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[bookmark: _Toc500796802]Abstract 
In recent years manufacturers have been placing special emphasis on eco-innovation with regards to the development of new technologies. This is due to the progressive deterioration of the environment has led to various governments implementing emissions legislation on industries contribution to this deterioration. Recent developments have opened the horizons for the development of alternative methods of powering motor vehicles. The major development is the implementation of electric and plug-in hybrid vehicles for road use. 
[bookmark: _Toc500796803]Introduction 
The basis of this report is to highlight the potential issues and improvements that would occur in the case of the wide spread deployment of electric vehicles into the automotive sector and identify short and long-term effects of said deployment. By the means of investigative research to create a comprehensive list of outcomes from such an occurrence.

[bookmark: _Toc500796804]Literature Review 
[bookmark: _Toc500796805]air pollution in the UK
This paper discusses the environmental effects of the transport industry in the UK. The paper takes special note of the air pollution issue that is inherent with petrol and diesel vehicles. The author discusses the aims of DEFRA and the Department of Transport to reduce air pollution in urban areas to reduce the health impact upon the public. The author states a series of methods that could be implemented by local constituencies to reduce air pollution in their area. Higher rates for parking in city centers, subsidies for the use of public transport and investment into greener energies for public transport. 
[bookmark: _Toc500796806]factors potentially affecting succesful promotion of Electric vehicles 
This paper discusses the practical deployment of marketing proposals to raise public awareness and understanding of HEVs and EVs. The author states that a raise in public understanding will ensure the ease of the implementation of EVs and HEVs as a replacement for Internal combustion only vehicles. The author also remarks on government incentives to entice prospective buyers to invest in these new technologies.
[bookmark: _Toc500796807]Infrastructure development and its management for future sustainable mobility
This paper discusses the development and management of sustainable transport infrastructure. The author states that sustainability for the transport industry is the quality of not being harmful to the environment or depleting natural resources and there by supporting long term ecological balance. The author also promotes five targets to create a sustainable transport system these include. Supporting suitable economic development, enabling improved quality of life including affordability, mitigating global emissions globally and locally, provide a more safe and resilient network and focus on planning and delivery of new infrastructure. The paper addresses the potential incorporation of alternative fuels and how they may be deployed on a practical scale to meet demand. 
[bookmark: _Toc500796808]Research 
The transport industry accounts for 24% contribution to the greenhouse effect globally. There is an incredible effort being applied to the industry to make it more sustainable in the short and the long term. This figure does not only apply to the CO2 outputs bit also the following pollutant outputs: NOx, Black Carbon, Particulate matter and Ozone. The UK government is currently implementing various methods to reduce the impact of transport on the environment such as: Raise in vehicle tax for polluting vehicles, introduction of RDEs or Real-World Driving Emissions as a replacement test drive cycle to the NEDC New European Driving Cycle, The steady phase out of diesel passenger vehicles and more accurate testing of vehicle emissions during the MOT process as the current system does not account for NOx emissions. (RUSSELL-JONES, R., 2017.)
Air pollution is a major contributor to the rapid advancement of such technologies. Air pollution in countries with poor control systems have suffered considerable public health issues due to this. In china 17% of all deaths in the country are linked to poor air quality. (RUSSELL-JONES, R., 2017.) The number in the UK is significantly lower at 10% but this is believed to be an unacceptable figure. (RUSSELL-JONES, R., 2017.) One of the most notable cases on the subject of air pollution was in 2008 when, Client Earth a non-profit environmental law agency, raised a case against the UK government to raise air pollution standards with regards to NO2 to the EU standards (The EU Air Equality Directive). The EU legislation works in conjunction with the World Health Organization to set their air pollution limits. However, their maximum allowable limits rather dissimilar as the EU must compromise with companies and local constituencies to make changes as the cost of implementing less harmful methodologies can be costly and impractical. Once compromises are met in regard to the proposed legislation it can be fully deployed as legislation that must be adhered to by law. The proposed limits by the W.H.O reflect what is considered medically safe without accounting for the compromising factors of implementing them. The difference can be seen in the table below. (RUSSELL-JONES, R., 2017.)
[image: ](RUSSELL-JONES, R., 2017.)
Electric and hybrid technologies. The European Union’s emission regulations to limit the average amount of emission produced by new passenger vehicles expects to see a 40% reduction in the total pollutants emitted from the exhaust of passenger vehicles by 2020. (BENNETT, R. 2016.)
The automotive sector developing HEV systems at a remarkable rate. It must be considered what are the environmental impacts of the development of these technologies including the impact of manufacturing the systems. 
The HEV is a stepping stone to the total electrification of the automotive industry as it allows for the progressive change from 100% crude oil based fuels to fully electric vehicles over a period of time. Despite battery technologies are being developed at the fastest rate in history the system is not quite at the same level of usability as the equivalent petrol vehicle the fundamental issue presently with fully electric and plug in type vehicles is the practical operating range and recharge time of the units. With the majority only having a predicted 200-mile range at best for a small hatchback. Whilst being perfectly adequate for urban and extra urban driving environments from an operating range standpoint the recharge time of up to 18 hours in some cases is not a practical in real world applications. Most companies currently offer a range of fast charge units at predetermined locations in the UK they are few and far between as the infrastructure for electric vehicles is in its adolescence. According to the National Charge Point Registry UK the total number of charge point devises in the UK is 3789. Whilst the equivalent petrol filling station is in excess of 8400 stations. The number of petrol stations have been in decline over the last 20 years due to growing competition and competitive pricing and will likely continue to decline over the coming years as the demand for petrol and diesel vehicles decline in favor of electronic alternatives. The table and graph below allow for a visual representation of these values. All of the EVs in question will charge from a house mains supply but recent government documentation states that at least one third of the UK population who own or have use of a vehicle park it on a public road, this would not allow for the practical charging of the vehicle meaning that the only option of charging would mean traveling to a charge point. (Alegre, S. and Carpio, J. (2017).
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(HUSSAINI, M. and SCHOLZ, M., 2017.)
Another major issue facing the automotive sector currently is the image and lack of public and consumer knowledge of fully electric and hybrid vehicles. The UK government is working closely with manufacturers to entice the general public to purchase such vehicles. due to the general high cost with buying an electric vehicle, consumers are dubious as due to lack of public communication they are considered a risk economically. “insufficient or inaccurate information can off put potential buyers” (OLEV, 2013.) Incentivizing the purchase and development of EVs has proofed to be successful this has come in the forms of incentivizing companies with emissions tax reductions, money back on the purchase of a new EV, and negated road tax for the vehicles. (BENNETT, R. 2016.)
The range of electronic vehicles is increasing constantly each new development states newly improved range figures. This range extension can be accomplished through the development of the batteries and motors, weight saving, use of energy recovery systems such as KERS to recharge the batteries whilst the vehicle is in use. Steps are being taken to develop solar panels integrated into the roof of the vehicle to act as a range extender by providing charge to the batteries. The system displayed below is a 44volt system with a maximum output of 20 amps. “With the addition of solar power unit alone and APU further to the base vehicle, an increase in range up to 1.3 times and 1.8 times has been observed respectively.” (Reddy, A. 2017).
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 (Reddy, A. 2017).
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[bookmark: _Toc500796810]Deployment of EV systems 
[bookmark: _Toc500796811]Implementation of HEV
With the automotive sector developing HEV systems at a remarkable rate. It must be considered what are the environmental impacts of the development of these technologies including the impact of manufacturing the systems. 
The HEV is considered to be a stepping stone to the total electrification of the automotive industry as it allows for the progressive change from 100% crude oil based fuels to fully electric vehicles. Due to the fact that these systems still incorporate an internal combustion powerplant, to be used either as a unit to drive the vehicle or to act as an on-board generator to charge the battery systems. They will output harmful pollutants and consume fuel during their operation. due to this continued fuel consumption 
[bookmark: _Toc500796812]Implementation of EV 
Electric vehicles are considered the way forward when discussing the future of the transport industry. With zero direct pollutant impact during operation. the environmental impact of electric vehicles is solely dependent on the source of the power used to charge the batteries. These sources may be pollutant in themselves such as coal, natural gas and oil power generation. Many countries have addressed this issue by ensuring that energy supplied to charge points is sources from renewable sources. Alegre, S. and Carpio, J. (2017).
[bookmark: _Toc500796813]Infrastructure
The infrastructure needed to successfully deploy electric vehicles involves not just the number but also the location dispersal of EV charging stations. Main concentrations of charging stations are in or around city centers with stations being far and in between.
[bookmark: _Toc500796814]Short term implications 
The short-term implications of the introduction of electric vehicles on a national scale would include:
· The initial demand for widespread charging stations. This may not be a major issue in major city centers it will prove to be an issue in rural areas where charging stations are not as easily accessible. The implementation of these charging stations in rural areas may also be met with distain as they are not in-keeping with many aesthetic appearances of most rural villages 
· Increased sales of vehicles will lead to increased training costs of technicians. Whilst this will be a reasonable task, for major manufacturers as in-house train for employee’s will be available at a minimum cost, the cost to private non franchised businesses will be high as private training course can be in excess of £3000. With only one 
· Reductions in CO2 output from vehicles would be reduced lightly over a five year period notable changes will not be made until the a large reduction of ICE vehicles implemented (Vadiraj, A. 2017).
[bookmark: _Toc500796815]Medium term implications 
The medium-term implications of the introduction of electric vehicles on a national scale would include:
· Training of technicians would have to be implemented on a wider scale as the number of electric vehicles would increase.
· Power demands on the national grid would rise as the demand for electricity to charge vehicles increases with sales.
[bookmark: _Toc500796816]Long term implications 
Long term implications of the introductions of electric vehicles on a national scale would include 
· Long term reductions of lithium as a finite resource would begin to become a problem that would be addressed with the implementation of different battery systems. Kings collage London are currently developing Sodium Ion battery systems which would mitigate this issue if the initial theories are believed to be correct.
· Public opinion of EVs would be well established as the technologies would have been proved to be reliable.
· The sale of ICE powered vehicles would decrease exponentially as taxation of ICEs and government incentives to encourage the public to make the switch. (Vadiraj, A. 2017).
[bookmark: _Toc500796817]Results 
Research into the topic of sustainability with regards to the transport industry points to the rapid deployment of electric vehicles over the course of the next 15 years.
Governmental efforts to raise public awareness is an appropriate method of creating trust in the industry and promoting sales.
ICE powered vehicles are likely to be phased out with goals of prohibiting the sales of this type of vehicles 2040. 
The implementation of EV’s would result in a significant reduction in harmful pollutants and all together a greener transport system.
[bookmark: _Toc500796818]Conclusions 
To summarize it is clear that the research undertaken towards the development of electric vehicles is the appropriate method of utilizing both existing technologies and new technologies to develop a greener transport industry. The challenges facing the automotive industry over the coming decade are vast. The use of good engineering practices, extensive research and development, governmental legislation and support of constituencies and local councils to achieve an infrastructure that is efficient and environmentally sustainable.
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