	[image: image6.png]



	Transport Research Arena 2014, Paris


	[image: image4.png]



	Jinan Piao, Mike McDonald, and John Preston / Transport Research Arena 2014, Paris
	2


	[image: image5.png]



	Jinan Piao, Mike McDonald, and John Preston / Transport Research Arena 2014, Paris
	



A cost benefit analysis of electric vehicles - a UK case 
Study
Jinan Piaoa,*, Mike McDonaldb, John Prestonc
Transportation Research Group

Southampton University

United Kingdom

ajpiao@soton.ac.uk; bM.Mcdonald@soton.ad.uk, cj.m.preston@soton.ac.uk
Abstract

Interest in electric vehicles is growing worldwide because of increasing oil prices, uncertainties concerning oil security and increased awareness of environmental issues.   In this study, lifetime net present values of costs and benefits are compared between electric and fossil fuelled cars.  Key questions to be answered are whether it is beneficial to purchase an electric car from a private and societal point of views.  The results of the analysis show that the lifetime costs of an electric, petrol and diesel car are comparable in terms of private costs, with the cost of an electric car being slightly higher than a petrol or diesel car.  However, in terms of social costs, an electric car is much more expensive than a petrol or diesel car.  The high cost of batteries, long charging times and a lack of charging points are among the key issues which need to be addressed for the large scale uptake of electric vehicles. Government support is needed to promote technology developments of batteries and recharging network. 
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Résumé

L'intérêt pour les véhicules électriques se développe dans le monde entier en raison de la hausse des prix du 

pétrole, les incertitudes concernant la sécurité de l'huile et une sensibilisation accrue aux questions 

environnementales. Dans cette étude, la durée de vie des valeurs actualisées nettes des coûts et des avantages sont comparées entre le carburant de voitures électriques et thermiques. Les principales questions auxquelles il faut répondre est de savoir si il est bénéfique d'acheter une voiture électrique d'un point de vue privé et 

sociétaire. Les résultats de l'analyse montrent que les coûts de durée de vie d' un moteur électrique, essence et 

diesel  sont comparables en termes de coûts privés , le coût d'une voiture électrique étant légèrement plus 

cher que celui des voitures essence et  diesel . Cependant, en termes de coûts sociaux, une voiture électrique est 

beaucoup plus cher que celui des voitures essence et  diesel. Les coûts élevés de batteries, la longue durée de recharge, et le manque de points de recharge sont parmi les questions clés qui doivent être abordées pour l'absorption à grande échelle de véhicules électriques. Les supports gouvernementaux sont nécessaires pour promouvoir les développements technologiques de piles et réseau de recharge.
 MACROBUTTON NoMacro Mots-clé:  véhicules électriques; analyse coûts-avantages; questions environnementales; valeur actuelle nette.
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1. 
Introduction 
Interest in electric vehicles (EVs) is growing worldwide because of increasing oil prices, uncertainties concerning oil security and increased awareness of environmental issues.   The UK government aims to cut greenhouse gas emissions by 80% by 2050, and a large scale up-take of EVs is considered a necessary measure to achieve the target. In order to promote EVs, several measures have been taken by central and local governments.  For example, in 2011, the UK government introduced a policy to provide £5,000 of subsidy for purchasing each EV.   Users of electric vehicles can drive into London without paying for Congestion Charge.  By 2013, London had 1,300 publicly accessible charging points at more than 300 sites.  Electric vehicle charging points have also been implemented in other cities such as Brighton (partially funded by the European CIVITAS Plus programme).  
Despite substantial effort, the up-taking of electric vehicles has been generally slow.  This paper describes a Cost-Benefit Analysis (CBA) to compare social and private costs and benefits between electric and fossil fuel driven cars.  Key questions answered are whether it is beneficial to purchase an electric vehicle from both or either private and societal points of view, and what actions are needed to achieve the large scale use of EVs.  
2. Electric and conventional vehicles

Electric vehicles have several advantages over petrol/diesel powered vehicles.   Unlike an internal combustion engine (ICE) driven car, an EV has a less complicated drive-train which does not contain a gearbox, transmission or other moving components.  The combination of battery plus electromotor is more efficient than an internal combustion engine (ICE) used in a fossil fuel car. Around 80% of the energy stored in an EV battery goes to driving the wheels, ICEs are only around 20% efficient with much of the energy lost as heat (Bossel, 2003;  IEA, 2005, Fueleconomy; 2008 and USDOE, 2008).  Another advantage is that EVs have zero emissions at the point of use which is particularly good to reduce pollution in urban areas (there may be emissions at power plants depending on the energy source used to generate electricity).  However, EVs also have some disadvantages over conventionally powered vehicles.  Compared to ICE cars, EVs are about 75-100% more expensive to purchase (DfT, 2009). The maximum driving ranges of a fully charged battery are about 200-300km, which are suitable for general urban driving.  Depending on the size of the battery and the power output, charging times vary from 2 to 7 hours at standard charging points. If an EV is used mainly for short distances, the EV can be plugged in to a household charging point at night to be fully charged in the morning.  An EV can be ‘refueled’ quickly (e.g. <30 minutes) at high voltage charging points (e.g. 380V, +100A) just like at petrol stations (van den Bulk et al., 2008).  However, the cost of construction and operation of such charging infrastructure at the national level is very high in current conditions.  Much research and development work focuses on increasing the range of the EV, faster battery charging, and cost and weight reduction to extend battery life. 
Although ICE cars are cheaper to purchase, increasing fossil fuel prices and pollutant emissions are key problems.  Potential benefits of electric vehicles include reductions of carbon emissions and dependence on oil.  Compared to ICE cars, the short and long term benefits to end users and to society become much complicated because of uncertainties in the future cost and availability of fossil fuel, and advances in EV technology (e.g. battery range and recharging).   Currently, most people have some general knowledge about advantages and disadvantages of electric vehicles.  However, there is a lack of clear understanding of overall costs and benefits of electric vehicles over a long time period. 
3. Methodology
3.1. Net present value
Cost Benefit Analysis (CBA) is a useful tool to support decisions for long term investment.   For this study, net present value (NPV) has been used which is one of the common indicators for evaluating financial or economic viability of an investment (Hanley and Spash, 1993; Boardman et al., 2001).    By using NPV, all cash flows during a study period are valued in a base year price for cost and benefit comparisons.   The following formula (Preston, 2006) is used to calculate NPV which considers both user and non-user cost/benefit:

 NPV = ( (  (Ria + UBia + NUBia + Eia -OCia -Kia)
                

                     a  i=0                    (1 + r)i

Where, 
NPV  
= Net present value summed over all agents

Ria 
= Revenue in year i to agent a,  

UBia 
= User benefits in year i accruing to agents a, 

NUBia
= Non user benefits in year i accruing to agents a, 

Eia 
= External benefits in year i accruing to agents a, 

OCia 
= Operating and maintenance costs in year i to agent a

Kia         = Capital costs accruing to agent an in year i (with the usual assumption being that capital
                  costs begin to be incurred in year 0). 

r 
= Discount rate

Determining the “best” discount rate can be extremely subjective.  Choosing a high discount rate weakens the selection of options with back-end loaded benefits.  Conversely, choosing a low discount rate gives more advantage to options with more benefits overall without taking into account the moment in which these benefits are generated. As recommended by the European Commission (EC, 2008), a discount rate of 3.5% is used as this study focuses on the economic viability of EVs.  
3.2. Selection of vehicles for comparison
For this study, Nissan passenger cars are selected as they have comparable electric, petrol and diesel cars in the UK market.  The basic principle used for the car selection is that they have similar transport capability in terms of driving power and vehicle dimensions.  Nissan electric cars were introduced to the UK markets in 2010.  The electric vehicle selected for the study is Nissan’s 2013 model.  It is a five-door hatchback all-electric car, with a range of 200 km (120mi) in full battery and average electricity consumption of 150 Wh/km.  The market price for the basic model (Leaf Visia), is £15,990 - £20,990 in 2013 depending on whether the batteries are leased or owned.  
The petrol counterpart selected for the analysis is the Nissan NOTE Visia 1.4 which is a five-door hatchback 5 speed car.  It has an engine capacity of 1386cc with emissions meeting Euro 5 standard, CO2 emission of 139g/km and average fuel consumption of 47.9 mpg in combined driving conditions.  Its market price in 2013 was £11,500 including VAT.  
The diesel counterpart is Nissan NOTE Visia 1.5 dCi 5 speed manual which is a five-door hatchback 5 speed car.  It has an engine capacity of 1461cc  with emission meeting Euro 5 standard, CO2 emission of 92g/km, and an average fuel consumption of 67.3 mpg in combined driving conditions.  Its market price in 2013 is £13,900 including VAT.  
Table 1.  Vehicle performance indicators of cars selected for the study
	
	Electric
	Petrol
	Diesel

	Vehicles

	Nissan Leaf Visia
	Nissan Note Visia 1.4 5 speeds (Manual)
	Nissan NOTE Visia 1.5 dCi 5 speeds (Manual)

	Price (including VAT)
	£15,990 (battery lease £70 per month), £20,990 (ownership of vehicle and batteries)
	£11,500
	£13,900

	Maximum engine power (PS)
	109
	87
	90

	Maximum speed
	87-89mph
	101
	111

	Battery Range 
	199km
	n/a
	n/a

	Battery lease cost
	£70+ / month
	n/a
	n/a

	Fuel consumption
	150 Wh/km
	47.9 mpg
	67.3mpg

	Emission Standard
	EuroV
	EuroV
	EuroV

	CO2 Emission
	0
	139
	92

	Gross Vehicle Weight (Kg)
	1945
	1546
	1615

	Body width
	1770
	1690
	1695

	Body length
	4445
	4100
	4100

	Body height
	1550
	1550
	1530

	Wheelbase
	2700
	2600
	2600


In the UK, average annual mileages are 7,370 miles for petrol cars and 11,540 miles for diesel cars according to National Travel Survey 2010.  For this study, a common annual mileage of 8,430 miles (13,480km) was used for electric, petrol and diesel cars which is the national average mileage of all passenger cars.  This made it possible to compare the three types of cars on the basis of equal driving distance 
In general, the average lifespan of a car in use is between 8 and 15 years which varies with the vehicle technology used, operation conditions, service and usage.  For this study, it was assumed that the three types of cars have the same lifespan of 10 years.  
EVs are very quiet at speeds of less than 30 mph (50 km/h), tyre noise becomes much audible when running at higher speeds. Concerns have been raised regarding pedestrian safety, especially for the visually impaired. Manufacturers are trialling the use of artificial sounds for cars travelling at low speeds.  There is some uncertainty of future EVs with regard to true impacts of noise levels of EVs.  For this reason, noise costs have not been considered in this study.  

It has been assumed that the three types of cars have similar utility functions and that the drivers received same level of benefits from driving the vehicles (e.g. journey times, comfort, and safety).  Due to this reason, only the costs were considered in the NPV calculations. 

4. Vehicle costs and external costs
4.1. Investment costs
For the Nissan LEAF electric car, one option is to purchase the vehicle but lease the battery with a market price of £15,990 and £70+/month.  The second option is to own both vehicle and batteries with a total price of £20,990 including 20% VAT and £5,000 government subsidy.  A Nissan LEAF uses a lithium-ion battery which has a lifespan of 15 years.  Therefore, no further investment in batteries was considered.  The user can charge batteries at home in just 4 hours using a 32A Home Charging Unit provided.  Concerning the cost transfers to the government, EVs are exempted from registration tax.   Thus for an electric vehicle, the transfers to the government only consist of VAT.  For the petrol and diesel cars, the purchase costs were £11,500 and £13,900 respectively which include VAT.  
4.2. Operation costs

For an EV, operation costs consist of electricity costs, road tax and VAT.  In the UK, currently the average domestic electricity rate was 11.4 pence /kWh with a day rate of 17 pence /kWh, and a night rate of 5 pence /kWh.   It was assumed that the user of an EV had an off-street parking space and was able to charge at night when the electricity costs are lower.  Of the total electricity used, a quarter was taken to be charged using the day rate and remaining three quarters using the night rate.  Based on the annual mileage and electricity consumption, the average electricity cost per year was estimated to be £194 including VAT.  Currently, average petrol and diesel prices are 139 pence /l and 132 pence /l respectively.  The annual operation costs for the petrol and diesel cars were estimated to be £1,106 and £747 respectively (including VAT)
4.3. Maintenance costs

The maintenance costs of an EV are lower than those of an ICE car.  Because the drive-train of an EV contains no gearbox, transmission and other moving components which are liable to wear. Regular ICE car maintenance such as the replacement of oil and filters is not needed for EVs.  The necessary maintenance of an EV can be reduced to once per 40,000 km. With a yearly driving distance of 13,488 km,  the average maintenance costs of the EV was estimated to be £288 per year or £0.02 km.  For ICE cars, the maintenance costs of a car consist of maintenance work, replacement of tyres and repair costs.   Based on the numbers given by the UK Automobile Association (AA), the average annual maintenance cost is £449 (including VAT) for both a petrol and diesel cars.
4.4. Emissions and damage costs

For an electric car, there are zero emissions during driving.  However, there are some emissions during electricity generation.  Currently, 83% of electricity in the UK is generated using fossil fuels (52.3% Coal and 30.7% Natural Gas).  According to the emission data provided by Earth Notes (2012) and cost data provided by Maibach et al (2008), average emissions from electricity generation and the associated damage costs are summarized in Table 2.  For an electric car, the emission cost has been estimated to be £270 per year including VAT.
Table 2  Average emissions from electricity generation and their damage costs

	

	g/kWh
	pence/km

	CO2
	469
	0.2658697

	SO2
	1.9
	0.0541724

	Nox
	5.2
	0.0867338

	CH4
	0.012381
	7.01859E-06

	N2O
	0.008645
	4.90082E-06


For ICE cars, emissions and damage costs during driving and at refineries are given in Table 3 and 4 respectively.   They are based on information from the following sources:

· Vehicle manual provided by Nissan
· Estimation by Eyre et al (1996) and Funk et al (1999)

· TWG12 Best available techniques (BAT) for SO2 (2011)
· TWG13 Best available techniques (BAT) for NOx (2011)
· Handbook on estimation of external costs in the transport sector.  Produced within the study Internalization Measures and Policies for All external Cost of Transport (IMPACT)
Based on the emissions and cost data, average annual emission cost was estimated to be £493 for the petrol car and £323 for the diesel car including VAT.
Table 3 Emissions from driving and their damage costs
	
	Emissions (g/km)
	Damage costs (£/km)

	
	Petrol
	Diesel
	Petrol
	Diesel

	CO2equiv
	139
	92
	0.004904
	0.003246

	CO
	0.159
	0.427
	0.000282
	0.000758

	HC
	0.035
	0.141
	5.24E-05
	0.000245

	Nox
	0.019
	0.114
	1.97E-05
	0.00011

	PM
	0
	0.0002
	0.005258
	3.37E-05

	Total
	
	
	0.005258
	0.004392


Table 4 Emissions from refining and damage costs
	
	Emissions (g/km)
	Damage costs (£/km)

	
	Petrol
	Diesel
	Petrol
	Diesel

	CO2equiv
	28
	14
	0.00098783
	0.000493915

	CO
	0.04
	0.03
	7.09761E-05
	5.32321E-05

	HC
	0.3731
	0.0034
	0.000558361
	5.90237E-06

	Nox
	0.12
	0.08
	0.000124565
	7.71973E-05

	PM
	0.003
	0.002
	0.00020264
	0.000135093

	Total
	
	
	0.001944371
	0.000493915


5. Lifetime costs 

5.1. Lifetime net present value of costs

Private costs

Car owners’ costs were considered including vehicle purchasing, operation, and maintenance costs when  calculating  private costs of ownership.  A comparison of the costs between the three cars is given in Figure 1.  The EV cost is marginally higher than that of the petrol and the diesel cars (1.5% and 4.0% respectively).  For the EV Car,  the purchase cost is dominant and accounts for 84.4%, compared to 47.0.3% and 58.2% for the petrol and the diesel cars respectively.  
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Figure 1.  Net present values of private costs
Although the investment cost is high for purchasing an EV, the car owner will benefit from reduced operation and maintenance costs.  For the EV, the operation costs were estimated to be £1,622, compared to £9,238 and £6,246 for the petrol and the diesel cars respectively over the lifetime.   For the EV, the maintenance costs were estimated as £ 2,253, compared to £3,755 and £3,755 for the petrol and the diesel cars respectively.   

Social costs

In the calculation of social costs, transfer payments between car owners and the government were considered including value added duty (VAT) and government subsidies.  Lifetime costs of the three types of cars are shown in Figure 2.  In terms of social costs, the EV is 20.0% and 17.7% more expensive than the petrol and the diesel cars respectively.  Car purchase is the dominant cost for all three cars.  For the EV, car purchasing accounts for 82.6% of the social costs, compared to 54.3% and 64.3% for the petrol and the diesel cars respectively.  
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Figure 2.  Net present values of social costs
Compared to other costs, the environmental damage costs are relatively small for the three cars considered (2.1%, 4.6% 3.2% for the EV, petrol and diesel cars respectively).  This is because that the EV has zero emissions in driving and the two ICE cars both meet EuroV emission standards.  

5.2. Sensitivity analysis
In order to assess how uncertainties will affect the net present values of the costs, a sensitivity analysis was conducted.  The factors considered include changes in annual vehicle mileages, electricity price, and fossil fuel prices.  A summary of the sensitivity analysis results is given in Table 5. On the basis of national average annual mileage (13,488km), the situations of 15% shorter and 15% longer mileages are considered.  In terms of private costs, the EV cost is higher than that for the petrol car (£25,446 vs. 26,442) when the annul mileage increases by 15%, but the cost of the EV is estimated to be higher than that of the petrol and diesel cars in terms of social costs.  This is because the amount of fuel duties paid increases with mileage in terms of private costs, but fuel duties are not considered in the social costs.  
Table 5  Sensitivity of vehicle mileages
	
	Private costs (£)
	Society costs (£)

	
	EV
	Petrol
	Diesel
	EV
	Petrol
	Diesel

	Annual mileage

(13,488km)
	85%
	24,283
	22,544
	22,401
	20,627
	16,435
	17,029

	
	100%
	24,864
	24,493
	23,901
	21,180
	17,644
	17,990

	
	115%
	25,446
	26,442
	25,401
	21,733
	18,853
	18,951


Currently, over 80% of electricity in the UK is generated using fossil fuels. The government plans to reduce the percentage to 40% by 2020. If this target is met, EVs can offer further emissions savings over a fossil fuelled car.   In order to assess how much such a change would affect the cost, the following two scenarios were considered for emission savings from electricity generation:
· Emission savings by 25%

· Emission savings by 50%

If a 50% emissions savings is achieved, the EV cost would be reduced from £21,180 to £20,951(-1.1%).  Although 50% is a large reduction, emission costs only account for 2.1% for the EV.  Therefore, the impact of reduced emissions from electricity generation on the EV cost is relatively small.  
Table 6  Sensitivity of emissions savings from electricity generation
	
	Society costs (£)

	
	EV
	Petrol
	Diesel

	Emissions during electricity generation reduced by  25% and 50%
	100%
	21,180
	17,644
	17,990

	
	75%
	21,065
	17,644
	17,990

	
	50%
	20,951
	17,644
	17,990


There are some uncertainties about the supply and security of fossil energy resources which will affect their market prices.  In order to assess how such uncertainties will affect the cost of ICE cars, the net present values of the petrol and the diesel cars were calculated under the following assumptions: 

· Both petrol and diesel price decrease by 25%
· Both petrol and diesel price increase by 25%
In terms of private costs, the EV becomes less expensive to own and use when petrol and diesel prices increase by 25%.  However, in terms of society cost, the EV remains being more expensive than the petrol or the diesel cars.  
Table 7 Sensitivity of petrol and diesel prices

	
	Private costs (£)
	Society costs (£)

	
	EV
	Petrol
	Diesel
	EV
	Petrol
	Diesel

	Fusil fuel price (Petrol: £1.39/l, and diesel: £1.32/l) change by ±25%
	75%
	24,864
	23,958
	23,539
	21,180
	16,614
	17,171

	
	100%
	24,864
	24,493
	23,901
	21,180
	17,644
	17,990

	
	125%
	24,864
	25,027
	24,262
	21,180
	18,674
	18,810


6. Conclusions

Based on comparisons of life cycle costs of EV, petrol and diesel cars, the following conclusions can be drawn:

· In terms of private costs, the EV, petrol and diesel cars are comparable.  The life time cost of electric cars is estimated to be 1.5% and 4.0% higher than that of petrol and diesel cars respectively.   The cost of petrol and diesel cars is estimated to increase faster than that of EV cars when vehicle usage increases (i.e. increased mileages).  If the annual mileage increases by 15%, the cost of EV cars becomes lower than that of petrol and diesel cars.  
· In terms of society costs, the EV is much more expensive than both the petrol and the diesel cars.  The life time cost of the electric car is estimated to be 20.0% and 17.7% higher than that of the petrol and diesel cars respectively.  
· The large gap in the cost between an electric car and an ICE car reflect the fact that electric vehicles are more costly to produce in their early stage and use more resources than ICE cars.  Such a gap is expected to reduce gradually as EV production volumes increase
The differences in the estimated costs do not fully account for the large gaps between the number of electric cars and the ICE cars.  Some of the impacts are difficult to be quantified and monetized and have not been taken into account for the analysis.  These include driver concerns about the actual range and performance of an electric vehicle affected by factors such as road/traffic/weather conditions, number of occupants, and the use of in-vehicle electronic device such as radios, satellite navigation and air conditioners.  

With advances in battery technology, there is no doubt that that, battery performances will be improved in the future especially in areas such as battery weight, cost and range.  However, this cannot be achieved very soon.  Currently, one of the major barriers for large scale application of EVs is the small network of charging points.  In the UK, over 90% of car journeys are less than 25 miles (40 km) which makes it possible for drivers to recharge the battery at night in home.  However, about one third of the households do not have off-street parking space in the UK.  To achieve large scale of EV uptakes, a prerequisite is to develop a large network of public charging points and the local grid to cope with the demand.  Currently, the basic infrastructure to refuel EVs already exists, and the electricity charging infrastructure can be extended relatively easily and cost efficiently to parking spaces at public car parks and work places.  Governments should develop strategic policy framework and actions to encourage and support public and private companies/institutions and car park companies to provide charging service to staff and public as a first step to increase the market of EVs.  
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