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In 2009 the transport sector alone accounted for approximately 30% of the European Union’s
CO2 emissions (EC, 2012)1. Note too that this is the only sector that has seen its emissions
increase in Europe since 1990 (+26% between 1990 and 2007), while those of other
industrial sectors fell by approximately 15% over the same period (EEA, 2011).

Faced with this situation, and due to this sector’s high dependency on fossil fuels, the
European Commission (EC) has set itself the target of reducing the greenhouse gas (GHG)
emissions of transport by 20% by 2030 by comparison with their 2008 level. In addition,
within the framework of its 2050 roadmap (EC, 2011), the EC has identified a potential
reduction of GHG emissions by 60% compared with 19902.

As we can see in our current context of energy transition, road transport is perceived by the
public authorities as one of the key sectors in the fight against climate change. However due
to abatement costs that are higher than in other sectors, this transition to clean transport,
sustainable transport or again low carbon mobility can only be driven and supported by the
public authorities.

The development of innovative transport resources, including for example the emergence of
new types of travel, especially in cities, and the deployment of better adapted vehicles such
as hybrid or electric cars, will not happen without genuine political will.

Whatever the term used, all these formulae aim to translate the determination of the public
authorities to change the current trend by implementing policies to reduce pollutant
emissions due to road transport, both local and global, while favouring mobility in the broad
sense of the term. This is achieved by a combination, or a mishmash as the more critical will
say, of incentives (the famous price signal dear to economists) and/or restrictive measures
aimed at improving the energy efficiency of transport and increasing the proportion of
renewable or non-fossil energies in this sector.

1

And 72% of these emissions were directly due to road transport.
France, for its part, has set itself the target of a 30% reduction in consumption of fossil fuels by comparison with
2012, and inclusion of 15% biofuels (S. Royal law on energy transition, adopted by the National Assembly on 14
October 2014).

2
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The following report proposes to analyze the effectiveness of various policy measures to i)
increase the penetration of electric vehicles and ii) reduce the CO2 emissions of the
European transport sector. The first Section presents an overview of the main types of public
policy implemented in the European road transport sector. Before describing the different
public policy tools available to public decision makers, we introduce road transport with a few
figures. The aim is to give a better idea and understanding of the significance of the
challenges and the reforms in progress in this sector. The second Section summarizes the
European transportation demand model, thereafter named the vehicle fleet model, that have
been developed in the SCelecTRA project to tackle the question of electromobility. This
model represents an important contribution to the SCelecTRA project. It has been specifically
elaborated to improve the demand side of the European transportation sector modeled in the
TIMES PET model, as it was proved to be a weakness of the previous versions of the latter.
Thanks to the implementation of this new module in the TIMES PET model, the European
road transport demand becomes less exogenous as it now depends on both various socioeconomic and public policy drivers. This was a key point to investigate the effectiveness of
different policy measures on the development of electromobility. The third Section explains in
detail which kind of policy measures have been taken into account and how they have been
implemented in the vehicle fleet model. The fourth Section analyses the results of the vehicle
fleet model. Finally, the fifth Section concludes.
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1. Road passenger transport policy in Europe
1.1. Road transport in Europe
The two main drivers of growth in demand for road transport are economic activity and
development of the population.

1.1.1. Road traffic trends in Europe
In Europe, passenger mobility is mainly based on road and rail transport.

Figure 1 shows the growth of the population and road traffic in the EU (EU-27) between 1990
and 2010.

Figure 1 Population and road traffic trends in Europe (EU-27) (source: Odyssee, Enerdata3)

This figure shows that road traffic (VKT4) in Europe (EU-27) increased considerably
between 1990 and 2010 (+44%), with however more marked growth in the first decade
(+2.6% per annum) than in the second (+0.6% per annum). At the same time, the population
of Europe increased year on year at the rate of 3.2% per annum. The rate of road traffic
growth was therefore lower than the rate of population growth in this area.

1.1.2. Trends in annual distance travelled by car
In 2010, the average annual distance travelled by car was between 8,070 km (Poland) and
17,050 km (Ireland), or a European average of approximately 12,380 km. This average has
3

Enerdata manages this database on energy efficiency indicators on behalf of the European Commission.
VKT, for Vehicle-Kilometres Travelled. This term corresponds to the total number of km travelled per private car
in a year and for a given road network.
4
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however been decreasing since the 2000s in most European countries, as shown in Figure
2.

Figure 2 Average annual distance travelled per passenger car in Europe (source: Odyssee, Enerdata)

1.1.3. European automobile fleet trends
The EU holds the record for the number of private cars: nearly 235 million in 2011, up by
40% since 1994.

Given the great disparity between countries in Europe, we have chosen to categorize them in
three slightly more homogenous groups according to their level of economic development
and the degree of maturity of their automobile market5:
•

Group 1: Bulgaria, Estonia, Hungary, Latvia, Lithuania, Poland, Romania.

•

Group 2: Cyprus, Czech Republic, Greece, Malta, Portugal, Slovakia, Slovenia,
Spain.

•

Group 3: Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy,
Luxembourg, Netherlands, Norway, Sweden, United Kingdom.

5

Countries were grouped via a PCA (Principal Component Analysis). See deliverable D 2.2 for more details.
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Figure 3 Development of the total stock of cars (chart a.) and breakdown by type of motorization for each group of countries
6
(charts b., c. and d.) in Europe between 1994 and 2011 (source: authors, based on Odyssee, Enerdata)

The German fleet is the biggest (with just over 42 million vehicles in 2011) and the Polish
fleet is growing fastest (+ 73% between 2000 and 2010). Figure 3 shows that the vast
majority of European vehicles are still running on gasoline or diesel today. Other vehicles –
whether hybrid gasoline or diesel, electric or run on LPG – represent at the very most around
5% of the European fleet. This figure also shows the rise in diesel vehicles over the past
twenty years. Between the early 1990s and today, their market share has effectively risen
from around 13% to almost 40%. However not all European countries have seen this
development, as shown in Figure 4.

6

The dataset includes 28 countries over the period 1994-2011.
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Figure 4 Market shares of diesel vehicles in Europe, 2013 (source : CCFA)

How can we explain this great disparity between the different European countries in terms of
the development and composition of the automobile fleet? This is the issue we examine now
by describing the different public policy tools available to the public authorities to regulate
road transport.

1.2. Public policy tools
When analyzing the European road transport system, we cannot but recognize its great
complexity. This complexity explains not only the plurality and diversity of public policies in
this sector, but also the difficulty of their implementation, their consistency and their
alignment.

Public policy tools are generally classified according to their modes of application and the
more or less binding nature of the requirements they impose on road transport players. A
distinction is usually drawn between binding regulatory measures (emissions standards and
speed limits for example) on the one hand, and economic incentive type tools (such as taxes
or feebate schemes) on the other7. These different types of policy are not all aimed at the
7

In addition to these two main types of public policy there are collaborative initiatives and information /
communication campaigns.
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same uses or the same players in the transport sector, and are not taken by the same public
decision makers. Depending on the circumstances, these tools may therefore tend to be
associated with road transport supply or demand policies and may be applied at different
levels (urban, inter-urban, national and international).

Table 1 summarizes the different public policy tools in road transport in Europe.
. Speed limit

ommand and Control

Demand-side

. Low Emission Zones
. High-Occupancy Vehicles lanes
. Parking access management
- Related to CO2 emissions :
. CO2 emissions standards for new passenger cars
and light-duty-vehicles

Supply-side

- Related to biofuels :
. Minimum of biofuel content in fuels
- Related to EV charge plug :
. Norms on publicly accessible infrastructures
. Obligation of EV charge plug in buildings
- Automobile purchase pricing schemes :
. Bonus-malus
. Scrapping premium
. VAT and income tax reduction

Economic Instruments

. CO2-tax for used pollutant passenger cars
- Automobile ownership fiscal schemes :
. Annual tax for company vehicles,

Demand-side . Annual tax for pollutant vehicles
- Automobile use pricing schemes :
. Fuel pricing (Fuel tax, Tax exemption for biofuel,
Carbon tax)
. Road user charge (Urban toll, Major roads and
highways toll)
. Parking pricing
. Free access to public transport

Supply-side

. Investment in R&D
. Investment in infrastructures

Table 1 Summary of different road transport policies in Europe (source: extract from Papaix and Meurisse (2013) and
Leurent and Windisch (2011))

We describe them briefly below, presenting them according to their level of application.
10
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1.2.1. Tools at urban and inter-urban level
Since local authorities do not have the resources to take action on the supply, they instead
seek to modify road transport demand behaviours to reduce the associated nuisances
(mainly local pollution and congestion). This generally involves binding control measures
(speed limits and reserved lanes) although some urban areas no longer hesitate to
implement incentive-type economic schemes (congestion charging).

Speed limits
In most cases, speed limits are applied nationally to improve road safety. But some
European cities also apply them on a temporary basis to limit air pollution, either in the event
of a peak in pollution or permanently. Barcelona, for instance, has reduced the speed limit to
80 kph on its major roads within a radius of 80 km around the city since December 2007,
while Paris has reduced the speed limit on its ring road from 80 kph to 70 kph since 1st
January 2014.

High-occupancy vehicle lanes
The aim of these reserved lanes is to reduce urban congestion by limiting the number of cars
in circulation. By reserving some of their lanes for High-Occupancy Vehicles (HOV), urban
areas aim to increase the number of passengers per car (carpooling) and to encourage the
use of public transport in order to maintain and increase the capacity for passenger travel on
the motorways and main arteries. In Europe this type of lane is generally reserved for buses
and taxis, for example.

Low emission zones or congestion charging
To reduce air pollution in dense sectors of their territory, urban areas can define zones in
which access by the most polluting vehicles is restricted or banned via a congestion charge
or tax disc system. These Low Emission Zones (LEZ) now exist in over 70 cities and 10
countries in Europe, although the congestion charging scheme in London (created in 2003)
has certainly received the most media coverage. The emissions targeted are mainly NOx,
fine particles and, indirectly, ozone and CO2. Within the framework of its energy transition bill
for green growth, France is currently conducting studies on this subject with the
establishment of restricted traffic zones8. For instance, experimental congestion charging
schemes are allowed in urban areas with over 300,000 inhabitants, with an official traffic
8

www.assemblee-nationale.fr/14/ta-pdf/2230-p.pdf
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access plan (“Plan de Déplacements Urbains” - PDU). The tolls collected must finance PDU
operations and therefore encourage the development of public transport.
Low emission zones, where they restrict access for all or some vehicles via a congestion
charging scheme, are classified as incentive-type economic tools. They differ from highoccupancy vehicle lanes in that they discourage the use of private cars, not by reducing
the capacity of the transport network but by increasing the cost of using this means of
transport via a toll charge.

Road and/or motorway toll charges, if they are to be considered as economic tools, are
mainly aimed at financing infrastructures. They are related to the use of (some) roads but are
different from congestion charging schemes whose main aim is to prevent congestion.

1.2.2. Tools at national level: taxes hitting the demand for transport
There is a wide variety of fiscal instruments in the road transport sector. These include
grants, income tax or VAT reductions and taxes. Taxes constitute the vast majority of these
instruments and are an important source of revenue for the States9. They may be related to
purchase of a new car, to its simple possession/ownership or again to its use. Most of these
taxes are ‘pure return’ taxes, but some of them have an incentive element aimed at sending
out a price signal designed to modify the demand behaviour of economic agents.

Fiscal instruments related to car purchase
This is the category that includes the most incentive-type schemes. By encouraging people
to buy cleaner cars, these policies aim to improve the energy efficiency of the average
automobile fleet.
For instance car scrappage schemes encourage owners to scrap their old cars, in return for
a bonus, and replace them with new, more efficient models. This system, although costly,
has the benefit of a direct impact on fleet composition by replacing the oldest and therefore
most polluting vehicles.
Feebate schemes combine grants and taxes in the same system. Under such a scheme, the
purchase of a new car is subject to either a rebate (a grant which only concerns a few
models) or a fee (a tax of broader scope) depending on its energy efficiency and therefore its
CO2 emissions. This system has the advantage of being self-financing, on condition of
course that the amount of rebates granted is exactly equal to the amount of fees collected.

9

In 2008, taxes on the transport sector in France amounted to €38.6 billion.
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Note too that in some countries VAT reductions (in Norway for example) or income tax
credits (in Belgium and Sweden in particular) are granted to new acquirers of an electric
vehicle.

Fiscal instruments related to car possession/ownership
These fiscal instruments take the form of an annual tax, a tax disc for example, collected to
allow vehicles to use the road network. The level of tax is usually related to the vehicle
capacity, its CO2 emissions or the type of fuel it uses.

Fiscal instruments related to car use
Taxes on fuels – in France the “Taxe Intérieure de Consommation sur les Produits
Énergétiques” (TICPE - national tax on consumption of energy products) 10 – are a significant
source of annual revenue for public finances. While the primary aim of these taxes is to
create an income for the State, they can nevertheless act as an incentive in the short term (a
rise in prices at the pump will reduce the annual distance travelled by vehicles by a few
kilometres) and in the long term (buying more energy-efficient cars and reducing the number
of car owners). The pump price differential between gasoline and diesel is an illustration.
Figure 5 shows that all European countries except the United Kingdom apply a higher level of
tax to gasoline than to diesel (since the ratio is greater than 1). This differential will globally
increase depending on whether the countries belong respectively (see paragraph 2.3) to
group 1 (in green), group 2 (in purple) or group 3 (in orange). By comparing the figure below
with Figure 4, we see that the market share of diesel cars is higher on average in countries
that apply the highest differential.

10

Formerly “Tax Intérieure de consommation sur les Produits Pétroliers” (TIPP - national tax on consumption of oil
products).
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Figure 5 Gasoline / diesel indirect tax ratios in 2011 (source: authors, based on Global Energy & CO2 Data, Enerdata)

The carbon tax is another example of a fiscal instrument related to vehicle use. Unlike the
previous tax, this tax pursues an environmental aim by linking its payment to the CO2
emissions produced by the vehicle over a year. In France, this type of tax is the subject of
strong opposition, despite the constant efforts by governments to introduce it (the first project
dates from 2009 with the “climate-energy contribution”). However several countries do apply
it, such as Denmark (since 1992), Finland (since 1990), Ireland (since 2010), Norway (since
1991) and Sweden (since 1991) with amounts per ton of CO2 emitted between €13 for
Denmark and €108 for Sweden, as at 1st January 2010. In France, the entry into force on
1st January 201511 of the climate/energy contribution (CEC) can also be seen as a form of
carbon tax in that it partly links taxes on energies to their emissions of carbon dioxide. The
CEC should rise over time: its rate, set at €7 per ton of CO2 in 2014, should increase to
€14.50 in 2015 and €22 in 2016. According to the Ministry of Ecology and Energy,
implementation of the CEC should increase the price of gasoline by approximately 2
€centimes per litre, and that of diesel by 2.38 €centimes per litre (if the VAT increase to 20%
is also taken into account).

In terms of supply, we note the policies in support of R&D via financing of research programs
and investment in infrastructure. These supply support policies must not be ignored. For
11

Decided on in 2013, it was implemented in the 2014 budget in the form of a “carbon component” proportional to
CO2 emissions in taxes on fossil fuels. Since it was initially offset by the equivalent decrease in another tax in
2014, it will only really take effect from the beginning 2015.
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example, to promote the emergence of a new technology such as the electric vehicle, the
States are financing research programmes on electromobility and will then have to invest in
infrastructures to make a significant number of charging points available to consumers.

1.2.3. Europe-wide tools
Whether they concern standards for CO2 emissions or binding targets for inclusion of biofuels
and the development of charging points for electric cars, all these binding control measures
are aimed at impacting the supply.

CO2 emission standards
These emission standards concern private cars and light commercial vehicles (LCV).

Directive 443/2009/EC of the European Parliament and the European Council of 23 April
2009 set a target for private cars of 130 g CO2/km by 2015 for the European fleet12. This
target is 18% below the 2007 average emissions but only 4% below the 2011 average. A
target of 95 g CO2/km by 2021 is also specified within the framework of directive
143/2013/EC of 19 February 2013.
Concerning light commercial vehicles, the European Union Council regulation 510/2011 of 11
May 2011 limits CO2 emissions from new light commercial vehicles to an average of 175 g
CO2 / km from 2017 and sets a target of 147 g CO2 / km by 2020. These are average figures
for new light commercial vehicles, leaving manufacturers room for manoeuvre according to
the vehicle dimensions.

Binding targets for inclusion of biofuels and the development of charging points for electric
cars
In order to increase the share of renewable energies used in the transport sector (4.7% in
2010), Europe has chosen to support the emergence of two technologies in particular –
biofuels and electric vehicles (EV)13 – by setting binding development targets for them.

Concerning biofuels, the European Commission directive 2003/30/EC on promotion of
biofuels set minimum targets for inclusion of biofuels in fuels, of 5.75% for 2010 and 10% for

12

This emissions level is equivalent to a fuel consumption of 5.6L/100 km for gasoline vehicles and 5.0L/100 km
for diesel vehicles.
13
While it is true that electric vehicles do not emit any pollution locally, the definitively “clean” nature of this
technology does of course also depend on the energy mix of the power grid.
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2020. This entails incorporation of ethanol in gasoline, and fatty acid methyl esters in diesel.
The French biofuel plan is more ambitious, with a target of 7% for 2010 and 10% from 2015.

As with any new technology, the excessively high price of electric vehicles is explained by
the (for now) low demand. If consumers are still reluctant to buy this type of vehicle, it is
firstly because their price is not competitive enough and secondly because there are not yet
sufficient accessible charging points. To break this vicious circle the European Commission
has proposed a development target of around 8 million charging points for electric vehicles
by 2020 in Europe, 10% of which must be freely accessible (EU, 2013). This development
effort will vary according to the countries concerned, to take account of different degrees of
country maturity.

16
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2. The vehicle fleet model
2.1. Purpose and integration with the TIMES PET model
The purpose of the vehicle fleet model is to set a framework to simulate the consumer
response in terms of driven mileage (total traffic demand), global purchases (total vehicle
stocks) and technology selection (technology-level sales). To allow for a relevant analysis of
development conditions for EVs across Europe, the following dimensions have been
integrated:
o

The technical and economical characteristics of electric-based vehicles
compared to conventional will affect their relative competitiveness (see e.g.
Babaee et al, 2014). This includes:


The technological characteristics of vehicles (efficiencies & investment
costs)



The energy prices (diesel, gasoline, CNG, electricity)



Supply-side public policies supporting technology selection (in
particular, the deployment of charging infrastructures)



Demand-side public incentives affecting the relative costs of ownership
of the technologies: taxes and subsidies (taxes on fossil, subsidies for
adopting new technologies, scrappage schemes, carbon tax)

o

A behavioral description of new technology adoption processes, since
demand-side choices notably deviate from the pure techno-economical
analysis. There, we include:


A description of consumers selection process, through the computation
of the individual utility of each vehicle (based on their technical and
economical attributes)



The introduction of a diffusion process, which depicts the “level of
awareness” of consumers for new technologies (due to word to mouth,
and in principle affected by advertisement, policies in places etc…)

There is a large literature dedicated to the selection process of mobility technology from a
consumer perspective. In this project, we rely on
•

the econometric estimations derived in the WP2 of SCelecTRA to simulate the global
consumer responses (traffic, total vehicle stocks) as a function of economic growth,
energy prices or the evolution of road infrastructure

17
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•

a Multinomial Nested Logit Model (MNLM) to describe the technology selection
process. This last approach is widely used in the literature (by country, relies on the
TREMOVE model) and relies on discrete choice modeling. As suggested by Struben
and Sterman (2008) or MacManus and Senter (2009), the penetration rate of new
technologies (EVs, PHEVs) is further controlled by a diffusion-adoption process
described by Bass (1969).

Using this methodology, one set of outputs will be produced to examine the effect of public
policy designs on the development of electromobility.

Apart from this “stand-alone” use, we wish to use this simulation model to introduce some
behavioral elements within the European energy system model (PET): demand-side choices
generally lack realism because important processes affecting consumer choice are absent
from optimization models (Schäfer, 2012). The penny-switching nature of optimization,
technology-rich models can be mitigated by (in the present case) a soft-coupling procedure
linking the demand model (Girod et al., 2012; Girod et al., 2013; Cayla and Maïzi, 2015) with
the energy supply model.

2.2 Model Structure
The vehicle fleet model includes two main components. First, a demand module allows to
derive projections for total future stocks of vehicles and mileages driven at the country level.
It is based on the econometric estimations performed in Task D.2.1. Second, the choice
model for technology selection allows, once the demand for new vehicles is determined, to
split sales across available options. Survival rates are applied to each technology to obtain
retirements; sales are deduced from the difference between total stocks and surviving stocks
of equipment. Finally, the diffusion-altered discrete choice model allows to determine the
market shares of sales for the different technologies. It heavily relies, for its structure and
input data, on the TREMOVE (De Ceuster et al, 2007) model.

2.2.1. Deriving demands
Total stocks and mileages
Demand projections between 2005 and 2050 are made for total existing stocks and mileage
driven. They are derived from econometric estimations in task 2.1. They relate demands in
year  ∈ 2005,2050 for country

∈

, … ,  to demands of past periods and (eventually
18
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lagged) growth rates of demands and exogenous explanatory variables. The traffic equation
is specified as
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where VKM, PGAS, GDPP represent the annual mileage, the price of gasoline and the GDP
per capita. Similarly, the total stocks of vehicles are projected using
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where ST, and RI represent the annual stock and road infrastructure development index. For
both demand and stocks projections, elasticities are set by country group defined in the
econometric analysis of the SCelecTRA project (deliverable 2.1).

Vehicles survival and sales
Once the total stock requirement is obtained, the demand for vehicles is derived in country
in year  by difference with survival stocks. For technology > ∈ , installed in vintage ? ∈ , it
is defined with a Weibull function,
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2.2.2. Computing technologies’ utility
The basic requirement to split the total annual sales requirement by country is to compute
the individual utility of each technology in each period. With the exogenous series of energy
prices, taxes and subsidies, fuel efficiencies and vehicle investment cost, it is possible to
approximate the utility derived from an investment. Relying on the TREMOVE methodology,
19
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we assume that the consumer’s utility obtained from owning a vehicle is a linear combination
of attributes, including the cost of annuities due to (eventually subsidized) upfront investment,
vehicle use (energy costs), maintenance and other variable operating costs. It can be written
generally as
VW

VW

UJ

UJ

M,, = NO I PQ&R − 'STM,,,U + NYZ I PQ&R − '[TM,,,U

Here, M,, is the utility level, and NOZ and NYZ are weighting coefficients for the utility terms
covering respectively fuel costs and all other costs. The fuel cost term includes a disutility
due to the level of deployment of the charging infrastructure; once an exogenous threshold is
reached, the consumers does not suffer any more from this inconvenience. Due to the lack of
data, this effect is difficult to quantify in utility terms; the calibration was made so that the
level of disutility level is high enough in the absence of infrastructure to discourage most EVs
purchases. It then goes up to 0 when the level of infrastructure deployment reaches its target
value (see scenarios section).

2.2.3. Deriving technology-level sales
The multinomial model for technology selection
Total sales requirements are then further disaggregated at the technology level. For this
purpose, a logit model is set up to describe the purchase decisions of consumers with
respects to technical (efficiency, fuel characteristics…) and economical (purchase cost, fuel
costs, support policies) attributes of available options. Such models are based on discrete
choice theory, and have had a large echo in the transport literature for the past few decades
(see e.g. Train, 2003). The model described here is largely taken from (De Ceuster et al,
2007).

The basic multinomial logit formalism
In the present case, a consumer who buys a car in year  and facing || alternative choices
will pick only one alternative in the set , thus excluding all other choices. Discrete choice

modelling assumes that (i) the consumer knows (although with some uncertainty) the
cardinal utility of each available alternative in year  (ii) he prefers the alternative with the
highest utility level and (iii) the probability of choosing an alternative depends on its utility but
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also on the utility of all others alternative. With a few simplifying assumptions, one can then
define the probability for a consumer to choose the alternative ] ∈  in period  ∈

with a

multinomial logit formulation,

^_M,, =

`

abc,,

∑D∈) ` abD,,

.

In the case of car technologies however, one cannot easily assume that the choices (which
include the choice of a vehicle size – big, medium or small) are fully independent from each
other. For example, the choice of buying a medium conventional diesel versus a medium
hybrid gasoline car are contingent upon the choice of a medium car. Second, and as
suggested by e.g. MacManus and Senter (2009), this simple model should account for the
fact that it is unlikely that all consumers consider all alternatives equally. Other factors
(advertising, public promotion, environmental consciousness…) are likely to modify
consumer’s “awareness” of new, cleaner technologies such as pure battery electric vehicles.
Therefore, the previous formalism was modified to include:
-

A nested component of choice, so that the final purchase decision is made in two
steps: then choice of a vehicle size, followed by the choice of a technology within this
size class;

-

An adoption-diffusion model, based on the early work by Bass (1969).

The nested structure
Nested logit structures can be conveniently described with decision trees. In the present
case, it has two levels; at the first level, the choice is made towards a given car size; then, a
technology is selected:

Figure 6 Nested tree structure for the fleet model
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Let then 5 = 5e , 5 , 5.  the groups of big, medium and small car sizes; they correspond to
the upper level nest. The choice of choosing technology i is given by
^. &f' = ^. &5 '^.) &f '
where ^. &5 ' is the probability of choosing the nest 5 (a big medium or small car) and ^.) &f '
is the conditional probability of choosing technology i (diesel, plug-in hybrid gasoline, battery
electric…) knowing that size 5 was chosen.
The conditional probability follows a multinomial logit specification, with a scale parameter
g.) ,
^.) &f ' =

B 8D hi
B ;D

with j@ = ln ∑M∈.D B 8D hc the inclusive value of nest 5@ .

The choice between the nests is also described as a multinomial logit process, scaled with N:
^. &5 ' =

`

abm2

)
m
|2| ab2
n
∑no! `

, .p) =



8)

j .

Here, .p) represents the utility consumer receives from choices in the lower nest of 5 .
The adoption dynamics
Once the previous 2-nest framework for standard technology selection is set, we alter the
model to introduce a behavioral component. As suggested by Struben and Sterman (2008)
and MacManus and Senter (2009), we introduce the simplest form of Bass model (Bass,
1969) to depict the consumers’ “propensity to consider new technologies” in their purchase
behavior.
More precisely, the Bass model relies on the assumption that a group of buyers is composed
by two profiles, namely the adopters and the followers. Adopters are technophile people,
whose interest in possessing new technologies overcomes their cost attributes; they will
acquire new technologies first. As they use the technology, they will increase its exposure;
this will in turn gradually incite followers to buy.
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Formally, let qM &' the propensity of consumers to consider technology j as a purchase
alternative in period t. Let then a the rate of adoption and b the rate of imitation, both of which
are exogenous. According to the Bass model, qM &' is governed by the following differential
equation:
qMp = rs + tqM ur1 − qM u,
which yields to the following solution:
1 − B rwcVxc u
qM &' =
tM
1 + s B rwcVxc u
M
This logistic adoption dynamics (qM &' ∈ y0,1z ∀], ) is then incorporated in the discrete choice
modeling framework, so that the probability of buying technology j in period t becomes
^.) ,M &' =

qM &'B 8) hc
, j = ln I qM &'B 8) hc .
B ;)
M∈.)

The adoption levels discriminate new (hybrid, plug-in hybrid and battery electric) vehicles
from conventional, irrespectively of the main fuel used. Thus, for conventional vehicles, we
impose qM &' = 1 ∀. For other technologies, we use default values presented in MacManus
and Senter (2009) for the adoption and imitation rates. These values will be subject to
sensitivity analysis.

2.2.4. Energy, environment and economic accounting
Once the sales and stock dynamics are derived, fuel consumptions (diesel, gasoline, CNG,
electricity), pollutant emissions (CO2, CH4, CO, Sox, NOx, particles) are computed for the
use phase and across the life cycle (production and end of life, distinguishing the battery
from the vehicle). This data were computed in the attributional LCA (deliverable 3.1 of the
SCelecTRA project).
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3. Scenarios
In order to assess the future uptake of electric vehicles In Europe, several scenarios have
been built. They describe different situations Europe might face in the next decades (i.e.
plausible and reasonable future) and will be used to simulate vehicle sales and vehicle stock
evolution in Europe. This section describes scenarios suitable for estimating the effect of
policies directed at promoting electric vehicles. They rely on many sources of information
including, in particular, government announcements, expert and consultant reports,
academic literature, institutional documents. Compared to the different policy tools presented
in Section 1, it should be noted that given the structure and the purpose of the TIMES PET
model some specific policy instruments cannot be considered (speed limit, toll, low emission
zone,…).
Seven policy scenarios have been chosen : three “supply side policy” scenarios, named
“contextual scenarios”, and four “demand side policy” scenarios.

3.1. The three Contextual scenarios
Three contextual scenarios have been chosen. They rely on the evolution on i) the number of
charging points, ii) the energy prices and iii) the efficiency progress for ICEs. The following
sub-sections describe these scenarios.

3.1.1. Charging infrastructures
Even if charging infrastructure is not the only criterion to determine a market development of
the electric vehicles market in the European Union, there is a strong link between the former
and the latter, as recalled by the Clean Power for Transport Report (EU, 2013)
As explained in Deliverable 2.2., the number of electric charging points currently varies
greatly across the European Union (see Figure 7). The leading countries are Germany,
France, the Netherlands, Spain and the UK (62% of the total).
In the favorable scenario, we assume that the public charging infrastructure has a constant
speed over 15 years, to reach a density of 200 points /1000 vehicles (~13 points / 1000
vehicles / year). In the pessimistic scenario, the charging infrastructure does not develop.
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Figure 7 EV charging stations in Europe in 2014 (chargemap.com, 06/01/15)

3.1.2. Energy prices
Fossil fuel prices are linked to the oil price. In the low scenario, it is assumed that the oil price
remains constant at 70 (constant) $/bbl until 2030. While it is difficult to project such energy
prices (especially falls) by 2030-2035, this assumption is based on the observation of current
(2015) energy prices. They provide a lower bound on energy prices and on the impact of
energy price for the choice of alternative mobility technologies. In the high scenario, the price
goes up to 110 (constant) $/bbl in 2030. This assumption puts it between the last IEA New
Policies and 450 scenarios (123$/barrel and 100$/barrel in 2030 respectively; IEA, 2014).
Diesel and gasoline price are derived from the oil price with constant mark-ups.

3.1.3. Efficiency progress for ICEs
The main hypothesis about technical progress for Internal Combustion Engines (ICEs)
vehicles is based around the improvement made on the specific fuel consumption of the
considered vehicles. Table 2 sums up our basic assumptions for gasoline and Diesel
vehicles but each configuration has been modeled and owns a specific progress roadmap
based on:
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• its current state of the art (i.e. the average fuel consumption of vehicles sold in
2013/2014),
• technical improvements in the following :
-

Vehicle mass reduction,

-

Aerodynamic and tire resistance reduction,

-

Engine improvement.

The following table summarizes the key assumptions.

Table 2 Hypothesis for efficiency progress of ICEs

All of these have served as an input for fuel consumption simulations run by SCelecTRA
team and using the simulation tool developed by IFPEN in the Hi-CEPS project
(http://www.hi-ceps.eu/fe/Site/t02/Home/1). As a result fuel consumptions of the different
configurations and forecasts for 2020, 2025 and 2030 have been assessed within
SCelecTRA and are illustrated for gasoline and Diesel vehicles in Figure 8.

Figure 8 Alternative scenarios for efficiency progress for ICEs
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Furthermore, this roadmap has been made consistent with major milestones for the
European transport sector: the reduction of CO2 emissions from passenger cars. As already
mentioned in Section 1.2.3., EU legislation sets mandatory emission reduction targets for
new cars. This legislation is the cornerstone of the EU's strategy to improve the fuel
economy of cars sold on the European market:
• The law requires that the new cars registered in the EU do not emit more than an
average of 130 grams of CO2 per kilometer (g CO2/km) by 2015.
• By 2021, phased in from 2020, the fleet average (with all vehicle technologies mixed
together thus plug-in hybrid, hybrid and electric vehicles lowering the consumption of
‘pure’ ICE vehicles as mentioned in Figure 8) to be achieved by all new cars is 95
grams of CO2 per kilometer.

3.1.4. Summary
The Table 3 summarizes the characteristics of the three main contextual scenarios.

Table 3 Contextual scenarios

3.2 The four Demand policies scenarios
This section describes the main characteristics and figures from the four demand policies
scenarios: i.e. i) scrappage program, ii) purchase incentive, iii) carbon tax and iv) specific
action on fuel taxes.
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3.2.1. Scrappage program
The scrappage program (also known as fleet renewal scheme) consists of awarding a cash
premium to motorists who trade in their older conventional cars for a new electric vehicle. A
scrappage program may stimulate the auto manufacturing industry, though it brings many
other impacts as well. We consider that Group 1 countries offer smaller purchase incentives
than Groups 2 and 3 countries, as depicted in Table 4:

Table 4 Scrappage programs for conventional vehicles

3.2.2. Purchase incentive
According to this scenario, European policymakers are lowering the relative cost of
alternative fuel vehicles. To accomplish this, they must implement large incentives for electric
vehicles in order for their purchase price to be comparable with that of conventional vehicles.
In taking into account the differences in budget limitations and infrastructure development
required to charge plug-in electric vehicles, let's consider that Groups 1 and 2 countries offer
smaller purchase incentives than Group 3 countries. Subsidies are planned to be phased out
smoothly after the alternative fuel vehicles market has emerged.
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Table 5 Purchase incentives for xEVs

3.2.3. CO2 tax
Two scenarios have been elaborated regarding the evolution of the carbon tax in European
countries: i) the low carbon tax and ii) the high carbon tax scenarios.
In the low carbon tax scenario, we specify a level of 10 € per ton for all countries at the
beginning and no evolution.
In the high carbon tax scenarios, the carbon tax is supposed to be equal to 10 € per ton for
all countries at the beginning and increase linearly to achieve a level of 100 € per ton for all
countries in 2030.
The valuation of CO2 emissions is delicate. The target value of 100€/t is, in order of
magnitude, consistent with the 450 IEA scenario (IEA, 2014). However, none of the regions
covered by this scenario (except China) includes the transport sector. Still, it is now
acknowledged that only very high carbon prices can trigger actions in the transport sector
(see e.g. Waisman et al, 2013). Moreover, some European countries already set carbon
taxes of 100€/t (e.g. Sweden). Therefore, we retain the value of 100€/t, which also has the
advantage of offering a wide enough exploration of possible futures (for this, scenarios need
to be contrasted enough).

3.2.4. Specific action on fuel taxes
A specific action on fuel taxes has been specified to promote electromobility in European
countries. This scenario specify i) a decrease of 20% of the electricity tax on electric vehicles
and ii) an increase of tax to diesel until it reaches the level of tax to gasoline in order to
annihilate the pump price differential between gasoline and diesel noted in the most part of
European countries.
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3.2.5. Summary
Considering the possible coexistence of demand policies, 16 scenarios simulate the range of
demand policy measures available to help launch electromobility market (Table 6).

Table 6 Demand policies scenarios

3.3 Tree of possible scenarios
We have previously presented the three contextual scenarios and the four demand policies
scenarios retained in the SCelecTRA project to study the development of low-carbon
vehicles in Europe, and electric vehicles (i.e. HEV, PHEV and EV) in particular.
Considering the possible coexistence of contextual and demand policies scenarios many
scenarios simulate the range of policy measures available to help launch electromobility
market and their various combinations (Figure 9).
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Figure 9 Tree of all possible scenarios within SCelecTRA analysis

In all, the combination of the three contextual scenarios and the four demand scenarios yield
to 64 scenarios. Note that the upper path in the tree represents the most favorable scenario
for electromobility.
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4. Analysis the vehicle fleet model results
The present Section analyses the vehicle fleet model results. It first identifies the most and
less favorable scenarios to electromobility (Section 4.1) before analyzing the market shares
(Section 4.2) and technology shares (Section 4.3) of these scenarios in 2030. Section 4.4
proposes then an analysis of the different national markets and Section 4.5 compared the
results in term of C22 emissions.

4.1 Overview of results
As depicted in Figure 10 and Figure 11, the scenario 24.16 (sc.24.16) is the most optimistic
scenario to electromobility. The scenario 24.1 (sc.24.1) is generally the less favorable but it is
more favorable than others scenarios associated with other contextual scenarios. In other
terms, scenario 24.1 corresponds to the less favorable policy scenario in the most optimistic
contextual scenario as it combines the most favorable circumstances for electromobility (sc.
D 24, see Table 3) with no incentive demand policies (sc. 1, see Table 6). This is not
surprising as the scenario 24 corresponds to a situation where i) fast awareness and high
level of charging points, ii) high energy prices and iii) moderate efficiency progress for ICEs
are supposed.

Figure 10 Evolution of the EVs fleet in the EU, scenarios 20.1 to 20.16 (source: SCelecTRA project)
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Figure 11 Evolution of the EVs fleet in the EU, scenarios 24.1 to 24.16 (source: SCelecTRA project)

As shown in Figure 12, even if charging infrastructure is not the only criterion to determine a
market development of the electric vehicles market in the European Union, there is a strong
link between the former and the latter. In this Figure, the Scenario 23.1 relates to the
scenario 24 but without charging points. In this scenario, no EVs appear. So we can say that
the number of charging point is a necessary, but not sufficient, condition to the development
of electromobility.
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Figure 12 Evolution of the EVs fleet in the EU, scenario 23.1 and scenarios 24.1 to 24.16 (source: SCelecTRA project)

We now compare our forecasts with others reported in the academic and expert literature.
We mainly focus on EV market share and EV market size associated with contextual
scenario 24 which is the most favorable to electromobility.
Our results are in line with other findings. It should be noted that results are difficult to
compare because different studies assume different policy support scenario, make different
assumptions about technology breakthrough (more or less aggressive), include different
battery costs, etc.

4.2 Market shares
According to our most optimistic scenario (sc.24.16), the share of Battery Electric Vehicle
(BEV) in the total vehicle sales in 2030 will be 12% and the share of the Electric Vehicles
(PHEV + BEV) will be 25% (Figure 13). In the less optimistic scenario (sc.24.1.) these shares
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are respectively 6% and 15%. Conventional vehicles (diesel and gasoline) share in the
European cars sales will range between 50% (sc.24.16) and 58% (sc.24.1).

Figure 13 Market shares – EU, 2030 (source: SCelecTRA project)

As frequently observed in the literature, EV share in new cars sales is sensitive to the policy
support from government. For example, policy support such as incentives for electric
vehicles purchase make rise the share from 6% (sc.24.1) to 9% (sc.24.5). Given our
assumptions, subsidy to EV purchase (sc.24.5) seems to be the most efficient policy
(compared to CO2 tax (sc.24.2), High Fuel taxes (sc.24.3) and scrappage (sc.24.9)) It should
be noted, that policies are not necessarily additive, i.e. the sum of the effects of two policies
is not equal to the effect of the combination of the two policies.
We now compare our projections of EV sales to a range of forecasts from the literature. The
penetration rates of the electric vehicles differ considerably among the studies. Kampman et
al. (2011) developed three scenarios that reflect various possible futures: “most realistic”,
“ICE breakthrough” and “EV breakthrough”. The scenarios differ by parameters such as
purchase cost and annual mileage. Using TREMOVE 3.3.1 alt model, they forecast EU-27
annual car sales in 2030. PHEV is found to be the most successful type of EV: the PHEV
share in annual car sales varies between 13% and 44%. Their “most realistic” scenario
predicts 30%. For EV share, this last scenario forecasts 11% (range varies from 3% to
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18%).14 Proff and Kilian (2012) estimate the forecast for all EU-27 Member States. According
to their results, 31% of the EU cars sales will be electric vehicles in 2030: 17% PHEV, 11%
BEV and 3% Range Extender Vehicle (REV). AT Kearney’s study (2012) is very optimistic:
40% of all new vehicles in Europe will be electric cars (12% EV, 4% REX and 24% PHEV) by
2025. In their technical and macro-economic study, Hill et al. (2013) developed five scenarios
of technology deployment. Only two of them include the deployment of “advanced
powertrains” (EV+PHEV+ Fuel Cell Vehicle (FCEV)). These two scenarios assume market
penetration of “advanced powertrains” to be respectively 37% and 80% in 2030 (20% and
47% PHEVs penetration). According to the Hill et al (2013) EV deployment will be 10% (resp.
20%) of new vehicle sales in 2030. Nemry and Brons (2010) focused on two main key
drivers: the expected progress regarding the batteries performance (energy capacity
increase, higher usable state of charge window) and cost and the expected deployment of
charging infrastructure. Making assumptions about their evolution, they projected the market
penetration of BEVs and PHEVs up to 2030 at EU level for four scenarios (combination of
two sets of assumptions).15 The expected BEVs sales share ranges from 1.9% to 29%. The
PHEVs sales share would grow to a maximum 32.6% (minimum 13.5%). Pasaoglu et al.
(2012) forecasted market vehicle penetration rates at EU-15 level in three scenarios (“slighty
decarbonized”, “moderately decarbonized” and “highly decarbonized”). The projected PHEV
penetration rates in 2030 ranges between 4% and 16%. The BEV penetration rates ranges
between 4% and 14%. Kalmbach et al. (2011) estimate that the penetration of EVs could be
37% by 2025: 12% EV, 14% Range Extender and 11% Full hybrid/PHEV. ART and MKC
(2014) determined the EV adoption when it is driven by regulation (“CO2 emission reduction
to 10g/km in 2050”, “CO2 emission reduction to 40g/km in 2050”, “CO2 emission reduction to
95g/km in 2050”). The EV (BEV+FCEV+PHEV) sales in percent of total sales across
emissions scenarios range from 13 to 62 (39 for the middle scenario) with PHEV sales share
ranging from 8% to 30% (21% for the middle scenario).
As shown in Table 7 our forecasts are generally in line with other credible projections. Our
forecast of the EU-27 electric cars sales in 2030 falls between the results of Schade et al.
(2010) and A.T. Kearney (2012). Our results are similar to the results of Pasaoglu et al.
(2012) and Proff and Kilian (2012).

14
15

They also take into consideration EREV development. The “most optimistic” scenario predicts 11% in 2030.
The reference scenario was built with TREMOVE 3.1.

36

D4.1 Policy scenarios to sustain EV deployment

SCelecTRA

EREV

11%
[3-22]

FCEV

11%
[3-18]

8%
[4-14%]

11%

3%

24.16

4.7%
[1.9 – 29]

17%

24.1

BEV

12%
[4-16]

SCelecTRA
A.T.
Kearney
(2012)

30%
[13-44]

Kalmbach
et al (2011)

15.4%
[13.5-32.6]

Proff and
Kilian
(2011)

Kampman
et al (2011)

PHEV

Pasaoglu et
al (2012)

Nemry and
Brons
(2010)

Scenarios for the electrification of transport

11%

24%

9%

13%

12%

12%

6%

12%

14%

4%

3%
[1-6]

Table 7 EU annual electric car sales, expressed in % of each vehicle type in the total sales by 2030 (source: own compilation)

4.3 Technology shares
We now turn to the projected composition of the car fleet in the EU Member States by 2030
(Figure 14). According to our most optimistic scenario (sc.24.16), the share of BEV in the
European vehicle fleet will be 7% and the share of the EV (PHEV + BEV) will be 14 %. In the
less optimistic scenario (sc.24.1) these shares are respectively 1% and 3 %. We should note
that the share of conventional vehicle (i.e. conventional diesel and conventional gasoline) will
still be relatively high and will range from 72% to 81%).
Figure 14 highlights the role played by scrappage policy in the diffusion of EV in the
European fleet. The EV share in total vehicle fleet by 2030 is greater in scenarios 24.9 to
24.16 (with scrappage policy) than in scenarios 24.1 to 24.8 (without scrappage policy). This
can be explained both by the effect of such policy on the dynamics of EV adoption through
imitation behaviors (i.e. snowball effect) and by its effect on vehicle fleet renewal (an old
conventional car is replaced by a new electric vehicle).
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Figure 14 Technology shares in vehicle fleet, EU, 2030 (source: SCelecTRA project)

Our results are close to those previously obtained by Pasaoglu et al. (2012) who predicted
alternative vehicles (BEV, PHEV and FCV) share in the vehicle fleet in EU-27 (Table 8). In
their « slighty decarbonised » scenario the share of alternative vehicles is 5% (2% BEV and
2% PHEV). In their “moderately decarbonized” scenario the share is 11% (4% BEV and 6%
PHEV). In their most optimistic scenario (i.e. “highly decarbonized”) the share of alternative
vehicle is 21% (8% BEV and 10% PHEV). Schade et al. (2010) used the TREMOVE and the
ASTRA models to forecast the development of passenger car stocks in the EU27 until 2030.
According to them, the share of electric cars will be 9.8% while the share of hybrids will be
1.2%. According to Kampman et al. (2011), the share of EVs in the total car fleet will be 18%
in 2030 with 11% PHEVs (30.9 million cars), 4% EREVs (10.9 million cars) and 3% FEVs
(9.7 million cars). In their other scenarios, the EV shares are 7% (20.4 million cars) and 33%
(94 million cars). According to Nemry and Brons (2010) the penetration of electric vehicles
will range from 7.3% (6.3% PHEV and 1% BEV) to 26.6% (17.9% PHEV and 8.7% BEV) by
2030.

38

D4.1 Policy scenarios to sustain EV deployment

SCelecTRA

PHEV

7.6%
11%
[6.3-17.9] [5-18]

BEV

2.3%
[1-8.7]

EREV

4%
[1-8]

FCEV

3%
[1-7]

24.16

SCelecTRA
24.1

Schade et
al (2010)

Pasaoglu et
al (2012)

Kampman
et al (2011)

Nemry and
Brons
(2010)
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6%
[2-10]

1.2%

2%

7%

4%
[2-8]

9.8%

1%

7%

1%
[1-3]

Table 8 Alternative power-train share in the EU-27 vehicle stock in 2030 (source: own compilation)

4.4 National markets
According to our forecasts, there will be great differences in electric vehicle stock among
countries in 2030 (Figure 15 and Figure 16). These differences can be both explained by
difference in EV penetration rate and difference in vehicle stock size (in absolute terms). As
expected, the five largest EV markets by 2030 will be: Germany, France, Italy, UK, and
Spain.
As previously mentioned, significant differences in EV market penetration are expected
across the European Member States. These differences reflect the difference of national
situations (present vehicle fleet composition, market maturity, GDP per capita, urban and
spatial planning, density of population in urban areas…)16. As previously seen, we
differentiate the orientation of policies with respect to country characteristics and generating
more realistic assumptions.
According to our projections, Germany will remain the European’s largest market for electric
vehicles over the next 15 years, with electrified vehicle (xEV) fleet ranging from 2.3 million
units (Figure 15) to 10 million units by 2030 (Figure 16). Close behind will be Italy, followed
by France, Spain and United Kingdom.
We now look at market penetration in 2030 in the five largest markets. In the most optimistic
scenario (24.16) xEV sales share in the total sales is 34% in Germany, 32% in Spain, 27% in
Italy, 26% in France and 28% in UK. In the scenario (24.1) these shares are respectively

16

See WP2 D2.2
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20%, 11%, 18%, 18% and 17%. Note that while the shares of BEV and PHEV are close in
Italy, France and UK, PHEV “dominate” the xEV market in Germany and Spain.

Figure 15Most pessimistic scenario (sc.24.1) for Market shares in 2030 for BEV and PHEV (left) and resulting BEV + PHEV
vehicle stock in 2030 (source: SCelecTRA project)

Figure 16 Most optimistic scenario (sc.24.16) for Market shares in 2030 for BEV and PHEV (left) and resulting BEV + PHEV
vehicle stock in 2030 (source: SCelecTRA project)
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Some European studies disaggregated their results by country or make a special focus on
some markets (Proff and Kilian, 2012; Nemry and Brons, 2010). Some national studies focus
on one market (for example Hacker (2011)).
Proff and Kilian (2012) analyzed five markets (Germany, France, Italy, UK and Spain) and
showed that the willingness to buy electric cars varies across Europe. According to them,
France and Spain are expected to be the fastest growing electric market with respectively
38% and 29% of total registrations until 2030. Behind will be Italy (22%), Germany (19%) and
United Kingdom (18%). Nemry and Brons (2010) took into account some country specific
conditions (Germany, Spain, France and Poland). According to them, these specific
conditions could result in different speed of market deployments. The biggest sales shares
are expected for Germany (32.3% PHEV and 29.8% BEV) followed by France (21% PHEV
and 33.1% BEV) and Spain (23.6% PHEV and 25.3% BEV). The lower shares are projected
for Poland (14.7% PHEV and 25.6% BEV). Hassett et al (2011) studied Electric vehicle
penetration in Germany, UK, Spain, Portugal and Greece by 2030. According to their “most
likely” scenario, EV are expected to be 15% of the total vehicle sales in 2030. The majority of
EV are expected to be PHEVs (10%). The two other scenarios (“BEVs pushed by vehicle
manufacturers to reduce fleet emissions”, “Battery costs and weight are significantly
reduced”) are more optimistic: EV sales are expected to be respectively 27% and 50% of the
total vehicle sales in 2030. WWF (2011) proposed three scenarios for EV uptake by 2030.
The two most realistic scenarios (Business as usual (BAU) and “Extended scenario”) predict
respectively 8% and 20% EVs as share of new car sales. It corresponds respectively to 5%
(1.7m) and 18% (6.4m) EVs share of all UK cars. In their market scenario for electric vehicles
in Germany by 2030 – using modelling approach OPTUM – Hacker (2011) forecasted
5,870,000 electric passenger cars (5,080,000 PHEV + 700,000 BEV + 90,000 City BEV).
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4.5 CO2 emissions
Figure 17 and Figure 18 show the evolution of direct CO2 emissions of the European
passenger cars for two contextual scenarios: C.20 (fast awareness & charging infrastructure
and high energy prices) and D.24 (fast awareness & charging infrastructure, high energy
prices and moderate efficiency progress for ICEs). As expected, the reduction of CO2
emissions are greater in C.20 than in D.24. The explanation lies in the better performance of
conventional vehicles (ICEs) in terms of energy consumption. According to our forecasts, in
2030, direct CO2 emissions of European passenger cars will be reduced at least by 30 per
cent by 2030 from the 2010 level.

Figure 17 Direct CO2 emissions of passenger cars in the EU, scenarios 24.1 to 24.16 (source: SCelecTRA project)

Figure 18 Direct CO2 emissions of passenger cars in the EU, scenarios 20.1 to 20.16 (source: SCelecTRA project)

42

D4.1 Policy scenarios to sustain EV deployment

SCelecTRA
Scenarios for the electrification of transport

All the scenario have a dramatic effect on the direct CO2 emissions of the European vehicle
fleet despite a growing mobility (+17% between 2010 and 2030, see Figure 19) and a
growing vehicle fleet (+17% between 2010 and 2030, see Figure 20)

Figure 19 Mobility in the EU, scenarios 24.1 to 24.16 (source: SCelecTRA project)

Figure 20 Vehicle fleet in the EU, scenarios 24.1 to 24.16 (source: SCelecTRA project)
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The decrease of CO2 emissions can be explained by a major improvement in fuel economy
of fleet that is due to i) deployment of alternative powertrains, ii) efficiency improvement of
conventional vehicles and iii) high energy prices that drive people to buy less fuel-consuming
cars. As it could be expected, the less (resp. most) favorable scenario provide the worst
(resp. best) results in terms of reduction of CO2 emissions. In 2030, vehicle stock associated
with sc.1 will emit at least 10 percent more CO2 than vehicle stock associated with sc.24.

These results should be analyzed regarding the government revenue associated with each
scenario. For example, as shown in Figure 19 and Figure 20 sc.24.12 which does not include
purchase incentives (costly for a government) is the second best scenario. Similarly, when
looking at scenarios sc.24.1 to sc.24.8 (without scrappage program), it should be noted that
scenario 24.4 (specific action on fuel taxes and high CO2 tax) is one of the most performing
scenario in terms of direct CO2 emissions reductions and incur no additional cost (scrappage
program, purchase incentive) to the government. However, scenarios sc24.5 to sc.24.8
which are slightly less performing (in terms of CO2 emissions reduction) and probably more
costly are better in terms of EVs market penetration. The same comment applies to
scenarios 24.9 to scenario 24.16.
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5. Conclusion
This report proposed to analyze the effectiveness of various policy measures to i) assess the
future uptake of electric vehicles In Europe and ii) estimate the potential reduction of CO2
emissions in the European transport sector. To do so, a specific European transportation
demand model has been developed and several scenarios, relying on both contextual and
demand side policy scenarios have been built. In all, seven policy scenarios have been
chosen : three “supply side policy” scenarios, named “contextual scenarios”, and four
“demand side policy” scenarios. The three “contextual” scenarios rely on the evolution on i)
the number of charging points, ii) the energy prices and iii) the efficiency progress for ICEs
whereas the four “demand side policy” scenarios rely on hypothesis on iv) scrappage
program, v) purchase incentive, vi) carbon tax and vii) specific action on fuel taxes.
The vehicle fleet model results yield to the identification of the most and less favorable
scenarios to electromobility and its consequences in terms of i) market and technology
shares and ii) CO2 emissions. Thanks to this vehicle fleet model developed in SCelecTRA
the analysis may be conducted both at the European and country level.
The most favorable conditions gather:
•
•
•
•
•
•
•

A high development of the charging infrastructure,
High energy prices,
Moderate efficiency progress on ICEs,
A scrappage program to accelerate the phasing out of conventional vehicles,
Subsidies to xEVs in order lower their purchase cost,
A specific action on fuel taxes,
A high CO2 tax.

According to our most optimistic scenario the share of BEV in the European vehicle fleet will
be 7% and the share of the EV (PHEV + BEV) will be 14 %. In the less optimistic scenario
these shares are respectively 1% and 3 %. We should note that the share of conventional
vehicle (i.e. conventional diesel and conventional gasoline) will still be relatively high and will
range from 72% to 81%. As one would expect, the five largest EV markets by 2030 will be:
Germany, France, Italy, UK, and Spain. These differences reflect the difference of national
situations (present vehicle fleet composition, market maturity, GDP per capita, urban and
spatial planning, density of population in urban areas…)17. As previously seen, we
differentiate the orientation of policies with respect to country characteristics and generating
more realistic assumptions.
17

See WP2 D2.2
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All the scenarios have a dramatic effect on the tailpipe CO2 emissions of the European
passenger vehicle sector with reduction of at least by 30% by 2030 from the 2010 level and
this despite a growing mobility (+17% between 2010 and 2030) and a growing vehicle fleet
(+17% between 2010 and 2030). The most EV-optimistic scenario is not necessarily the one
producing the most CO2 emission reductions in the European transport sector. So if the
overall objective is to reduce the CO2 emissions of the transport sector, electromobility is not
the only - and sometimes not the most – efficient way to go forward. Inducing fuel
consumption improvements for the conventional vehicles combined with a reasonable
deployment of EVs yields to even greater CO2 emission reductions than only focusing on a
much higher electromobility deployment.
Regarding the conditions to create a European-scale EV market, charging infrastructure is
not the only criterion but our simulations made it clear that without charging points no EVs
appear. So we can say that the number of charging point is a necessary, but not sufficient,
condition to the development of electromobility. It should also be noted, that policies are not
necessarily additive, i.e. the sum of the effects of two policies is not equal to the effect of the
combination of the two policies.
Another interesting point is to rank the influence of all the factors. And if the charging
infrastructure is of prime importance not all factors weight the same in the deployment of
electromobility. Focusing on public policy tools, member states should focus on scrappage
programs to accelerate the renewing of their vehicle fleets, subsidies to lower the purchase
costs of xEVs and ease their arrival on the market and a high CO2 tax to even further
penalize high-CO2 emitting vehicles. On the other hand, a specific action on fuel taxes
appears to be less efficient.

Table 9: Ranking of the impacts of supply and demand side factors
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