



Abstract

Emissions standards are becoming more and more stringent as time goes on and will continue indefinitely. CO2 emissions are a large contributes to global warming and it is well known that automotive vehicles produce a large chunk of the CO2 we produce. In an attempt to combat this governments of the world are placing a lot of pressure upon the automotive industry to reduce their carbon footprint. In response to this the automotive industry is looking towards electrical vehicles to reduce their carbon impact. This paper will look at a comparison to a standard electrical vehicle and a standard ICE vehicle in order to see the benefits of electrical vehicles in terms of emissions. Other aspects that will be compared are running costs and initial costs to see if large scale employment of electrical vehicles is viable.
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1.0 Introduction
This report will be looking at the employment of electrical vehicles in the urban sector of the automotive industry and the effects that this may have upon CO2 impact. We will look at the benefits of CO2 reduction that electrical vehicles bring as they themselves produce zero emissions atop of this the immediate and long term effects that large scale employment of electrical vehicles will have. While looking at the benefits that electrical vehicles may bring we will also be looking the practicality of using this technology by looking at costs of electrical vehicles as well as such things as electrical vehicles maintenance, refuelling/recharging and the manufacturing process that is required.
[bookmark: _GoBack]In order to see if electrical vehicles bring any benefits over the internal combustion vehicles a comparison will be performed between representatives of both. In this paper a comparison will be made between the Nissan leaf and Nissan Pulsar visia I have chosen these vehicles as they are of similar size and produce a similar amount of power. For this comparison we will be looking at the emissions produced, initial cost and running cost of both over a time scale of 1 year.











[bookmark: _Toc500178775][bookmark: _Toc500178951]
[bookmark: _Toc500179817]









2.0 Literature review
In this literature review the cost, ethics, practicalities and Cost of electrical vehicles will be looked at to create a fair analysis. This literature review will also look at sources of energy that produce electricity such as coal or natural gas as well as renewable sources of energy:
[bookmark: _Toc468717082][bookmark: _Toc468718595][bookmark: _Toc500178776][bookmark: _Toc500178952][bookmark: _Toc500179818]2.1 Emissions
There are four main emissions given by the tail pipe these are Noxx, CO2,CO and hydrocarbons. All of these emissions are monitored by the European emissions standard when new vehicles are sent in for emissions testing. The main emission that governments around the world are attempting to reduce is CO2. CO2 is seen as one of the greatest contributors to the greenhouse effect. In an attempt to reduce CO2 emissions in vehicles manufactures are looking more and more at electrical vehicles as they run upon electricity and produce zero emissions when running. However the electricity used by electrical vehicles is mostly produced by burning fossil fuels such as coal in power stations.

[bookmark: _Toc468717083][bookmark: _Toc468718596][bookmark: _Toc500178777][bookmark: _Toc500178953][bookmark: _Toc500179819]2.2 Cost of EV’s
Electrical vehicles are widely available for purchase and vary hugely in their price for example the chosen vehicles for our comparison the Nissan leaf retails at £25,975 providing a range of 200 – 250km and 80 horsepower whereas the Tesla model X retails at  £68,600 providing a range of 321.9 – 474.8km and 245 horsepower . The Nissan leaf is seen as the average consumer car whereas the Tesla Model X is seen as an electrical performance vehicle. When compared to similar ICE vehicles such as the comparison to be made between he Nissan leaf and Nissan Pulsar Visia (£13,900) the Nissan leaf costs over £12,000 more than a Nissan Pulsar Visia.(Nissan, 2016)
[bookmark: _Toc467437999][bookmark: _Toc467438208][bookmark: _Toc468717084][bookmark: _Toc468718597][bookmark: _Toc500178778][bookmark: _Toc500178954][bookmark: _Toc500179820]2.3 Lithium-ion batteries in EV’s
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. (Harwood.R, 2016)
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. (Harwood.R, 2016)
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. (Harwood.R, 2016)
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. (Harwood.R, 2016)
[bookmark: _Toc467438000][bookmark: _Toc467438209][bookmark: _Toc468716888][bookmark: _Toc468717085][bookmark: _Toc468718598][bookmark: _Toc500178779][bookmark: _Toc500178955][bookmark: _Toc500179821]2.3.1 Lithium production
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) (Harwood.R, 2016)
[bookmark: _Toc467438001][bookmark: _Toc467438210][bookmark: _Toc468716889][bookmark: _Toc468717086][bookmark: _Toc468718599][bookmark: _Toc500178780][bookmark: _Toc500178956][bookmark: _Toc500179822]2.3.2 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)(Harwood.R, 2016)
[bookmark: _Toc467438002][bookmark: _Toc467438211][bookmark: _Toc468716890][bookmark: _Toc468717087][bookmark: _Toc468718600][bookmark: _Toc500178781][bookmark: _Toc500178957][bookmark: _Toc500179823]2.3.3 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) (Harwood.R, 2016)

[bookmark: _Toc467438003][bookmark: _Toc467438212][bookmark: _Toc468716891][bookmark: _Toc468717088][bookmark: _Toc468718601][bookmark: _Toc500178782][bookmark: _Toc500178958][bookmark: _Toc500179824]2.3.4 Availability
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 24kWh 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 people 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) (Harwood.R, 2016)
[bookmark: _Toc468716892][bookmark: _Toc468717089][bookmark: _Toc468718602][bookmark: _Toc500178783][bookmark: _Toc500178959][bookmark: _Toc500179825]3.0 Issues /Practicality of 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: _Toc467438009][bookmark: _Toc467438218][bookmark: _Toc468716893][bookmark: _Toc468717090][bookmark: _Toc468718603][bookmark: _Toc500178784][bookmark: _Toc500178960][bookmark: _Toc500179826]3.1 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) (Harwood.R, 2016)
[bookmark: _Toc467438010][bookmark: _Toc467438219][bookmark: _Toc468716894][bookmark: _Toc468717091][bookmark: _Toc468718604][bookmark: _Toc500178785][bookmark: _Toc500178961][bookmark: _Toc500179827]3.2 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 your 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) (Harwood.R, 2016)

[bookmark: _Toc467438011][bookmark: _Toc467438220][bookmark: _Toc468716895][bookmark: _Toc468717092][bookmark: _Toc468718605][bookmark: _Toc500178786][bookmark: _Toc500178962][bookmark: _Toc500179828]3.3 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.(US DOE, 2014) (Harwood.R, 2016)
[bookmark: _Toc467438012][bookmark: _Toc467438221][bookmark: _Toc468716896][bookmark: _Toc468717093][bookmark: _Toc468718606][bookmark: _Toc500178787][bookmark: _Toc500178963][bookmark: _Toc500179829]3.4 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) (Harwood.R, 2016)








[bookmark: _Toc500178964][bookmark: _Toc500179830]4.0 Analysis/Comparison
In this section of the assignment a comparison will be made between the Nissan leaf and Nissan Pulsar Visia. In this comparison we will look at costs and emissions of both vehicles and analyse these statistics doing this will allow us to come to a conclusion on the feasibility of widespread employment of electrical vehicles in order to reduce carbon impact. These two vehicles were chosen due to their similar specifications of size and weight while having similar performance statistics:
[bookmark: _Toc500178965][bookmark: _Toc500179831]4.1 Running costs and emissions

[bookmark: _Toc500178966][bookmark: _Toc500179832]4.1.1 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)
[bookmark: _Toc500178967][bookmark: _Toc500179833]4.1.2 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)
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.
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.
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.
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)
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.
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[bookmark: _Toc500179834]5.0 Conclusion 
My final conclusion for this paper in terms of the benefit to the environment it would bring to employ electrical vehicles on a larger scale in the urban sector is clear one. The reduction in CO2 emissions produced is too great to ignore. In our calculations we saw a 23% reduction in the amount of CO2 produced when using electricity produced by burning coal to power the Nissan leaf over the Nissan Pulsar visia using petrol. Further to this we see a 54% reduction in CO2 production when burning natural gas rather than Coal. we will also see a further reduction in CO2 production as we move forward with renewable energy sources such as wind farms becoming more common every day. 
It is also clear that battery technology has progressed to a point that it is viable for everyday use by the average consumer to complete their daily commute. However the battery tech has not progressed to a point where it is viable for HEV’s to be used in hauling as this usually entails long journeys and charging times currently are too long to make it practical to charge an electrical vehicle mid journey.
However there are issues with the implementation of electrical vehicles on a large scale due to the unsustainability of lithium. With lithium-ion batteries being the primary power source for electrical vehicles, as well as the majority of all electrical appliances, if electrical vehicles are to be deployed on a mass scale it calls for alternatives to lithium-ion batteries so that everyone around the world is able.
To further add to the challenges electrical vehicles face their initial cost currently is a large issue. We saw in our calculations that it would take 15 years for the Nissan leaf to break even against Nissan pulsar visia due to the Nissan leafs high initial cost. However past this date the running costs of the Nissan leaf are a quarter of the Nissan pulsar visia’s.
In final conclusion the large reduction in CO2 emissions is a big plus for electrical vehicle large scale employment however currently the initial costs make it economically unviable to do so.
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