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1.0 Abstract
This paper analyses the modern electrical vehicle industry and how it is currently coping with the small market it is currently experiencing. Based on how it is currently theoretical solutions and needs have been suggested in what needs to occur short term, medium term and long term to accommodate a fully electric automotive Britain with development of technology, introduction of laws/restrictions and how the national grid will cope with the increase in demand of electricity. If all issues can be addressed and goals are successful then the UK will become a much greener national with a dramatic decrease in emissions, both from cars and power generation.
2.0 Introduction
There is currently a worldwide concern about global warming and how humans have created or increased this with many countries joining together to limit the effects. It is known that transport plays a huge role in the effects of global warming with Carbon Dioxide (CO₂), Sulphur Dioxide (SO₂) and Nitrous Oxide (NOx) being emitted from vehicles. CO₂ contributes to the thickening of the atmosphere trapping in more heat and warming up the earth, SO₂ released into the atmosphere is trapped within clouds and increases the potential for acid rain and NOx plays a part in the life cycle of plants and animals and altered amounts affects the quality of plant life which can result in problems with farming (Environment Protection Agency, 2017). In 2015 transport contributed to 24% of the UK’s emissions with Power Supply at 26% (Department for Business, Energy & Industrial Strategy, 2017) with these two sectors being the main focus for reduction. In 1997, 40 countries joined together in order to combat the amount of emissions adding these Green House Gases (GHG), creating limits on how much a country can emit with penalties put in place if these are not met. This is known as the Kyoto Protocol which set goals for percentage reductions in stages, starting with a 5% decrease in 1990 emissions by 2008, then a further by 5% by 2012 and currently in stage 3 which wishes to see at least an 18% drop from 1990’s emissions by 2020 (United Nations. 2014). 
These goals have been met through automotive manufacturers creating more efficient cars with technologies such as catalytic convertors and turbines which allow a better percentage of fuel being burnt and also allows the downsizing of engines which are more environmentally friendly without noticeable performance drops. These have also been reduced in stages with the European Union implementing laws that cars must abide with the Euro standards in order to be sold. Currently Euro6 is in action with its emission limits of 0.5g/km of CO₂ and 0.08g/km of NOx, a 50% decrease and 14.5% decrease respectively. (The AA, 2017). Hybrid vehicles have also become popular which are mainly a combustion engine but part powered via electricity, this has been a crucial step in the industry. Countries are also encouraging their residents to use their cars less with, for example the UK, improving public transport with the introduction of bus only lanes reducing traffic and travel time for those using them, cycle lanes for safer and quicker use of bicycles on roads which are a cost/emission free alternative of travel and inducing emission fees for anyone driving through major cities such as London/Birmingham in an Internal Combustion Engine vehicle. However this isn’t enough for the automotive industry as fear of fuel running out has been on the minds of people for years and the high and increasing prices of petrol/diesel, which has led to the introduction of the electric vehicle which has no engine, resulting in no emissions directly from the car. The importance of considering an electric vehicle is constantly present with people wanting to switch to save on fuel prices and be more environmentally friendly but many aren’t convinced enough to commit. This paper will look into the development of the electric vehicle industry, their effect on emissions and what will need to be put in place for a full switch from Combustion Engine vehicles to electric vehicles with the focus country being the UK.


3.0 The Electric Car Industry
The need for alternative fuelled cars began in the late 1960’s when gasoline supplies reduced and prices rose especially during the 1973 oil crisis which put a scare on the industry. The first electric car of this era was presented in 1973 by General Motors, however it didn’t make an impact in the industry as it only had a range of 40 miles and had a top speed of 45mph so no one wanted to buy it (Department of Energy, 2014). 40 years down the line and the same thing is being experienced where there is a shortage of fuel and prices are high but now with much stricter emission regulations, however with much more advanced technologies the fully electric vehicle is now possible with 40 different models available to the UK market. In 2017 it was announced that all petrol/diesel cars will be banned in 2040 in Europe with cities planning to create this ban sooner. Cities such as Paris who aim for this to happen by 2030, Copenhagen banning diesel cars in 2019 and Oxford banning petrol and diesel by 2020 and if successful will be the first zero emission city (The Independent, October 2017). The leading manufacturer being Tesla which was founded in 2003 and has created fully electric vehicles that are competitive to current petrol vehicles as well as investing in renewable energies as they state: “Tesla believes the faster the world stops relying on fossil fuels and moves towards a zero-emission future, the better.” (Tesla, 2017). However this innovation came at a price as the first Tesla model, the 2006 Roaster, had a starting price of £82,000 which meant only 2,600 were sold globally (Business Insider, 2016) but this kick started to current electric car market. 
3.1 Electric Cars on UK Roads
Well-known companies such as BMW, Nissan and Citroen introduced more affordable cars in-between £15,000 - £25,000, however there were only 3,500 registered electric cars on UK roads in 2013. This was due to the lack of understanding of the new technology to the population along with not many charging points, battery life around 5 years and charging times being slow making it unconvincing to switch from the well-known fully developed combustion engines. Electric cars were considered to be in their infant stage at this time with few insurance companies offering cover and those that did weren’t very cheap.
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However as of 2017 there are 125,000 registered electric vehicles (Next Greencar, 2017) with over 41,000 charging points over 5,000 different locations (Zap Map, 2017) and improved battery life but these only make up 2.4% of the cars on UK roads. The government have also offered many perks to owning an electric vehicle to entice people to switch, these include zero road tax, electric cars not having to pay city emission tolls and charging points are free of charge which makes running an
                                                                                               	                      electric car really cheap. Some electric vehicle companies offer free charger point installations at home but cars can also be charged with a domestic plug. (Fig. 3.1, Next Greencar 2017)


With these infrastructure/technology improvements and perks many people are now convince to switch but there are still many issues which hinder the ability for the UK to cope with a larger electric vehicle percentage. The independent states that in 2016 there were only 1,000 technicians fully trained to work on electric vehicles meaning 1 technician per 242.5km² meaning cars are being serviced by unqualified electric technicians. This is clearly dangerous/unideal not only to the driver if the car isn’t properly working but can be fatal to the person working on the car as they can deliver a 600V shock. 
               Although there have been vast improvements in number of charging points this still isn’t sufficient as it takes time to charge a car. There may be 6 times more charging points than petrol stations but when refuelling a petrol/diesel car it takes a matter of minutes and can be done even when in a rush. But charging a car can take hours depending on the charging point, some can take up to 10 hours for a full charge and if someone forgets to charge overnight and have low battery then they must resort to other measures as it would take too long to wait to charge especially if the destination doesn’t have a charging point. The population already feel annoyance when forgetting to charge their phone but with cars it’s the difference between getting to work or catching a train/plane on time.  
                Finally there are multiple different connectors which if confusing to start with. Unfortunately charging points do not all have the same plug end and is very inconvenient as these requires the driver to carry multiple cables to ensure they have access to charging points. There are 7 different connectors all with different characteristics as shown below in Fig 3.2.
	Connector Type
	Kilo Watt Capacity (kW)
	Current Type
	Rapid Charge
	Fast Charge
	Slow Charge

	Chademo
	50
	D/C
	/
	
	

	CCS
	50
	D/C
	/
	
	

	Tesla Type 2
	120
	D/C
	/
	
	

	3 Pin
	3
	A/C
	
	
	/

	Type 1 
	7
	A/C
	
	/
	

	
	3
	A/C
	
	
	/

	Type 2
	43
	A/C
	/
	/
	/

	Commando
	7-22
	A/C
	
	/
	

	
	3
	A/C
	
	
	/


(Table of Connectors, Fig 3.2, ZapMap 2017)

Rapid charge takes half an hour – 40 minutes; fast charge between 3 – 4 hours and slow charge between 6 – 10 hours. Since cables are not included with the car it can be pricey with a single cable costing £100 but more than one cable type is advised in case there isn’t a charging point with the suitable connection but it is safe to say that a Type 2 cable is most useful with its ability to do all charging speeds along and makes up 28% of charging points with CHAdeMO being 36% so this one would also be handle to take with (ZapMap, 2017). Tesla have their own designated points but many drivers buy adapters in order to have more availability where they can charge their vehicles. Slow charging points are mainly for private use either at home or at business where cars can be left for some time in order to charge, don’t worry the vast majority of cables lock onto the points and all car ends lock into place when the car is locked so people cannot just unplug your car and steal the cable. 









4.0 The Development for UK To Become Fully Electric
In order for the UK to become fully electric by 2040 to succeed to move on from internal combustion engines many projects need to be put in place. These can be divided into short, medium and long term implementations. Short term can be described as the initial change that can occur quickly to optimize the industry for current drivers for example goals reached within the next 5-10 years; medium is the 2nd stage to allow the industry to handle a moderate increase of electric vehicles within the next 10-20 years and long term which means electric vehicles are sustainable and resources are plentiful for the future in order to maintain a fully electric motor industry. 
4.1 Short Term
In order to convince people to switch to electric vehicles the current industry have to prove it is beneficial to the driver over their current car. This is currently in place with technology improvements meaning cars can achieve the same speeds with decent mileage range per charge as well as having a longer life expectancy. A main issue is access to public charging points to sufficient across the UK and not only to those in major cities, for example London has over 850 public spots with 4,500 to be added by 2018 (Source London, 2017). Below is a map of every public access charging point in London compared to South Wales, both images show the same area and are at the same zoom.
[image: ] [image: ]Charging Points in London (ZapMap, 2017)
Charging Points in South Wales (ZapMap, 2017)


It is clear to see that owning an electric car in London would be no issue whereas if you live in South Wales it is very restricted even when living in 2 bigger cities. This would mean having a private charging point at home and if a driver is a commuter they would need to be certain the car can last the journey there and back with traffic using up a lot of energy. It could also be a problem in winter as the temperature in South Wales easily reaches zero so heating may be activated which again uses up power, therefore a vast increase is needed and to be focused in areas with limited supply. Charging points are currently funded by the tax payer which can be seen as unfair to many people as they are paying for charging points when they don’t need them as they have non electric vehicles. However when it comes to 2040 and can no longer use petrol/diesel vehicles there would be complaints about a lack of point because they didn’t want to pay for them so this is a suitable solution currently. Some networks have fees such a Source London which is £4/month for access to all their points and even allows you reserve spaces for when you arrive at a destination, this is the equivalence to 3 – 4 litres of petrol which might be able to get you to the shop and back compared to a month of endless charge. Charging points cannot be free for long as there will need to be maintenance so these fees work similar to road tax, your vehicle uses the road so you pay an annual fee in which that money is used for road maintenance. In comparison to running to a non-electric car there is no doubt that. A market introduction of plug end adapters should be introduced for convenience and cost reductions, this will also make electric cars less daunting for potential customers.
The training of mechanics is vital as there are no were near enough to officially maintain the market. Halfords have taken this into consideration as they have claimed to have at least 1 fully trained hybrid/electric technician in each of their 300 stores by April 2018. This is a good starting point but is nowhere near enough as there are only 1,000 technicians to 4,900 franchised dealership in the UK which excludes franchised garages such as Kwikfit and also individual garages (National Franchised Dealers Association, 2013). Steps that need to be taken are that of Halfords but for every car service business to have 1 fully train technician whether it be training a current employee or hiring a new one. 
          Training should be paid for by a scheme either by government or organisations to ensure this starting phase occurs and to also include mandatory electric car moderate training for any new mechanics with introductions of electric car specific courses. This will quickly build up a working force capable of working on electric vehicles safely. Car manufacturers with electric cars on the market definitely need 1 specialist for dealership in case anything too advanced for 3rd party garages occurs and this only makes sense but there is only 1 technician per 5 dealerships which is poor. 
          Finally a designing process for more electric vehicles need to happens in order for production to start and for enough cars to supply the public in the next 23 years to replace combustion engine cars. Regulations should occur making it mandatory for car companies to start introducing electric cars, for example for every new internal combustion engine car starts development an electric version needs to be created. Not only will this add to the market but also create a larger variety so people can find a suitable electric car for them rather than a choice of only 40 cars by 22 manufacturers. 
4.2 Medium Term
The middle ground is mainly making it possible for electric cars to be able to dominate the automotive industry by having enough electric cars available for the public and the infrastructure for all to run. This means continue development of the short term goals ensuring there are plentiful charging points and a large fully trained workforce for sufficient maintenance. Once there is a sufficient market of electric vehicles there needs to be an increase in public awareness of electric vehicles. Advertising campaigns that show electric vehicles currently in order to debunk any old concerns which aren’t applicable today and to show the improvements and the plans in place for the industry. The reduction/restriction of engine cars should start with restricting the numbers produced or remove old vehicles with poor emission standards, for example, any car with a standard below Euro 4 and people who own these vehicles be offered a reduction for a new vehicle similar to the scrappage scheme however it is necessary for them to remove their car from UK roads and not just as a bargaining tool. Later on down the line this can then be implemented for later versions until there is a dismissal of gasoline vehicles entirely. All laws and schemes in place need to be widely advertised so there is no confusion and people are aware in advance of what is going to happen.
		Plans into battery recycling should be determined as there will be a huge demand for the raw materials currently mined in South America. Although it is currently uneconomical to recycle the lithium ion found in batteries a plan should be designed in case these materials are becoming to have a shortage or governments of the countries cut off the materials to other countries. Although some manufacturers like Volvo have bonds meaning they have a safeguard on the materials meaning they have priority of supply over those without a bond (Waste Management World, 2011). The lithium ion in batteries currently make up 3% of production cost and is currently seen as no concern nor will it be in the near future but is no reason to not continue research into either new materials or recycling as lithium ion is 100%. 



4.3 Long Term
The main long term goal is switch fossil fuel power to renewable power which has been a general goal for UK and has been for many years. However with electric cars and an increase in use there needs to be a higher supply of electricity in order to feed the demand of every car owner charging their car overnight and well as charging whilst arriving to work. The reason for electric cars is for zero emissions and reduced use of fossil fuels so increasing the production of coal/gas power stations to supply this demand is contradictory and would fail the goals of reducing emissions. Fossil fuels make up over half the electricity generation with Nuclear at 21% and Renewable at 25% which in poor in comparison the countries like France which generate 75% of their electricity from nuclear energy and a further 17% from recycled nuclear fuel (World Nuclear Association, 2017) and Sweden which uses 52% renewable energy (Sweden.se, 2016).
	The most popular forms of renewable energy in the UK is Bioenergy at 72.2% and Wind Power at 18.6% (National Statistics, 2017). There are currently 30 offshore windfarms and 1,267 onshore wind projects resulting in a reduction of 19,509,153 tonnes of CO₂ (Renewable UK, 2016). It is said that to fulfil the demands to have a fully electric automotive Great Britain there will need to be a 25% increase of output which is the equivalent to 10,000 wind turbines, more than double to current in operation or 420,000 acres of solar panels which is the area of London and Manchester combined (Countryfile, 2017). This can be achieved with increased windfarms which can be placed away from residents how these are expensive to build and would cost £14,000m for 10,000 900 kW turbines (Renewables First, 2015). How would all this energy be store however has also been discovered by a Cornish farm which has multiple industrial batteries which stores the energy from their onsite wind turbine and dispenses energy 24/7 without and discharge. This could be an intervention for households using a domestic size one connected to solar panels on a house roof, any excess energy generated can be stored and then used within the household itself which can include charging an electric vehicle. With continuous development there should be no reason as to why this can’t be a solution to domestic energy lowering the amounts of fossil fuels needed with money saved from power stations being used for maintenance. It is clear that renewable energy is needed to reduce the use of fossil fuels and a combination of all is better suited rather than focusing on one specific type.

5.0 Conclusion
The current electric automotive industry is not sufficient enough to handle a large increase in the use of electric vehicles across the UK due to a lack of charging points in rural areas and smaller cities. Larger cities like London have dominated the electric industry with its vast charging points which are easily and cheaply accessible to the public. This practice needs to be followed evenly across other areas of the UK for the acceptable of electric vehicles as a whole even though technologies have improved over the past decade with double car battery life and further mile ranges. There also needs to be a huge increase in the training mechanics to work on electric vehicles in order to convince more people to consider switching to electric. Restrictions and laws have been put into place which will stop the use of internal combustion engines hopefully by 2040 and this can only be achieved is the electric vehicle industry is ready and accommodating for the British public. However further laws can be put into place to restrict the combustion engine market and to increase the production of electric vehicles as they only equate to 2.5% of the cars on the road. Finally in order for electric cars to fulfil their purpose of creating an emission free Britain the electricity used to charge the need to be green energy not generated by fossil fuels. If Britain maintained a 50% fossil fuel usage for its electricity and went fully electric then resources will be depleted much quicker in order to supply the 25% needed increase.
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