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[bookmark: _Toc88724128]Introduction
This report is focusing on vehicle to grid (V2G) and the benefits, disadvantages, and overall thoughts. I will then have to talk about the feasibility of this system as a permanent solution for peak energy demand as this is currently an issue. This will be done by research I have gathered from the internet and research papers, due to there not being a practical element of this assignment. During this report I am going to talk about the commercial side of V2G, such as a HGV company as I am familiar with this industry and I believe I can have some valid opinions on this. I will also go into the domestic side of it because I believe there are some slightly different points to make.

During this report some points I will have to talk are the electric network and infrastructure, as the standard electric network will not be able to support V2G without modifications and new chargers will need to be placed, plus homes and workplaces would need to have these chargers installed. There is the fact of that until more cars have this feature, you are very limited on your car choice which could be a deciding factor for some people. There will be the fact to use this system there will need to a lot more chargers installed which would then be a benefit for electric vehicle drivers.

The basic concept of vehicle to grid is that during peak times when an electric vehicle (EV) is not being used, it can supply the national grid with power and then recharge when the grid is in less demand such as the night. This in turn will help with power demand as fuel stations will not have to work as hard during these times. This then means, in theory, that fewer fossil fuels are being used which in turn would mean that there is less pollution going into the air which helps prevent global warming.
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Vehicle to grid (V2G) is a system that is currently in trials and being talked about all over the world. What this involves is have an electric vehicle plug into the system and then, when the grid is in peak demand, it would then take power from the vehicle’s battery bank and this would be used to power peoples homes. Then when the grid is no longer at its peak demand and energy rates are lower, the vehicle could then be charged back up. This would especially help during times where renewable energy is dipping such as winter months, this is because the days are shorter and there is less solar. For this to be beneficial, it would have to be widely adopted as a few cars would not make a difference.

A crucial point to include is what ‘balancing the grid’ refers to as this is what the V2G scheme is designed to do. Similar to rush hour on a Motorway, the energy grid has peak and non-peak times. An example of a peak time would be 7am to 9am which is when much of the country would be heading to work and getting ready in the morning. Balancing the grid means ensuring there is enough electric for peak times to ensure that there is not a black out, which would be disastrous for the country. 

To appreciate how much V2G could help your home or your national grid, it is important to note what the average electricity usage is for your country. For the UK, the average household will use around 3,731 kWh/year. When this is put in perspective, 1kWh can boil a kettle 10 times, or watch 7 hours of TV. As a country in 2019, we produced 323.7 TWh. 36.9% of this electricity was produced by renewable sources and fossil fuels only accounted for 43.4% which is an all-time low. 

“The British government has introduced legislation that will require all newly built homes and offices to feature electric vehicle chargers in England.”(https://electrek.co) The government then went on to state that “up to 145,000 extra charge stations will be installed across England each year thanks to these regulations, in the run up to 2030 when the sale of new petrol and diesel cars will end in the UK. This builds on the over 250,000 home and workplace charge points the government has already supported to date.” (https://electrek.co/2021/11/22/england-will-be-first-country-to-require-new-homes-to-include-ev-chargers/)  This is one incentive for people to start using V2G because they wont have to go out of there way to access the charging point or have to pay to have them installed. 

However, this does not mean that all homes will have a charging port installed as it specifies new home, therefore older homes would need to pay to have a charging port installed. This could be a limitation for certain people. However, to compensate for this, the UK Government has offered a grant funding up to 75% towards the cost of installing EV smart charge point. This is called the Electric Vehicle Home charge Scheme (EVHS) which runs for all domestic properties until April 2022.

The fact that they are in the workplace as well means you could opt into a V2G scheme, which would mean that during work hours, the battery could be used more efficiently. You are also able to set limits which would mean you are never stranded in an emergency, by only allowing the V2G to use 60% of your battery, and for it to be recharged by a certain time.

The national grid have estimated that there will be around 11 million electric vehicles on the road in the UK by 2030, when the government has banned the sale of non-electric vehicles. It will be at this point that they estimate that the V2G scheme will provide a useful level of cover as even if only 2% opt into the scheme, then that is still 220,000 cars providing electric back to the grid. This is then estimated to supply 2 gigawatts of electricity which is enough to power around 2 million homes in the UK. This is with just 2%, you can only imagine what 50% or even 20% could do.

One trial proved to have good results and it worked out to a saving of £800 of the energy bill as when the trial was on peak energy was 31P/KW and when it was time for the battery to be recharged it was down to 15P/KW.

One real world application of this technology was in 2011 in which Nissan helped Tokyo after a disaster. In 2011 Tokyo had the Tohoku earthquake and the Fukushima Daiichi nuclear disaster which left Japan with a shortage of energy which could have been catastrophic. However, Nissan used 66 Nissan Leafs to provide power until the grid could be stabilized. This goes to show what this technology could do if it was implemented nationwide. 

So far in the UK, there are limited options for a vehicle which can successfully use the V2G system which is one of the major limitations of the technology at the moment. The reason why all electric vehicles cannot use this system as it requires a special part called a CHAdeMO connector. As of October 2019, there are only 3 cars and one van which meets this criterion. These are the Nissan Leaf, the Kia Soul, the Mitsubishi Outlander, and the van is the Nissan e-NV200. Despite there being only a limited number of vehicles to choose from, there are more in development currently. For example, Fiat have built a V2G charging station at one of their factories which is able to connect 64 vehicles to the grid, with the aim of having over 700 by July 2020. Furthermore, Tesla is also looking at a way of incorporating V2G into their Model 3 executive saloon despite their previous claims that it would degrade the battery.

Battery degradation was one of the big potential problems with V2G as most consumers would be buying their vehicle on the assumption that the battery would last a while. However, if they were told that Vehicle to Grid would damage their cars battery, there is a high chance they would not go ahead with the idea. However, it has been shown that by the University of Warwick that V2G may not damage the batteries as we first thought, but there is a chance it could improve them. Researchers stated that “Extensive simulation results indicate that if a daily drive cycle consumes between 21% and 38% state of charge, then discharging 40%–8% of the batteries state of charge to the grid can reduce capacity fade by approximately 6% and power fade by 3% over a three month period,”. (https://chargedevs.com/newswire/new-study-v2g-may-not-degrade-ev-battery-life-it-might-actually-extend-it/) This is one of the big downfalls for consumers gone, and therefore V2G has become slightly more viable for domestic properties. 

Overall, there are many advantages of using V2G technology. The first is that the usage of an electric vehicle is actually cheaper than using a petrol or diesel car. This is because the cost of electricity is cheaper than the cost of fuel. Another advantage is that it can save the consumer money in the long run by ‘selling’ their electric at peak times to the grid and ‘buying’ it back at non peak times. Thirdly, the next advantage is that it helps out the countries grid by relieving some of the pressure at peak times, such as 4 to 9pm.  The next advantage is that it is better for the environment as these electric vehicles do not require fossil fuels to burn and therefore release pollution into the air. Finally, due to new government legislations, the access to chargers for V2G is more widely accessible meaning the worry of not having anywhere to charge the vehicle is reduced significantly.

On the other hand, there are a variety of negatives for V2G. For starters, V2G is not an overly cheap source of electricity when compared to a large plants power production. Therefore, whether consumers would choose this over an alternative is questionable. Furthermore, this system would not work for all vehicles, for example in HGV driving, some vehicles are on the road 24/7 and therefore do not have time to stop and refill, which is something that will be discussed more thoroughly later. Thirdly, if for some reason there is an error in the V2G technology after it has been mass produced, then this could cause problems for consumers all over the country.
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As mentioned in the previous literature review, electric HGV (heavy goods vehicle) vehicles are one area of the automotive world that have not been completely explored. In the UK there are 493,600 HGV’s that weigh over 3.5 tonnes which is dwarfed by the number of cars on the roads, but this is still a very high number. Currently, most, if not all, of these HGV’s are fuelled by diesel which is having long term problems with the environment. Modern diesel engines do emit less C02 than older engines, but they do produce high levels of NOX which causes pollution. Imagine, all HGVs no longer producing any harmful by-products, but instead helping the environment by using a more renewable source of energy. This would be life changing, but unfortunately this technology is not in the foreseeable future, which will now be explained in more detail. 
With new electric HGV’s such as DAF CF and LF the technology is still quite new to HGV compared to cars therefore its still kind of hard to know the realistic outcome of this.
One issue with HGV V2G is that a private company would have to pay for the chargers to be installed, therefore most companies will go for an overnight charge. This will be a lot cheaper as the chargers on the bays for the HGVs that are charging overnight will just need to be standard ones. This would mean they do not have to pay for a super charger on every single bay, as getting this would be very expensive and only worth it on trucks that are doing more than one run a day. For example, the HGV finishes the run around 4pm then plugs into the super charger and is ready to go at 8pm then does a night trunk where it goes to a hub and is unloaded and reloaded on the bay then comes back for around 4 am and ready for work at 8 am. Something like a 350 kW PACCAR charger would meet these need but looking online these sort of chargers are anywhere form £45,000 to £150,000 therefore installing these chargers on all bays just to enable V2G. Therefore, I do not think it is worth it and most companies will avoid this not to mention before all this you have to make sure your local grid can support this. 
In addition to it being expensive, a haulage company could not get away with using just one charger. They would need multiple to charge up a fleet of HGV’s. This means that the cost will not just be £45,000 minimum, but possibly 5 or 6 times this. 
With the Electric HGV’S that are doing two runs a day, because they are not at the hub for long enough at night, they would not be able to use V2G with a super charger there because they can only be there 2 hours sometimes and this is the time it takes to get a full charge. So, unless there is a scheme of sorts to help with the majority cost of a supercharger to allow the HGVs that are charging overnight to use V2G I don’t believe it will be worth it for the companies to do it.
I believe for the domestic market vehicle to grid has many benefits especially with all new homes having to have charging ports legally put in, this could also solve one of the issues of power when the majority market must move to electric in 2030 due to the ban on the sale of new vehicle that produce tail pipe emissions. As currently if all people moved over today the grid would not be able to support this. As long as most vehicle manufacturers adopt this principle then it will be a lot easier moving forward due to not having the limitations of only having a few select cars to pick from, like it is currently.

Currently the way V2G is looking you will make a profit when you are selling back to the grid in peak times and recharging off peak this would then help cut down the cost of owning an electric vehicle, which would also help more people move over to electric sooner as currently it is quite a big jump with the price of EV and getting the chargers installed etc. Another benefit will be say V2G is put into workplaces too this would mean for example you go to work with 80% charge then it use another 60% with V2G and at the end of the business day would vehicle would be at 100% and you would have gotten free charge from this.
With lithium-ion batteries benefiting from not being at full charge all the time V2G would then help extend the life of the vehicles batteries and in turn would mean that either it would be longer before having to get a new car or be until you would have to change the battery bank on the vehicle. This once again would help safe the user money.
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So, to outline this report I believe that in respect to cars and Light Good Vehicles (LGV), vehicle to grid is very beneficial for communities as long as the grid will be able to support it and it is more widely adopted with manufacturers. It could help in times of crisis such as storms and other disasters and would help cut the cost down of running an electric vehicle.

But in respect of HGV I do not believe that it's beneficial due to the costs of having to start up per vehicle would greatly outweigh any benefits you would receive from using this type of system. It would be more beneficial just to put vehicle to grid charging points for the drivers cars so whilst driving an electric HGV, their car can be putting back into the grid.
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