

Abstract
This paper looks at the issues surrounding electrical vehicles in the modern da. The paper looks at the mains source of energy of electrical vehicles, lithium-ion batteries, and disproves their sustainability for the future of electrical vehicles. The paper discuss the ethics behind lithium mining and the issues that are brought with it along with lithium’s production, availability and the safety issues that constantly surround lithium batteries. A survey is conducted what the general view is upon electrical vehicles and whether or not people would switch to them instead of a conventional internal combustion engine vehicle the survey goes on to ask the reasons why people would and would not wish to purchase an electrical vehicle at this current time. . Graphene is seen as a very strong contender for replacing lithium-ion batteries in electrical vehicles and is researched to view the batteries energy density values and how the battery itself is produced for use. It is found that graphene batteries are a more than sufficient replacement or alternative for lithium-ion batteries with them being able to produce ten-fold the energy density that lithium-ion batteries are currently able to achieve as well as being able to charge and discharge in under 10 minutes. This paper found that the majority of participants would switch to an electrical vehicle and the reasons being for this were environmental benefits and cheaper running cost although for those who said No to buying an electrical vehicle mostly said no due to initial costs and practicality (range). For this a comparison was done between the initial costs and running costs of both electrical and an internal combustion engine vehicle and it was found that it would take 15 years of petrol for the internal combustion engine vehicle to equal that of the initial cost of the electrical vehicle.
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[bookmark: _Toc512200639]1.0 Introduction

The Petrol and diesel internal combustion engine produces various greenhouse gas emissions (GHG) that include carbon dioxide (CO2), Hydrocarbons (HC), Carbon monoxide (C0) and Nitrogen oxide (NOx). All of these gases have a large impact on the environment we live in. (Ben Lane, 2015)
These gases are produced due to the burning of fuel within the engine. Although vast improvements have been made to the internal combustion engines efficiency over recent decades none are anywhere close to the reduction in tailpipe emissions an electric vehicle (EV) is able to achieve. Due to power of an EV coming from the national grid EV produces no tailpipe emissions which in turn would meet all emissions legislation for motor vehicles which diesel vehicles are failing to do currently. (Ben lane, 2015)
This paper will look at possible alternatives to the lithium-ion batteries that are currently being used to power EV’s (Electric vehicles) being produced. Materials will be considered, that would possibly provide a larger battery capacity to obtain higher miles traveled on a single charge as the main challenge to EV’s of today is the limited distance they are able to travel without recharging. We will also be looking at the sustainability of lithium in the future as demand grows for EV’s. Research will also be conducted into the ethical issues surrounding that of the lithium mining industry and the manufacturing process needed to produce the batteries. Other issues to be looked at are the safety risks surrounding lithium-ion batteries when in use. 
Aims
· Find possible alternative to lithium-ion batteries in electrical vehicles
· Find Why more people are not buying electrical vehicles in the modern day


[bookmark: _Toc512200640]2.0 Literature review
In this literature review the lithium battery will be researched in detail along with how lithium batteries are produced and how the materials required to manufacture lithium batteries are acquired. Research will also be conducted on the availability of lithium globally and the effect this has on the few countries that possess lithium deposits on both the political and economic side. Research will be gathered via journals, news articles and research papers throughout the project.
[bookmark: _Toc467438208][bookmark: _Toc467437999][bookmark: _Toc512200641]2.1 Lithium-ion batteries
Lithium-ion batteries are broadly used across the world to power everything that we need from an electrical razor to an electrical vehicle. Lithium-ion batteries were mass produced from around 1990 switching from the previous nickel-cadmium batteries that were previously in use. The change was due to the lithium-ion battery being able to provide twice the energy density of a nickel-cadmium battery along with providing a similar discharge rate. Other benefits include no memory within the battery over cycles which overtime reduces battery life paired with this the lithium battery has a low self-discharge. Self-discharge is when the chemical reactions within the battery cause it to lose charge even when no connection to the battery is made.
Although there seem to be a lot of positives to lithium-ion batteries it has its drawbacks. Many safety parameters are placed within the battery due to lithium being a highly unstable metal. Systems such protection circuits are put in place which limits the voltage of each cell while the battery is on recharge as well as restricting the voltage from dropping below a certain limit. To go with this the battery also contains a temperature sensor within it this is so that a battery may be switched off if the temperature within a cell reaches a critical point. 
When a cell reaches this temperature it is described as “thermal runaway” where the cell has risen above a safe temperature. This temperature rise in one cell can cause a knock on effect with other cells causing them to overheat also quickly compromising the whole pack. When this instance happens the lithium-ion batteries are likely to either explode or combust likely destroying the appliance they are powering and possibly harming the consumer.
The reason that the cells within the battery sometimes reach this temperature is due to a short circuit occurring where microscopic metal particles within the cell collect between the positive and negative plates. This causes a large current flow which generates considerable heat causing the cell to quickly become unstable.
[bookmark: _Toc467438209][bookmark: _Toc467438000][bookmark: _Toc512200642]2.1.2 Lithium production
[image: Description: Image result for LITHIUM LAKES]To produce lithium-ion battery lithium is needed to create the electrolyte and cathode of the battery itself. In order to acquire lithium you need lithium carbonate (Li2CO3) but to obtain this you first need Lithium chloride. Lithium chloride is extracted from Salt lakes (Fig.1) across the world of which there are few that are known that contain large deposits. The method adopted to collect lithium carbonate is known as the Lime soda evaporation process. To begin the water from the salt lakes is pumped from the lake into small ponds where the water is then left to evaporate over a timescale of 12 – 18 months over this time period the multiple salts within the water crystallize at different intervals. Within this time the pond has lime added to it to remove the magnesium. The end step is to evaporate the water down to a level where a high concentration of lithium chloride brine is left. Finally the mixture left has soda ash added to it which then produces lithium carbonate. (William Tahill, 2007) Figure 1- Salar de uyuni salt lake, Bolivia (http://www.amusingplanet.com/2011/08/salar-de-uyuni-in-boliva-worlds-largest.html)

[bookmark: _Toc467438210][bookmark: _Toc467438001][bookmark: _Toc512200643]2.1.2 Ethics of lithium production
A large amount of environmental and political issues are involved with lithium production due to there being so few large deposits across the world. With this scarcity of lithium there is a high concentration of mining companies harvesting each deposit across the planet. These mining operations bring with them huge machinery to carry out the tasks needed to acquire the lithium. A recent article talks of the damage to the environment a lithium mining operation will bring, in terms of visual pollution from the vast workforce and machinery needed as well as the emissions produced from the machinery used to mine the lithium, that is soon to be to happen in the Bolivian salt lake Salar de Uyuni the only yet untapped deposit known on the planet. (William Tahill, 2007)
[bookmark: _Toc467438211][bookmark: _Toc467438002][bookmark: _Toc512200644]2.1.3 Lithium Recycling
The demand for lithium is increasing due to the pressure of the automotive industry to move towards hybrid or electric vehicles (EV’s) with 7% of the global transportation markets expected to be EVs by 2020. OEM’s are beginning to look at recycling lithium batteries to reduce demand on a source that will eventually run out. However while lithium is 100% recyclable companies cannot economically justify recycling batteries right now due it only accounting for 3% of the initial manufacturing cost.  As demand increases however it is expected that lithium recycling will become more and more common practice especially in the form of closed loop recycling where the lithium components are sold back to the OEMs to avoid possible price inflation. (WMW, 2011)

[bookmark: _Toc467438212][bookmark: _Toc467438003][bookmark: _Toc512200645]2.1.4 Availability
[image: Description: Nissan LEAF | Electric car exterior]Although lithium is 100% recyclable there is a limited supply (that we know of) deposited around the planet to be used in battery technology. At this current time the earth is estimated to contain 9.9x109 kg of lithium a research paper shows that if all lithium deposited around the world was manufactured into lithium ion batteries for the Nissan leaf which has a capacity of 24kW/h then a total of 10.6 billion Nissan leafs would be able to be produced. If we were to use the UK standard of living of 2 person to 1 vehicle with the current population of the earth, roughly 7.4billion, then 3.7billion Nissan leafs would need to be produced. This accounts for 33.94% of the worlds lithium supply and even with the recycling of lithium at the end of its life cycle this seems unsustainable. (Eric Eason, 2010) 
Taking from the research found on safety issues of lithium batteries such as possibility of short circuiting and self-sustaining fires caused by this as well as the unsustainability of using lithium in batteries other alternatives need to be found to be able to sustain supply of EV’s being produced for the world’s population.Figure 2- Nissan leaf (https://www.nissan.co.uk/vehicles/new-vehicles/leaf.html)





[bookmark: _Toc467438213][bookmark: _Toc467438004]


[bookmark: _Toc512200646]3.0 Alternatives
In this section alternatives to lithium-ion batteries will be looked at in order to find a material that is able to provide a higher charge capacity and is a sustainable option for the future of electrical vehicles.
[bookmark: _Toc467438214][bookmark: _Toc467438005][bookmark: _Toc512200647]3.1 Aluminum-ion 
Aluminum-ion batteries have long gone development but have been hindered by the on-going problem of cathode degradation, unsustainable cycle life (typically below 100 cycles), which in turn significantly decreased capacity, and poor discharge voltage. However a team from Stanford University in the US has managed to create an aluminum-ion battery using a graphite-foam cathode that shows a huge increase in cycle life of 7,500 as well as vastly improved charge rates and discharge rates. If these results can be replicated then aluminum-ion battery’s would be a much better alternative to the current lithium-ion battery’s due to the lower costs and lower safety risk’s involved.
The one drawback to the aluminum-ion graphite cathode battery is that it can only produce around have the voltage that a typical lithium-ion can. However with further cathode refinement it may be possible to increase the voltage output in the future (Meng-Chang Lin, Ming Gong, Bingan Lu & Yingpeng Wu, 2016)
[bookmark: _Toc467438215][bookmark: _Toc467438006][bookmark: _Toc512200648]3.2 Graphene 

Graphene is a crystalline allotrope of carbon that is formed 2 Dimensionally (A single flat layer of hexagon shaped atoms). The carbon atoms are packed densely in an hexagonal wire shape. It possesses incredible properties such as high electrical and heat energy conduction rates is basically transparent and is the strongest material to ever be tested. 
[bookmark: _Toc512200649]3.2.1 Graphene production
The production of grapheme starts with a sheet of copper foil that is kept within a furnace filled with argon gas this drivers out the oxygen within the air. The atoms of carbon are then deposited onto the matrix where a plastic coating is added in order to cover the sheet. The sheet is then spun at 3000RPM. This multi layered sheet is then broken apart using a combinations of chemicals which strips off the copper and other most foreign materials. This then leaves the raw graphene that is loaded onto a silicon chip where it is then held to receive a blast of gold pellets and plasma to give us the final product that is known as Graphene.  This process is currently known as chemical vapour deposition (CVD)
Using this technique graphene able to produce in bulk and would be able to meet the supply demands if the material were to take off commercially in the future.  It also means that sustainability of graphene is infinite as the materials used in its production are easily recycled and can be used to produce grapheme more than once.
A new technique has also been developed in the recycling of catalyst copper foil which is known as the van der waals interaction. The Van der waals interaction is the sum of  short range electric dipole interaction between uncharged molecules this separates the graphene, made using CVD, from the copper substrate and transfers it to an arbitrary substrate. This in turn allows the re-use of the copper catalyst for further growth cycles. To further add to this tests show that there was no performance loss using the same copper catalyst in further growth cycles meaning that the copper could be used over and over again giving the whole process a large recycling boost the technique is highly scalable which would allow for the production of graphene to become vast and cost effective in the future.
[bookmark: _Toc512200650]3.2.2 Graphene Batteries
Graphene batteries are showing huge promise in research and new improvements are being made every day in the steps towards using them in electrical vehicles. Currently graphenano has produced a grapheme battery under the name of Grabat which is able to achieve a range of 500miles (804KM) in distance upon a single charge whereas the current highest ranged lithium battery is only able to achieve 474km which is found in the Tesla S model. Graphenano also says that the battery is able to be charged to its full capacity in a few minutes and can discharge 33 times faster than a standard lithium-ion battery.

[bookmark: _Toc467438216][bookmark: _Toc467438007][bookmark: _Toc512200651]3.3.3 Lithium-Air
Lithium-air batteries are a strong contender for replacing lithium-ion batteries as they are able to produce a much larger energy density and energy output as well as being lighter. The issue with lithium-air is a poor cycle life and a large portion of the energy stored is lost as heat energy which in turn adds safety issues as when batteries get hot they either combust or explode. However these issues have occurred when using Lithium-peroxide (Li2O2) as an electrode. Currently there is ongoing research at the U.S. Department of Energy's (DOE's) Argonne National Laboratory using Lithium superoxide (LiO2) which has removed the issue of energy being lost as heat as well as improving cycle life and achieving high conduction efficiency. (Khalil Amine, Jun Lu, Larry Curtiss, Zonghai Chen, Kah Chun Lau, and Hsien-Hau Wang, 2016)






[bookmark: _Toc467438217][bookmark: _Toc467438008]





[bookmark: _Toc512200652]4.0 Issues with EV’s 
The EV seems to be the future for the world of the automotive industry offering nearly zero emissions while getting you were you need to be however there are a few draw back’s to the EV’s of today that deter the consumer from switching to electric vehicles. 
[bookmark: _Toc467438218][bookmark: _Toc467438009][bookmark: _Toc512200653]4.1 Range
Currently the main issue with EV’s is the range they are able to travel on a single charge. Currently the Nissan leaf is able to travel between 200-250km with the BMW I3 being able to achieve the same however the Tesla S boasts a possible 334-474km. These do seem like reasonable ranges and would be more than sufficient for the day to day life of most however when larger distances are needed to be traveled (i.e. vehicles used in the transportation sector) an EV will not be able to provide the ranges needed. This moves us onto the next issue. (BMW, 2015) (Tesla, 2015)
[bookmark: _Toc467438219][bookmark: _Toc467438010][bookmark: _Toc512200654]4.2 Charging times
When you run out of fuel be it diesel or petrol you can simply stop at the nearest service station refuel in a few minutes and be on you way this is not the case for EV’s. The BMW I3 is able to be charged to 80% of its capacity in under 40 minutes according to the BMW website but this is a large chunk of time to wait to not even achieve a full charge the 40 minute wait would only allow an extra 160-210km. In the transport industry where time is a large factor this added wait time isn’t acceptable for business owners. (BMW, 2015)

[bookmark: _Toc467438220][bookmark: _Toc467438011][bookmark: _Toc512200655]4.3 Power stations
Another issue is where the electricity that powers these vehicles comes from. Although the government is working to move towards greener ways of producing electricity, such as solar and wind energy farms, a large amount of energy is still provided by power stations around the county that burn fuels such as coal to provide us with this energy. Taking this into account the EV’s CO2 emissions are not much lower than the average internal combustion engine vehicle if at all. (US DOE, 2014)
[bookmark: _Toc467438221][bookmark: _Toc467438012][bookmark: _Toc512200656]4.4 Cost
The cost of electrical vehicles is not exceptionally high overall with the Nissan leaf at £25,975 and the BMW I3 £34,750 however at this price these two vehicles are put into the price range of ICE vehicles which they are unable to compete with.  A comparable vehicle to the I3 in the BMW series would be a BMW 1 series which is of similar size and offers a significant performance boost but retails at £20,930. When looking at these figures it is clear the average consumer would choose the ICE over the EV due to the excessive price gap.(Nissan, 2014) (BMW,2015)
[bookmark: _Toc467438222][bookmark: _Toc467438013][bookmark: _Toc512200657]4.5 Image
EV’s suffer from an image problem where they are generally seen as slow, ugly and boring. Although the Tesla S model has begun to make a dent on that problem EV are still widely regarded as slower as or less desirable than their comparable, in terms of price, ICE counterparts.  For example the “MIA”  highlights all of these issue with it being slow and unappealing to the eye to add to this the price of the MIA is £22,000 which puts it in the price range of the BMW M1 which is much larger, aesthetically pleasing and has a substantial performance advantage.(BMW,2015)


[bookmark: _Toc512200658][bookmark: _GoBack]5.0 Electrical and internal combustion engine vehicle price and running cost comparison

[bookmark: _Toc500178966][bookmark: _Toc500179832][bookmark: _Toc512200659]5.1 Nissan Pulsar Visia
A Nissan Pulsar visia retails at £13,900 currently and has a 1.2L 4 cylinder engine that produces 81 horsepower and achieving an average of 57MPG. CO2 Emissions of the pulsar are 117g/km which meets the current EURO 6 standards.
With the data collect upon petrol and electricity costs we are able to calculate the running costs of both the Pulsar and leaf. Estimating that the average consumer travels 15,000km a year and using the average price of petrol currently of 114p/litre with the Nissan pulsar average MPG petrol costs for the Nissan Pulsar would be £1,197 per annum. Using the emissions value found for the Nissan pulsar we can also calculate that the CO2 produced over the year is 1,755,000g.(Nissan,2017)(Lilly.C,2016)(Harwood.R,2016)
[bookmark: _Toc500178967][bookmark: _Toc500179833][bookmark: _Toc512200660]5.2 Nissan Leaf 24kWh
A Nissan leaf currently retails at £25,975 it has a 24kWh Lithium-ion battery powered electrical engine that produces 80 horsepower and has a range of 200-250km range on a single charge. Charging time for the Nissan leaf is 4 hours for and 80% charge when using an Alternating current charger.(Nissan,2016)(Lilly.C,2016) (Harwood.R,2016)
Using the data collecting upon the cost of electricity and range of the Nissan leaf we are able to calculate running costs. Electricity currently costing 11.6p/kWh and once again using the estimated value of the average consumer travelling 15,000km per annum we are able to calculate a running cost of £329 per annum to run the Nissan leaf. (Harwood.R,2016)
From these calculations we are able to clearly see that the running costs of the two vehicles vary massively with the Nissan Pulsar visia costing nearly 4 times that of what the Nissan leaf costs. With these values we can see a saving of £868 per annum when using the Nissan leaf. However the intial costs of the Nissan leaf over the Nissan pulsar means it would take 15 years to break even with the Nissan leaf. )(Harwood.R,2016)
Using statistical values used from U.S Energy Information Administration we are able to calculate the CO2 produced per annum by the Nissan leaf. Firstly when using Bituminous coal the CO2 produced per kWh is 938 grams. Basing our assumption that the maximum range is achievable by the Nissan leaf of 250km we are able to find the CO2 produced per annum by multiplying 250 by 60 to get 15000 in doing this we find that 1440 kWh is required for this distance. Now we multiply the CO2 produced by coal per kWh by the kWh needed to travel 15,000km.938g*1440kWh = 1,350,720g of CO2 produced per annum. (Harwood.R,2016)
As coal is one of the highest producers of CO2 when burnt a second set of calculations will be performed with natural gas as the fuel burnt to produce electricity. Using the U.S Energy Information Administration statistics Natural gas produces 553.3g of CO2 per kWh knowing this we can find the CO2 produced per annum. As previously done multiplying the amount of CO2 produced by kWh needed to travel 15,000km will give the amount of CO2 produced per annum. 553.3g*1440kWh = 796,752g of CO2 per annum.(US EIA, 2016) (Harwood.R,2016)
From the calculations above we see a reduction of 23%  CO2 produced per annum when using coal to produce electricity for the Nissan leaf over using petrol to power the Nissan pulsar visia this is a huge reduction in CO2 emission even when using coal. This result is further improved when replacing coal with natural gas where we see a reduction of 54% in CO2 emissions of the Nissan pulsar visia.


[bookmark: _Toc512200661]6.0 Survey
As to understand better how people feel about electrical vehicles currently a survey was produced in order to collect data on how they felt about electrical vehicles in their current state varying questions were asked upon the survey to collect a broad range of data on different variables. The questions asked and the choices given for each question are listed below for reference:
	[bookmark: _Toc512200662]Public opinion upon Electrical Vehicles


[bookmark: _Toc512200663]You're personal opinion upon Electrical Vehicles
Top of Form
1. Are you male or female?
Male
Female
2. What is your age?
18 to 24
25 to 34
35 to 44
45 to 54
55+
3. Do you drive?
Yes
No
4. Capacity of your vehicle?(Number of seats)
2
4
5
7
5. On estimate how many miles do you travel per day?
10-20 or less
20-30
30-40
40-50
Over 50
6. Have you ever driven an EV (Electric vehicle)?
Yes
No
7. Would you ever consider swapping to an EV?
Yes
No
8. Only answer if you answered "No" to question 7 Which of the following puts you off?
Initial cost
Image
Practicality
performance
Other (please specify)

9. If you answered "Yes" to question 7 What appeals to you about an electrical vehicle?
Environmental benefits 
Running costs
Image
Performance
Other (please specify)
Bottom of Form

[bookmark: _Toc512200664]7.0 Analysis 
[image: ]
The survey held no restriction on which gender could take the survey leading to a relative balance of both male and female participants. The maximum amount of people able to take the survey was limited to 100 people due to restriction placed on the program used to design the survey
[image: ]The survey was distributed over social media from a variety of sources personal Facebook profiles were used along with university Facebook profiles in order to retrieve a larger variation in age of the participants of the survey as if the survey was solely distributed by the author of this paper this would lead to a narrow age group of people receiving the survey in the first place. We can see that a large variation in age groups was achieved with a slight lean towards the 25-34 years of age group
[image: ]
A large percentage of participants are able to drive with only 14% not able to. This result has still achieved a goal however as it is now known that, for surveys as specific as the one produced in this case , the author should specify that all participants should be able to drive as it is a basic requirement.
[image: ]

This question was asked in order to gather information on the general size of the vehicles driven by participants as electrical vehicles currently are generally very compact and people carriers has not been a focus for electrical vehicles produced currently the largest amount of seats within an electrical vehicle is 5 within the Tesla model line. Other electrical vehicles such as the BMW I3 and Nissan leaf currently have 4 seats each.
[image: ]
The data gathered from this question is very interesting with the majority of participants saying that they only traveled between 10-20 miles per day this is interesting due to the fact the electrical vehicles of today from past data shown that the reason the majority of people are not converting to electrical vehicles from Internal combustion engine vehicles is the lack of range but as is shown in the research done in this paper most electric vehicles are able to travel over 100km on a single charge. Judging by the data collected from this question alone electrical vehicles of today are more than sufficient for the majority’s commuting commitment on a single charge. Although this question does make for interesting results the number of responses limits reliability this question should therefore be repeated but to a much larger audience so that we may see if the results are similar with a larger amount of participants


[image: ]This question was asked so that we may see how many of the participants have actually experienced the capabilities of an electrical vehicle as there is currently an image problem with electrical vehicles of them being sluggish and boring to drive. This question was asked in anticipation of the follow up question of “Would you ever consider swapping to an EV?” to see what the response of people who have not driven and electrical vehicle was. We see that majority have not driven and electrical vehicle so the response from people who answered “No” to the follow up question should give us insight as to why they would not switch to electrical vehicle.

[image: ]
We see how many would and would not switch to an electrical vehicle in order to find out why the participants answered the way that they did. Two follow up questions were asked to gain clarification on their answer.
[image: ]
Here we see the responses of the people who said “No” to possibly switching to an electrical vehicle in the future. The results from the question were quite surprising with only 1 participant answering with image to not buying an electrical vehicle. The responses were evenly spread across initial cost and practicality. It is easy to understand the response of the initial cost of an electrical vehicle being an off put as even the cheapest electrical vehicles on the market today are around £20,000 with that in mind this response is completely acceptable as we have also performed our own comparison on what you are able to buy for the same price with an internal combustion engine  vehicle earlier on in the paper.

As this was such a broad question and “Other” Option was added in order to collect other responses not available in the survey.  A number of reasons were given with some of the most interesting being “safety – lithium battery fire stories” and “Concerns about environment impact of batteries” Both of these reasons have been research earlier in the paper but were not specified as  response as they seemed a lower priority when thinking of buying an electrical vehicle however they should not although safety has come a long way with lithium ion batteries there is still a very real danger when using them as shown in the research previous. “Concern about environmental impact of batteries” was a very surprising response from the public as it is not so well known the damage that mining lithium does to the environment again we can see just how damaging it is to the environment in research previously conducted in the literature review of this paper. This shows that people are seriously looking at all the factors when looking to buy an electrical vehicle instead of accepting blindly that an electrical vehicle produces zero emissions when in fact it does not. 
[image: ]
For those that answered “Yes” to switching to an electrical vehicle the results of their reason are shown above. We see a heavy lean towards the environmental benefits of electrical vehicles with nearly 80% of the people who answered “Yes” going for this option with the “Running costs” following closely behind with 39 participants selecting it this is a completely valid selection as currently charging within the UK is completely free at services and other chagrining point when on a journey. We see quite a high value for the “performance” option this is likely due to reading news upon the Tesla models which are putting out some impressive numbers when it comes to speed and acceleration the benefit of the electrical motor being able to deliver all of its torque instantly shines through here.
 Again as with the previous question and “Other” option was added to collect some more data on why people might switch to an electrical vehicle. One of the responses was” I am on my second electric leaf and it is also very quiet and very roomy which also appeals to me”  This answer comes form someone who already owns an electrical vehicle has said that they enjoy the ergonomics of the Nissan leaf due to its low volume when travelling while also providing sufficient space this is a good point to make and may be added on further surveys on the subject later on.
[bookmark: _Toc512200665]8.0 Lithium and Graphene comparison 
Using the research conducted we will compare both Grapehene batteries and Lithium-ion batteries in order to validate whether Grapehene is suitable as an alternative to the use of lithium-ion batteries in all of the applications that lithium-ion batterieis are used in at this moment in time. Unfortunately due to lack of resources primary data was not able to be collected for a comparison between the two battery compositions
Graphene shows great promise in what it is able to do for the world of electrical vehicles with it being research heavily since its re-discovery in 2004 at the University of Manchester. In the data collected we have found that there are grapehene batteries currently in development under the company Graphenano is using that are able to provide ranges of up to 804Km on a single charge. Currently lithium-ion batteries are only able to offer a range of 474Km at maximum on the Tesla model S. 
Along with this Grapehenano claim that the battery is able to receive a full charge in less than 10 minutes with an energy density of 1.000WH/Kg and a Voltage of 2.3V it is also claimed that battery is able to discharge at this rate also allowing for high power motors to receive the energy needed to produce the power demanded by the motor.  In comparison a lithium-ion battery is currently only able to receive 80% charge in 40minutues with an energy density of only 130WH/kg
Recycling of lithium-ion batteries currently is non-existent this is due to, as previously mentioned in research, that it is not economically viable to recycle lithium currently. This is due to the fact that only 3% of a lithium-ion battery is made up of lithium the rest of the battery is made up of various other materials that are not worth recycling themselves. 
On the other hand we look at recycling of graphene and it shows great promise. Currently graphene is produced using CVD where the copper sheet is discarded as it is contaminated with graphene that was previously produced in the CVD process but a new process has been found where the graphene is able to be separated from the copper sheet foil effectively cleaning the sheet of contaminants and allowing the copper sheet o be reused in further cycles of the CVD process.
Looking at the ethics involved with the two materials graphene is able to be produced anywhere in the world with the exception of requiring a small amount of copper for the CVD process the copper mining operations do not cause large eyesores for the local community at copper mining operations are usually located below ground. Mining lithium however causes a large amount of problems for the local community and government as seen in the research done prior on lithium production.  
Comparing the production of lithium and graphene currently lithium takes a large amount of effort in order to produce lithium is only suitable for electrical applications once it has gone through steps of manufacturing with first having to mined from lithium deposits, of which there are very few around the world, before having to undergo several chemical treatments and then left in a pool where the water that contains the lithium is left to evaporate which then leaves behind a powder of lithium chloride which then once more must undergo further chemical treatments in order to reach its final stage of becoming lithium which in all takes 18 months total. Whereas grapheme requires carbon, copper foil and argon gas in order to be produced and takes less than a few hours to be produced.  Graphene production is also extremely scalable which would allow for supply of the demand could be met should it need to be in the future.


[bookmark: _Toc512200666]8.0 Conclusion
The aim of this paper was firstly was to prove the unsustainability of lithium-ion batteries that are used in electrical vehicles today. In the research done I believe this was achieved as the calculations performed showed us that in order to provide a couple with one Nissan leave would use nearly 34% of the world’s lithium supply in one swoop and with lithium recycling currently nonexistent at this current time due to it not being economically viable this proves that lithium is unsustainable for the long term use of batteries for electrical vehicles. Other factors that were found in research other that lithium’s unsustainability are its safety concerns and production time with a full 18 months needed to produce the final product from a lithium mine. 
Moving on from the disapproval of lithium unsustainability we move on to the possible alternative that shows the most promise at this current time, grapehene. Throughout this paper there has been developments occurring regularly in battery technology and in the efficiency of electrical vehicles. New battery chemistries are being developed each day as more and more research is conducted within the field. In this paper we have found that there are in fact possible alternatives to lithium-ion batteries for the use in electrical vehicles. Graphene being the main focus of this paper shows great promise in becoming a replacement of second alternative to power electrical vehicles in the future we have found that energy densities of graphene batteries far exceed that of the current lithium-ion batteries used in electrical vehicles today with lithium ion batteries producing 130WH/KG and Graphene batteries able to produce 1000WH/KG nearly a tenfold increase in energy density. However graphene batteries are still in their infancy with graphene itself only rediscovered in 2004. Research is being poured into the material in order to bring to a level where it is suitable for commercial use which I predict to be no longer than 10 years off. 
The manufacturing process of graphene still brings some skepticism due to the toxic materials used in its production when treating the graphene with chemicals in order to separate it from the copper substrate but there are new methods of manufacturing occurring for graphene at present that promise to reduce the use in toxic material in its production.  Negatives the aside the production of graphene shows great promise due to its scalability and ease of production with a low production time and limited resources needed graphene production shows great promise also with only copper and argon gas need in graphene production the process shows great promise in sustainability this is furthered by the new techniques being adopted in graphene production that allows re use of the copper foil sheet needed in graphene production.
The secondary aim of this paper was to collect data from the general public on their thoughts upon electrical vehicles of today and if they would consider switching from Internal combustion engine to an EV. A  survey produced showed that 66 of the 100 participants would consider switching to an electrical vehicle in the future. The main reasons for this being environmental benefits and the reduced running costs of an electrical vehicle with 77.94% going for environmental benefits and 57.35% going for reduced running costs. Other reasons for the switch given as personal responses were the ergonomics of the Nissan leaf, an electrical vehicle, with it being quite to drive and providing more than sufficient space.
In the survey it was also found that of the people who voted for not switching to an electrical vehicle of which there 40 47.5% of them put it down to the initial cost of an electrical vehicle this is not surprising as the cheapest electrical vehicle on the market currently comes in at £24,995. Research was done upon this area with a comparison done between the Nissan leaf and the Nissan Pulsar visia which is a similar sized car to the Nissan leaf with very similar performance also and it was found that even with the reduced running costs of the Nissan leaf it would take 15 years of petrol for the Pulsar visia to reach the same cost of that of the intial cost of the Nissan leaf.
An interesting piece of data was found in one of the survey questions where the participant was asked how many miles they travelled for their daily commute with 89% saying that they traveled 50 miles or below with this in mind we looked at the current range of electrical vehicles which is, using the Nissan leaf range as a general example, 124miles this is more than sufficient for the general public’s everyday use. With this in mine I think that s an improvement on this paper it would be wise to expand the survey distribution to a higher volume of people in order to collect more data so that this statistic is more well-known as it may be possible that battery technology is more than sufficient for the average commuter and that the general public need to be aware of this fact so that it may promote more electrical vehicles sales as 47.5% of the people voted no to switching to an electrical vehicle selected practicality (Range)
In final conclusion I believe that graphene batteries stand a good chance of becoming the alternative to lithium-ion batteries in electrical vehicles with the Grabat graphene battery showing great promise if what is said of the specifications is true. I would like to have collected my own data on energy density, recharge and discharge rates of both lithium-ion batteries and graphene batteries however the resources were unavailable thus making testing impossible. As an improvement on the survey produced I would like to have presented it to much wider audience so that the data collected could better represent the general population as a whole rather than a select few of only 100 participants.
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