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	Abbreviation
	Meaning

	EV’s
	Electric vehicles

	ICEV’s
	Internal combustion engine vehicles

	BEV’s
	Battery electric vehicles

	Li-ion
	Lithium-ion
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Currently, the focus on powering cars is shifting rapidly to renewable sources. The most popular and widespread with implementation so far is electric powered vehicles, fuelled by batteries on board the vehicle. In the UK, there are over 300,000 battery-powered electric vehicles (RAC Foundation, 2021). With an estimation of more than 38.6 million vehicles registered on the road in the UK, battery powered vehicles form just 0.7% of all vehicles on the road in 2021 (RAC, 2021).    
However, goals set by the government to limit and eventually counteract climate change are being implemented at a pace that will only increase the number of electric vehicles on the road. Indeed, from 2020 to 2021, there has already been an increase of 125,000 electric vehicles on the road; a gain of almost 38% (RAC Foundation, 2021). Even this is not the full picture however, as if vehicle ownership habits remain the same, then by 2035 all 38.6 million cars on the road will need to have zero emissions – currently, this is only provided on a large scale by electrical power. A transition to 100% of cars on UK roads being EV’s would mean an overall increase in demand of 86.3TWh of electricity from the National Grid (Milev, G et al, 2021). Consequently, steps need to be taken to reduce the peak consumption of electricity from the grid, to avoid issues such as blackouts. This is where vehicle-to-grid technology can be useful. 
[bookmark: _Toc89122282]Aims
· Investigate the need for vehicle-to-grid technology.
·  Understand the functions of vehicle-to-grid technology.
· Evaluate the capability of current technologies.
· Understand what developments will be needed to meet the requirements for an effective vehicle-to-grid system.
· Form a conclusion as to the feasibility of vehicle-to-grid technology with regards to the chosen application. 
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· Research the impacts that fossil-fuelled vehicles have on the environment.
· Research how vehicle-to-grid technology functions.
· Obtain an understanding of what vehicle-to-grid requires to function properly.
· Formulate the key areas in which technology is affected by a vehicle-to-grid system.
· Research into the current, and proposed, technologies for each key area. 
· Analyse the research to demonstrate the progress required to reach a beneficial vehicle-to-grid system.
· Evaluate the possibilities of widespread implementation of vehicle-to-grid systems.
· Evaluate the suitability of vehicle-to-grid for the application of domestic vehicle usage. 
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[bookmark: _Toc89122285]Vehicle-to-Grid
Allows for electricity stored to be fed back into national grid. Can be chosen by the owner, or through smart chargers which communicate with the grid. One possibility is charging at off-peak times and discharging at peak times, so money can be earned. Being a source that can be used in peak times, they can replace unclean energy sources that would need to supplement energy supply. They can prevent blackouts by ensuring sufficient energy is available; in November 2020, OVO customers’ cars prevented a potential blackout situation. They can also charge during surges, mitigating damages. Smart chargers allow for optimisation of this system; however, they require CHAdeMO chargers and only Nissan provide vehicles that are compatible as of Feb 2021 (Topping, C, 2021). 

It provides the possibility of smoothing the curve, reducing peak demand. Paper considers batteries, hybrids, and fuel cells. Battery vehicles are the easiest to implement as the only hardware change required is a smart charger to dictate charging and discharging, and the technology to discharge back to the grid in the car. The study shows 85% of an EV’s battery capacity can be used without harming the battery. HEV’s are unlikely to have batteries large enough to provide V2G, although the paper does suggest running the vehicle using its fuel to generate electricity. Fuel cell EV’s would require many changes to be V2G viable, as the fuel levels would deplete to generate electricity. V2G could not replace base load power, however they could act as peak power sources or spinning reserves, which are like peak sources except always available to the grid. Peak power sources are used for a short time annually, however, can be required for up to 5 hours at one time, beyond the capability of current EV batteries. Spinning reserves are paid for the time they are kept available, not just when used. As energy stores, they are most useful in countries with significant renewable dependence (10-30%), however suggested as a secondary priority after peak power and spinning reserves. They provide possibility for peak shaving; charging in the dips in demand and being available as stores during peak, they decrease fluctuation and therefore costs. Using V2G to charge local buildings reduces line losses. Obviously, no emissions are given out while V2G is occurring (Tu, Y. et al, 2011).
Different signals given to the vehicle would dictate whether to charge or discharge the battery. V2X is a term which refers to “vehicle-to-anything”, including building and houses, not just the grid. Virta asserts three factors – electrifications, increased energy consumption, and decarbonisation. Decarbonisation with regards to energy production primarily means moving away from carbon-emitting fuels such as fossil fuels. Fossil fuels act as an energy store, while solar and wind just produce energy, so storage systems are required. EV batteries are the most cost-efficient method for this as no further hardware is required. With an assumption of 140-240 million EV’s on the roads by 2030, this provides a potential 7TWh of additional storage. Current energy storage systems, such as water lifting stations, are expensive to maintain. Virta’s system focuses on the driver being able to dictate when they next want to use the car (Virta, n.d.) 
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The widespread implementation of EV’s hinges primarily on the creation of necessary infrastructure. This is the main obstacle for governments aiming to focus on EV’s. There are three different charging speeds available; classified as Level 1, Level 2, and Level 3 (also known as “fast charging”, or DC charging). The power, voltage, and safety requirements increase with each level of charging. Chargers can also be classified as slow, fast, or rapid, describing the charging speed in ascending order. Rapid chargers require the most power and are 50-100kW typically, using either AC or DC.  However, chargers such as the CCS charger or Tesla’s Type 2 can provide up to 350kW and 150kW respectively, being referred to as ultra-rapid chargers. Vehicles compatible with these chargers can be charged within 40 minutes. Tesla’s Model S and Model X use the Type 2 Charger while the Model 3 must use the CCS charger, however adapters can be used to make cars accept different chargers. Charging rates also depend on the capacity of the car to receive charge; cars that cannot receive more than 50kW can use a 100kW source and will simply be limited to receiving 50kW, and the same applies to other charging speeds. Fast chargers, typically providing 7 or 22kW AC, can take 4-6 hours and 12 hours respectively, and so are usually placed in areas where cars will be parked a while e.g., shops car parks. Slow charging units are much lower power, up to 3kW, resulting in a greater time to charge (quoted here as 6-12 hours). Due to this, they are most appropriate for home use, particularly overnight charging; this goes well with the ability to slow charge using a standard three-pin plug found in all UK homes. Most cars are equipped with two ports: one with a connector for home-charging using a domestic plug, and one compatible with a commercial charger. Since there are multiple charger types and therefore connectors, not all vehicles are compatible with all chargers outside of three-pin plugs. This tends to differ based on the manufacturer’s region; European cars typically connect to the European CCS system, while vehicles from the Asian market such as the Nissan Leaf connect to the CHAdeMO chargers. The paper states that in 2018 global energy consumption by EV’s was 58TWh, saving 36 megatons of CO2 in comparison to equivalent fossil-fuel powered vehicles. The benefits of planning the charging point locations include reduced congestion, minimised stress on the grid, and optimised parking. The factors used to plan this include population density, the amenities with parking space, power supply, cost, and traffic patterns. The authors of the paper conclude that increased charging infrastructure, financial incentives, and the organisation of the charging infrastructure are key to successfully adopting EV’s (Altaleb, H., & Rajnai, Z., 2020). 
This paper credits rising usage of V2G as increasing EV uptake. There are three contemporary methods of charging an EV: standard conductive charging, wireless charging, and battery-swapping. The battery swap, or “Battery Exchange”, method, involves the battery of the EV being swapped out at a station for a charged battery, with the removed battery being charged and stored until needed. Rent is paid to the swap station for its use. The battery is charged slowly to prolong its lifespan and can be used as part of a V2G system. However, the drawbacks to this system are that the rental of batteries can cost more than the fuelling of a fossil fuel powered vehicle over the same period, while the area needed to store many batteries could be expensive in cities where land is at a premium. Wirelessly charging an EV requires two coils, one inside the vehicle and one in the point of charging, between which electricity is transferred using electromagnetic induction. The range of the electromagnetic currents is usually under a metre. Conductive charging allows for a V2G function and is beneficial in reducing losses to the grid and keeping voltage the same. Of the three levels, Level 3 has the biggest challenges when implementing. The high power and voltage can lead to losses through the transformer, as well as impacting the lifespan of the transformer, and requiring specific infrastructure including exclusive grid connection. Charging standards differ across regions, with the US utilising “IEEE” and “SAE” standards, while Japan and Europe utilise “CHAdeMO”. This leads to differences in classifications of charging types, split into “levels” in SAE standards, while others use “modes” (Arif, S. M. et al, 2021).
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The aim of this paper was to provide a complete study into the impact of EV’s on the environment by considering the range of sizes and comparing to fossil fuel vehicles. Data collected for vehicles using the NEDC provided energy usage across the cycle and kerb weight, which provided a strong correlation for ICE vehicles. Four categories of vehicle were compared: a mini car, medium-sized car, a large car and a luxury car, with charger and battery efficiencies accounted for. Lifecycle inventories were compiled using separate data for both EV’s and lithium-ion batteries. Lifetime use for the vehicles assumed a 12-year lifespan of 15000km driven per year. Average electricity emissions were assumed as European average of 521g CO2/kWh. Meanwhile, disposal of the battery included the separation of its constituent elements. The differences in emissions between the most and least efficient vehicles were similar for EV’s and ICEV’s. The results demonstrate that EV’s are more damaging with regards to emissions than their counterparts during the production phase, however the ICEV’s cumulative emissions quickly become higher during the usage phase. This difference between contemporaries is accounted for quicker by the most polluting cars, at about 40000km travelled, increasing up to roughly 70000km for the least polluting category. This trend continues to be seen with total lifecycle emissions outputs, as the greatest disparity is between the most harmful EV and ICEV. For both ICEV’s and EV’s, however, the greatest amount of emissions were produced during the usage phase. Between 31 and 46% of the EV’s lifetime emissions were due to the battery production, by far the largest contributor to the difference between ICEV’s and EV’s. Additionally, the batteries caused increased end of life emissions when compared to ICEV’s, causing between 14 and 23% of the end-of-life emissions of the vehicles, which would not be present in ICEV’s. In a situation where exclusively green electricity was used, the use phase emissions were lowered, making battery production up to 34% of total lifecycle emissions (Ellingsen, L. A. W. et al, 2016). 
Using their modelling, the paper estimates the appropriate lithium batteries will not be up to standard until potentially 2050 (Alankus, O. B., 2017).
 With regards to the vehicles themselves, there is great fluctuation even among like vehicles in lifetime emissions due to the differing electricity production of different countries. This affect increases in correlation with vehicle size, due to the increased energy consumption along with mass. The results obtained show that the emissions during the production of the vehicle have the greatest proportional impact on the lifetime emissions of the vehicle in countries with the cleanest electricity production – since the use phase is therefore less harmful in these countries. Larger vehicle batteries do cause increased emissions during their production, which is harmful to the emissions-reducing aims of EV’s. In countries where electricity production is highly dependent on emission-heavy means, the switch to EV’s while maintaining the same energy production infrastructure could cause an increase in overall carbon emissions as opposed to current emissions from ICEV’s, or at the least negligible improvements. In all countries, prioritising larger vehicle categories to EV’s is more effective, also as a result of their higher energy consumption. However, the paper suggests countries which would be negatively affected by the switch to EV’s would be better off focusing on decarbonising their energy production before transferring to a focus on EV’s. Some manufacturers use steam alongside electricity to provide energy, which makes differences between energy usage and electricity usage important to consider. The figure for electricity usage for battery production used by this paper is 43kWh per kWh of battery power, which is the average taken by the authors. The electricity consumption throughout the battery production process is the largest source of emissions during this phase; largely due to the main countries in battery production possessing relatively emission-heavy electricity production. The European Commission aims to have up to 25% of global battery production within Europe by 2028. Organising production strategically so that most batteries are produced domestically, or within a close radius, could have benefit, but could also negatively impact that nation’s emissions, as well as potentially being more harmful than current battery production due to the chosen countries’ energy production – Poland here is quoted as being the proposed site of one of the largest battery-production “gigafactories” in Europe, but its electrical production composition is very carbon-based (Hung, C. R. et al, 2021).  

The resource use of EV’s is a critical part of the analysis of their impact. The objective of this paper is to evaluate the resource use in the production of both EV’s and ICEV’s, enabling a comparison of the two. The paper mainly assesses TMR – total material requirement. This is considered an extensive representation of the resource usage of a vehicle, including materials removed or otherwise disturbed yet unused during the process. The total TMR is vastly lower for the fossil-fuel powered vehicles, at 24,300kg, than any of the others. The TMR for the electric vehicles was almost triple the TMR of the gasoline-powered vehicle, with the electric and hybrid-electric vehicles providing similar figures, less than 10,000kg lower than that of battery electric vehicles at 70,300kg. Certain elements have greater specific TMR during their sourcing, for example copper, which has a much greater TMR than iron. Almost half of the TMR of BEV production is from the primary battery elements, making this by far the most resource-intensive section. Considering maintenance for EV’s can cause a large contribution towards emissions, as replacing the li-ion battery (if necessary) recreates the most emissions-intensive part of the production of the vehicle. While tyres and batteries do affect the TMR of the fossil-fuel vehicles, this is not as great as for the EV’s. While unable to be accurately gauged, the effects of mine water must be accounted for. Typically stored behind dams, this does not cause a problem unless improperly stored or a disaster occurs, in which case the polluting water would be released from its storage, causing harm to the surrounding ecosystem including damage to the vegetation and contaminating the water. The TMR of battery production for EV’s is likely to increase in the future, as the availability of ores along with their quality decreases. Additionally, the capacity of the batteries increasing will also lead to an increase in TMR. Annually, global resource mining for the automotive industry displaces over 2 billion tonnes of land. Recycling the constituent metals of the battery, mainly copper, nickel, manganese and cobalt, could reduce this TMR by 12% however, which could somewhat counteract the future increase if implemented. An even more promising approach is the development of new batteries which are free from some of these metals; for example, a li-ion battery is in development which will not require cobalt. 
The battery, especially li-ion as typically used in transportation, is usually the most expensive aspect of the powertrain system, as well as the part with the lowest lifespan; therefore, needing to be replaced the most often. The paper tested the degradation of a battery through repeated cycling in order to use the data to generate a degradation model, however, only the degradation data is useful to this paper. The paper’s data showed that after 2,000 cycles, the battery’s capacity had been reduced to around 85%. At 80% of original capacity, the battery was considered “dead”; beyond reasonable use for transport purposes (Kosai, S. et al, 2021).



[bookmark: _Toc89122288]Analysis and Discussion
Allowing owners to choose when they want their vehicles charged by reduces range anxiety and allows for less routine journeys to be easily completed. Charging off-peak and discharging on-peak can earn money for the vehicle’s owner.
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· Political – government need to invest; government propose harsh regulations on emissions.
· Economical - costs of infrastructure, costs of tech development, costs of more battery production, savings in energy usage.
· Social – emergencies, changes to driving patterns, some people do not have space to charge a car, implementing to household, electric cars are expensive, savings on energy.
· Technological – covered in research above, only certain vehicles have it available, fast charging. 
· Legal – Regulations.
· Environmental – helping with renewables, encouraging electric car use, prevents energy wastage (line losses), more energy usage needed to charge electric vehicles, increased battery production. 
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· Strengths – enables 
· Weaknesses – 
· Opportunities – 
· Threats - 


[bookmark: _Toc89122291]Conclusion & Further Work
Feasibility of Vehicle-to-Grid currently
Future Feasibility/Possibilities
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