[image: ]


Feasibility Study of Electric Vehicles to Reduce Carbon Impact

Name:  Irfan Yaqoob
Student: P145563
Course: BSc Automotive Engineering
Date: 06/12/2017
Module: Sustainability Through Technology (M3X9483)











[bookmark: _Toc500746739]Abstract

The purpose of this assignment, which illustrates the theoretical investigation of electric vehicles, is to understand the key factors in the advanced electrification strategy in the propulsion technology of the automotive industry. The objective of this strategic planning concentrates on fuel consumption, reduced emissions and improved energy use. In order to determine upcoming development opportunities and trends, an extensive research into resources has been demonstrated to better illustrate the capability of electric vehicles.  
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This paper concern the deployment of electric propulsion vehicle within automotive use in urban and rural communities. Estimates indicate that increase in vehicle population will be approximately 60% throughout the world over the next 22 years. In order to prevent an increase in global warming as the result of C02 emissions, it is desirable to change from cars driven by fossil fuels such as petroleum, diesel. It is also ethically important that the developed world should take account of the effect on less developed parts of the world of the damage they cause by use of fossil fuels to global climate. Global warming is expected to increase in the future causing droughts and flooding in undeveloped countries. 
The practicalities of using electric propulsion are several: - 
Do manufacturers have the ability to produce electric motor vehicles in the required quantities?
Electric vehicle batteries good enough to allow sufficient range and speed required by owners.
Are there sufficient charging points to enable fast recharging facilities?
What are the cost implications for manufacturers by changing from petrol/diesel vehicles to electric? What are the costs of the training of technicians to maintain and service electric vehicles? What are charging costs likely to be?. Electric vehicles (EVs), have long been thought of as a solution to the problems of urban air-quality, they are also being viewed as an alternative to conventional internal combustion engine-powered vehicles for certain personal transport missions.(Catton,2017)
In addition, the government recently announced that it intends to ban diesel driven vehicles by 2040.
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Research has been through various online resources, which has enabled a comprehensive understanding of the development of electric vehicles. The main goal of The European Commission Union is to produce competitive and efficient transport system by 2050, which can be seen in Appendix 2. 

[bookmark: _Toc500746744]2.1 Electrification and Automotive

There are several technical and commercial challenges associated with charging, storing and making use of electric energy to propel automobiles. The term “electrification” means development and integration of systems and components that enable electric energy to be utilised for transportation instead of fossil fuels. Some of the challenges of electrification are providing similar automotive levels of reliability and durability, acceptable noise, vibration and comfort, and automotive levels of cost in a set of new components and control algorithms. (Tate, 2009). Global Motor's advanced propulsion strategy enables automobiles to shift significant portions of their required energy from petroleum to other sources. Figures (1) shows a variety of energy sources, pathways, and potential energy storage media contained in the vehicle. More powerful electric machines, greater energy onboard electrical storage, and systems that enable driving without a combustion engine, which allows vehicles to make use of non-petroleum energy sources for transportation. As petroleum combustion produces GHG, this is the ethically correct approach.  The increase in electrical content and magnitude onto the vehicle is referred to as “electrification”. (Tate and Peter, 2009)
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[bookmark: _Toc500747363]Figure 1 Show the Propulsion Systems, energy Sources and Distribution
In prior work, SAE (2008) E.D Tate’s report stated that the petroleum displacement and emission benefits of various types of electrification were evaluated. In this study that inquiry is continued by analysing the CO2 effects of various charging scenarios and consumer choices. The prior work considered only the scenario of single charge per day, whereas this study examines several scenarios that would involve more than one charge per driving day. With electrification, different types of plug-in vehicles can use grid energy for partial substitution, preferential substitution, or wholesale substitution of fossil fuels. Grid energy includes coal-fired electrical power plants with various efficiencies, natural gas, nuclear, wind, hydropower, biomass, etc., each with varying CO2 emissions associated with them. The mix of sources used is a function of region, season, and time of day. A complete analysis that compares CO2 emissions resulting from automotive use should consider not just tailpipe CO2 emissions, but the emissions associated with the conversion of the source energy and its transmission pathways. This type of analysis has been referred to as “well to wheel” analysis. Automakers, regulators, and electrical infrastructure providers need to understand the various types of plug-in vehicles and their effect on the infrastructure. Insights on the well-to-wheels CO2 emissions from the vehicles based on how they are driven and how they may be re-charged will be useful to assist in: 
· Guiding development toward the most effective plug-in vehicle types
· Guiding development of the most effective charging infrastructure 
· Guiding the development of appropriate test methods and measures of merit for plug-in vehicles
[bookmark: _Toc500746745]2.2 Electric Vehicle Propulsion System 
The heart of electric vehicles is the propulsion system. The propulsion system consists of:

· Electric motor
· Power converters
· Electronic controller

The electric motor converts the electric energy into mechanical energy, which propels the vehicle. It also enables regenerative braking and/or generation of electricity for charging the onboard energy storage. The power converter supplies the electric motor with current and voltage. The electronic controller manages the power converter by use of control signals to it. It also controls the operation of the electric motor to produce torque. Speed is also controlled by an instruction from the drive. The electronic controller can be further divided into three functional units, sensor, interface circuitry, and processor. The purpose of the sensor is to translate measurable quantities Such as, current, voltage, temperature, torque, speed and flux into electric signals through the interface circuitry. These necessary signals are adjusted to an appropriate level before being fed into the processor. The output signals from the processor are usually amplified via the interface circuitry to the drive power semiconductor devices of the power converter. The electric propulsion system functional diagram is as shown in Figure (2). The choice of electric propulsion systems for EVs mainly depends on a number of factors. These include driver expectation, vehicle constraints, and energy source. Driver expectation is defined by the driver’s profile, which includes acceleration, maximum speed, braking, and range. Vehicle constraints, including weight and volume, which is dependent on the type of vehicle, vehicle weight, and payload. The energy source relates to batteries, fuel cells, ultra-capacitors, flywheels, and various hybrid sources. Thus, the process of identifying the preferred feature and package options for electric propulsion must be determined at the system level. The interaction of sub-systems and the likely impacts of system trade-offs must also be considered.[bookmark: _GoBack][image: https://screenshots.firefoxusercontent.com/images/b1f2e27a-02ac-46de-bd8b-03410a72a116.png]
[bookmark: _Toc500747364]Figure 2 Show the electric propulsion system
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There are different types of electric vehicles as illustrated below in figure (3). [image: ]
[bookmark: _Toc500747365]Figure 3 Show the different type of electric vehicles





[bookmark: _Toc500746747]2.4 Cause of atmospheric carbon dioxide
Carbon dioxide is a greenhouse gas (GHG) to which a great deal of attention has been paid in recent years due to global warming. GHGs are emitted from a variety of natural and manmade activities. A natural example of GHG is methane which is produced by the decomposition of vegetation. Manmade activities producing GHG’s are burning of fossil fuels such as coal-fired and gas-fired power stations and propulsion systems for transport vehicles. The ethics of this could be considered to be morally wrong as it leads to atmospheric pollution with a significant effect on the long-term health of urban populations. Automotive usage accounts for approximately 10% of those total anthropogenic CO2 emissions. The remaining 90% of CO2 comes from other forms of the world's industry (other forms of transportation, heavy-duty trucks, rail air, and shipping, heating and agriculture, etc} This is a small proportion of the total emissions, but it is still ethically necessary to reduce this as soon as practicable. Automotive CO2 emissions are regulated by some governments e.g. British MOT Test. Carbon-dioxide emissions are indirectly regulated in most vehicle markets today via fuel consumption or fuel economy standards, such as the CAFE regulation in the US. More explicit regulations for CO2 are in effect or proposed in other markets. The pending California ARB GHG regulation based upon Assembly Bill 1493 directly regulates CO2, effectively regulating fuel economy. Carbon-dioxide emissions are proportional to fuel consumption and inversely proportional to fuel economy in vehicles that use fossil fuel as its sole source of energy (Tate, 2009) (LenzH,1999).


[bookmark: _Toc500746748]2.5 Impact of electric vehicles
According to SAE report, 1999 by Moore, study forecasts automotive emissions for each of the scenarios and generates emissions savings potentials. The goal of the analysis is to discover the benefit of displacing fossil fuel consumption from individual automobiles to centralized electric generation facilities. It should be noted emissions from EV battery recycling could be a potential concern. About 85% of used automotive batteries are collected and of that 95 % are recycled. The process used to recycle batteries generally produces about 1g of NOx and 3.7g of CO2 per ordinary automobile battery. Assuming an EV battery on average is 120 times the size of the ordinary automobile battery (420 W-hr vs. 50 kWh capacity), recycling of an EV battery would create 120g of NOx and 450g of CO2 per battery recycled. The ethics of this needs to be included in the overall discussions with regard to the effect on the atmosphere in general. Considering the battery would have a usable lifetime of 400 charging cycles at 80 miles per charge (30,000+ mile battery lifetime, optimistic), the recharging emissions of 0.0001 g/mile of NOx and 0.014 g/mile of CO2 would have to be included in the total emissions computations. These numbers correspond to about 1% of that which an ordinary automobile produces per mile. (Yau, 1993)















[bookmark: _Toc500746749]3. Cost of Electric Vehicle
The cost of manufacturing EVs is likely to be less than the cost of manufacturing petrol driven vehicles since petrol engines are more expensive than electric motors. The cost of the battery installation is likely to decrease over time as the scale of manufacture increases. The cost of maintenance is likely to be less than that of petrol driven vehicles as there is no petrol engine. The cost of charging should compare favourably with the cost of refuelling as at present there is a duty on petrol. (Vyas, 1998). As figure (4) shown the number of electric vehicles sold in Europe by June 2017, which indicates the electric vehicles rapidly improving the technology for customer demand. (Pontes, 2017) According to SAE papers 1999, the cost data in this study represents assumed costs for the purpose of illustrating this economic methodology. Actual costs or prices would vary based on many application and volume-specific conditions. The intent of this work is not to pinpoint component costs, but rather to establish a broad-based framework for evaluating economic alternatives in hybrid electric vehicle development throughout the world. Cost values listed in this paper should be considered rough approximations based on assumptions. If the reader requires highly accurate market, projections it would be prudent to replace the cost assumptions given here with more specific values. The same could be said for economic incentives specific to local markets as well as consumer perceived value associated with given features. (Ronning, 1999)[image: ]
[bookmark: _Toc500747366]Figure 4 Show the number electric vehicle sold in Europe (Pontes, 2017)
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According to SAE 2011 ‘Programmable Charging for electric vehicles,’ the owner of electric vehicles can sign up for an EV charging rate plan. The customer pays less overall for charging than they would without this rate plan. For this sample rate plan, rates are higher during the summer, so the customer should program their vehicle to charge during off-peak times if possible. Winter charging cost is the same during peak and off-peak times, so it does not matter when they charge during the winter season. EV charging rate plans typically require a smart meter installed at their house. The Programmable Charging feature allows the customer to take advantage of standard, tiered, or electric vehicle rate plans. In addition, there will be an opportunity to take advantage of future developments in charging infrastructure. In the future, utilities may offer cost incentives to allow the utility to interrupt or slow down the charging process when there is a heavy electrical load on the grid (Spigno, 2011).

[bookmark: _Toc500746751]
[image: An electric vehicle on charge on a London street.]
[bookmark: _Toc500747367]Figure 5 Show the charging station in London (Pontes, 2017)






3.2 EVs Battery 
SAE report 2011 by  José Luiz Albertin has explained that batteries for EVs have different performance requirements as compared to PHEVs and HEVs. Traction batteries are typically sized for high-energy capacity in EVs where the battery is the sole power source and must be sized to deliver power on a continuous basis. However, in HEVs, high power shallow depth of discharge is the norm since the internal combustion engine is used to top up the battery capacitance. PHEVs must operate in an electric-only mode similar to EVs and in CS mode similar to HEVs, this puts conflicting demands on the traction battery. The AER requirement and high power availability at low State of charge (SOC) increase the stress on traction batteries for PHEVs. To select the appropriate battery for the vehicle, the following parameters were considered: 
Energy density, Power density, Capital cost/Life cost, Cycle life limitations, depth of discharge, charge acceptance, temperature range and the availability of suppliers in the UK.
The three major battery chemistries are bi-polar lead acid battery, Nickel Metal Hydride (NiMH) battery, and Lithium-Ion battery was evaluated against the chosen parameters for selection.
One of the major vehicle technical requirements is that it should be capable of an AER of at least 10 miles, with the smallest battery pack possible. Because of the small pack size requirements, high depths of discharges in the range of 10 - 15°C were required to meet the power requirement for the two drive cycles. The bipolar lead-acid chemistry was able to meet some of this criteria but could not meet the cycle life, low weight/packaging requirements, therefore it was not selected. The NiMH chemistry matched most of the requirements, however, it was not chosen due to the high self-discharge rates and poor availability of suppliers within the UK. Finally, to keep the weight of the battery systems low and to meet cycle life, the Lithium-Ion chemistry was chosen. Within the Lithium Ion chemistry options, Lithium Iron Phosphate (LiFePO4) was preferred due to its superior thermal and chemical stability as well as having better cycle life when compared to other Lithium chemistries such as Lithium Cobalt Oxide (LiCoO2) or Lithium Manganese Oxide (LiMn2O4). LiFePO4 is also more stable under overcharging conditions and can withstand higher temperatures without degradation in performance. Even though the energy density of LiFePO4 is less than LiCoO2, LiFePO4,  it can support higher currents and is, therefore, better suited for the application considered here. ( Muraleedharakurup,2011) In the medium to longer term, there is the probability that even better batteries may be developed offering longer range and much faster charging.[image: http://pushevs.com/wp-content/uploads/2015/09/electric-car-interior.jpg]
[bookmark: _Toc500747368]Figure 6 Show the electric vehicle battery (Pedro, 2017)


[bookmark: _Toc500746752]3.3 Ethics
Ethics are the choice between morally correct behaviour or the opposite i.e. the choice between good and bad behaviour. At present, it is considered morally correct to take steps to protect the environment by improving air quality to protect people’s health and to reduce global warming. Companies which do not take account of this are reasonably considered to be ethically wrong. (Vyas,1998).
Electric vehicle advantage and disadvantage are described in Appendix 1 because of word count limit.

[bookmark: _Toc500746753]4. Analysis/ Discussion 
The discussion of this study highlights several short-term opportunities for reducing greenhouse gas emissions and petroleum consumption in the light-duty fleet. Stopping the trend towards larger, more powerful vehicles yields improvements of nearly 40% in conventional NA-SI vehicles. Hybridizing this future (medium to long term) higher efficiency SI vehicles offers reductions on the order of 60%. Similar GHG benefits may accrue from deploying either plug-in hybrid or fuel-cell vehicles, both of which would offer, in the medium to long-term, even deeper reductions in petroleum use. However, achieving further reductions in GHG emissions requires additional reductions in the fuel production pathway. (Mathew,2008). Also growing environmental concerns have stimulated the automobile industry to experiment with alternative propulsion methods to increase fuel economy and reduce the pollution-forming emissions and the carbon dioxide emissions. The pure electric vehicle (EV) is an example of one solution and is often considered an environmental solution for the long term. However, battery energy storage limitations and other factors have caused this approach to suffering in the marketplace. The development of EVs was spurred primarily by the California Air Resources Board (CARB) requirement for manufacturers to sell a minimum percentage of their total vehicle sales as Zero Emission Vehicles (ZEV) in the state. (Ronning,1999). Reducing Carbon Dioxide (CO2) emissions is one of the major challenges for automobile manufacturers in the short term. This is driven by environmental, consumer, and regulatory demands in all major regions worldwide. As manufacturers overcome difficulties it will ease progress in the medium and long-term.  However, there are limits to CO2 reduction due to improvements in efficiency alone. The other major improvements are realized when the CO2 content of the energy used to motivate the vehicles is reduced. (Naganuma.2016). The electric power system will increasingly use renewable energy due to legislative mandates. The carbon intensity of the grid is expected to be reduced by meeting renewable portfolio standards. Long-term, CO2 emissions from electricity generation are expected to continue to fall. As a result, this decrease in carbon intensity through the production of electricity will decrease the CO2 impact of electric vehicles increasingly over time. In terms of carbon-neutral energy, an electrified vehicle's CO2 emission benefits will match that vehicle's liquid fuel displacement benefits. (Pavlovic,2017). However, in Catton’s SAE report (2017) it stated, “Electric vehicles continue to suffer from two disadvantages that have limited widespread adoption” 1. Charging time, 2. Energy density. In an effort to mitigate these challenges, vehicle Original Equipment Manufacturers (OEMs) have developed different vehicle architectures to extend the vehicle range. Further advantages and disadvantages can be found in Appendix 1.
According to the European Commission, Brussels 2011, the fossil fuel vehicle will be obsolete by 2050, as can be found in Appendix 2.
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In conclusion, this paper has discussed the short, medium and long-term implications of various electric vehicle technologies for urban and rural communities. It has shown that benefits to the atmosphere are considerable through EV impact on CO2 reduction. It has shown that electrification  is an ethically correct approach both locally and globally. It has shown that it will be practical to use these propulsion technologies. Developments in charging infrastructure will be required. EVs’ life cycle costs and range depend on the type of battery used. Because the current prices of battery packs, powertrain components, and auxiliary systems are very high, the EVs are projected to have 25-125% higher life-cycle costs when introduced (sales of several thousand per year). The costs of the first and replacement battery packs would be very high initially, contributing substantially to the EVs’ life cycle costs (Vyas, 1998).
The majority of vehicle, equipment and battery manufacturers view the concept favourably but with scepticism. Near-term feasibility is greatest for applications in which external (not owned by the vehicle operator) infrastructure components are not required. Only fleet applications, with vehicles serviced from a central location, meet this criterion. Among fleet applications, transit buses have been and will continue to be the favoured deployment, since they operate on a fixed route with well-defined energy requirements and periodic visits to a common location (MacCarley, 2000). No other flaws or difficulties are foreseen and much information has been acquired by the author in this study.
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Appendix 1
Appendix 1 explains the Advantage and disadvantage of various electric vehicles. (Efficientenergysaving.co.uk, 2017).
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Appendix 2
Appendix 2 illustrates report was found during research which published by Europe Commission in 2011.
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Europe Electric Car Leaders (Top 20 - June 2017)
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Electric Car Advantages

Electric Car Disadvantages

Cost of fucl is at an all-time record high and still
increasing. An clectric car is far cheaper o run
costing only a few pence per mile.

You arc normally limited by range and speed
Although this is improving with newer cars.

Cost of fucl is at an all-time record high and still
increasing. An clectric car is far cheaper o run
costing only a few pence per mile.

Some Elcctric cars in production are only 2
scated and very small.

No road Tax, although you still require a fax dise

You need to have aceess fo a recharge point. I
you live in a block of flats or terraced house you
may have nowhere to recharge.

Government incentives are available both in the
UK and US

‘A normal recharge time is befween 6-8 hours, not
as quick as filing up at a petrol station. Although
fast chargers are now being installed for newer
cars.

Some parking in London and ofher citics is free.

Batteries will need replacing anything from 3 to
10 years, this depends on battery type and
amount of driving.

No pollution from the car, and although some
€02 will be produced from the electric required
this is still much lower than the amount of CO2
produced by using a car. It is possible to use
renewable power or a green encrgy supplicr for
your electric

Elcetric cars a more cxpensive fo buy than their
cquivalent petrol vehicle, although this amount
could be saved by using an clectric car in a few
years or less.

In the UK our CO2 emissions from cars for
personal use is 13% of the total UK CO2
cmissions.

For cach litre of fucl used in a car engine,
produces more than 2.5kg of CO2

Cheap car insurance, some cars arc group 1

Help to reduce noise pollution as they arc much
quicter
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25  Ten Goals for a competitive and resource efficient fransport system:
benchmarks for achieving the 60% GHG emission reduction target

Developing and deploying new and sustainable fuels and propulsion systems

(1) Halve the use of “conventionally-fuclled cars in urban transport by 2030; phase
them out in cities by 2050; achieve essentially COy-free city logistics in major urban
centres by 2030%°.

@) Low-carbon sustainable fuels in aviation to reach 40% by 2050; also by 2050 reduce
EU CO; emissions from maritime bunker fuels by 40% (if feasible 50%!").

Optimising the performance of multimodal logistic chains, including by making
greater use of more energy-efficient modes

() 30% of road freight over 300 km should shift to other modes such as rail or
waterborne transport by 2030, and more than 50% by 2050, facilitated by efficient
and green freight comidors. To meet this goal will also require appropriate
infrastructure to be developed.

4) By 2050, complete a European high-speed rail network. Triple the length of the
existing high-speed rail network by 2030 and maintain a dense railway network in all
Member States. By 2050 the majority of medium-distance passenger transport should
o by rail

(5) A fully functional and EU-wide multimodal TEN-T “core network’ by 2030, with a
high quality and capacity network by 2050 and a corresponding set of information

services.

(6) By 2050, connect all core network airports to the rail nefwork, preferably high-speed;
ensure that all core seaports are sufficiently connected to the rail freight and, where
possible, inland waterway system.

Increasing the efficiency of transport and of infrastructure use with information
systems and market-based incentives

() Deployment of the modernised air traffic management infrastructure (SESAR®) in
Europe by 2020 and completion of the European Common Aviation Arca
Deployment of equivalent land and waterbome transport management systems
(ERTMS", ITS"™, SSN and LRIT”, RIS"). Deployment of the European Global
Navigation Satellite System (Galileo)
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1

2 This would also substantially reduce other harmfl emissions.

C£. Commission Communication “A Roadmap for moving to  competitive low carbon economy i
2050°, COM (2011)112.
In accordance with the European ATM Master plan:
bitp:lec.enropa.ew ransportsir/sesar deployment_en btz

In accordance with the Evropean Deployment plan for ERTMS: cf. Commission Decision
C(2009)361.
In accordance with the EasyWay 2 Implementation Plan: f. Commission Decision C(2010) 9675,
Directive 2002/59/EC establishing a Community vessel traffic monitoring and information system (O]
L 208 £ 5.8.2002), as amended by Directive 2009/17/EC (OJ L 131 of 28.5.2009).
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By 2020, establish the framework for a European multimodal transport information,
‘management and payment system.

By 2050, move close to zero fatalities in road transport. In line with this goal, the EU
aims at halving road casualties by 2020. Make sure that the EU is a world leader in
safety and security of transport in all modes of transport.

Move towards full application of “user pays™ and “polluter pays” principles and
private sector engagement to climinate distortions, including harmful subsidies,
‘generate revenues and ensure financing for future transport investments.
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