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The following report will focus on analysing the operation and the effectiveness of alternate fuels, electric and hybrid propulsion as well as energy recovery systems to reduce the environmental impact. This report’s focus will be on electric hybrids and their environmental impact within the automotive industry. To allow with smooth and rational explanation of the above topic the feasibility for the widespread deployment of electric propulsion will be analysed in terms of how it is reducing the carbon impact within the automotive industry. 
Furthermore, a critical analysis of the short, medium and long-term implications of the implementations of a large-scale change using these new technologies within the automotive industry. A more throughout explanation of what steps are being undertaken to reduce the environmental impact under section four of this report. There will be an additional discussion on the likelihood, advantages and disadvantages of using electric powered vehicles for urban and rural communities within the automotive industry. 
The most important aspects which will be mindfully considered when analysing the feasibility of the electric propulsion vehicles are the benefits of reduction in CO2 emissions, the decreased levels of CO2 emissions can be seen in figure 1 of the appendices, the image shows a comparison of the average CO2 emissions emitted from electric and petrol vehicles and shows a clear advantage of hybrid vehicles regarding CO2 emissions. Also, the ethics, practicalities of using such effective electric technology as well as the cost of manufacture, maintenance and charging of the electric propulsion vehicles. 
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Before the topic of electric propulsion vehicles is covered an explanation of why the deployment of electric vehicles has risen significantly over the last couple of years and why they are the future of the automotive industry rather than internal combustion engines (Bmw.co.uk, 2017). As road traffic, has increased the legislations have been progressively tightened in response to environmental and public concerns about associated pollution. For cars and vans up until this point emission were measured using chassis dynamometers over a NEDC drive cycle that was designed to simulate a period of driving under urban conditions, this is followed by a period of faster driving which simulates outside urban driving. The usual test cycle is approximately 11km long and emissions are expressed in grams per kilometre (Quality of Urban Air Review Group, 1993). There are many doubts on the validity and accuracy of the results as emission are tested on a very short drive cycle, not allowing the engine to achieve very high combustion temperatures, as shown by many papers the most emission gasses are caused at high combustion temperatures, especially NOx which increases dramatically at 1370°c to 2498°c (Alentecinc.com, 2017), therefore showing the higher the combustion temperature the high the formation on NOx. At low engine temperatures, mainly hydrocarbons and carbon monoxide are particularly high. These are all emissions that are very harmful to a human as well as animals. Therefore, the European Union are forced to reduce these emissions by using many different methods, one of them being the introduction of electric vehicles. Electric vehicles can reduce anything from 35% to 65% in carbon dioxide emissions when compared to a petrol vehicle (Energy, Technology, & Policy, 2017). Since September 2017 a new drive cycle has been introduced, the new WLTP is able to simulate real road driving in a much more realistic manner, enhancing the accuracy of the new results. It is a much more advantageous drive cycle compared to the old NEDC (SMMT, 2017).  
The automotive industry in the UK is one of the most important industries in the UK. The automotive industry contributes more than £77.7bn to the British economy and employing over 814,000 people. This huge success within the industry is only possible as the main priority is to drive for higher efficiency levels. This is done by the government spending millions of pounds on training the workforce, ensuring sustainability of vehicle production, responding to great levels of consumer demands and tougher European regulations.
Carbon dioxide poising saw its rise within the last decade. According to the Chief Medical Officer for England accidental CO2 poisoning resulted in around 40 deaths and about 200 hospitalisations each year in England & Wales (Ons.gov.uk, 2017). Figure 2 of the appendices shows the carbon dioxide exposure effects. The automotive industry contributes to the formation of greenhouse gases at nearly 26% (Dft.gov.uk, 2017). This year has seen a rise in automotive production levels and a rise in overseas exportation. Relaying on the newest statistics from the SMMT (Society of Motor Manufactures and Traders) the CO2 levels from new cars has been seen to drop by 28% this decade, they are the cleanest vehicles in history.




The automotive production energy usage is continuously declining due to the ambitious targets, as well as many manufacturers are producing renewable energy in site by using solar panels and wind turbines. Figure 3 in the appendices shows renewable energy production at General Motors factory. Several manufacturers have made a huge effort to use renewable energy at their factories to reduce the overall carbon footprint which they produce during the manufacture. But General Motors have made a step further and said they will generate all its energy from renewable sources by 2050. It is also important to state that GM have 350 individual facilities spread across 59 countries. The company already has 22 facilities with solar arrays (one of them seen in figure 3), three sites which use land fill gas, and four sites which will soon have wind power. They also use old Chevrolet Volt battery power pack to store energy for their proving ground in Michigan. Storing energy for later use makes renewable energy a more practical power source. GM showed that it is already saving $5million per year from using renewable energy (Digitaltrends.com, 2017).
The introduction of the first electric car took place more than one hundred years ago. In the early part of the century innovators from Hungary, Netherlands and the United States built a concept of a battery powered vehicle which led them to creating some of the first small scale electric cars. In 1832 a Scottish invented the first crude electric carrier which was powered by a non-rechargeable primary cell. The first practical electric vehicle was a small locomotive, it was built by Thomas Davenport in 1835 (Pbs.org, 2017).
However, the world’s first commercially mass-produced hybrid vehicle was a Toyota Prius, this happened in 1997 where 18,000 units were sold within the first year of sales. The first hybrid vehicle had a 1.5 litre NZ series engine which was an Atkinson combustion cycle engine providing optimal fuel efficiency. It was integrated into a compact and high-end torque electric drive motor as well as a separate generator. The final component was a nickel metal hybrid battery pack. The first hybrid system allowed a theoretical driving range of 560 miles. It has a top speed of 99mph and could reach 62mph in 13.4 seconds. The combined fuel economy was 57.6mpg which is still very impressive for hybrid cars to reach that number today, a Toyota Prius from 2014 has a combined mpg of 50mpg (Toyota, 2017). There is a correlation between fuel economy and lower CO2 emissions. There are CO2 benefits with regards to better fuel economy. According to a paper by the European Commission regarding their test they saw a clear correlation between the two, they saw that as the fuel economy of the vehicle increased the CO2 and HC formation decreased (Martini, 2013).
It is very beneficial to improve air quality which will result in better health and protect the environment from global warming consequences and natural disasters such as earthquake and tsunamis which take many lives. Successfully reducing emission from vehicles would show great benefits of improving the society’s quality of life and health problems (M. Dabrosz, 2017). At high levels, harmful emissions have a vast impact on the respiratory system and effects the breathing capabilities of humans. During a long exposure, this can have negative effects such as; decreasing lung function, increase the risk of respiratory conditions and increases allergy response (Icopal-noxite.co.uk, 2017). Considering the recent car manufacture scandal on emissions it was estimated that 1,200 people in Europe will die early, results show that each person will lose about a decade of their life because of emissions formed between 2008-2015 (Office, 2017).  
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Electric cars use stored energy to convert it to kinetic energy just like all the other all other cars which are powered by gas, hydrogen or different fuels. However, electric cars release their stored chemical energy electrochemically without any kind of combustion which results in no burning of fuels, no air pollution and no emissions are produced by the vehicle itself. In comparison, petrol vehicles use internal combustion to burn petrol with oxygen to release heat which forces down the pistons and turn the wheels (Explain that Stuff, 2017). The internal combustion engines are a major concern as they have a huge negative impact on air quality, human health and global warming. The main emission gasses produced by an internal combustion engine are; CO2 (carbon dioxide), CO (carbon monoxide), NOx (nitrogen oxide) and HC (hydrocarbon).
Another alternative fuel method which has been introduced by the automotive industry are hybrid vehicles. A hybrid vehicle incorporates both the electric engine and a petrol engine, therefore it is the best of both worlds. The two propulsion methods are engineered to work together, usually the petrol engine is used on motorway driving and the electric engine is used during city driving. Hybrid vehicles have different setups, they are; parallel hybrid where the motor and engine both send power to the wheels. An in-series hybrid set up is where only the electric motor is powering the wheels, the engine acts us a generator and drives the electric motor charging the batteries. Full hybrids have such powerful electric motors and batteries which drives the engine independently. Mild hybrids which have a motor which is not powerful enough to power the car therefore it only acts as an engine assistant, on some systems it allows it to switch off when the car is in traffic or at traffic lights. Ordinary hybrid uses engine power and regenerative braking to charge up their batteries. Lastly, a plug-in hybrid as the name suggest can also be charged up from a charging station or even a domestic power supply. The plug-in hybrid can be driven by both the motor and batteries alone. All the above hybrid configurations combine the two engines to increase fuel economy which conserves energy and is much more beneficial to the environment. One of the drawbacks of hybrid systems is that they are roughly 20%-30% more expensive than a petrol vehicle. Hybrid cars are 10% heavier than petrol cars which causes them to have slightly worse performance. On the other hand, hybrids are much safer, more fuel efficient, less dependent on fossil fuels and have a higher reseal value than petrol cars (Explain that Stuff, 2017). Figure 4 of the appendices shows diagram of how a plug-in hybrid system works. 
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Below are some of the implementations of electric propulsion within the automotive industry, stating both their advantages and disadvantages;
[bookmark: _Toc500170560]6.1 Advantages of Electric Propulsion 
Firstly, one of the biggest advantages of electric propulsion vehicles within the industry is their lowered emissions. Electric cars are sometimes referred ZEV’s (zero-emission vehicle). The official fuel economy statistics on gov.co.uk show that electric cars produce zero CO2 emission. This information can be slightly misleading, as the vehicle itself doesn’t produce any CO2 emissions in the driven places, unless the electricity is produced by solar panels or wind turbines, some emissions are produced in the process of generation which is done at a power plant. Figure 5 of the appendices shows which is the greenest electricity source in terms of CO2 emissions. However, taking the downside into consideration electric cars are not any worse than the greenest fossil fuel car which is hydrogen (Withouthotair.com, 2017). As the electricity generation becomes more green and electric car which will be powered by green electricity will beat all other systems in terms of emissions. Figure 6 of the appendices shows a comparison of mpg results for 18 vehicles, electric (green), hybrid (yellow) and petrol (red). It shows electric cars have the best mpg statistics. 
Secondly, electric cars are roughly 80% efficient in comparison to a low 40% efficiency of a petrol-powered engine as it wastes a high amount of its burning fuel as heat. Hybrid cars reach their high efficiency and low fuel consumption by being able to switch its power source quickly depending on the situation. A hybrid achieves a better 50% mpg than a petrol car. It isn’t only the motor which makes an electric car more efficient, the regenerative braking system also contributes to improving the efficiency. This system makes sure that energy is not lost every time the vehicle is stopped, in this case the motor becomes a generator therefore when the vehicle is braking the kinetic energy is used to recharge the battery (Tesla.com, 2017). As stated by David MacKay in the book “Sustainability Without Hot Air” electric vehicles can contribute to transport by delivering the energy at a five times better rate than petrol engines at a cost of 15kwh for every 100km. Figure 7 of the appendices shows the energy (kw) usage comparison of electric and petrol vehicles. 
Lastly, in terms of overall performance of an electric vehicle compared to a petrol vehicle the difference is sometimes vast. From the research above its clear electric cars produce a high torque even at low speeds, resulting in much quicker acceleration of an electric vehicle compared to a petrol car which don’t produce their maximum torque until they reach high engine speeds. Figure 8 which can be found in the appendices show an acceleration comparison of electric cars versus petrol cars, and it proves that the acceleration of an electric car is more advantageous than a petrol vehicle. These statistics show that the automotive industry can benefit from electric and hybrid vehicles, they can now compete and often surpass the performance of a petrol engine vehicle (Borrás, 2017). To prove the advantage of performance of electric vs petrol vehicles the Automobile magazine carried out a test on a Tesla S Model and showed that a Tesla can accelerate from 0-60mph in around 3.9 seconds, this is comparable to a top performance petrol BMW X5 which has a 567bhp engine, 4.4L 8-cylinder engine with 553 lb-ft torque. The Tesla S model matches the BMW performance with just an electric engine and much lower emissions levels, this comparison shows how superior electric engine cars are and how effective they are in the automotive industry (Automobile, 2012).
[bookmark: _Toc500170561]6.2 Disadvantages of Electric Propulsion
Firstly, one of the biggest downfalls to electric vehicles are the limited recharge points. The electric fuelling stations are still in their development stage. Currently within the UK there is roughly 104,000 electric vehicles and there is only 14,035 charging points. However, this number is increasing every month, this can be seen clearly in figure 9 of the appendices. There was an increase of 1000 charging stations between September and October (Conserve Energy Future, 2017). The limitation of the charging points is one of the biggest reasons so many people are afraid of converting to using electric cars. The government is creating new projects on encouraging people to convert to green, figure 10 shows which persuasion methods work the best. 
Secondly, cost is another disadvantage of electric vehicles. Even though the running costs are much lower than petrol vehicles the initial buying price is much higher for electric propulsion vehicle. To show this in a comparison, a Honda Civic hybrid, costs £18,843-£20,568, on the other hand a similar petrol vehicle costs £13,712-£18,283, these statistics have been obtained from FuelEconomy.gov. Many people only consider the initial buying price of electric vehicles and are against electric cars, they do not consider the cheaper running cost, the government need to make potential customers more aware of these statistics to persuade people. 
Lastly, batteries are another downfall of electric vehicles. Batteries are the most important aspect of an electric vehicle. A fuel tank in a petrol car can carry much more energy than a big battery pack. The comparison of energy from a petrol car and electric can be observed in figure 11. The image shows that a petrol vehicle can extract far more energy from every kilogram than a battery pack of an electric vehicle, and unfortunately this will be the case for the foreseeable future. Once a petrol tank has been filled up which takes a couple of minutes the car can be driven for several hundred miles without stopping in comparison to electric vehicles which take a couple of hours to charge and will not be able to drive further than a couple of hundred miles on average no more than 200 miles (OSV, 2017). Another important aspect of batteries is their cost, the average cost of battery is around £12,000, which in most cases it is roughly 40% of the car value. For example, nickel-metal hydride battery will not operate for more than 100,000 miles (Cobb, 2017). 
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The future of electric propulsion vehicles seems very bright. Green thinking organisations will pressure the government to increase pressure on the automotive manufactures to improve their vehicles and to produce more electric vehicles. Even not considering the lower emission levels electric cars are gone become more affordable and economic as the supply of fossil fuels is dwindling. Business Standards research shows that the oil supply will run out in 53 years, natural gas in 54 years and coal in 110 years (Singh, 2017). It is safe to say the higher the levels of electric vehicles the greater the likelihood of infrastructure improving, making the use of electric vehicles more simpler and more accessible. 
The governments are taking this matter into their own hands, they are setting more stringent emissions regulations. For example, since Monday the 23rd of October there is a new congestion charge in the centre of London for vehicles which were made before 2006, therefore which are in the pre-euro 4, the new total cost to drive in the city will be £21.50 a day, many people will choose other forms of transport or even potentially invest in an electric car. This change will affect around 34,000 motorists a year (BBC News, 2017). 
In July 2017 DEFRA Air Quality Plan announced that petrol and diesel cars will be banned from sales in the UK from 2040 in aid to improving the air quality. This however shouldn’t be a huge shock to the automotive industry as they are already preparing for this change, according to the representative body of SMMT. However, to make sure this change doesn’t affect people the electric vehicle pricing must drop to make them more accessible. 
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In conclusion of this report all objective which have been set have been achieved, the set objectives were identified under section 3. The main purpose of this report was to analyse the operation and effectiveness of electric and hybrid propulsion to reduce the environmental impact. In the report, many different aspects of electric propulsion were compared and analysed including their advantages and disadvantages and some statements were made on how the future of the automotive industry is looking. 
The extensive research for this report proved that the government but also the whole globe is taking the environmental impact seriously (Ergon Energy, 2017). Most of the governing bodies around the globe are doing everything in their power to promote electric and hybrid vehicles and encourage people to give up using internal combustion engines, in many cases they are doing this by showing frightening facts on how dangerous vehicle emissions are to human health but also to the environment (Gov.uk, 2017). 
From the statements made in this report the electric and hybrid propulsion vehicles are more advantageous than internal combustion engines. However, the process of changing people’s perspective and attitude towards going green will require a lot of time, money and the combined effort of many people including the automotive manufacturers, however the future is very bright as a couple of manufactures including Volkswagen which is one of the biggest automotive manufacture in the world have stated during the Frankfurt motor show that by 2030 they will manufacture an electrified version of each of their models (Futurism, 2017).
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Exposure Effects

is a toxic gas at high concentration, as well as an asphyxiant gas (due to
n of the eyes, nose and throat occurs only at high concentrations. The
concentration thresholds for health effects are outiined in the table.

Health effects of respiratory exposure to carbon di
(Baxter, 2000; Faivre-Pierret and Le Guern, 1983 and refs therein; NIOSH, 1981).

Exposure
limits
Goinair) Health Effects
s Unnoticed at rest, but on exertion there may be marked shortness of
breath
Breathing becomes noticeably deeper and more frequent at rest
s Breathing rhythm accelerates. Repeated exposure provokes headaches
5 Breathing becomes extremely laboured, headaches, sweating and

bounding pulse

Rapid breathing, increased heart rate, headaches, sweating, dizziness,
7.5 'shortness of breath, muscular weakness, loss of mental abilities,
drowsiness, and ringing in the ears

Headache, vertigo, vomiting, loss of consciousness and possibly death if

&5 the patient is not immedately given oxygen

0 Respiratory distress develops rapidly with loss of consciousness in 10-15
minutes

5 Lethal concentration, exposure to levels above this are intolerable

. (Convulsions occur and rapid loss of consciousness ensues after a few

breaths. Death will occur if level is maintained.
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How does a plug-in hybrid work

Ahybrid car is like two cars in one: it has a conventional gasoline (petrol) engine for fast freeway driving and an electric motor for more
economic, pollution-free travel (or idling). In different designs, the wheels are driven by the engine, the motor, or both together.

1. Gasoline pump is the car's primary source of energy.
2. Conventional fuel tank.
3. Conventional internal combustion engine.

4. Engine powers wheels through conventional gears and transmission

5. Electric power outlet connects to car's batteries through a conventional
plug-in power lead

6. Batteries charge up overnight while car is parked. The battery pack is
usually stowed out of the way behind the rear seats.

7. Electric motor uses power from batteries to drive either two or all four
wheels.

®

Regenerative brakes: generator slows down the wheels and returns
otherwise wasted energy to the batteries.
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