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[bookmark: _Toc500598268]1.0 Introduction
The purpose of this report is to analyse the feasibility for widespread deployment of electric propulsion to reduce the carbon impact of automotive vehicles. Emissions are the main concerns globally. Countries around the world have been trying to reduce the emissions, in order to prevent global issue such as global warming. The main cause has been known to be the number of combustion engine vehicles on the road.  From a survey carried out in 2014 and published in 2016, by the department for transport UK, shows that 76% of the UK population have vehicles. 36% of the people have two or more vehicles. The survey also stated that 90% of the journeys made by the passengers was by road, and the distanced travelled by both cars and vans have increased by over 1000% since 1952 (Department for transport, 2017). In the main section of this report is the literature review section. The literature review section will help to explain the major changes being applied in automotive industries around the world. In that section, there will be explanations on different types of emissions produced by both petrol and diesel. There will be critical analyse on the short, medium and long term implications for the usage of the electric vehicles on a large scale and what affects it will have on urban and rural communities. There will also be section explaining the carbon dioxide (CO2) benefits and how it will improve. The cost section will provide details on the cost of manufacturing, maintenance and charging.     
















[bookmark: _Toc500598269]2.0 Literature Review 
This section is based on the research carried out by the author on the current emission, and how the European emissions regulation were placed in order to reduce the pollution caused by the engines produced. The Author will also provide details on the electric vehicles (EV), and how they are becoming enforced. There will also be section explaining the implications that might occur. The main aim for the Euro emission standard minimise the amount of unsafe exhaust emissions. The main gases, which the Euro emission standards are focused on, are nitrogen oxide (NOx), Carbon monoxide (CO), Hydrocarbons (HC) and Particulate matter (PM), (Auto Express, 2017). From the research carried out by Society of Motor Manufacturers and Traders (SMMT), it will 50 of the modern cars (euro 6 standard) to match the same level of exhaust emissions as the one from 1970s (Rac.co.uk, 2017).  
[bookmark: _Toc500598270]2.1 Emissions issues 
In 1970 due to the rising concerns of the greenhouse gases, the first European regulation for emission was established, it was not until 1992 the first standard for the vehicles was applied which was known as euro 1. Since then the European Union have increased the standards. The regulation are set in order to help and reduce the amount of gases produced by the vehicles on the road. Moreover, currently the EU emission standard is Euro 6 which was established in 2014 but came compulsory all new vehicles on September 2015. This have pushed the automotive industries to develop combustion engines, which meet the standard requirement. The EU Emission standard agency have not just set the target, they have also financially encouraged the automotive industries (Rac.co.uk, 2017). The government have also set up campaigns and schemes to persuade and encourage the public to invest in hybrid or full electric cars (Gov.uk, 2017).  
[bookmark: _Toc500598271]2.2 Electric vehicles (EVs)
EVs have been around for a long time, the first EV was practically used in 1887. Philadelphian Electric Carriage and Wagon Company was the first to manufacture electric taxies for New York. They were found to be cheaper and more environmental friendly compared to petrol and diesel (Todorova, 2017). There were found to be more electric vehicles than internal combustion vehicles, however in later on 1990, after three year, the electric vehicles were slowly replaced by the internal combustion engines vehicles. The main reasons were, there was not enough range on the batteries and was believed to be lacking power (JalopyJournal, 2017). From 2008, the automotive manufactures have made the batteries more advance to support and power features built in the modern vehicles.  This was also the period when the fuel prices increased and the plea to start reducing the greenhouse gasses. The batteries were then further developed to power the vehicles for better range (Sperling and Gordon, 2010). From further research and development, it was found that, by using the recharging low-emission electrical power supply, the EVs were not producing any tailpipe emissions. This can also help to reduce the importation of oil on regular bases (Sandalow, 2009). EVs are arguable the ideal technology to significantly reduced the environmental pressure of the automotive industries. However due to lack of resources to produce the batteries and the power supply to charge the vehicles, the automotive industries have found a great challenge to produce the vehicles and keep the cost as same as the ICE vehicles.       
[bookmark: _Toc500598272]2.3 Short term implications
 In the automotive industries, there have been a lot of implications regarding the EV’s. As there is lack of interest from public, the automotive industries have trying to increase the interest in the EV’s by installing the features and gadgets to the vehicles. From the figure below, it can be seen that Tesla have sold more vehicles hand have increased the interest of the public by apply advanced technology and features to make vehicles for the future. 
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[bookmark: _Toc500598240]Figure 1: EV’s sold in US during 2016 (Bhuiyan.J, 2016)
In the year 2016, many countries have announced to end the sales of ICE vehicles in the coming future, Netherlands, were first to announced that from the year 2025, the law will be applied. Other counties have also announced that this law will be applied in the future. Most counties have decided to extend the deadline, to the year of 2040. Norway have become the leading country to register over 40% of the new vehicles, this figure was a mix of hybrid, electric and hydrogen powered vehicles. The deadline, allowed the government to build the infrastructure and provided the automotive industries to manufacture more EV’s (Roberts. D, 2017). Major automotive manufacture such as Volvo and BMW have announced that more investments will be made to on the EV’s and hybrid vehicles. The manufacturers have also announced the historic end of the ICE vehicles from the year 2019 onwards (Vaughan. A, 2017). The short term target is to calculate the target number of EV’s which can be produced and working with government, plan and design the infrastructure, pilot project and traffic rights. The automotive industries have also cooperated with the private companies and the PPP, the private public partnership to increase the interest and develop the EV’s. The automotive indurates across the global have collaborated to carry out researches in EU, US and Japan (Grünig et al., 2017).
[bookmark: _Toc500598273]2.4 Medium term implications 
As all the car manufactures have announced to manufacture EV’s, the metal for the EV’s have to pass the formulaic test as part of the security and safety laws. However, passing or failing the test will not make a difference, as there is a major concern regarding the supplier of cobalt. Democratic Republic of Congo is known to supply over 60% of the cobalt produced globally. As there is one major source, the automotive are currently looking for new sources, which can be used. Manufactures, such as Tesla, have had investors, investing a lot of money into their ideas and future technology. Currently Tesla are in debt of 1.5 billion dollars, as they do not have the material to manufacture the EV’s at a right rate in order to breakeven. It was calculated that Tesla will reach breakeven point in the year 2025, however will lack of resources and the debt date has been extended to 2030. Allowing them to produce and sell the EV’s to meet the new deadline date. As the automotive industry would reach the choke point of mass production of the EV’s, a more possible plan from 2030 will be to only manufacture light vehicles and light trucks. Until new and fast resources have been found for cobalt, which is a key component for the new high energy lithium ion batteries. According to London Metal Exchange, the price of cobalt have increased from 26,200 to 56,500 dollars within few years due to the demand and lack of physical availability (Dizard, J. 2017). The car manufacture have been instructed to manufacture at least 10% of the EV’s as part of their new vehicle range. This will be applied to all the automotive manufactures from the year 2019. This provided the automotive industries to invest in research, resources and equipment in order start the manufacturing process (Sawa.T, 2017). 
[bookmark: _Toc500598274]2.5 Long term implications 
Initially, Umicore the Belgian battery component manufacture have invested 300 million euros to further increase the lithium ion batteries by 2020, however, the date have been extended to 2026, this was extended due to lack of resources. However the automotive have planned to increase the fleet of the EV’s. From 2030, it has been planned to produce the electric commercial vehicles (Sanderson, H. 2017). The figure below, shows the future plans to reduce the lithium-ion batteries cost. The plan is to have the batteries at an affordable prices in time for no ICE sale starts in the year of 2030. As the number of EV’s will increase globally, there will be more battery resources, this will reduce the cost of the batteries and will allow people to purchase them at a suitable cost (Dickinson. A, 2017).     
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[bookmark: _Toc500598241]Figure 2: Estimated cost of the batteries (Dickinson. A, 2017)
In future, around the year 2032, Australia have planned, to invest 490 million dollars on project called smart city program, the project involves improve and have more smart grid around city. The project will be invested by the Australian government and automotive industries based in Australia. The smart grid will provide more electric charging stations for the increasing number of cars in the future; the project will begin in New South Wales. The smart grid will be first step to build the right infrastructure for the EV’s. In order to test the smart grid, twenty Mitsubishi iMiEV EV’s will be used as trial, if the trial became successful then the smart grid, it will then be added as part of the Ausgrid. To further test the grid system, the vehicles will be tested in the project known, as the home trial, then it will used for public use. From the home trials, the government will then be able to monitor the usage and calculate the peak time/demand, this will allow them to increase and decrease the flow, in order to prevent black outs. The net benefits has been estimated at 89 million dollars, the accurate figure will then be given in the year of 2034 according to ARUP 2014. The figure below shows the fuel econmy and the cost of the vehicles. At current stage, the standard gasoline fuel is the cheapest option compared to other vehicles. The fully EV’s are the currently  are the second expensive vehicles. The most expensive vehicle in the graph is the plug in hybrid with 40% electric. The automotive indurties and the Austrailan government have calcualted, that there will be enough resources, in future to decrease the price of the EV’s. from the graph it also can be seen the increase of the standard gasloine vehicle, while other vehicle prices decreaes. The paper also indecates that the major price drop and effects can be seen around the year 2040 (Nesbitt.S, 2017).
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[bookmark: _Toc500598242]Figure 3: Future costing of the vehicles (Nesbitt.S, 2017)
The figure below, shows the future plans made by California on how to achive the taget of reducing green house gases by 60% in the year 2050. 
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[bookmark: _Toc500598243]Figure 4: Plans to reduce the GHG in California by 2050 Jones, (C.M. 2014)
[bookmark: _Toc500598275]2.6 Electric vehicles usage for urban and rural communities  
In 2016 the former president of the US, announced that there would be rapid development of the grid, which can produce and restore renewable energy. The grid will be set up in 33 states, in the rural areas; it is estimated to achieve 1.3 gigawatts of additional storage. Mircogrid will be developed in the small rural areas and urban areas, to provide the power to the charging station for the future EV’s (Global data news, 2016). From the year 2019, the British government have increased the price to £12.50 for the ICE vehicles driving though London city. Du to this less vehicle will drive though London city, this will lead to 50% reduction in the emissions by 2020. The government have also have decided to ban Euro 4 and below vehicles from entering. This is the first process, to develop the public’s interest in the EV’s (BBC News, 2017). In some countries short range EV’s have used in the urban areas in order to improve the CO2 emissions (Grünig et al., 2017).
[bookmark: _Toc500598276]2.7 Carbon Dioxide Benefits 
An EU climate action have reported that the new vehicles being produces have been equipped with features such as start/stop system and devices such as turbos and EGRs in order to reduce the emissions. The CO2 produced by the new vehicles have been halved, this is the beginning of the process to reach the target of 95g/km by the year of 2020 (Climate Action - European Commission, 2017). According to a government paper the advanced industries, making the vehicles greener has become very expensive. The paper, explains how the Europe, China US and Japan have enforced strong laws on the automotive industries, in order to reduce the CO2 levels. By using the advanced technology and further resources the automotive industries have decided reduce the CO2 level by manufacturing more hybrid vehicles and to improve the EV’s for the future use. The graph below, shows the CO2 benefits the automotive indurates have by producing the EV’s. The graph shows that by using the EV’s, it allows the automotive indurates to achieve the CO2 target set by the government, despite having to invest more money into producing the EV’s (Dizard, J. 2017).
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[bookmark: _Toc500598244]Figure 5: CO2 level reduction (Advanced Industries, 2017) 
In order to reach the goal set during the Paris agreement, it is very important to start looking at the major cause of CO2 which known to road vehicles. From a published government report, it states that over 80% of the CO2 produced in japan, have been from the road vehicles and public transport. A research shows, burning one litre of fuel emits 2300 grams of CO2. This research forced the automotive industries to look at other resources to which emits less CO2, such as hybrid or EV’s. As EV’s do not directly emit CO2, it indirectly emits CO2, by the electricity generated and it only emits per unit distance, this is very less compared to the CO2 emitted from petrol powered vehicle. The EV’s CO2 are monitored by the CO2 emitted from the energy source at the power plant. On average it has been calculated that the Fukushima, a nuclear power plant, the power source of the EV’s, emits 416 grams per kilowatt-hour. The figure increased to 570 grams, despite this increase, the EV’s still emits lot less CO2 compared to the ICE vehicles (Sawa.T, 2017)          
[bookmark: _Toc500598277]2.8 Ethics 
According to a technical paper, there are mixed ethical views on the use of the EV’s. In order to ad technology to the RV’s to make them interesting and to promote the future of the automotive industries, car manufactures such as Tesla have made their EV’s automated, this allows the vehicle to take more control during the journey. In order to overcome the emergency issues, automated vehicles such as Tesla have been designed to save the driver at all cost. This has raised the big question over the future EV’s which have the automated system in place (Krakoff.J, 2017). Another issues have been raised, about the Infrastructure, the production of the vehicles. Due to the lack of resources, the government have been questioned if given fair time to the automotive industries to develop vehicles to the standard calculated by the government (Sawa.T, 2017).



[bookmark: _Toc500598278]2.9 Cost
In 2011, there was a test conducted in the USA, to determine the better vehicle in terms of cost efficient. There were three cars used in the test respectively, Hybrid vehicle (Toyota Prius), electric vehicle (Chevrolet Volt) and a combustion engine vehicle (Honda Civic).  The test presents an average American buyer a new vehicle on finance, the interest rate of 6% was used. The buy will be driving up to 12,000 miles per year. The vehicle will be used 20 days per month for work, 40 miles per day. The calculated to 800 miles per month, the buyer will also be driving on the weekends, 200 miles per month, giving the total driving distance of 1000 miles (Solheim 2011).
 The volt will save up to $58.00 per month by saving 5.8 cents saving per mile.
In the table below, stated the Price of purchase and the fuel price of each vehicle. From the table it can be seen that the electric vehicle is the most expensive vehicle, followed by the hybrid, the internal combustion engine vehicle (Honda Civic) is the cheapest. In the second row (Fuel price/distance (in cents/ mile)). Show the strength of the electric vehicle, despite being the expensive vehicle in the test it has the cheapest cost. The cheapest vehicle has the highest fuel cost.    
[bookmark: _Toc500598235]Table 1: Vehicles prices and fuel prices (journal of Business Studies Quarterly, 2017)
	
	Honda Civic
	Toyota Prius
	Chevrolet Volt

	Initial Price ($)
	18,655
	22,000
	40,000

	Miles per gallon (mpg)
	32
	50
	N/A

	Fuel price/ distance (in cents/mile)
	400/32=12.50
	400/50=8.00
	2.2
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[bookmark: _Toc500598245]Figure 6: Hybrid vehicle breakeven over a combustion engine vehicle in years (Journal of Business Studies Quarterly, 2017)
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[bookmark: _Toc500598246]Figure 7: Electric vehicle breakeven over a combustion engine vehicle in years (Journal of Business Studies Quarterly, 2017)
In the figure below, it shows the annual sale of the EV globally. From the graph it can be seen, that Japan, EU and US are the largest buyers of the electric vehicles compared to China and the other countries in the world. This is due to the government policies trying to invest in research and development to improve emissions and to in courage the public in purchasing the EV’s. The government have allowed many benefits which have persuaded the public such as tax reductions, parking fees have been exempted and the purchase cost have been rebated (Nesbitt.S, 2017).       
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[bookmark: _Toc500598247]Figure 8: Passenger electric vehicle global sale from 2009-2013 (Nesbitt.S, 2017) 
Although the automotive indurates have found an alternative solution to the ICE vehicles, the total production cost of the vehicles have been the major concern. Due to the rapid growth of interest in the design and the power the EV’s produces, the global resources to manufacture the batteries is not fast enough to meet the target value or to be close to the number of vehicles purchases. Car manufactures such as Tesla have decided to develop batteries with Panasonic in the US. According to Tesla, 500,000 EV’s per year can be achieved by the 2020, this is a very high production number despite not have enough resources to produce the batteries for the vehicles. Due to this factor the EV’s final cost have been very high (Venture Beat 2014).
         
 









[bookmark: _Toc500598279]Analysis and Discussion 
The main purpose of introducing the EV’s, the emission standard set by the agencies around the world have become very changeling, especially with Euro 7, which will be applied in 2019. In order to control the CO2 emissions in urban areas especially, EV’s were the suitable chose. The only CO2 emission emitted by the EV’s are indirect as spoken in the test above. Despite that it is very little compare one ICE vehicle driving through an urban city for few minutes. Currently the government and the automotive industry are working closer than ever to identify the problems and solve the issues. When comparing the ICE vehicles to the EV’s, the EV’s are only lacking the reliability factor, the range is not great when compared to 42mpg diesel, which cost a lot less than the EV. As the batteries currently cost a lot more to replace, research have shown that people still prefer ICE vehicles over the EV’s. Once more resource for the lithium ion batteries have been found, the cost of the batteries will decrease and will be more affordable to the public. From the research, it can also be seen, the government has made plan for the future, to build better infrastructure, to build smart grid will allow to generator more electric city in order power electrical vehicles and provide power to the public without problem.           
[bookmark: _Toc500598280]Conclusion 
The government around the world have not been fair to the automotive industries, public are now more aware of the emissions and the globally warming issues. The changes should be applied gradually; this would provide the automotive industries to manufacture the EV’s a lot better. As the change and the emissions standard have been suddenly applied, with challenging figures for the automotive industries had to achieve. According to one of the technical paper discussed above, the changes have been applied before the proper infrastructure and more resources have been found to set up for the changes. Despite these issues, the EV’s developed and are currently developing by the automotive manufacture have been proven to be a break through to the future of the automotive industries around the world.        
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sales (Figure 3) and the existing predicted demand from government targets exceeding the OEM supply
capacity (Figure 5). The recent developments from Tesla and the introduction of an electric vehicle
motorsports industry will only further drive demand and technology advancements.

The latest US EIA report illustrates, Figure 11, that the capital cost of electric vehicles is expected to
reduce but to remain higher than conventional vehicles while the fuel efficiency of electric vehicles is
predicted to remain substantially superior to its counterparts.
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Figure 11 US Energy Information Administration Passenger Vehicle Comparison

In comparison to the rest of the world, the Australian electric vehicle market is still in its infancy, but as
discussed in earlier sections, significant advancement has been made in the past couple of years i terms
of vehicle uptake, trials undertaken, and recharge facilities installed - indicating that it willlikely follow
the global trend. Vehicle sales projections for Australia have estimated that electric vehicles and plug in
electric hybrids will dominate the new vehicle sales mix by 2040, Figure 12.

A number of electric vehicle trial programs and demonstration projects around Australia have been
success to date. The Victorian Department of Transport for example, have recently completed their
electric vehicle trial and are now considering what the next step in their involvement in the electric
vehicle space will be. It is expected that the electric vehicle agenda will continue to be strong.

The electricity market, while initially concerned with the pressure electric vehicles could place on the grid
are now seeing them as a potential opportunity in combination with smart grids to provide distributed
storage capacity, such that electricity providers are expected to support, even encourage, uptake of
electric vehicles.
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Figure 1. Technology pathway for Calfornia to meet 80% GHG reduction target by 2050 (Wei, et al, 2013]

2.3. The necessity and potential limitations of centralized climate policies

Aggressive national and subnational policies are necessary for any chance of averting the worst

consequences of climate change. Yet climate policies currently proposed or even imagined are:
‘woefully insufficient to address the problem (Wheeler 2012).

Clitnate change has been described as a “super wicked problem” (Levin et al. 2012) in which
time is running out, central authority to address the problem is weak, future costs are irrationally
discounted, and the same actors respnsible for the problem are those seeking to provide a
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Figure 3 Global sales of Electric vehicles (passenger cars) 2003- 2013 (source: ICCT 2014)

The high growth in these countries can be largely attributed to the government policies in place. Financial
incentives, tax reductions, bonus payments and premiums exist for the purchase of electric vehicles in the
majority of countries within the European Union, an overview is provided in Appendix A. In the United
States a range of fiscal incentives are in place across the country, with more than 50% of the States
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Bloomberg

It’s All About the Batteries

Batteries make up a third of the cost of an electric vehicle.
As battery costs continue to fall, demand for EVs will rise.

Cost for lithium-ion battery packs Yearly demand for EV battery power
$1,200 per kilowatt hour 800 gigawatt hours.
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There’s another side to this EV equation: Where will all this electricity come from? By
2040, electric cars will draw 1,900 terawatt-hours of electricity, according to BNEF.
That’s equivalent to 10 percent of humanity’s electricity produced last year.
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