





[bookmark: _Toc498904467]Abstract
Every year the governments of the world put forward tougher legislation upon tail pipe emissions in order to combat global warming and reduce carbon footprint. In order to keep up with this legislation the automotive industry is looking towards electrical vehicles to provide an answer. Unfortunate electrical vehicles have their own downfalls. Lithium-ion batteries are currently the energy provider for the majority of electrical vehicles being produced. Lithium however is highly unsustainable and so is unsuitable for the future of electrical vehicles. A new alternative is needed for electrical vehicles that is sustainable and possess similar or better energy density, discharge rate and cycle life.
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1.0 [bookmark: _Toc498904468]Introduction
The internal combustion engine provides power to the vast majority of vehicles that populate our roads today. To provide this power the engine burns fuel be it Petrol or Diesel in doing this a number of greenhouse gases (GHG) are produced in the process of burning these fuels. These gases include Carbon dioxide (CO2), Hydrocarbons (HC), Carbon monoxide (CO) and Nitrogen Oxide (NOx). Each of these gases are a contributor to global warming and are also damaging the environment that we are living in.
The production of these gases is caused by the burning of fuel within the internal combustion engine. Huge amounts of money have been poured into research on how to make the internal combustion more efficient at the process of burning fuel in order to reduce the amounts of GHG’s given off but with ever increasing restrictions from governments on the amount of emissions a vehicle is allowed to produce it is becoming increasing difficult to reduce their emissions further with some engines not able to even meet the emissions restrictions of today.
With these points in mind electrical vehicles are becoming more and more popular and with their power being sourced from batteries within the vehicles there are zero emissions produced when the vehicle is running meaning that all emissions legislation would be easily met.
The vast majority of electrical vehicles (EV) of today use lithium-ion batteries to provide them with power. In this paper we will be looking at possible alternative to lithium-ion in order to possibly improve EV’s performance in the form of reduction of weight and Higher energy density to provide larger travel distances. In doing this we will also be looking at the sustainability of lithium in the future with its every increasing demand as the world looks more towards electrical vehicles as a primary mode of transport.
We will also be looking at the ethics surrounding the lithium mining industry as well as the manufacturing process that has been adopted by the major lithium production companies. Other issues that will be researched will be the safety risks that come with using lithium-ion batteries as a power source.
1.1 Aims:
· Possible alternatives to lithium-ion batteries in hope to provide larger travel distances and possible weight reduction
· Finding if lithium is sustainable for the EV industry
· Current issues surrounding EV’s and how to improve this




[bookmark: _Toc498904469]2.0 Literature review
In this section we will review literature from different sources upon the lithium-ion battery in detail. Research will be conducted upon the process used to gather the raw material needed to produce lithium-ion batteries as well the manufacturing process used in their production. We will also be researching availability of lithium upon the planet in order to find its sustainability. With this we will also be researching the ethical side of lithium and what effects possessing lithium has upon its government.
[bookmark: _Toc498904470]2.1 Lithium-ion batteries
[bookmark: _Toc498904471]2.1.1 Overview
Lithium-ion batteries are used in a huge array of items as a power source from tooth brushes to the Tesla X electrical vehicle. Lithium-ion batteries were introduced in 1990 as an improvement upon the nickel-cadmium batteries which were previously the main battery used in electrical appliances. This change was made as lithium-ion batteries were able to withhold twice the energy of a nickel-cadmium while also being able to provide virtually identical discharge rates this allowed for much larger life time on a single charge. Along with this lithium-ion batteries did not suffer from cycle memory. This is when a battery loses capacity of charge due to its recharge over multiple cycles meaning that lithium-ion batteries are able to be recharged numerous time without losing charge capacity. To benefit lithium-ion batteries further they possess a low self-discharge rate this means that when a battery is not providing power it withholds its charge whereas nickel-cadmium batteries would slowly lose charge while not being used.
[bookmark: _Toc498904472]2.1.2 Safety
There are numerous pros to using lithium-ion batteries as a power source for electrical vehicles however there are also cons. One of these cons is that lithium itself is an unstable metal and therefore needs an array of appropriate safety systems put in place as well as battery management systems to stop. Such things include temperature systems that constantly monitor the battery pack for any sudden increases in temperature so that the battery can be disconnected if needed. Other safety methods include the installation of protection circuits the circuits limit voltage levels while the battery is recharging along with this the protection circuits also ensures that the voltage doesn’t drop too low as this would cause the battery to lose capacity.
The reason for the installation of something such as the temperature sensor is so that something called “thermal runaway” is quickly spotted. This “thermal runaway” is when a cell within the pack has surpassed safe levels of operation when this occurs a domino effect quickly occurs compromising the rest of the pack. With the temperature sensor in place this domino effect can be halted by disconnecting the battery stopping the loss of the entire pack as well as stopping possible harm to the consumer as when lithium-ion batteries either explode violently or combust and form a self-sustaining fire.
The occurrence of something like “thermal runaway” is usually down a short circuit within the battery. This is when small metal particles within the battery collect and form a conduction point between the positive and negative plates of the battery this allows for a constant current flow within the battery which in turn cause a significant raise in temperature quickly compromising the battery pack.
[bookmark: _Toc498904473]2.1.3 Lithium Production
Lithium-ion batteries use lithium as the material for the electrolyte and cathode of the battery. To get lithium for these components a chemical named Lithium carbonate (LiCO3) is needed but to acquire this we first need Lithium chloride. Lithium chloride is found in salt lakes throughout the world of which there is a very limited amount as previously discussed in the availability section. The process used by companies who extract lithium chloride is a process called the Lime soda evaporation process. This process starts with splitting the lakes into smaller pools equipment is used to pump the water from the lake into these smaller ponds from here the water if left to evaporate over a timescale of 12-18 months. As the water evaporates different salts within the water crystalize at different levels to remove magnesium from the pools Lime is added. Eventually a large amount of water within the pool has evaporated leaving a large concentration of lithium chloride brine. At this stage soda ash is added to the lithium chloride this then turns the mixture to lithium carbonate. (William Tahill, 2007)
[bookmark: _Toc498904474]2.1.4 Ethics
Lithium production has many environmental and political issues surrounding it. Political issues surround the Bolvian salt lake of Salar de Uyuni currently as it is the only untapped deposit of lithium on the planet. Companies are due to begin extraction of the material in the near future and this has caused a large amount of concern for the government of the people of Bolivia. Lithium extraction operations require large amounts of machinery and huge workforces. This in turn brings with it large amounts of emissions produced by the machinery during the extraction process as well as this we also have visual pollution brought by these operations. Salt lakes are regarded as a beautiful vast sea of crystal clear waters that the local population hold in high regard a large mining operation tarnishes this sight and therefore is causing unrest in Boliva currently as the mining operation of Salar de Uyuni is due to commence in the near future. (William Tahill. 2007)
[bookmark: _Toc498904475]2.1.5 Lithium Recycling 
Lithium demand is ever increasing as the automotive industry heads more and more in the direction of electrical vehicles over the internal combustion engine with 7% of global transportation to be electrified by 2020. With this increasing demand it is logical to look increasing at recycling lithium due to the limited amount we possess.  Fortunately Lithium is 100% recyclable however companies are hesitant to recycle at this current time due to it not being economically viable to recycle as the amount of lithium contained within a lithium-ion battery is only 3% of the cost to manufacture the battery. Retrieving the lithium from old batteries currently costs more than producing new lithium batteries. However as demand increases further it is estimated that lithium recycling will increase and will take the form of closed look recycling where the batteries will be sold back to OEM’s in order to stop price inflation.(WMW, 2011)    


[bookmark: _Toc498904476]2.1.6 Lithium Availability
The availability of lithium is within question at the current time there is a very limited amount of the material on the planet. The exact figure of the amount of lithium upon the plane that is known of at this current time is estimated to be 9.9x kg.  A research paper has calculated that if all the lithium within the planet was used to produce 24kW/h batteries for the Nissan leaf a total of 10.6billions batteries would be produced. Using this data if we were to use the living standards of the UK of 2 people to each vehicle and using the world’s population of 7.4billion then 3.7 billion Nissan leafs would need to be manufactured. This would account for 33.94% of the world’s current lithium supply. This paired with an ever increasing population and including lithium recycling is quite clearly an unsustainable option.
[bookmark: _Toc498904477]3.0 Alternatives
In this section we will look at possible alternatives to that of lithium-ion batteries as a power source for electrical vehicles. We will be looking at materials that provide similar or better properties while being sustainable at the same time.

[bookmark: _Toc498904478]3.1 Aluminium-ion
Aluminium-ion batteries have been under research and development for a long period of time but have suffered with providing necessary features to make a reliable battery. Aluminium-ion suffers with such things as cathode degradation, low cycle life (below 100 cycles) and insufficient discharge voltage.  In recent months however a team from Stanford university in the United states have recently created a aluminium-ion battery using a grapheme-foam cathode that has been able to achieve a cycle life of 7,500 with improved recharge and discharge rates. If these results are able to be reliably replicated this would mean that a possible alternative would be available over lithium-ion batteries. This alternative would provide lower manufacturing costs as well as reduced safety risks over lithium-ion.
There is however the drawback of the aluminium-ion battery being able to only achieve half the voltage of what a lithium-ion battery is able to achieve but with research constantly being conducted there is no reason that aluminium-ion batteries could not become a sufficient alternative. (Meng-Chang Lin, Ming Gong, Bingan Lu & Yingpeng Wu,2016)

[bookmark: _Toc498904479]3.2 Graphene
Graphene is material that is made up of  carbon atoms that have a structure of a honeycomb to give it its properties. Graphene is widely regarded as a super material due to the properties it contains. Some of the these properties include being very lightweight, flexible and is the worlds strongest material. Atop of this graphene is highly conductive making it a excellent choice to use in batteries. Graphene is also eco-friendly and highly sustainable. (Ron Mertens,2014)

[bookmark: _Toc498904480]3.3 Lithium-Air
Lithium-air batteries have a high chance of replacing current lithium-ion batteries due to them being having a much larger energy density, energy output as well as being lighter than that of their lithium-ion counterparts. There are issues with lithium-air however, that being that they suffer from a low cycle life as well as the majority of energy stored within the battery being lost as heat energy. These issues raise concerns of safety with heat and lithium batteries not being a great combination with high temperatures causing lithium batteries to either explode or combust and produce self-sustaining fire. 
These downfalls may soon be overcome however as the material used for the electrode, Lithium-peroxide (Li2O2), which is expected to cause these drawbacks is to be replaced. Research is ongoing into using Lithium superoxide (LiO2). In testing so far this material has corrected the issue of the loss of energy through heat and has all improved cycle life as well as achieving a higher conduction efficiency. (Khalil Amine, Jun Lu, Larry Curtiss, Zon ghai Chen, Kah Chun Lau, and Hsien-Hau Wang,2016)



































[bookmark: _Toc498904481]4.0 Issues surrounding EV’s

It is clear that electrification of vehicles is the future of the automotive industry with them being able to offer zero emissions with now being able to provide sufficient distance on one charge to get the average user to their destination and back. However the general public still seem hesitant upon purchasing an electrical vehicle. This section will look at the current drawbacks of electrical vehicles.


[bookmark: _Toc498904482]4.1 Range
One of the largest issues with EV’s currently is that of the distance they are able to achieve on a single charge. The Nissan leaf is currently able to travel between 200-250km with the BMW I3 being able to achieve a very similar figure. The Tesla S however is able to achieve 334-474km. While these ranges do seem sufficient to transport the average consumer to and from their daily commute those days in where the distance is not sufficient enough this puts a large barrier on where the consumer is able to go on a single charge. Also transportation vehicles routinely travel large distances per day delivering goods to and from various destinations the range’s EV’s are able to provide are just not suitable for these vehicles currently. (BMW,2015) (Tesla,2015)

[bookmark: _Toc498904483]4.2 Charging times
The charging times of electrical vehicles are a large put off for the consumer with the lowest charging time to get a charge above 80% being 40 minutes. As we know refuelling an ICE vehicle takes minutes consumers are used to this convenience so When a single charge is not sufficient to perform your journey adding 40 minutes to that journey is a large chunk of time to sacrifice in order to get to your destination. Again returning to the transportation industry where time deadlines are present adding an extra 40 minutes to delivery time every 200km is not practical. (BMW,2015)

[bookmark: _Toc498904484]4.3 Power stations
Although electrical vehicles themselves produce zero emissions the source of their energy does not. Electricity is still largely produced by burning coal and produces large amounts of emissions in this process. Governments of the world are investing more and more into renewable energy such as wind farms and solar panels however at this current stage with coal being the main source of producing electricity an electrical vehicle produces a similar amount of emissions to modern ICE engines. (US DOE,2014)

[bookmark: _Toc498904485]4.4 Cost
Currently the electrical vehicles come at quite the cost for what they provide in terms of performance. The Nissan leaf is one of the cheapest electrical vehicles currently coming in at £25,975 the BMW I3 is another small electrical vehicle but is significantly higher in price with it being £34,750. These price ranges put them in cost brackets where comparable ICE vehicles provide a lot more for the money spent. The BMW 1 series is comparable to the BMW I3 in terms of luxury and size however it offers a significant performance increase over the I3 while only costing £20,930. As we can see electrical vehicles currently carry a large price premium which is a large put off for the average consumer. (Nissan,2014) (BMW,2015)
[bookmark: _Toc498904486]4.5 Image
The image of electrical vehicles as a whole I not a good one until very recently electrical vehicles have been regarded as sluggish, boring and ugly. The company Tesla however have begun to make a dent in this image in recent years introducing the Tesla S model and the new Tesla roadster which boasts a 0-60mph of 1.9 seconds with a 620mil range and 10,000nm torque. However this type of electrical vehicle is few and far between at this stage. The general image of being slow and sluggish is still retained by the “MIA” which is visually unappealing as well as slow while still costing £22,000. This price tag puts the “MIA” in direct competition with the BMW M1 which is much more visually appealing, larger and has much better performance statistics.































[bookmark: _Toc498904487]5.0 Critical analysis
 
Upon the analysis of the research done upon electrical vehicles and the lithium-ion batteries that power them it is clear that both have their downfalls. The main issue for electrical vehicles is clearly that of cost in comparison to their ICE counterparts. As for lithium-ion batteries there is cause for concern with the safety risks they bring with short circuiting being a common occurrence in modern day batteries. Other issues are that of sustainability after researching lithium we have calculated that to provide a Nissan leaf for every 2 people upon the planet it would take 33.94% of the worlds lithium supply which is a figure that shows how unsustainable the material is and there is reason to find other alternatives from lithium-ion batteries for the future of electrical vehicles.  

Another issue that faces lithium-ion batteries is their sub-par capacity to be used in such vehicles such as HEV’s. Research has shown that the range of most EV’s is sufficient for the average consumer for their daily commute however due to the high mileage covered in the transport industry where HEV’s are used heavily they do not supply enough range to add to this it is impractical to expect HEV’s to charge multiple times throughout their journey as we found that the shortest charge time is 40 minutes for an 80% charge.



























[bookmark: _Toc498904488]6.0 Conclusion

In conclusion to the findings in this paper it is clear that an alternative to lithium-ion batteries in electrical vehicles is desperately needed. This is mainly down to lithium not being sustainable and as the electrical vehicles become more common upon our roads demand will increase for lithium and as 33.94% of the worlds lithium supply would be used to provide one Nissan leaf between two people at the worlds current population this is not accounting for the lithium used for other electrical products. 

In the next part of the dissertation more research will be done upon the alternatives to lithium-ion vehicles. Graphene shows great promise in replacing lithium and this material will be a major focus in the second part of this dissertation. Graphene has excellent properties such as increased battery capacity as well as a longer cycle life with these properties it may be possible to reduce production costs of the battery which in turn will lower overall costs of electrical vehicles this would address the major issue of electrical vehicles costing too much for the average consumer. 

In the next part of this dissertation I will be performing analytical methods upon the possible alternatives in order to calculate energy density values. To go with this I will be producing a questionnaire in order to collect data upon the general public’s view of electrical vehicles at this current time in an attempt to better understand why more people are not switching to electrical vehicles apart from current costs of EV’s
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