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Abstract
This article compares the social costs of electric vehicles with those of conventional, thermal vehicles for
typical passenger use in the Ile-de-France region (Greater Paris), a case of particular interest because nearly
80% of the electricity is generated by nuclear power plants. A four-seat electric car is compared to a new
conventional car of the same make and model; for the latter both the gasoline and the diesel version are
considered because almost half of new car sales in France are diesel. These results are also compared to
typical existing diesel and gasoline vehicles in the current French ¯eet. The methodology developed by the
ExternE (External Costs of Energy) Project of the European Commission is used to estimate the costs
associated with atmospheric pollution due to power plants, re®neries and tail pipe emissions. Our discussion of externalities is limited to air pollution thus excluding others such as costs associated with noise or
accidents. Our results imply that the external costs are large and signi®cant, even when one considers the
uncertainties. If internalized by government regulations, these externalities can render the total cost of an
electric vehicle more competitive with that of currently available thermal vehicles in large urban centers if
the electricity is produced by sources with low pollution. However, the current generation electric vehicles
are so expensive that internalization of pollution damage would not give it a very clear advantage. Ó 1999
Elsevier Science Ltd. All rights reserved.
Keywords: Electric vehicles; Air pollution; External costs; Damage costs; Life cycle analysis; Diesel cars; Gasoline cars

*

Corresponding author. Ecole des Mines, 60 boul. St.-Michel, 75272 Paris, Cedex 06, France.
E-mail address: rabl@cenerg.ensmp.fr (A. Rabl)

1361-9209/99/$ ± see front matter Ó 1999 Elsevier Science Ltd. All rights reserved.
PII: S 1 3 6 1 - 9 2 0 9 ( 9 9 ) 0 0 0 1 8 - 8

398

K. Funk, A. Rabl / Transportation Research Part D 4 (1999) 397±411

1. Introduction
Concern over urban air quality in recent years has propelled the electric vehicle (EV) to the
forefront of debate concerning technologies and strategies to reduce the environmental and health
impacts of urban transport, among the largest contributors to urban air pollution as well as to
anthropogenic greenhouse gas emissions (see US Dept. of Energy, 1996; Walsh, 1995). With zero
tailpipe emissions, compact size, and an essentially silent motor, electric vehicles could be the
urban commuterÕs panacea were it not for its high purchase price. However, they have been
criticized as ``pollution elsewhere vehicles'' because of the emissions by the power plants which
supply the electricity.
Several studies have been eected to date comparing the emissions of electric vehicles and internal combustion engine (ICE) vehicles (Chapman et al., 1994; Lave et al., 1995; Martinez and
Dessus, 1993; Sgoutas, 1995). Most agree that there are emissions trade-os, and that the net
reduction due to the use of electric vehicles depends on the source of fuel for electricity generation
as well as the type and age of the conventional vehicle default.
There are few regions where the emissions trade-o is as spectacular as in Ile-de-France
(Greater Paris). 90±95% of the electricity of France comes from sources with negligible air pollution, nuclear providing almost 80% and hydro about 12% (for an explanation of the damage
costs of nuclear, see the section on nuclear electricity below). Furthermore, because of the large
population (about 11 million inhabitants) and population density, any air pollutants that are
emitted here can have considerable health impacts.
The damage costs due to pollution from power plants, re®neries and tail pipe emissions are
estimated using the methodology of the ExternE (External Costs of Energy) Project of the European Commission (ExternE, 1995; see also ORNL/RFF, 1994; Rowe et al., 1995). This involves
an analysis of the impact pathway for each pollutant, from source to receptors (population, crops,
buildings, etc.):
· speci®cation of the technologies and emissions (e.g., kg/yr of NO2 from tailpipe);
· calculation of increased pollutant concentration in all aected regions (e.g., lg/m3 of O3 , using
models of atmospheric dispersion and chemistry for O3 due to NO2 );
· calculation of physical impacts (e.g., number of asthma attacks due to O3 using dose-response
functions);
· economic valuation of impacts (e.g., multiplication by cost of asthma attack).
The damage is summed over all aected receptors. For details of this analysis, the reader is referred to publications by the ExternE (1995, 1998) Project, by Rabl and Spadaro (1999a) and by
Spadaro et al. (1998).
The economic valuation is based on individual preferences; it necessarily involves subjective
(and often controversial) choices that should be decided by political consensus, in particular with
regard to intergenerational discount rate and the so-called value of statistical life (really the
collective willingness to pay for reducing the risk of premature death). For the present paper it is
sucient to assess only those external costs that dier between electric and conventional vehicles,
namely those due to the emission of pollutants. We do not address accidents, congestion or noise,
though we note in passing that lower noise could be an appreciable external bene®t of electric
vehicles. Since the uncertainties are large, we also consider the sensitivity of our results to uncertainties in the damage cost estimates.
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2. Key assumptions
2.1. Dispersion modeling
For most air pollutants from combustion, atmospheric dispersion is signi®cant over hundreds
to thousands of kilometers (Seinfeld and Pandis, 1998; Zannetti, 1990; Curtiss and Rabl, 1996a).
Both local and regional eects are important. We have therefore used a combination of local and
regional dispersion models to account for all signi®cant damages. For modeling dispersion over
the short range we have used two gaussian plume models: ISC (Wackter and Foster, 1987) and
ROADPOL (Vossiniotis et al., 1996). At the regional scale we have used two dierent models, the
Harwell Trajectory model (Derwent and Nodop, 1986) as implemented by the ExternE Program,
and the EMEP model of the Norwegian Meteorological Service (Sandnes, 1993), the model
chosen for the ocial allocation of acid rain budgets among the countries of Europe.
We have coupled these dispersion calculations with an integration over population data, using
two software packages that have been developed independently for this purpose: ECOSENSE
(Krewitt et al., 1995) and PathWays2.0 (Curtiss and Rabl, 1996b). ECOSENSE includes the
Harwell Trajectory Model; for the PathWays2.0 calculations we have used EMEP results for
atmospheric dispersion. A comparison of damages calculated with these dierent models shows
agreement within 20% (Rabl and Spadaro, 1999b).
For ozone (O3 ) damage due to the precursor NOx we use a recent estimate of 1500 Euro=tNO2 1
for typical European conditions (Rabl and Eyre, 1998), based on EMEP results for atmospheric
dispersion and chemistry (Simpson, 1993).
2.2. Health impacts of air pollution
Of special importance are health impacts because, according to ExternE (1998), they account
for more than 95% of the damage costs of particles, NOx and SO2 . A consensus has been emerging
among public health experts that air pollution, even at current ambient levels, is associated with a
variety of signi®cant health problems. There is strong evidence that air pollution aggravates respiratory and cardiovascular diseases and leads to premature mortality (Lipfert, 1994; Dockery
and Pope III, 1994; Wilson and Spengler, 1996; Bascom et al., 1996). There is less certainty about
speci®c causes, but most recent studies have identi®ed ®ne particles as a prime culprit; ozone has
also been implicated directly. In addition there may be signi®cant direct health impacts of SO2 ,
but for direct impacts of NOx the evidence is less convincing.
For air pollutants the dose-response functions are usually based directly on air concentrations,
hence the names E±R function (exposure±response) or C±R function (concentration±response)
are in use. Depending on the epidemiological approach used to determine a C±R function, one
talks about acute and chronic C±R functions. The most common approach is to carry out a time
series study of a population by identifying short-term correlations (over a few days) between air
pollution and a health end-point. This approach has the great advantage of being easy to

1

1 Euro  6.56 FF  $1.10±1.25 in recent years, here taken as $1.16.
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implement and insensitive to the confounders (such as smoking), but it identi®es only short-term
eects and yields acute C±R functions.
End-points that show up only after a longer period require observations of individuals or
populations that are exposed to dierent levels of pollution (Dockery et al., 1993; Pope et al.,
1995; Abbey et al., 1995). Quantitative links between chronic eects and air pollution are notoriously dicult to establish with con®dence, and there are few studies that have determined
chronic C±R functions. Of particular importance are the studies of Dockery et al. (1993) and Pope
et al. (1995) that ®nd signi®cant chronic eects of air pollution on mortality. The dierence between chronic and acute C±R functions is not so much in the exposure (most people are
chronically exposed) as in the eects that are measured: Do they include long-term eects or only
eects that show up within a few days after exposure to pollution? By analogy the terms acute and
chronic are also applied to C±R functions for mortality, even though the attributes appear strange
in that context.
In ExternE (1995, 1998) the working hypothesis has been to use the C±R functions for
particles and for O3 as basis. Eects of NOx and SO2 are assumed to arise indirectly from the
particulate nature of nitrate and sulfate aerosols, and they are calculated by applying the
particle C±R functions to these aerosol concentrations. With this assumption the impacts of
NO2 and SO2 become very large, but this is uncertain because there is insucient evidence for
the health impacts of the individual components of particulate air pollution, especially for nitrates. The reason for the lack of epidemiological studies of nitrate aerosols is that until recently
this pollutant has not been monitored by air pollution monitoring stations. All C±R functions
for health impacts of air pollution have been assumed linear, in view of the lack of evidence for
thresholds at current ambient concentrations (note that a C±R function in the form of a hockey
stick has the same eect as a linear function of the same slope if the threshold is below
background concentrations).
2.3. Monetary valuation
Our approach to the monetary valuation of damages is to account for all costs, market and
non-market. For example, the valuation of an asthma attack should include not only the cost of
the medical treatment but also the willingness to pay to avoid the suering. If the willingness to
pay for a non-market good has been determined correctly, it is like a price, consistent with prices
paid for market goods. Economists have developed several tools for determining non-market
costs; of these tools contingent valuation has enjoyed increasing popularity in recent years. As far
as the damage costs in this paper are concerned, the valuation is suciently reliable that the costs
can be aggregated for use in a social cost-bene®t analysis, without serious risk of error due to
certain biases such as the embedding eect that have been observed in some contingent valuation
studies.
It turns out that damage costs of air pollution are dominated by the valuation of mortality.
The key parameter is VSL (value of statistical life), the valuation of a loss of life. In ExternE
(1998), a European-wide value of 3.1 MEuro ($3.6 million) was chosen for VSL, close to
similar studies in the USA (for an interesting review of 78 VSL studies, see Ives, Kemp and
Thieme (1993). A crucial question for the valuation of air pollution mortality is whether one
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should simply multiply the number of premature deaths by VSL, or whether one should take
into account the years of life lost (YOLL) per death (Rabl, 1998). The dierence is very
important because premature deaths from air pollution tend to involve a much smaller
number of YOLL per death than accidents (on which VSL is based). The ExternE numbers,
cited here, are based on YOLL and thus signi®cantly lower (for the same dose±response
function) than the simple VSL valuation assumed in most previous external cost studies. For
the value of a YOLL we have assumed 0.083 MEuro for chronic mortality, and 0.155 MEuro
for acute mortality, the dierence arising from assumptions about latency and discounting
(ExternE, 1998).

3. Damage cost per kg of pollutant
The damage costs per kilogram of pollutant depends on the site and nature (stack height and
¯ow velocity) of the pollution source, and within the ExternE Project they have been calculated
for a wide range of sources. For the present paper we need them for typical trac emissions in
Paris and for emissions from re®neries. For power plants we only cite the ExternE damage cost
per kilowatt hour (kW h) of electricity (Section 5). The damage costs per kilogram of pollutant are
listed in Table 1. For particles one can assume that emissions from power plants and re®neries are
PM10 whereas those from cars are the smaller and more harmful PM2:5 (where PMd designates
particles with diameter less than d microns).
Some comments to explain the variation with emission site. For the long lived greenhouse gases
there is no variation with emission site because these gases can be assumed uniformly mixed in the
Table 1
Damage costs, in Euro per kilogram of pollutant, from Spadaro and Rabl (1999); for secondary pollutants the dependence on emission site is weak and as ®rst approximation one can take same value for all of France (1 Euro  $1.16)
Pollutant

Damage costs (Euro/kg)

Greenhouse gases, CO2equiv

0.029

Secondary pollutants, per kilogram of primary pollutant
SO2 via sulfates
NO2 via nitrates
NO2 via ozone
NMVOC via ozone

10.0
14.5
1.5
0.93

Primary pollutants from re®neries
PM10

15.4

Primary pollutants from cars
PM2:5 , Paris
PM2:5 , highway Paris-Lyon
PM2:5 , rural France
SO2 direct, Paris
SO2 direct, highway Paris-Lyon
SO2 direct, rural France
CO, Paris
CO, highway Paris-Lyon

2190
159
22
28
2.2
0.3
0.02
0.002
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entire atmosphere. Here we consider CO2 , CH4 and N2 O, grouped together as CO2equiv ; of these
CO2 makes the most important contribution. The damage cost in Table 1 is the ExternE estimate,
derived by Eyre et al. (1998) on the basis of IPCC (1995).
For the other pollutants in Table 1, one must distinguish between primary and secondary
pollutants. Primary pollutants, for instance particles, cause damage in the form in which they are
emitted. Some pollutants are transformed in the atmosphere to secondary pollutants and cause
damage in the latter form. For example, SO2 is transformed into sulfate aerosols and NOx into
nitrate aerosols; NOx is also a precursor of ozone. SO2 can be harmful both directly as a primary
pollutant and as a precursor of sulfates (especially sulfuric acid).
Damage due to primary pollutants varies strongly with local conditions, especially when
emitted at ground level. That is why the PM2:5 damage from cars diers so much between rural
and urban settings, PM10 damage from re®neries, power plants and the like being relatively
small because such emission sources tend to be from tall stacks in less urban areas. The
damage of secondary pollutants, by contrast, is quite insensitive to the conditions in the vicinity
of the source. This is because the chemical reactions take some time and the formation of
nitrate and sulfate aerosol particles occurs over distances of tens to hundreds of kilometers.
The formation of ozone is somewhat faster and occurs over several kilometers to tens of kilometers. Here we assume a single Euro/kg value for all secondary pollutants from emission
sources in France.
It may be surprising that our estimate for NOx damage via ozone is so much smaller than that
for damage via nitrate aerosols. This is a consequence of the ExternE hypothesis that nitrate
aerosols have the same health eects as PM10 , including chronic mortality, whereas for ozone only
acute mortality is taken into account (Rabl and Eyre, 1998). This may well be due to a lack of
epidemiological data rather than a dierence in real impacts; however, for the present paper only
the sum of the nitrate and ozone damages matters, and it seems plausible that the total damage
per kilogram of NO2 be comparable to that for PM10 and SO2 .
Our damage cost for PM2:5 includes an estimate for cancers, based on the International Agency
for Research on Cancer who concluded in 1988 that diesel particulate matter is probably carcinogenic to humans, coupled with other studies that imply that PM itself, when stripped of the
soluble organic fraction, is also carcinogenic (Walsh, 1995). However, the cost of these cancers is
only a small portion of the total.
4. Vehicle technologies and costs
Table 2 presents key ®gures and hypotheses used to calculate the total cost for each vehicle.
Since costs are realized throughout the lifetime of the vehicle, the choice of discount rate becomes
an issue. Here we choose 5% real, i.e., above in¯ation. All costs are in constant currency, without
any escalation beyond general in¯ation.
The new vehicles studied here are representative of four-passenger subcompact cars popular in
France. They are electric, gasoline and diesel versions of the same model, the Peugeot 106. The
prices are for the model with electric windows, electric locks and power steering in 1998. The
electric car has a Nickel±Cadmium battery because that is the preferred choice for vehicles of this
size in France. Lead±Acid batteries contain nearly half the energy density, and are disfavored in a
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Table 2
Key data and assumptions for economic analysis; these costs include taxes: approximately 80% of gasoline and 72% of
diesel fuel are a fuel tax, and 17% of all other costs are a value added tax (values for existing (old) cars are in parentheses; 1 Euro  $1.16)
Electric

Gasoline

Diesel

Lifetime
Discount rate (above in¯ation)
km/yr
Purchase price, without battery, Euroa

10 yr
5%
9125
14,204

Lease of battery, Euro/yrb
Registration, Euro
Insurance, Euro/yr
Maintenance, repairs + technical control, Euro/yr
Electricity or fuel/km, urban drivingc

1122
89
336
89
0.25 kWh/km

10 yr
5%
9,125
10400 new
(0 old)

10 yr
5%
16,425
11577 new
(0 old)

Energy price
Energy cost Euro/yr

0.0696 Euro/kWh
159

149
437
200
0.070 l/km new
(0.192 l/km old)
0.955 Euro/l
611 new (1676 old)

149
437
200
0.060 l/km new
(0.113 l/km old)
0.649 Euro/l
640 new (1205 old)

a

Peugeot (1998).
Club du Vehicule Electrique de Paris (1998).
c
Electricite de France (1998).
b

detailed lifecycle assessment comparison conducted by Electricite de France (Ollivier, 1996). We
assume that the battery is leased rather than bought.
For existing cars (labeled ``old'' in our ®gures and tables), we take a purchase price of 0 because
from the point of view of society it is a sunk cost. For simplicity we assume the same number of
km/yr and the same costs for maintenance, insurance, etc. While real repair costs are higher, this is
compensated by the fact that the numbers for old cars represent an average over the current ¯eet
and include models that are much larger than the subcompact Peugeot 106. That can be seen from
the fuel consumption data in Table 2.
This point illustrates the diculty of obtaining representative data about the current vehicle
¯eet. There is continual evolution in technologies, tastes and driving patterns, and reliable data
about the current situation are hard to get. The evolution has been particularly rapid with regard
to emissions. Furthermore, a single average number fails to capture the variability. For instance, a
key parameter for the life cycle cost per kilometer is the distance driven per year which varies
greatly between dierent owners. Rather than trying to analyze a large number of cases, we
present the results in a graphical format that we hope enables the reader to visualize how a change
in one of the cost components would aect the ranking of choices.
5. Emissions and damage costs per kilometer
Emissions from the following phases are taken into account: emissions from electricity production, emissions from fuel production, and tailpipe emissions. Emissions for other lifecycle
phases, such as vehicle production and disposal, are more dicult to estimate given the multitude
of options and actors involved throughout the lifecycle. Since the data provided by Lewis and
Gover (1995) suggest that emissions from the production of cars are in any case small compared
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to those from the tailpipe, we will not consider them in this analysis, implicitly assuming that their
external costs are equal among EVs and ICEs.
5.1. Tailpipe emissions
Table 3(a) shows the tailpipe emissions assumed in this study. For existing cars they are based
on emissions measured by Joumard et al. (1995), as interpreted by Spadaro et al. (1998) for a
driving cycle of urban trajectories, representative of the likely usage of electric vehicles. For new
cars they are taken as the regulatory limits imposed in France for all new vehicles as of 1 January
1997 (with exceptions noted). The real emissions may turn out to be dierent, but they are unlikely
to be much lower since urban driving always involves the driving modes with the highest emissions. Greenhouse gas emissions are not regulated but they can be determined from the fuel
consumption.
There are no regulations for particle emissions from gasoline cars, an item not considered
signi®cant in the past. However, in view of the high damage cost per kilogram of particles even
small emissions can make an appreciable contribution to the total cost. They have been measured
by CONCAWE (1998) for two gasoline cars of the kind being sold now with catalytic converter,
and we base our PM2:5 calculations on this report. The uncertainties of this item are high, not only
because it is based solely on two cars but because the emissions are close to the detection limits of
Table 3
Emissions and damage costs/km (1 Euro  $1.16)
Emissions (g/km)
Diesel
new
(a) Tailpipe emissions
PM2:5
0.08a
0.0258d
SO2
0.511a
NO2
NMVOC
0.189a
192
CO2equiv
CO
1a
Total

Damage costs (Euro/km)

Gasoline
new

Diesel
old

Gasoline
old

Diesel
new

Gasoline
new

Diesel
old

Gasoline
old

0.002b
0.0258d
0.125a
0.375a
224
2.2a

0.21c
0.05d
1.24c
0.45c
361
2.4d

0.0214c
0.07d
0.47c
1.37c
616
12.8d

0.1776
0.0010
0.0082
0.0002
0.0056
0.0000
0.1926

0.0044
0.0010
0.0020
0.0003
0.0065
0.0000
0.0142

0.4741
0.0018
0.0199
0.0004
0.0105
0.0000
0.5067

0.0470
0.0027
0.0075
0.0013
0.0179
0.0003
0.0767

0.0001
0.0015
0.0021
0.0003
0.0010
0.005

0.0003
0.0022
0.0034
0.0003
0.0012
0.0074

0.0004
0.0041
0.0059
0.0008
0.0028
0.014

(b) Re®nery emissions, based on Lewis and Gover (1995) with fuel consumption of Table
0.0108
0.00946
0.020
0.026
0.0001
PM10
0.112
0.145
0.211
0.399
0.0012
SO2
0.113
0.134
0.213
0.369
0.0018
NO2
NMVOC
0.179
0.306
0.337
0.841
0.0002
22.7
35.4
42.7
97.3
0.0007
CO2equiv
Total
0.004
a

2

Emissions for new vehicles are limits imposed by directive 94/12/CEE, 23 March 1994 applicable to new vehicles as of
1 January 1997. The limits are speci®ed for CO, HC + NOx , and ®ne particles. HC and NOx emissions are calculated
with a split factor equal to the ratio of HC:NOx in the emission factors from Joumard et al. (1995), calculated for our
representative driving cycle.
b
Based on CONCAWE (1998).
c
Based on Joumard et al. (1995), as interpreted by Spadaro et al. (1998).
d
Calculated by multiplying fuel consumption by 0.05%, the admissible sulfur content as of 1996 (CERTU 1997).
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the instrumentation. We interpret the numbers in the CONCAWE report to imply a PM2:5
emission of 2 mg/km for urban driving (with uncertainty range from 1 to 4 mg/km).
5.2. Emissions from fuel production
Emissions from the production of fuel for thermal vehicles are not negligible. Lewis and Gover
(1995) have assembled data from ®ve life cycle assessment (LCA) studies (two in the UK, and one
each in the Netherlands, Sweden and the USA) for the production of gasoline and diesel, acknowledging that the disparity among them is considerable though they all claim to take the entire
fuel cycle into account. Table 3(b) presents the average of these studies.
5.3. Emissions from electricity production
We assume that the electricity for charging the batteries comes from nuclear power plants
because they provide approximately 80% of the total kW h produced in France, and 100% of the
base load. Fossil fuels are used only during cold weather, providing 4±8% of the total, and the
remainder comes from hydro. The damage cost of nuclear electricity in France, 2.52 MEuro/kW
h, has been calculated by the ExternE Project (ExternE, 1995; Rabl et al., 1996). This includes all
stages of the fuel chain, even waste disposal and major accidents (though any estimate of the latter
items is controversial).
All of the damage cost of low-level radiation is due to human health eects (cancers and hereditary eects), whereas environmental impacts are negligible. These costs are almost certainly an
upper bound because they have been calculated with very conservative assumptions: impacts are
considered for the entire population of the world, at zero discount rate, counting all cancers as
fatal and assuming that no cure for cancers will be found during the entire 100,000 yr time horizon
of the analysis. With the assumptions in Table 2 this implies a damage cost of 0.0006 Euro/km for
the EV. This is so small as to be invisible on the scale of Figs. 1 and 2 which is why we do not even
show it in Fig. 1.
The damage costs per kilometer are shown in Fig. 1. The contribution of CO, according to the
assumptions of ExternE, is so small that we do not even show it in the ®gures. We emphasize that
they are for the Paris metropolitan area. Because of the high population density, the damage is
dominated by particle emissions. For more rural driving the damage of the primary pollutants,
especially the particles, would be 1±2 orders of magnitude smaller, while damage from NO2 would
change very little.
6. Life cycle costs/bene®ts
Results of the life cycle cost per kilometer are shown in Fig. 2. Since diesel and gasoline cars are
used dierently, we show the EV both for 25 km/day and 45 km/day utilization, so the comparisons can be made on the basis of equal driving distance (where we neglect that higher utilization is likely to increase repair costs or decrease vehicle life time). Part (a) shows the private
costs, part (b) the social costs. Since, from the point of view of society, general taxes represent a
transfer of funds rather than a cost, we have removed all general taxes from part (b), keeping only
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Fig. 1. Damage cost due to emissions from tailpipe and from re®nery, for new diesel and gasoline cars driven in the
Paris metropolitan area.

vehicle registration fees because they are paid for expenses related to road transport (the Vignette,
a national auto tax based on vehicle size, age, and location of registration, and the carte grise, a
car registration fee).
The removal of taxes between parts (a) and (b) is not perfect. Fuel taxes could be considered as
payment for public expenditures for transport, but their level is set by politics without direct
relation to speci®c expenditures. However, the resulting uncertainties are small compared to the
other items in Fig. 2(b).
Likewise subsidies should be included in part (a) but not in part (b) of Fig. 2. Currently the EV
bene®ts from a subsidy by Electricite de France to car manufacturers (10,000 F  1524 Euro, i.e.,
11% of purchase price) and a subsidy by the State to consumers (5000 F  762 Euro, i.e., 5.5% of
purchase price). It is not clear how much of the Electricite de France subsidy is passed on to the
consumer. For simplicity we did not consider these subsidies in Fig. 2; in any case they would only
change the contribution of the purchase price by a small amount.
In terms of private costs the EV is about 30±40% more expensive than a new ICE car, comparing respectively the gasoline car with an EV driven 25 km/day and the diesel with an EV driven
45 km/day. For existing cars the comparison is even less favorable for the EV; this would not
change appreciably if one were to include the resale value (highly variable) which we have neglected because it is a sunk cost from the perspective of society.
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Fig. 2. Life cycle costs per kilometer. All vehicles are assumed to be used 10 yr, but 9125 km/yr for electric and gasoline
and 16425 km/yr for diesel: (a) private costs (including general taxes); (b) social costs (excluding general taxes). Error
bars indicate uncertainty of damage cost.

In terms of total social cost the EV is at least 50% more expensive than the gasoline cars, both
old and new, but about 40±70% less expensive than diesel cars. The latter is due to the high
damage cost of primary particle emissions in a metropolis like Paris.
These estimates are based on currently available EV technology, and battery usage over 10 yr.
This lifetime requires the equivalent of two battery packs (leased or purchased), which represent
almost as much cost as the purchase of the vehicle itself. Costs are sure to decrease as technology
improves (with production economies of scale, higher autonomy, advanced batteries, etc.). It
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remains to be seen if this results in more rapid reductions in total cost than those from incremental
improvements in advanced ICE vehicles themselves.

7. Uncertainty
The error bars in Fig. 2(b) indicate the uncertainty of the damage costs only. They have been
estimated by Rabl and Spadaro (1999) by considering the uncertainty distributions for each
element of the impact pathway analysis. They are stated as geometric standard deviation rg and
can be interpreted in terms of multiplicative con®dence intervals of the lognormal distribution: if
a cost has been estimated to be lg (geometric mean  median) with geometric standard deviation rg , the probability is approximately 68% that the true value is in the interval [lg /rg , lg ´ rg ]
and 95% that it is in lg =r2g ; lg  r2g . For most of the damage costs rg is approximately 4. In
view of the dierence between medians and means of the uncertainty distributions we estimate
that the 1 s.d. con®dence interval ranges from approximately 0.15±2.4 times the mean damage
cost.
The greatest uncertainties stem from the validity of the dose-response functions, and from their
translation into monetary values. Since more than 80% of the ExternE damage costs arise from
mortality, the results are extremely sensitive to the way in which one evaluates mortality. The key
parameter is the value of statistical life, here chosen as 3.1 MEuro.
A cost-bene®t analysis of a policy to encourage the use of EVs involves many other uncertainties, especially driving patterns and the evolution of cost and performance of the technologies.
Can improvements in battery technology keep pace with emission reductions of the ICE? This
kind of uncertainty is best addressed by considering dierent scenarios, but it is beyond the scope
of the present paper. However, the magnitude of the cost components in Fig. 2 gives an idea of the
sensitivity to dierent assumptions.

8. Conclusion
Using the damage cost estimates of the ExternE Project, we have calculated the external cost of
air pollution for electric vehicles and for conventional cars fueled by gasoline or by diesel. We ®nd
that the cost of air pollution from cars in Paris is large, even for cars that meet the rather strict
emission limits of the latest regulations. The damage cost amounts to approximately 7% of the
private life cycle cost for new gasoline cars, and to 120% for new diesel cars. If these costs were
internalized, the EV would be competitive at current prices against diesel cars but not against
gasoline (the precise comparison depends on the individual situation, especially the number of
kilometers traveled per year). In terms of total social cost the EV is at least 50% more expensive
than the gasoline cars, both old and new, but about 40±70% less expensive than diesel cars.
It is ironic that the diesel would look so poor in this comparison; after all it had been encouraged on the grounds of higher energy eciency and lower emissions. Indeed, except for
particle emissions the diesel is relatively clean, especially compared to gasoline cars without
catalyst (required in France only since 1993). The perspective presented here results from the
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recent epidemiological studies that have highlighted the health eects of particles, coupled with
the fact that primary pollutants can have large impacts if emitted in the streets of large cities.
However, the cost of air pollution is not enough to give the EV a clear advantage against all
conventional cars, even in Paris. If the EV can barely be justi®ed in a large metropolitan area
where the external costs of electricity are small, the concept loses much of its appeal. This conclusion comes on top of questions about the appeal of vehicles whose range and performance is
still signi®cantly below their conventional counterpart.
For policy decisions it would be helpful if the uncertainties could be reduced, but that is unlikely in the near future, at least as far as the damage costs are concerned. A key consideration is
the evolution of the respective technologies. One can expect signi®cant cost reductions in a new
technology such as the EV (including development of the infrastructure). On the other hand, the
emission control of the internal combustion engine has been making impressive progress in recent
years and technologies for the reduction of diesel particle emissions are under development. It
may be more cost-eective to curb pollution by technologies other than the EV (e.g., hybrid or
fuel cell vehicles) or by policies such as scrapping older highly polluting cars.
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