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Abstract

In this report I will be discussing how electric vehicles are charged and the electric vehicle market as a whole. I will be looking at some of the different methods that are used across the board, and methods that are being trialled and tested. I will be using books, websites and opinions to gather my research and write a report that looks at charging of EV’s, practicalities and suitability, range, capacity and pros and cons.
I will be looking deeper at what effects the battery capacity on the electric vehicles, with weather changes being a major problem , and also the concerns about the range and charging times that in general consumers have.
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In this project I will be researching the different methods of charging electric vehicles and the electric vehicle market as a whole. I will be looking at how this is achieved, the practicalities and suitability’s. I will be basing my research on other people’s research and opinions. There are many concerns surrounding the EV’s because of the amount of time that it takes to charge and the range that they generally have, I will be looking more in depth into why these concerns are brought about and whether there needs to be any at all. I will also be looking at other factors of the electric vehicle and charging being the main part of the research, how are they charged? Are there new ways being developed? Are there already different ways?
This research will all be based on other people’s research and opinions so that I can write this report from different perspectives. I will also being concluding the report with my own opinion after reading all of my findings.
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Electric vehicles are becoming more common globally with a much higher demand of charging stations being called for. [1] The most common and best-selling type are EV charging points across the UK, [2] there are three core types of EV charging rapid, fast and slow. There are two sections to the rapid chargers, AC and DC. The AC rapid chargers are rated at 43kW and rapid DC chargers are rated at 50kW and both charge an electric vehicle in around 30 minutes. 
The fast chargers are 7kW and 22kW power outputs and charge an electric vehicle in around 3-4 hours, while slow charges give up to 3kW power output and charge an electric vehicle in about 6-12 hours. All charging points use a plug in system where you can turn up and plug your car in for the required time. These charging points can also be installed at your home, especially the slow charging as it is usually done overnight. [2]
Tesla has its own fast charging technology called the Tesla supercharger that charge the car within an hour. The tesla supercharging stations can have two adjacent cars charging at the same time, with 120Kw of power outputted to each car, it takes 20 minutes to charge 50%, 40 minutes to charge 80% and 75 minutes for 100% charge. The charging station stations provide DC power directly to the battery, bypassing the internal charging power supply. [3]
They are also developing a wireless charging station that can be used by just parking your car on top of a pad [4]. As she says:
‘The technology behind wireless charging creates a connection between a transmitting pad on the ground (such as in a garage) and a receiving pad integrated on the bottom of the vehicle. In the projects ORNL is leading, the transmitting pad is connected to a 240-volt outlet and generates a magnetic field of a certain frequency. When the coil in the receiving pad is tuned to oscillate at the same frequency, the magnetic field will generate a current in the receiving coil, charging the vehicle’s battery.’ [4]
The engineers are trying to exceed the current power and speed of the current charging points. ORNL (Oak Ridge National Laboratory) are already looking at another form of electric charging, that would see the vehicle charge while driving up to 25 mph.

There are different types of electric cars;
· Plug-in Hybrid Vehicles (PHEV)
· The PHEV’s combine an electric motor with a internal combustion engine. The Electric side of the car can be used for a limited range, but then the car would switch to the normal engine when needed. [5]

· Battery Electric Vehicles (BEV)
· The BEV’s are operated only by the battery that is charged when needed. [5]

· Fuel Cell Electric Vehicles (FHEV)
· The FHEV’s are powered by an electric motor that is charged up by combining hydrogen and oxygen to create a chemical reaction. The fuel cell draws in oxygen from the vehicle that reacts with the hydrogen which generates electricity to power the motor. [5]
· Hybrid
· The hybrid charges itself while driving. Most Hybrid cars charge their batteries by regenerative braking, where the motor captures energy from the cars forward motion while braking, this energy charges the battery. [6]
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Statistics from Zap Map [1] on the 30th November 2017.
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‘The table above shows the total number of locations which have a public charging point installed (4928), the number of devices at those locations (8082) and the total number of connectors within these devices (14041). There have been 373 new connectors added to the Zap-Map database over the last 30 days.’ [1]
There are new charging points being added daily around the UK, which makes it far easier to be able to charge your car. But there are only 2592 rapid devices around the UK that would charge your car within an hour [1]. This would not be practical for people travelling long distances if they would have to wait at a charging point for over an hour to charge the car. 
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As written by Michael Boxwell [7], the majority of electric cars have a range of 40-100 miles. This is ideal for travelling locally to work and around the city but not for long distances. According to the UK department of transport as cited in Michael Boxwells book [7], the average car journey is six and a half miles with 93% of all car journeys being less than 25 miles.
Reviews posted by carbuyer.com [8] says that the best electric car on the market is the Volkswagen e-Golf range, that could give you up to 136 miles with a fully charged battery, which is above the average electric cars range.
The range is effected in extreme temperatures hot or cold. Because of the extremes in the weather the battery can get very warm or very cold. This can affect the range substantially by more than 25%, which can be a big problem during the winter or the heights of summer. Based on data collected by the Idaho national laboratory [9], using the Nissan leaf as an example: 
‘They found all-electric Nissan Leafs driven in Chicago in the winter had 26% lower ranges (60 miles compared to 81) than those driven in Seattle in the fall. Similarly, they found that plug-in hybrid electric Chevrolet Volts driven in Chicago in the winter had 29% lower ranges (30 miles compared to 42) than those driven in Chicago in the spring.’ [9]
Manufacturers of EV vehicles are working to improve on temperature control technology to compensate for some of the issues that are being experienced. Models are now being offered with battery heaters and coolers to improve efficiency. [9]	
[bookmark: _Toc500417292]Capacity

The capacity of the battery does not stay at 100% for its full life. Manufacturers have said that the typical battery will last up to 8 years and up to 100,000. A study based on the Tesla Roadstar found that after 100,000 miles, the battery would only have between 80-85% of the original capacity. Because of this car companies do give the consumer the option where they can lease the batteries from the car manufacturers, and with the car manufacturers also giving a warranty on the batteries for a certain period of time. [10]
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Pros & Cons?
Pros
· Quiet  & Quick – An EV is quiet and smooth, and after only one journey consumers can see why they have become more popular. The surprising aspect of an EV is the high power offered, as the power is delivered immediately to the wheels. [11]
· Home Recharging – The convenience of	being able to charge your car at home also is a major selling point for manufacturers. Never needing to take your car to a fuel station again. [11]
· Cheaper to Operate – The maintenance costs on electric cars are far lower than normal combustion engines, as well as not needing to pay for fuel. But as the car is electric it does not need regular oil changes or other maintenance. [11]
Cons
· Limited Range- The limited range can be a pain to consumers, and they would have to make sure that they properly plan their journey ahead to make sure that there is no threat of them running out of battery. [11]
· Refuelling Time- The long refuelling times can also be a burden to consumers, as you may have to charge your EV for up to 8 hours that may not be practical while driving around all day. [11]
· Higher Cost- To buy an EV the costs are considerably higher than that of normal combustion vehicles. This can put some consumers off buying EV’s but what isn’t taken in to consideration is the money saved on fuel , maintenance etc. [11]
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Conclusion

After doing the research I have come to the conclusion that there are many positives but also many negatives surrounding electric vehicles and charging electric vehicles. While the overall cost of running an electric vehicle is considerably lower than a normal combustion engine, the amount of time that an electric vehicle takes to charge can make it unpractical for someone who needs to use their car any time of the day. The consumer would have to consider their options carefully and look at their everyday life to see what better type of car would suit them.
In my opinion the hybrid cars would be the best to go for out of the electric vehicle market as you have the best of both worlds, and don’t have a constant worry of running out of battery when you’re on long commutes, or if you need to go out of the house while the car is in the middle of charging. 
The technology is also advancing with the charging of electric vehicles, with new ways being developed consistently. In my opinion the rapid charging would be ideal for all of the electric vehicle as long as the technology in all of the vehicles was good enough. Tesla have designed their own, but if the whole market was using the rapid charging then it would change consumers opinions, and may persuade some to purchase an electric vehicle.
To conclude, in my opinion I think that the EV market is growing and the technology is getting better every year, and that there will be a lot more electric vehicles on the road in the future.
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The table above shows the total number of locations which have a public charging point installed
(4928), the number of devices at those locations (8082) and the total number of connectors within
these devices (14041). There have been 373 new connectors added to the Zap-Map database
over the last 30 days.
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This graph shows the number of public charge connectors and locations on the Zap-Map database
over the last year. The total number of connectors has increased from 9,125 in February 2016 to
nearly 12,000 by Jan 2017.
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As stated Zap Map [1] on the 30" November 2017.
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The table above shows the total number of locations which have a public charging point installed
(4928), the number of devices at those locations (8082) and the total number of connectors within
these devices (14041). There have been 373 new connectors added to the Zap-Map database
over the last 30 days.
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