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[bookmark: _Toc88492400] - Introduction
 With more and more of the population turning to electric vehicles and with car manufacturers creating more impressive vehicles powered by batteries, the charging methods of such vehicles is becoming a big discussion. Normal chargers that simply recharge a cars battery are becoming outdated and need a lot of energy demand from the grid to power the vehicles as well as powering the house which can become costly depending on how much the vehicle is used. 
 A new system known as Vehicle-to-grid has emerged and supposedly saves money for the owner and also reduces the amount of energy needed in the household or workplace. In this report, I aim to show how this can effect a company in the short term and long term of installing a Vehicle-to-grid system and whether or not this type of charger is the new way forward for charging electric vehicles and saving energy. 
 The battle to become a net zero carbon country has been raging on for years with a deadline to produce only electric powered cars by 2030. Done to try and kickstart the development of electric vehicles, it has forced companies to come up with solutions on how to power vehicles but also on how to keep them powered. 
[bookmark: _Toc88492401]2.0 - Background 
[bookmark: _Toc88492402]2.1 - What is V2G?
 Vehicle to grid, also known as V2G, is a type of technology that allows the energy of a battery to be reintroduced onto the power grid. This can be done through and electric car or bike. V2G allows the charge and discharge rate to change when an electric vehicle (EV) is plugged into a charge port depending on the signal such as the amount of energy production or consumption nearby where the EV is being charged. 
[bookmark: _Toc88492403]2.2 - How does V2G work?
 V2G is part of the electrical grid effectively, however where a normal household has basically a one-way valve from the grid to the home, V2G has effectively a two way valve allowing the electricity from EV’s to re-entre where the energy came from. Instead of going all the way back to the grid, the energy is stored where the charger is plugged into. For example, if a company installs a V2G system, any cars that discharge on the system, the energy gets reintroduced into the building, therefore it can be used to power lights, computers, and other electrical devices in the building. 
This then means EV’s can be charged from a port, do a journey to work and back, plug the vehicle back in and V2G will discharge the vehicle from however much charge is still left in the batteries. However, it isn’t all so simple. The EV driver must communicate with the system to let it know when it is going to set off to allow the system to charge the car accordingly.
 [image: The Future of Charging: Bidirectional V2G - MyEv.online]
Figure 1 shows how a V2G system works
[bookmark: _Toc88492404] 2.3 - Costings 
 The cost of installing a V2G system into a household or building complex is significantly more than a normal smart charger. Typically, the average cost of installing a smart charger cost £800, this rate can rise or fall depending on the system. A Vehicle-to-grid system is much more expensive to install, around £4000 more expensive. This is joined with consumers being able to save up to £750 depending on what consumers they use, however being near £5000 to install, it is a big initial payment for a gain that at most is a fraction of what they’ve paid. This is one of the big reasons V2G isn’t being installed as much as a regular smart charger. [1]
[bookmark: _Toc88492405]3.0 – Types of systems
[bookmark: _Toc88492406]3.1 – Vehicle-to-grid
 The most common type of system is Vehicle-to-Grid. As explained earlier, this is a system that allows a plug-in electric vehicle to discharge the remaining energy that is still in the battery after the vehicle is plugged into its charge port by returning the energy back into the household which can then return to the grid or wherever else it is needed, resulting in no energy wasted. 
 Unlike a normal charging system where energy comes from the grid in Ac form and is inverted to become a DC current, that then needs to be inverted once again for the energy to return to the grid. Hence why a V2G system is also called Bidirectional Charging. This type of charging is emerging due to the amount of vehicles that are coming onto the road that now have some form of electrical motor and electrical storage unit such as a battery. As the amount of EV’s is increased, the storage for the energy that is needed will also have to be increased, but having an EV as that energy storage unit, it puts less strain on the grid to produce more energy as each household that uses a Bidirectional charging system can use their EV as their storage unit allowing the grid to rely on them when there is a lot of demand for energy. 
 Using Bidirectional chargers allows for this to happen. It allows the DC converted AC current to return to being an AC current via the charger to then supply the household or workplace with energy to power utilities. This also allows to effectively put more charge into the grid if the demand for energy is exceeding what is being produced at peak times. [image: EV Charging: Software and Grid Services | Cleantech Group]
Figure 2 shows how AC turns into DC and vice vera
[bookmark: _Toc88492407]3.2 – Vehicle-to-home
 Vehicle-to-home is mainly directed at households that already use a smart charger in their home or are converting from an ICE vehicle to one with an electric motor such as a hybrid or a full electric vehicle. A vehicle that is eligible for this system is the Nissan Leaf, one of the first EV’s to go into mass production. Having a Nissan leaf connected to a V2H system allows the household to effectively have an energy storage system, if the energy tariffs in the homeowner’s area are low, the system will charge the batteries to utilise the chance to gain energy on the cheap. This can then mean that when the tariff goes up, the energy can be taken from the cars batteries to help run items in the house instead of getting and paying for energy that comes from the grid. This way, it allows the homeowner to utilise the energy they have before going to the grid and paying for more. 
 All this will result in a minimal loss of energy cost for the homeowner. This will also help balance the energy going to and from the grid along with the demand for energy that is needed. 
[bookmark: _Toc88492408]4.0 – Current charging technologies
[bookmark: _Toc88492409]4.1 – Smart Charging
 Arguably the most common type of charging method out there for EV drivers is smart charging. This is simply a way of charging a vehicle by plugging an electrical connection into your car via a charging port. Charging ports becoming ever more popular around the UK with multiple hook-up stations being spread around the country, along with charging ports being installed to EV owners’ homes. 
 Using smart charger means the owner of the vehicle can manage how quick or slow the vehicle is charged by connecting the car to the grid. However, the name ‘Smart Charger’ comes from the fact that the charger can communicate with the vehicle, the charging operator (the vehicles owner), and the utility company through data connections. This then means that the system works to try and optimize the charge and do it as efficiently as possible to the owners needs. 
 The amount of charge given to the car can vary as it will be dependent on how much electricity is being used in the area. This will result in less stress on the grid due to the amount of energy being used is controlled. This is done by companies that use a smart charging system to limit the energy consumption so that the grid isn’t overloaded with using more energy than what is being produced. 
Smart chargers also allow network operators such as a business or factory to have power sharing in which means there can be multiple smart chargers onsite for the workers and employees. They distribute the available energy capacity across all the chargers equally; this would also normally mean that the overall amount of energy that is needed is increased. However, the Smart Charger Power Sharing system optimizes the energy and disperses it sufficiently and equally between all the charging points. 
 Different types of smart chargers are available to consumers as well. The option to have a slow, fast, or rapid charger can be installed to wherever the consumer is based. [image: How V2G Can Support the Grid and Help Pay Back Electric Vehicle Owners -  Auto Futures]
Figure 3 shows the popular Nissan Leaf being charged in a power sharing system
[bookmark: _Toc88492410]4.1 – Types of smart charging
[bookmark: _Toc88492411]4.1.1 – Slow Charging 
 Slow charging does what it says and charges the vehicle slowly compared to the most high-tech charges of today, however because of this, it is also the simplest system to use and manage. Recommended for being used at households, they can still be used for businesses and at workplaces. Typically, with a charge rate of 3KW, this type of charging system enables the owner of the vehicle to simply plug his vehicles charging cable into a socket of their home, making it a very easy install and very easy to manage. 
 Due to the charge rate being so low for the slow charger, the time for a vehicle to be fully charged is in the range go 10-14 hours. This can vary depending on the location of the charging point, the vehicles battery capacity, and the rate at which the cable/charger is able to charge at. 
 Realistically, a slow charger would be beneficial for people that don’t use the car much due to the time it takes to charge. Having it advised that it is charged overnight, it suggests it might not be adequate for someone that would need to be out early in the morning with a full charge. To make it more efficient, the option for having a proper charging unit instead of just plugging it into a wall socket is available, this will ultimately increase the charge rate, however it won’t challenge the rate of a fast charger. 
 A downside from having a slow charger would be that if you need to go on a long journey after a day of doing a long journey, it is likely that your batteries won’t be fully charged. This is where EV’s have a downfall, the emergency aspect where a long journey is needed but the charge won’t allow the vehicle to get there. Having a slow charger eliminates the choice of using the vehicle it charges if its battery capacity is too low. This is where the choice of having a fast charger comes in handy. 
[bookmark: _Toc88492412]4.1.2 – Fast Charging
 As the tittle of this type of charger suggests, it is a faster charging unit than the slow charging unit. These are the types of charges that can be found at supermarkets and other urban destinations for people to charge their vehicles mid journey. The speed and rate of the charge that these fast chargers can produce allows EV owners to do this. These types of chargers aren’t limited to being used at retail parks and motorway services though, they can also be installed to charge a vehicle in a house or workplace. In fact, the government supports the installation of these for homeowners. They give a grant to anyone that installs a fast charger to help fund the installation. 
 The charge rate of a fast charger can vary from 7KW to 22KW, meaning the charge time can also vary from 6 hours to 1-2 hours depending on the battery capacity. However, because the charging rate is so high, if the charging cable is removed before the battery is at or near full capacity, it can damage the battery and reduce the total amount of capacity that the battery can hold. 
[bookmark: _Toc88492413]4.1.3 – Rapid Charging
 Again, as the tittle of this type of charger suggests, it is an even quicker type of charger. These types of chargers can manage to get a battery to 80% in as little as 20 minutes depending on battery capacity and what sort of rapid charger the owner has chosen. The average time for a car to be completely full of charge is around an hour on 55KW. Due to the amount of rate that these chargers can produce, they are not allowed to be installed into a household as the current is simply too high. Rapid chargers are normally found in motorway services and other public charging places. They manage to give enough energy to the vehicle for the car to reach a range of 30-40 miles after just 15 minutes of charging. This in turn will reduce range anxiety.  
 Rapid chargers already have a next generation of charger coming which can produce up to 100KW of power to the car’s battery. Which in theory should half the average time for cars to be charged even with the capacity of the newer batteries increasing. [3]
[bookmark: _Toc88492414]4.2 – Smart charging Vs V2G charging
 Smart charging allows the EV owner to optimise the cost and consumption of energy into their vehicle by managing the charge method remotely, normally via a mobile phone app. 
 A Vehicle-to-grid system, also known as Bidirectional charging, enables the flow of energy to return to where it came from, whether that be back onto the main grid, or back into the household or workplace to power other compliances. 
 The main difference between the two is that the V2G system can withdraw energy from the vehicles battery and put it into the grid. This then shows that these two methods of charging a vehicles have got different targets to achieve. The Smart charging ports allow for fast charging for a vehicle, the V2G system allows for the same thing, maybe at a slightly lesser rate, but also helps the owner by putting energy into where they need it, saving them energy and cost. 
 Having the V2G system comes with a price to pay however, that being the price of installing it along with the time it will take to install it. The system requires a full overhaul of the building it will be supplying energy to, with it being connected to the main electricity supply of the workplace to then enable it to supply energy to items within the workplace.
[bookmark: _Toc88492415]5.0 – How a V2G system can impact a company
 If a company were to use a Vehicle-to-grid system then it would almost certainly save the company money in energy due to how the system can send energy to appliances from the workers cars. However, for this to happen, there would need to be a sufficient amount of cars to be charging at the same time for there to be a noticeable difference, this would also have to go on for a prolonged period EV’s plugged into the V2G system for a single day or week will not show results. The V2G system is for a long-term savings instead of instant saving. So how could this effect the company in both?
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Figure 4: Cost savings for types of chargers
[bookmark: _Toc88492416]5.1 – Short term impact
 For a company to change to a V2G system, the main downfalls would be the amount of time it would take for the system to be up and running as well as the cost of the system, and the cost of the installation.
 Being such a complex system, installing a vehicle-to-grid system takes a lot of time to do with specialists coming to do the work. For one to be installed to a company that works in a generic office building for example, the company installing the V2G system would need to access and possibly change the electricity cable that supplies the building with energy, the main electricity fuse box, the electricity meter, and all the other fuse boxes that may be dotted around the building. Having these replaced will completely depend on how old the previous system was, as things like the mains cable and main fuse box may just need tampering with for them to work off the V2G system, however it will still take time to do. [7]
 While the system is being installed, the outright payment for the system is also another matter of concern as systems are available for £5000+, meaning a smaller business may struggle to afford it while a more successful and wealthier company can afford the payment. 



[bookmark: _Toc88492417]5.2 – Long term impact
 The long-term effect has a completely different impact compared to the short term. The vehicle-to-grid system is made for saving money and energy over a prolonged period, hence why the long-term effect is better for a company than the short-term impact. 
In the long run, the V2G system is designed to save owners money and energy over time by saving and storing energy in the EV’s that are parked and plugged into the system. As soon as the system is installed, it immediately starts saving energy as the first vehicle is plugged into the system. Over time more people and workers will start using electric vehicles, meaning the company will be able to save more energy and in turn, save more money in not relying on energy from the grid. [8]
 For a company to benefit more in saving energy and then money, they could have the option on giving out company cars that can hook up to the ports at the workplace. This does mean that the workers would have to have a charge port at their house, but with the company possibly saving near £1000 a month depending on how many charging ports it has, the company may be able to pay for a fast charger to be installed into the employee’s house. Doing this would encourage people in getting an EV due to the fact they wouldn’t have to pay for charge at work, creating a loop of saving energy and money for the employer and employee. 
Possibly the one main problem with the long-term effect of having a V2G system is the amount of stress that it may cause on the grid to produce enough energy. as time progresses, it is likely that more and more companies and people in general will get an EV, therefore meaning more electricity will be needed. Even though the V2G system is there to save energy and save money, the more V2G systems are bought, the demand for energy is also raised. For example, when the demand for energy is at its peak which is arguably after 5 o’clock when workers have gone home, the battery capacity of the EV’s won’t be at 100%, meaning the batteries will have to be charged at the same time as appliances are used in the house resulting in a bigger demand for energy per household. 
 However, for a company it can work to its advantage massively. While the workers use computers and other appliances, the energy can be taken from the cars plugged into the V2G system and power whatever they are using instead of demanding more energy from the grid. This way it saves the company buying more energy along with allowing the grid to send energy to other places that need energy. 
 However, with the ever-increasing amount of EV’s that require a large battery, the go to type of battery is a lithium ion as they can be charged and discharged easily. This then raises a concern due to the fact the material that the batteries are made from is running out. This will then result in a rise in EV prices as the material to run them becomes rare. [10]
[bookmark: _Toc88492418]6.0 – Conclusion 
 In conclusion, it is clear that the V2G system is a good idea for the long run as it saves people and companies money from buying energy when it can be reused and it can also save demand for energy. If a company can afford the outright payment for the V2G system then they should do it, simply because it acts as a long-term investment that can’t go wrong unless the amount of V2G systems that get installed increase rapidly resulting in an even bigger demand for energy which would result in a change in the overall amount of energy that is needed to be produced by the grid. 
 However, with the possibility of lithium-ion batteries becoming short, there is a risk all this technology will have to be redone for another type of energy source. With the limitation of materials for manufacturing lithium-ion batteries, it may come to fruition that hydrogen may be the next type of power source to develop instead.  
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