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[bookmark: _Toc89177405]Introduction
The following report was requested by Abi Summerfield. The report critically analyses the immediate and long-term implications regarding implementation of Vehicle to Grid technology. Whether the use of a Vehicle to Grid system can be successfully implemented with the use of domestic vehicle. During this discussion, electric demand solutions and the grid’s capabilities have been thoroughly researched. Ethical issues have been examined and the practicalities of Vehicle to Grid technology have been investigated and current charging technology considered.
[bookmark: _Toc89177406]Electricity demand solutions and great capabilities
The smart grid is an extension of the electricity grid which enables electricity to be added to the grid from multiple sources. It can deliver electricity from excess production in buildings and other sources from electric vehicles. Small scale consumers, the general public are integral to the smart grid (Siano, 2014) The introduction of electric vehicles will be essential to ensure enough electricity is transferred to the smart grid. It is also imperative that the demand response is balanced. Incentives will be required to ensure that customers are compensated and buy into the scheme.
One of the governments objectives is for people to control when they use and transfer back electricity (CREDS, 2021). Increasing the technology “the internet of things” (IOT) is gradually becoming used for people to control household for their smartphones. This will reduce the demand for electricity at peak times. For this to work effectively, there must be a reduction in energy cost doing off periods. For example: during peak times household appliances are kept to a minimum and utilized during periods when there is little demand on the electric grid (Else, 2013).
Nissan LEAF and The Government Office for Low Emissions Vehicles (OLEV) together with multiple fuel suppliers including Octopus Energy, Western Power Distribution (WPD) and OVO are currently trialling Vehicle-2-Grid (V2G) over several regions of the UK. They aim to mitigate highs and lows in electricity demands (Griffith, 2018) . The technology required needs to be further developed and an insight gained into how to manage the discharge effectively, by uploading to the grid at predetermined time (Energy, n.d.). 
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Figure 1 Nissan leaf power loop back to grid (Costello, 2019)

Currently the cost of a smart charger is £5,500 pounds which makes it currently unviable. Mike potter (CEO of CrowdCharge) is quoted to have said “vehicle to grid charging is a great concept, but it hasn’t yet been trial sufficiently on Britain’s electricity networks to enable it to be rolled out on a country-wide basis”(Schmidt, 2020), therefore further research is required for this project to become a solution to the energy crisis.
Nissan’s technology is shared throughout the world with many countries conducting trials using vehicles as mobile batteries to charge vehicles to grid, vehicles to homes and even using Nissan vehicles in disaster areas whilst energy is being restored (Corporation, 2020).
Ben Warren, head of Nissan Australia, while promoting vehicle to grid said they were just waiting for the bi-directional charges to get approval. Australia would be ready to participate in its V2G trails together with a pilot scheme using the government’s fleet of LEAF vehicles (Fernyhough, 2021)
Ofgem advise new power station are not ready to produce sufficient electricity for the UK. They suggest Europe combines resources to produces a super grid where countries deliver to the grid from their resource. For example: wind turbines in Scotland, solar panels from Spain. Utilising other countries resources, energy levels demand response throughout Europe could potentially balance (Else, 2013).
As part of Britain’s climate plan, net-zero emissions must be drastically cut by 2050.
“All parties should strive to formulate and communicate long term low greenhouse gas emission development strategies” (Delbeke et al., 2019)
Research from Centre for Research into Energy Demand Solutions (CREDS) indicate it would be challenging and costly to reduce energy demand by 52% by 2050 (CREDS, 2021)
Cutting energy use could: 
· The UK emissions would be reduced by 50% by 2050.
· Improve the condition of life, with important advantages that is on top of other policy benefits. Example: affordable warmth, general health, biodiversity.
· Mitigate the probabilities and finances risk related to potential solutions in energy resource and engineered carbon removal (CDR).
· A demanding strategy of low energy that is super-efficient could be a great path to net-zero 
It is unclear how the UK is going to make its bold net-zero ambitions.  
CREDS acknowledges that there is high importance placed on removing carbon dioxide (CDR) an expensive process that could impact adversely on the UK’s bid to reduce emissions. 
[bookmark: _Toc89177407]Lead acid batteries
Lead batteries are usual associated with vehicles, a burst of energy to start the vehicle. They can also be used on boats and camper vans to provide the energy for living. This uses continuous energy over long periods (International, 2017) 95% of industrial batteries are lead acid (Zafar, 2020)
[bookmark: _Toc89177408]Advantages of lead acid batteries
· They are relatively low cost
· Inexpensive to manufacture and purchase 
· Mature technology (so they have been produced for over 150 years)
· Wide current capacity
· Can be design and manufactured for various uses
· Durable can be missed used without affecting function
· Can be overcharged without damaging
· Many producers worldwide
· 95% recyclable
[bookmark: _Toc89177409]Disadvantages of lead acid batteries
· Needs to be replaced lifespan 300 to 500 cycles
· Can only be used facing upright to avoid certain spillage
· Acid is corrosive which can cause fatigue to metal work and burns to people
· Lead is a toxin and there for not environmentally friendly
· Acid must be treated before disposal
· Cannot be charged quickly
· Charging efficiency around 70% under normal operation (Notes, n.d.)
Lead batteries contain high levels of lead, this can be dissolved into the acid. The acid needs to be disposed of very carefully, so the lead does not enter the environment. Lead is harmful to humans especially younger children, it can cause damage to the brain, liver and kidneys (Rapier, 2020) (Zafar, 2020). More than 3 million people die from lead contamination from salvaging batteries in the 3rd world countries. If a lead acid battery is left in a rubbish dumb it can contaminate 25 tonnes of waste, this waste cannot be recycled due to the high levels of lead (Zafar, 2020)
[bookmark: _Toc89177410]Lithium-ion batteries
Lithium-ion batteries are rechargeable batteries commonly used in devices such as mobile phones and laptops. They are increasingly being used in electric vehicles and are seen by many as the solution to electric demand problems(Springer Nature Limited, 2021).
This resourceful material was introduced in the 1970s and was delivered commercially through Sony in 1991. The lithium battery is created out of four major components: the cathode, which controls the size and electric power of the battery and source of the lithium-ions, the anode, which supports the rechargeable current to travel through an external circuit to charge the battery which supplies lithium-ions into the anode. The electrolyte is constructed from salts, solvents and additives and this operates as the passage of lithium ions between the cathode and anode. And then there is the physical barrier which separates the cathode and anode, so they are not so close together (Unwin, 2019).
There is a far higher energy density in lithium batteries when compared to other batteries. When comparing lithium-ion batteries (Li-ion) to nickel-metal hydride batteries (NiMH) and lead acid batteries, lithium-ion can have up to 150 watt-hours of energy per kilograms (WH/kg) stored while nickel-metal hydride can have up to 60-70 WH/kg and Lead acid can have up to 25WH/kg. This means that lithium-ion is 2 times lighter than nickel-metal hydride and 6 times lighter than lead acid.
[bookmark: _Toc89177411]Advantages of lithium-ion batteries
· Eco friendly
· Light weight and compact
· High energy density 
· Low maintenance
· More charge cycles
· Low self-discharge rate
[bookmark: _Toc89177412]Disadvantages of lithium-ion batteries
· Doesn’t last as longer than lead acid batteries
· Sensitive to high temperatures (mainly too hot)
· If completely discharged, it cannot be recharged again
· Relatively expensive
· It the membrane gets damaged there can be a fire hazard
When lithium-ion batteries can no longer be used in a vehicle up to 80% of its charge remains, this is returned to the grid. In the recycle plant, lithium-ion batteries are crushed, and the metals can be separated into different components (Hall-geisler, 2001).
The effects of mining
During mining the dust produced can cause respiratory problems, lithium is highly corrosive and can build up in the lungs (Staff, 2020). Additionally, lithium acquisition requires great amounts of water. The need for water plus climate change is greatly affecting the flat planes of Chile, the indigenous people are feeling the effects of the drought, the animals are migrating out of the region, and the area is more and more desolate. They question the effects of mining lithium to counter global warming when they are obliterating the Chilian landscape (Riofrancos, 2021). 
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Recycling batteries are important because it means the materials don’t need to be mined and won’t need to be processed in the factories which will save energy, reduce pollution and mitigate the risk of contamination if they are handled with care.
Slicker recycling is partnering up with Technology Minerals to modernize UK battery recycling. 
The two companies are planning to take the initiative from a hazardous, small scale of manual human labour to a larger industrial scale which could or could not have some autonomous labour involved. As a part of their plan, they want to break down the old batteries and recover materials such as cobalt, nickels, lithium and manganese. There are two plants that are being developed as of now and will be commissioned in the early 2022. When these plants are ready, about 40% of the lead-acid battery capacity and about 90% Li-ion battery capacity that the company requires will be delivered (Cooper, 2021). 
[bookmark: _Toc89177414]Nissan Leaf contribution to V2G
Nissan began developing its advance lithium-ion battery in 1992. It recognised the need for CO2 reduction and acknowledged the problems the automotive industry was producing its reliance on fossil fuel. In 2006, Nissan produced an environmental action plan focused on reducing CO2 and emissions and recycling their vehicles (Ikezoe et al., 2021). 
Nissan began production of the Nissan LEAF in 2010. Two years later, Nissan were the first to revel a system that returned power from the battery of an EV to be used as a power source. This was known as the Vehicle to Home system. Nissan has continued to develop the Nissan leaf in 2018 through smart storage and charging which helps distribute energy to homes and business more efficiently (Corporation, 2020).
The battery of the Nissan LEAF has grown drastically over the years to the point that it is possible lithium-ion batteries could supply 24kWh of electricity. This is adequate to power a normal Japanese house for two days (Corporation, 2012).
The Nissan Leaf (Newest model) could be very useful if used properly at the right times with V2H. The Vehicle to Home system is the early steps for developing the Vehicle to Grid system. Powering the vehicle at the workplace is necessary when the whole family is out and busy, but it is also necessary when its home time and the family is back for tea during peak times. When everyone is back home during these times, it is very useful to use the battery energy for electricity in the house so then money is saved if they get charged more during peak times.
[bookmark: _Toc89177415]Can the national grid support electric vehicles?
Graeme cooper, the Transport Decarbonisation Director, says that there is adequate energy in the grid so it can charge enough vehicles without having issues. This mean that everyone can get an electric vehicle that can charge off the grid and the grid won’t be holding the adoption of electric cars back. There is certain aspect that is holding the use of the electric cars being used a lot of people, one being that the cost of EVs is expensive in the vehicle marketplace. Even if people get to buy some EVs, they will have to get a charger installed in their household to charge their vehicle and another problem is that not a lot of people have driveways by their homes. Some people live in flats and apartments or even houses that don’t have a driveway. It is possible to charge the vehicle at work or at an electric charging station, but charging can take half an hour, an hour or more which is inconvenient and time consuming (Grid, 2021).
[bookmark: _Toc89177416]Practicalities of Vehicles to Grid
[bookmark: _Toc89177417]V2G with the current amount of cars
There are currently in excess of 345,000 pure electric cars in the UK (Lilly, 2021). If those 345,000 cars (the Nissan Leaf included) that are driven by people also have a charging station at home or at work, this can be beneficial as charging EVs are very cheap. This can charge up their house which will then save them money during peak time when their home electric is being used. This is good because money is saved, it gets more utility out of the car, and it will help people structure their lives more. 
[bookmark: _Toc89177418]Find a 5- or 10-year prediction
By 2030, the Climate Change Committee stated that approximately 14.5 million battery electric vehicles will be on the road(Ofgem, 2021). If there are about 14.5 million cars connected and sending power back to the grid, this will be a great reduction on the peak load from the grid so use electricity during peak times could be reduced significantly.
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Currently the national grid uses fossil fuels to produce electricity, new legislation requires the reduction of fossil fuel as soon as possible aiming for zero emissions by 2050. The car manufactures lead by research from Nissan are calling for the introduction of Vehicle to Grid technology becoming available nationwide. This would reduce the demand for electricity during peak times. However, the production of lithium-ion batteries required to operate electric vehicles create environment and health problems in developing countries such as Chile.
[bookmark: _Toc89177420]Recommendations
· A government initiative to educate the population about vehicle to grid technology and its benefits to obtaining zero emissions as early as possible.
· Industries should take responsibility for safe mining practices and safeguard the environment when extracting lithium and other resources.
· Subsidising the purchase of electric vehicles.
· Nationwide availability of discharge/charge points.
· Incentives to return to grid during peak periods.
· Free or heavily subsidised discharging adaptor.
· Government regulations to control the safe disposal/recycling of car batteries.
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