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This report explores the feasibility of widespread implementation of electric cars to reduce the carbon impact in the automotive industry. 

An introduction is included into the emission concern, including a brief description of the background and problem identification. Research has been carried out into electrical propulsion technology, and how it has been utilised in hybrid methods to reduce vehicles carbon impact and life cycle emissions. Further to this, alternative methods such as biofuels have been discussed, along with its benefits and ethical concerns.

A discussion is carried out to critically analyse the impact of the widespread deployment of electric cars, this is achieved through a PESTEL analysis, focusing on the Political, Economic, Sociological, Technological, Environmental and Legal factors affected by the implementation. 
In conclusion, taking all factors into consideration it is determined that there are many positive and negative impacts of widespread deployment of electric cars. Positive impacts include reducing the carbon impact of the automotive industry, opportunities for employment and renewable energy choices and economic growth.
Negative impacts could be loss of employment, economic strain, infrastructure concerns and carbon impact of supply chain production and manufacture.
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1. [bookmark: _Toc500414654]Introduction

This report aims to determine through extensive research and critical analysis, the feasibility of the use of electric propulsion to reduce the negative impact on the environment caused by automotive vehicles.
The report will explore the push factors towards electric propulsion and the impacts of a comprehensive implementation of electric propulsion vehicles into urban and rural communities, using the Political, Economic, Social, Technological, Environmental and Legal factors in both the short and long-term to evaluate the advantages and disadvantages.

1.1. [bookmark: _Toc500414655]Background

Electric cars are used as an alternative to internal combustion engines to reduce emissions. Internal combustion engines produce harmful emissions because of the combustion process, these emissions are emitted via crankcase vapours, evaporative losses and exhaust gasses, the emissions are released into the atmosphere causing air pollution, ‘Air pollution is the effect caused by concentrations of solids, liquids or gases in the air that have a negative impact on the surrounding environment and people.’ (Gould, Dorner, and IEA, 2016, p.20.).

As a result of the negative impact on the environment caused by vehicles, the automotive industry is under enormous pressure to reduce their vehicles carbon impact.
Although electric vehicles might seem a simple alternative, due to the cheap and developed technology of internal combustion engines, automotive companies have developed innovative engine controls to reduce the emissions caused by IC engines (Hatch, 2016). Developed innovative systems such as catalytic convertors, exhaust gas recirculation and positive crankcase ventilation systems etc. have all been proven to reduce the emissions caused by vehicles (Faiz et al., 1996).
There has been a significant reduction in the emissions produced vehicles due to manufactured modern engines and their controls. According to an online report written in 2016 by the SMMT (Society of Motor Manufacturers and Traders): (SMMT, 2016).
· Since 1993, Carbon Monoxide has been reduced 63% in petrol cars and 82% in diesel cars.
· Hydrocarbons caused by petrol cars have been reduced by 50% since 2001.
· Particulate matter emitted from diesel cars is reported as a 96% reduction since 1993.
· There has been an 84% reduction in Nitrogen Oxide since 2001. 



2. [bookmark: _Toc500414656]Research-Informed Literature Review

According to a book written by Larminie and Lowry in 2013, electric vehicles were first introduced in the early 1800’s, to develop electric motors but was primarily used in Locomotive purposes. However, it wasn’t until the late 1800’s that batteries began to be used to power vehicles and become more and more prevalent as internal combustion engine were extremely unreliable during this period and had to be started using a manual crank (Larminie and Lowry, 2013). Although in 1912 the self-starter was introduced by Charles Kettering, an electric starter which meant that there was no need for manual hand-crank of the engine, and due to mass production of the cheaper internal combustion engine vehicles and a reduction in oil prices, electric vehicles become less prevalent (Matulka, 2014).
However, as mentioned, the production of electric vehicles is increasing due to the demand for a reduction in the harmful impact of internal combustion engines on the environment.

2.1. [bookmark: _Toc500414657]Electric Propulsion Technology

Electric propulsion technology is used within the automotive industry for electric and hybrid cars.
Hybrid vehicles, use electronic propulsion and IC engine for drive, this means that the IC engine is used as a backup for the electric motor, as the IC engine isn’t the main source of propulsion, the engine can be downsized to improve fuel economy and reduce the emissions i.e. carbon impact of the vehicle (Husain, 2011). 
[image: ]There are two main hybrid categories which are different powertrain types which are:[bookmark: _Toc500414643]Figure 1: Parallel Hybrid Layout (Source: Erjavec & Thompson, 2014)

· Parallel hybrid, where the IC engine and electric motor can be used together or separately, controlled by a clutch, therefore both the engine and motor can supply input to the gearbox for output to wheels as shown in figure 1. 
· [image: ]Series hybrid vehicles are driven entirely by an electric motor and there is no input to the gearbox from the IC engine – the IC engine drives a generator which supplies energy a battery or directly to the electric motor which provides the input to the gearbox for output to the wheels. 
[bookmark: _Toc500414644]Figure 2: Series Hybrid Layout (Source: Erjavec & Thompson, 2014)

Hybrids were introduced to reduce emissions of conventional IC engine vehicles and to overcome the low driving range of fully electric propulsion, the IC engine would provide energy to extend the driving range which was more appealing than a direct switch to electric propulsion only, another advantage of hybrid cars is that it has provided the automotive industry with a containment of emissions for current technology while future electrical or alternative technology is being developed (Pistoia, 2010). 
Although hybrid technology produces less emissions than conventional internal combustion engines there is still emissions produced via the downsized engine. To have clean and efficient powered vehicles, full electric propulsion technology was introduced and was achieved through battery power.
Fully electric propulsion vehicles are powered entirely via batteries powering an electric drivetrain. The batteries are charged by external plug-in charging, and other sophisticated vehicles use regenerative braking which recovers energy lost through heat during braking with the use of an electric motor to supply small amounts of energy to the battery, however this energy isn’t enough to fully recharge the battery and external plug-in would be ultimately required (Muneer, Kohle & Doyle, 2017).

2.2. [bookmark: _Toc500414658]Alternative Methods

Due to the stringent emission regulations and demand for a reduction in the carbon impact of the automotive industry, there is significant amounts of research and development being deployed into other methods of powering vehicles for example biofuels.

2.2.1. [bookmark: _Toc500414659]Biofuels

Biofuels are being used and developed as an alternative to current fuels i.e. Bioethanol as an alternative to petrol and Biodiesel as oppose to conventional diesel, biofuels reduce the use of fossil fuels because they’re made from crops, animal fats and vegetable oil etc., therefore, reducing the use of fossil fuels, which supplies are limited and running out (Demirbas, 2009).
The main benefit of the use of biofuels is the reduction in fossil fuel use, however – research has been deployed to determine if there are any emission benefits in the use of biofuels.
According to Tyson, K, Biodiesel reduces emissions such as particulate matter, hydrocarbons and carbon monoxide produced by diesel vehicles, this is because the biodiesel used includes oxygen within its weight, which allows for a better burn during compression (Tyson, 2009). Also, according to Goldemberg and Lucon, Bioethanol has reduced Carbon Dioxide and improved the overall air quality in Sao Paulo, Brazil (Goldemberg & Lucon, 2009).
However, biofuels do pose an environmental and social threat – threats to food markets and the concern of using food crops for biofuels when the crops could be used for food, therefore portraying a negative image of biofuels. Another concern is agriculture increase which can lead to emissions caused by plant growth encouragements such as fertilizers and farming vehicles and equipment. If the requirement of biofuels increase it could also lead to deforestation due to land requirements (Pandey & Mandal, 2011).

3. [bookmark: _Toc500414660]Discussion

3.1. [bookmark: _Toc500414661]PESTEL Analysis

To determine the positive and negative impacts of electric vehicles, a PESTEL analysis will be used to critically analyse the deployment of electric vehicles to reduce the carbon impact on the environment.

3.1.1. [bookmark: _Toc500414662]Political Factors

· Government incentives for electric cars
The governments in different countries could provide grants to people who purchase electric cars.
In the UK, the government currently pay up to £4500 towards the purchase price of an electric car to provide an incentive to purchase electric cars (Gov.uk, 2017).
This is an opportunity for governments to be seen as tackling the issue of automotive emissions, and allows electric car to have a positive impact in supporting the political agenda (Gwartney, et al., 2016).
· Tax changes
If there was widespread deployment of electric vehicles, taxes through income of road tax charges for internal combustion engines and also tax charged on fuels would therefore become redundant due to electric vehicles – therefore as a result there would be a reduction in the internal revenue. As a result, in the long term the tax system for renewable energy will have to be re-evaluated (Fleming, 2009).

3.1.2. [bookmark: _Toc500414663]Economic Factors

· Electric cars/technology is expensive to purchase for consumers
Due to the current low volume production of electric vehicles they are more expensive to purchase which is a current deterrent for consumers this is because of the expense of the batteries which power the vehicles (Sperling, et al., 2013), however as the technology becomes more prevalent and battery range is increased, the demand will increase and therefore so will production volume, as a result battery costs may decline and therefore the overall cost of purchasing an electric car will reduce (Maini & Mendonca, 2013). 
· Cheaper to run than internal combustion engine cars
Electric cars are seen as being cheaper than internal combustion engine cars, due to electric costing less than fuel prices. For consumers, a benefit is the current no tax and grant incentives on electric cars, and therefore with electric power being cheaper and no tax, there is a reduction in the overall running cost of vehicles (Morley, 2010).

· Companies specialising in internal combustion engines may suffer
Companies which specialise entirely on production or maintenance of internal combustion engines will lose custom as a result of widespread deployment of electric vehicles, therefore forcing them to either change specialism which can increase strain on the economy of the business, or close down as a result of economic failure which can consequently have effects on local, national and possibly global economy (Talbott, 2009).
· Specialist Maintenance 
A long term economic factor is maintenance of the batteries of electric vehicles, faults with the batteries would require replacement or repair from a specialist or original equipment manufacturer (OEM), therefore increased repair and maintenance costs would be expected. If widespread deployment would be implemented, OEM’s would have to offer longer guarantees on batteries, and maintenance companies would require further training for battery power technology, increasing company expenditure (Boxwell, 2010).

3.1.3. [bookmark: _Toc500414664]Sociological Factors

· Employment Opportunities/Threats
Widespread deployment of electric cars poses ethical opportunities and threats in terms of employment within the automotive industry.
As previously mentioned current employees might be forced with redundancies or re-training to gain experience with electric cars. Redundancies may be more prevalent due to manufacturing demands, as electric cars require less manufacturing labour (Dass, 2017).
On the other hand, there is an opportunity for employment for electric vehicle specialists and allows for professionals to re-train and develop.
· Increase awareness and popularity of a lifestyle using renewable energy 
Renewable energy for the use of transport i.e. electric cars is an opportunity in the long term for renewable energy to become a lifestyle rather than a choice. Through widespread of deployment of electric cars, consumers will identify the benefits of clean and efficient renewable energy and may adopt renewable energy as a first-choice energy supply as oppose to fossil fuels (Sander, Patel & Brosch, 2016).

3.1.4. [bookmark: _Toc500414665]Technological Factors

· Improvements to technology and infrastructure
A main concern with current electric cars is the range the batteries can travel between charging. Currently the range on electric cars is a deterrent for purchasing – this amplified by the fact that the current infrastructure for electric cars isn’t built to sustain widespread deployment of electric cars.
As a result, in the short term, the global infrastructure for electric cars would struggle to meet charging demands as charging stations aren’t as prevalent as fuel station, therefore the range of the batteries would be a real concern (Neckermann, 2015).
However, with widespread deployment of electric cars, the demand for charging stations would increase, and as a result, in the long term the infrastructure would develop to meet the charging demands, this would also offer opportunities for battery competitors to develop their technology to increase range (Scrosati, Garche & Tillmetz, 2015).
· Safety Concerns 
With no internal combustion engine, electric vehicles are significantly quieter – therefore this poses a threat to pedestrians and may increase accidents – which can be considered dangerous and can only be perceived as getting worse with the possibility of widespread deployment. Therefore, manufacturers may make electric cars which produce artificial sounds (Hülsmann & Fornahl, 2014).

3.1.5. [bookmark: _Toc500414666]Environmental Factors

· Effect on global emissions
In urban areas, the use of electric vehicles will benefit the overall air quality as there is a reduction in the overall emissions produced if only electric cars were used in urban areas compared to if internal combustion engine vehicles were used, this is due to there being no tailpipe emissions from electric cars, this would also benefit rural areas, however the likelihood of electric cars being a selective choice is less likely, in urban areas push factors such as congestion charges encourage widespread deployment of electric cars, however with no charges in rural areas, the encouragement isn’t so great (Srinvasan, 2006).
However, Carbon Dioxide emissions are still produced during charging of the battery, therefore the sustainability of electric cars is questioned if emissions are still released into the atmosphere through electrical supply therefore electric cars are only environmental efficient as the energy used to charge them, as a result there is little benefit of electric cars unless sociological factors of a renewable energy lifestyle is adopted where the clean and efficient energy is used to charge the batteries also (Xiong, et al., 2012).

· Life Cycle Emission Reduction
According to a report writing by Hulb Van Essen in 2014, electric cars over their entire lifecycle produce 35% lower carbon dioxide emissions than conventional internal combustion engine cars, although does state that the production of carbon dioxide may be set to reduce with the use of renewable energy use in the future (Essen, 2014).
The lifecycle emission reduction is achieved because of the emissions associated with the production of fuel also, including extracting it from the ground, the refinement process and distribution transport along with the use in vehicles itself – therefore widespread deployment of electric cars could have a positive impact on the emissions created by the supply chain for fuel and vehicle production process (US Department of Energy, 2017).

3.1.6. [bookmark: _Toc500414667]Legal Factors

· Legal requirements
If widespread of deployment of electric vehicles occurs, it may lead to legislation changes in all sectors. Electric cars could become a mandatory choice when choosing cars, as a result of the deployment it could change legislative law on driving also – which could lead to autonomous vehicles (Themsche, 2016).

· Changes to renewable energy legislation
With the requirement for renewable energy to make electric cars more clean and efficient, legislation may be enforced to ensure that all of the automotive industry must use renewable energy. Therefore, this could lead to complications in legislation and borrowing of renewable energy sources (Jiang, 2013).



























4. [bookmark: _Toc500414668]Conclusion


In conclusion, electric cars offer significant benefits and opportunities, however, although the technology of electric cars has been around for many years – the technology and infrastructure requires further development to increase popularity of electric cars.

There are many factors effected if widespread deployment of electric cars is implemented, the economic and sociological impacts are the greatest concerns. This is because there is significant overlap with the two factors, many of the sociological factors pose an economic threat also. Loss of jobs due to specialist maintenance and knowledge of electric cars is an extremely critical factor which poses ethical concerns.
On the other hand, there is a sociological opportunity of renewable energy lifestyles as a positive impact, which could generate employment through all sectors and develop a positive impact on the economic factors.

Another concern regarding implementation of electric cars is the technological factors – electrical drive requires electricity and a concern is that the infrastructure isn’t there to allow this and isn’t as convenient as fuel stations. 
However, if widespread implementation occurred, this would be an opportunity for the governments to develop the infrastructure, in a report James Murray in 2016 he predicts from research provided by Nissan that electric car charging points will outnumber the amount of petrol stations in the UK by August 2020 (Murray, 2016).

Finally, and most importantly, the reduction in greenhouse gas emissions due to there being no tailpipe emissions from electric cars is a significant positive impact of widespread deployment of electric cars. However, there is still a huge carbon and emission output from the supply chain of production and manufacturing of electric cars and including charging if renewable energy is not used to power each sector. 
To ensure electric cars, have a larger positive carbon impact it is important that renewable energy is considered and adopted as a lifestyle and therefore utilised through the full life cycle of electric cars.
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