol or diesel car today". (Race, 2021)
3. [bookmark: _Toc88500810]Research 
3.1 [bookmark: _Toc88500811]Growing EV Market 
The electric car market is growing quickly, with over 345,000 pure-electric cars on UK roads at the end of October 2021 (Lilly, 2021). It is estimated that by 2030 there could be as many as 18 million fully electric and plug-in hybrid vehicles on the roads in the UK. New analysis reveals that it will cost at least £16.7bn to get the UK’s public charging network ready for the mass EV market, with 507 new charge points needed every day leading up to 2035 to drive buyer confidence. EVs are rapidly growing in popularity, with demand more than doubling over the last year thanks to a large industry investment of £54 billion in 2019 alone. Over the last 12 months, the number of plug-in hybrid and fully electric models has leaped from 62 to 83. (SMMT, 2020) The UK government has already taken significant steps to support this emerging market. Purchase grants worth more than £1.7 billion have been paid out alongside £500 million committed to the Project Rapid motorway charging network and a £200 million investment fund for public charging network expansion. (SMMT, 2020)
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Description automatically generated]This increase in EVs will mean a greater demand for electricity during peak times when the average person gets home from work and plugs in their cars. This is where the vehicle to grid technology could help.
Figure 2 is a graph to show the total charging devices available in the UK since January 2015. Over the past 6 years, the total number of devices has increased from 2,000 to 22,000. The graph shows that government funding is being used to accommodate the growing EV market.Figure 2 https://www.gov.uk/government/statistics/electric-vehicle-charging-device-statistics-april-2021/electric-vehicle-charging-device-statistics-april-2021


[bookmark: _Toc88500812]3.2 National Grid 
[image: Chart, line chart

Description automatically generated] On average the electricity generated in the UK Is made up of 31.5% Gas, 31.5% Wind,14.4% Nuclear, 9.6% Imports, 6.8% Biomass, 2.4% Hydro, 2.8% Solar and only 0.6% Storage.Figure 3 http://www.physics.gla.ac.uk/~shild/grid2025challenge/data.html

Figure 3 is a graph that shows the electricity demand throughout the day in the UK. Peak demand is around 6 pm and is around 40-50Gwh depending on the time of year. As Electricity is very difficult to store efficiently, the national grid mostly relies on imported energy from Europe to keep up with demands.  However, other technologies are being developed to store surplus energy during off-peak times. These include:
· Compressed air energy storage. With this system, surplus power is used to compress air and then store it in large tanks. When needed the compressed air is released and passes through an air turbine to generate electricity.
· Mechanical Gravity Energy Storage. Energy is used to lift concrete blocks up a tower. When energy is needed the concrete blocks are lowered back down by using gravity. This in turn spins a generator.
· Flow Batteries. This involves the use of any rechargeable fuel cell which are then charged during off-peak times and discharged during peak times to help high energy demands (Grid, 2020)
4. [bookmark: _Toc88500813]Vehicle to Grid (V2G)
4.1 [bookmark: _Toc88500814]What is Vehicle to Grid (V2G)
V2G is a technology that allows energy to be fed back to the power grid from the battery of an EV.  Storing electricity is difficult, this technology enables the batteries in the cars to be used as temporary storage.  Therefore, during peak times the batteries can discharge their power to the grid and help to balance variations in energy production and consumption. (Virta, 2020) This technology will ensure the owner of the vehicle will always have a full charge when they need it. The system will know the user’s routine and utilize the battery accordingly. V2G technology mainly uses lithium-ion, over time this type of battery has improved from 60Wh/L to 150Wh/L. Lithium-ion is the chosen battery because of its long-range, higher density, lower cost, and non-toxic behavior. The Tesla, Nissan Leaf, and Chevrolet Volt. All use this type of battery.
V2G allows you to sell any excess energy stored in your vehicle’s battery back to the national grid. Charging at night when tariffs are low and powering into the grid in the day during peak times allows the user to make money. (orb, 2021)
OVO Energy has a consumer example on their website and how the user can make money from using their chargers; With OVO's V2G tariff, EV drivers have saved up to £800 a year on their bills. On a typical day, the user charges their car when the grid is off-peak, at 15p/kWh. They drive to work and back, then plug in again at home. In the evening, the consumer uses the car battery to power the lights and various appliances and devices in his home for a few hours. Then during the evening, any excess power is exported from their vehicle back to the grid when prices are at a premium, 31p/kWh. The user can make a profit of almost £900 in a year. (Energy, 2019)




4.2 [bookmark: _Toc88500815]Benefits of Vehicle to Grid (V2G)							
· Reduce total cost of ownership of fleets. (Delivery firms)
· Vehicle Manufacturers can sell cars with added value 
· Network operators can optimize investments and stabilize the grid 
· Take load off power stations 
· Help consumers avoid peak tariffs
· Can provide power during power cuts 
4.3 [bookmark: _Toc88500816]Disadvantages of Vehicle to Grid (V2G)
· V2G is not a cheap alternative compared to large power plant generation 
· Large use of this technology may lead to technical problems for the consumer.
· If the system is poorly operated, it could shorten the life of the battery in the vehicle
· Batteries are expensive and recycling is difficult 
4.4 [bookmark: _Toc88500817]Applications of V2G
This technology could best be utilized when being used by large delivery companies that have a large fleet of vehicles. As royal mail vehicles are mostly parked up overnight this would be an ideal time to feed power back into the grid. Or even adjust their delivery schedule so they are parked up during peak power usage. The charging can be controlled Via the app and can be adjusted to shift patterns. 
This technology can also be easily adapted to power the home of the consumer. Vehicle-to-home technology can help by saving the user money by avoiding peak tariffs. 
4.5 [bookmark: _Toc88500818]The Challenges with V2G
The main challenges with the technology are battery technology, lack of business models, commercial feasibility, and regulatory issues. Battery efficiency and durability are the biggest factors affecting this new technology’s taking off. To achieve maximum efficiency the battery must be able to achieve maximum capacity and output large amounts of power. It is feared that the technology isn’t there yet. Addressing these issues requires the support and interest from manufactures to make the battery packs better. Also, it is still unclear if this technology negatively affects battery life. 

4.6 [bookmark: _Toc88500819]Project Sciurus, Costs of V2G Chargers/Smart Chargers 

The implementation of V2G charging largely depends on the cost. Research shows that a single flow smart charger is much cheaper than a bi-directional V2G charger. Pod Point offers a 7kw smart charger fully installed at your home for £549. (Grundy, 2021) Larger more powerful systems can cost up to £1200. A three-year trial took place called Project Sciurus. It was coordinated by OVO Energy, Cenex, Nissan, and Indra. The trail monitored 400 V2G chargers. Project Sciurus found that V2G could save consumers £340 compared with £120 when using normal smart charging. With the use of the V2G chargers running alongside the Kaluza’s platform, the figure raised to £725. (McWilliams, 2021)
Some challenges accrued when houses and businesses didn’t have the correct hardware installed to suit the most efficient V2G systems. Additionally, the cost is still too high for most consumers, By the end of the trial, the V2G hardware and installation cost was around £3700 higher than the cheaper smart charging systems. A reduction in the installation costs is therefore necessary for the V2G technology to become viable. (Grundy, 2021)The trial also found that price spikes occurring in the wholesale market provide a significant opportunity to make money through V2G charging. During a week with tariff price spikes, V2G was able to double the revenue compared to average weeks. Limited supportive vehicles were also a problem during the trial, only the Nissan leaf was used during the test. This meant there were a smaller number of consumers available to involve in the project 
The results of this trial showed that the hardware costs for V2G need to improve for the technology to become popular. A report by Element Energy found that it could be economically viable as the technology could save the national grid hundreds of millions of pounds. However, only if the industry can deliver specific conditions. I.e. lower install/hardware costs. Research has shown that V2G has the potential to save £3.5 billion per year. (McWilliams, 2021) By 2030 the UK could have 11 million EV’s. if 50% of these vehicles supported V2G, this would open up to 22 TWh of flexible EV discharging capacity per year and could also provide 16Gw of daily capacity to the grid. (McWilliams, 2021)
  

4.7 [bookmark: _Toc88500820]V2G Affecting Battery Life 

Lithium-Ion EV batteries usually last around 120,000 k before they start to lose charging capacity. Studies have shown that plugging in your car every night puts more stress on your battery. And charging the battery from 0-100% can also affect the life span. Most manufacturers offer between five to ten years warranty or 62,000 miles on their batteries. The tesla model S’s battery loses 5% of its original capacity over 50,000 miles 
Recent studies explored V2G and how the technology affects cell life. The study was running in such a way as to bring maximum profits to the consumer. This was done by selling as much energy to the Grid as possible during peak times. The results showed that over 18 months the cell lifetime was shortened to less than 5 years and the capacity loss was increased to 75%. (uddin.k, 2019) However, there is also research to suggest that smart and efficiently run V2G charging systems could reduce the capacity fade of the battery by 12.1% respectively (uddin.k, 2019)
The battery life is mainly affected by the lifestyle of the consumer. High mileage commuting during the day and feeding the grid during the night will have a negative effect on the battery’s life.












5. [bookmark: _Toc88500821]Conclusion 

The main findings of this report are as follows; Vehicle to Grid Technology will play a major factor in stabilizing the grid and help with energy demand come the year 2030. As the cost of the batteries becomes cheaper and cheaper, the worry of damaging the battery’s life will become less of a factor. However, the installation price of V2G chargers may be very off-putting for the average EV user. Without government grants, the general public may not opt for a V2G charger. Also, people may not like the idea that their car battery is being damaged to power the grid. Project Sciurus has proved that the technology can bring profits to the user, however publicizing this information may be difficult. Vehicle to home and Vehicle to Business would be the best areas to implement this technology. With the increase in gas and electric bills, homeowners will be attracted to the savings when owing a V2X supportive vehicle. Lage business with numerous vehicles (delivery vehicles) may best suit this technology. With an efficiently run program, the company could reduce its fuel costs and reduce its carbon footprint by using V2G or V2X. Renewable energy sources such as wind and hydroelectric should be used as much as possible along with the V2G. This will improve the carbon footprint of this technology and help the UK meet its carbon emission targets. If the cost of EV batteries continues to decrease and the performance and life improve there will be little to no issues when using this technology in the future. The results from Project Sciurus back up my opinions.
If V2G is operated correctly it could be the answer for the UK to use all-electric vehicles and still meet Carbon Emission targets 
This technology relies mainly on government incentives to help it develop. Car manufactures will not make their vehicles V2G supportive if there is no interest in sales for these vehicles.  
“For me, the solution isn’t either V2G or V2H, it’s going to be a combination of those and it’s up to the marketplace to make it simple for customers,” Chris Russel MD of OVO Drive 
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