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EXECUTIVE SUMMARY

What share of the market are electric vehicles (EVs) expected to have in Germany by 2020? This
was the question tackled by this study. The economic potential for electric cars was ascertained
by considering several thousand real-life driving profiles of conventional cars, as well as technical and economic data for different scenarios. Factors which can hinder the diffusion of electric
cars, their restricted driving range, for example, or the limited range of models, are integrated as
are supporting factors in the form of the willingness to pay more for an innovative technology.
The main results of the study are:
•

There is a great deal of uncertainty surrounding the market evolution of EVs because this
depends heavily on external framework conditions such as price developments for batteries, crude oil and electricity.

•

Under favorable conditions for electric cars, the joint target of the German government
and the German National Platform for Electric Mobility (NPE) of one million electric cars by
2020 can be reached without monetary support for the purchase of EVs.

•

Even under less favorable conditions, a significant number of electric cars should be able
to enter the market by 2020 (about 150,000 to 200,000 in the total stock of cars).

•

High electric driving shares (of more than 80 %) and simultaneously high annual mileages
(more than 15,000 km) are essential prerequisites for electric cars to be economical. A
significant share of driving profiles meets these premises.

•

Vehicles with range extenders and plug-in hybrids will probably be able to reach larger
market shares than battery electric cars in the near future (approx. three quarters).

•

Gasoline-fuelled cars will continue to dominate at low annual mileages in the future under cost-effectiveness aspects, and diesel cars at very high annual mileages.

•

The private sector is a relevant market for electric cars. Especially full-time workers from
rural areas and small to medium-sized towns or the suburbs of larger cities show high
potentials for the switch to electric cars. These make up about one third of private car
owners.
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•

The switch offers more economically to drivers with their own garage (approx. 60 % of
private car owners) or with private parking at home, than to so-called “on-street parkers”,
because charging infrastructure costs strongly influence the economics. Moreover, the
total number of on-street parkers is comparatively small compared to those with garages
or private parking at home (depending on the definition, between 3 and 20 %).

•

Purely commercial fleets, which make up around 30 % of the market for new cars, show
interesting economic potential. This is due to their driving profiles which often feature
predictable routes, the specific economic framework conditions applying to commercial
fleets such as the elimination of VAT with its positive impact, especially at the higher purchase prices of electric vehicles, and the high relevance of economic efficiency considerations in car purchasing decisions here.

•

Different policy measures such as the introduction of special depreciation options, a
flatrate subsidy or offering low interest loans could accelerate the market success of EVs.
Significant market growth can be achieved in commercial fleets with comparatively modest financial support. Special depreciation allowances seem the most appropriate instrument here. However, a comprehensive evaluation of policy measures requires the analysis
of macroeconomic effects, too. These are not taken into account in this study.

•

So far, there are not many publicly available empirical data or studies on the group of
company car users, which makes up a relevant share of approximately 30 % of the new
car market and is particularly important for the large car segment. Not much research has
been done on how purchasing decisions are made here. This tends to be a complex process, because it has to balance the interests of both the companies and the car users. The
potential to switch to EVs is probably limited here for purely economic reasons because
users have partially unfavorable driving profiles often characterized by long distances and
individual routes. More research is required on the company car sector.

•

There are relevant uncertainties attached to the scenario analyses concerning the assumptions about the willingness to pay more for electric vehicles and the willingness to
switch to electrically-powered vehicles despite the currently still limited range of available
models. Both aspects have a strong influence on how the market develops. The drawback
of the limited model range will be offset to some extent in the next few months since
German car makers have announced plans to introduce a wider variety of models
(16 models until the end of 2014).

www.isi.fraunhofer.de
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INTRODUCTION

Electric vehicles (EV) have been identified as key elements of sustainable transport in Germany’s
National Development Plan for Electric Mobility. An increasing shift towards electrically-powered
cars offers the chance to reduce the dependency of Germany on oil imports, minimize both
global (CO2) and local (pollutants, noise) emissions, contribute to conserving resources and further develop a multimodal transport system.1 Germany’s goal is to become an international lead
supplier and lead market for electric vehicles in order to retain its leading role in the automobile
and automotive supplier industries as well as in the sciences. As a first milestone, the German
government and the German National Platform for Electric Mobility 2 are striving to get one million electric cars onto Germany’s roads by 2020. However, the government can only implement
targeted and effective support measures if they can build on a well-founded understanding of
the possible market evolution of electric vehicles. Here, it is important to develop empirically
reliable models of the market evolution.
Building on the previous work of the German National Platform for Electric Mobility (NPE), the
overall objective of this research project is therefore to develop a model to calculate the total
costs of ownership of electric vehicles in a transparent way. In addition, different obstructive
factors (for example charging infrastructure availability or the insufficient range of models) and
supportive factors (for instance the willingness to pay more for an innovative and environmentallyfriendly vehicle) are considered and different market success scenarios are developed for electric
vehicles up to 2020. The scenarios also illustrate several possibilities for how important influencing parameters could develop, including battery and crude oil prices and how these impact the
diffusion of EVs. We also analyze the effect of different policy measures on market evolution.
The next chapter outlines the methodology and the model used. The three scenarios are described, and the sensitivity analyses and important model input parameters explained. This is
followed by a presentation of the results and their subsequent discussion and then conclusions
are derived. A detailed documentation presenting all the calculations, input data and equations
is given in the long version of this report, which is only available in German “Markthochlaufszenarien für Elektrofahrzeuge – Langfassung”.3

1
2
3

www.isi.fraunhofer.de

cf. Bundesregierung 2009.
cf. NPE 2010.
Plötz et al. 2013.

Important factors for the decision to buy a car
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Included in the model:
— Vehicle size
— Purchase price
— Brand
— Fuel consumption
— Fuel type
— Emission standard
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Figure 3–1: Important factors in private consumers’ vehicle purchase decision and their consideration in the ALADIN model
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Figure 3–2: Overview of the approach taken in the ALADIN model
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3 options:

Costs charging infrastucture

EV shares of driving proﬁles

•

Basic model:
TCO calculation

 23= 8 variants
Result:
TCO calculation
– Infrastucture costs
– Limited availability
+ Willingness to pay more

3 METHODOLOGY, SCENARIOS AND
IMPORTANT INPUT DATA

3.1

METHODOLOGY

In a first step, therefore, the costs of total use, referred to
as TCO (Total Cost of Ownership), are ascertained for electric

This section describes the methodology for calculating the mar5

and conventional vehicles in Germany. The TCO comprise the

ket evolution of electric vehicles. The simulation model ALADIN

purchasing and running costs for the respective vehicle and

(Alternative Automobiles Diffusion and Infrastructure) is the

are calculated from the user’s perspective. Table 3–1 shows a

6

key element here. The evolution of the market is calculated

summary of the economic variables included. Three user groups

successively based on a comparison of the economic efficiency

are distinguished – private, commercial (only fleet vehicles) and

of different drive systems and taking obstructive and supportive

company cars – because of their different rates of taxation and

factors into account for approximately 6,500 driving profiles.

depreciation options as well as their deviating patterns of utiliza-

One driving profile covers all the trips made by one vehicle in at

tion. Because the TCO are also strongly influenced by the size

least one representative week. The successive approach allows

of the vehicle, different car segments are also distinguished.

the effects of individual influencing factors on market evolution

Table 3–2 shows the distribution of newly registered cars by

to be plotted separately and thus makes it more transparent.

user group and segment.

Figure 3–1 gives an overview of the most important factors

The drive technologies analyzed included battery electric ve-

which play a role in the decisions of private consumers when

hicles (BEV), range-extended vehicles (REEV) and plug-in hybrids

buying a vehicle and which of them are considered in the model.

(PHEV)10 as EVs as well as conventional gasoline and diesel

Figure 3–2 shows the general approach taken in the ALADIN

cars. For the TCO calculations, the cheapest respective drive

model.

technology was selected.

The costs of buying and using a vehicle obviously play an important role for potential buyers when making a purchasing
decision.7 In commercial fleets, the economic aspects are even
more important.8 Compared to conventional cars, electric cars
are generally more expensive to purchase, but they are often
cheaper to run on account of lower fuel and maintenance costs,
among other things. It is therefore essential to look at costs in
terms of the total costs of use, in order to determine for which
utilization or driving profiles electric cars are more economical
than conventional ones. Total cost calculations for vehicles are
correspondingly a common component of models of the market
penetration of electric vehicles.9
4
5
6

7
8
9

Own assessment based on Peters and de Haan 2006.
Detailed documentation is found in the full report (Plötz et al. 2013).
Although the ALADIN model has not yet been published in its entirety,
individual databases and calculations for certain owner groups have
been published several times (see among others Wietschel et al. 2012,
Gnann et al. 2012a and 2012b, Plötz et al. 2012, Dütschke et al. 2012,
Kley 2011).
See e. g. Peters et al. 2011 for private owners and Dataforce 2011
for commercial owners.
See Öko-Institut 2011a and Dataforce 2011.
See Fraunhofer ISI 2012; ESMT 2011; Kley 2011; McKinsey 2011; NPE

www.isi.fraunhofer.de

2011a, 2011b; Plötz et al. 2012; Wietschel et al. 2009 and 2011;
Schmid 2012; Mock 2010, among others.
10 If the option to power the vehicle directly using the combustion engine
is realized in hybrid vehicle concepts, these are called Plug-in Hybrid
Electric Vehicles (PHEV). Range-extended electric vehicles (REEV) have
a combustion engine in addition to the battery with a generator to
extend the driving range. This provides additional power for the battery, but does not directly power the vehicle.

Table 3–1: Economic variables considered in the ALADIN model
Parameter

Private

Commercial

Company cars

Purchase price







Discounting of future costs







Residual value at the end of the ownership period







Fuel prices (gasoline, diesel, electricity)







Repair and maintenance costs







VAT








Vehicle tax
Taxation of benefit in kind

11



Willingness to pay more

depending on variant

Charging infrastructure costs

depending on variant

Table 3–2: Analyzed combinations of user group and car segment
Segment

Private

Commercial

Company cars

Small







Medium







Large









Light-duty commercial vehicles

One of the key innovations compared to previous TCO analyses

especially relevant for PHEV and REEV. The first step is to make

is that the calculations are not made based on average annual

TCO calculations on this basis.

mileages but are instead based on real-life driving profiles.

12

In the second step, the TCO calculations are extended by includA driving profile covers all the trips including the purpose,

ing the costs of the main charging infrastructure. This is done

length of route, departure and arrival time, duration as well

in order to put the assessment of the economic efficiency in

as information about the vehicle over an observation period

the TCO calculations on a broader basis. Charging infrastruc-

of at least one week. Profiles vary widely by user even within

ture costs vary widely depending on the charging type and

the different groups and have a very strong influence on the

location. For instance, using private charging infrastructure is

economic efficiency of electric vehicles. The barrier presented

generally cheaper for drivers with a garage than the use of

by BEV’s limited range is explicitly considered in the analyses.

public charging infrastructure on which on-street parkers have

Each individual driving profile is analyzed according to whether

to rely.13 Because the methodology is a simulation which does

the driver is able to make all the trips with a BEV. In addition,

not represent spatial modeling but only trip purposes (such as

the electric driving share of plug-in hybrids or range-extended

for example “going home”, “going to work”, “going shop-

electric vehicles is simulated individually for each driving profile.

ping”), statements about the infrastructure are only possible

This is important to obtain realistic results for the economic ef-

to a limited extent. The infrastructure assumption made is the

ficiency, which depends on the share of electric driving and is

same for all users in the respective user group. Depending on
the scenario, car users are provided with a different amount of

11 The scenarios were based on calculations using the former regulation with taxation of benefits in kind for company cars. Towards the
end of the project, this regulation was altered and EVs were placed
on a better footing tax-wise, but this could no longer be taken into
account in the calculations made here. But the current legal status is
considered in the calculations for the policy measures (chapter 4.5).
12 The driving profiles used are described in the detailed report (Plötz et
al. 2013).
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charging infrastructure (for example, only charging at home for
private users and only charging at work for commercial users).
In terms of costs, however, only the primary charging point
(e.g. the private wall box of garage owners) is classified.
13 See Gnann et al. 2013 and Kley 2011.

The brand and size of a vehicle are also important factors in14

costs of company cars. The drivers therefore do not necessar-

fluencing the decision to buy. For instance, many buyers are

ily profit from low costs in this area. Furthermore, company-

extremely loyal to a particular brand or, conversely, would not

internal stipulations play a role. The details can vary widely, but

even consider buying other brands. There will continue to be a

they probably have a large influence on the selection of the

restricted range of models and brands of electric vehicles avail-

vehicle (e. g. exclusive contracts with specific manufacturers,

able in the near future, which represents a limiting factor for

leasing contracts). A company’s policy concerning its public

the market evolution of electric vehicles. The restricted choice

image and environmental performance can also influence the

and availability of brands are therefore taken into account in

provision of vehicles. For this reason, it is necessary to take all

the model. This is done by analyzing currently offered models of

the stakeholders’ considerations into account: the company’s

electric vehicles and the announcements made about planned

management, its fleet administrator and its drivers. There are

new ones. Logistic growth in the number of available makes

no comprehensive publicly accessible surveys available of these

with BEV drives or REEV/PHEV is then determined on this basis

complex decision processes and there is the corresponding need

using ordinary least squares regression. It is also assumed that

for further research here. It was therefore not possible to include

some buyers decide in favor of an EV of a different brand (if

the willingness to pay more for company car users.

an EV has ideal TCO) and the rest for a conventional vehicle of
the original brand.

The existing studies in the commercial transport sector show
that some commercial users definitely have the willingness to

The most important factors obstructing the market diffusion

pay more, but that this is still lower overall in comparison to

of electric vehicles are taken into account with the economic

private users.19 A willingness to pay more for commercial users

efficiency, range anxiety and the limited offer of electric vehicles.

is included based on the results of Dataforce 2011.

The fourth and final step then integrates other aspects of electric
vehicles which tend to support their market penetration, for

In the final step, the market evolution is modeled for electric

example environmental friendliness, low noise emissions or the

vehicles in Germany up to 2020. The driving profiles at which

allure of an innovative technology. These supportive aspects are

an electric car becomes economically viable are determined for

integrated in the model for private users via the willingness to

each year based on the analyses conducted. The evolution of

15

pay more. Experiences show that the admission of a willing-

the market is then determined by extrapolating the share of

ness to pay a higher price in questionnaires is not the same as

these users in newly registered vehicles.

actually observed purchasing behavior.

16

Nevertheless, it does

provide first indications of the esteem attached to new tech-

Monetary policy measures are also integrated into the model

nologies and the approximate magnitude of the willingness to

such as purchase bonuses, for example, and their impacts on

pay more for them. The approach of taking the willingness to

the evolution of the market are quantified. Psychological aspects

pay a higher price is a common one in market diffusion models

which can enhance or weaken the effect of measures are not

of electric mobility.17 The comprehensive empirical database of

included in the analysis, nor are non-monetary measures such as

18

the Fraunhofer ISI is employed once again to account for the

electric vehicles being able to use bus lanes, which can also have

willingness to pay more in the approach proposed here using

a relevant influence on the market success of electric vehicles.

the ALADIN model.

The reason for excluding them is that too few empirical data
are available to be able to quantify their influence.

It has to be taken into account for the customer segment of
company cars which are mainly used privately that these are
more strongly regulated as regards vehicle selection and that
special taxation rules apply: Among other things, tax has to be
paid on the benefit in kind of using a company car. Another
restriction is that some companies also pay the maintenance

14 See Mock 2010 and Mueller and de Haan 2006.
15 Strictly speaking, this means the “readiness to pay higher TCO”. Because this expression is not very common, the expression “willingness
to pay more” continues to be used in the following.
16 This phenomenon is well known as “stated preference versus revealed
preference”, cf. Huang et al. 1997 and Bradley et al. 1991.
17 See for example Mock 2010 and Pfahl 2013.
18 See Wietschel et al. 2012, Peters et al. 2011a and 2011b, but also
ADAC 2009, GFK 2010 and FOM 2010.

www.isi.fraunhofer.de

19 See Öko-Institut 2011a, Dataforce 2011.

Table 3–3: Parameter values for the three scenarios

20

Parameter

Year

Diesel price
[euro/liter]

2013

Gasoline price
[euro/liter]

2013

Electricity price private
sector
[euro/kWh]

2013

Electricity price
commercial sector

2013
2020

0.215

0.215

0.25

Battery price
[euro/kWh]

2013

470

520

575

2020

320

335

370

3.2

2020

2020

2020

Pro-EV scenario

Medium scenario

Contra-EV scenario

1.45
1.73

1.58

1.43

1.57
1.79

1.65

1.54

0.265
0.29

0.29

0.33

0.20

SCENARIOS

None of the scenarios makes extreme assumptions; this is why
sensitivity analyses are conducted for especially relevant influ-

The market success of electric vehicles depends heavily on a
series of input variables.

21

These include how the prices for

crude oil, electricity, batteries develop over time and consumer

encing parameters. The objective of these sensitivity analyses is
to test the stability of the developments and to identify parameters which have a strong influence on the result.

acceptance, all of which are associated with great uncertainty.
This is why the study develops three scenarios and does not at-

3.3

IMPORTANT INPUT VARIABLES

tempt to make a forecast about the market evolution of electric
vehicles. The developed scenarios do not imply any evaluations

The driving profiles of vehicles form a very important foun-

of the underlying assumptions and no assumptions about their

dation for the calculations. A separate database (“REM2030-

likelihood of occurrence.

Fahrprofile”)23 is used for commercial traffic (fleet users) and
the so called “Mobility Panel” for private and company car users

The three scenarios differ in the definition of their framework

(MOP)24, which also contains information about the driver which

conditions as follows: the first scenario makes rather optimis-

can be used to distinguish private users with privately owned

tic assumptions with regard to the market success of electric

vehicles from those with a company car. The influence of the

vehicles; the second more pessimistic assumptions and the as-

charging infrastructure can also be modeled to a certain extent

sumptions made in the third scenario for Germany up to 2020

using the driving profiles, because the driving profiles of the

lie in-between these two. The three scenarios are named as

mobility panel contain information about the trips made. As

shown below:

already explained above, no spatially resolved modeling is done.

•

Assumptions in favor of electric vehicles "Pro-EV scenario"

A willingness to pay more is assigned to each individual private

•

Assumptions not in favor of electric vehicles "Contra-EV

driving profile according to the affiliation to one of four groups

scenario"

in the innovation process (see Figure 3–3). Only 1.5 % of the

Assumptions in-between these two "Medium scenario"

driving profiles are assigned the willingness to pay more than

•

10 %, and approximately half of the private driving profiles are
The most important parameters for the reference years 2013

given a low willingness to pay 1 % more. The willingness to pay

and 2020 are given in Table 3–3 for the three scenarios.22

more is assumed to decrease to 60 % by 2020 for both private

20 All prices are real gross prices including VAT (with 2012 as the reference year).
21 The parameters were discussed at great length with the members of
the NPE working group, but the ultimate responsibility for setting the
parameters lies with the authors.
22 Because in total more than 160 parameters are used as input into the
model which vary additionally over the analysis period, only the most

important parameters can be addressed in this summary. A detailed
documentation of all the parameters is given in the long version of
the report "Markthochlaufszenarien für Elektrofahrzeuge – Langfassung" (Plötz et al. 2013).
23 Cf. Fraunhofer ISI 2012; the data can be downloaded at www.
rem2030.de.
24 Cf. MOP 1994–2010.
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Share of private driving proﬁles

Willingness to pay more

0.5%

30%

1.0%

Innovators
(User)

15%

Early Adopters
(Interested / purchase intention)
10%

48.0%
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1%

50.5%

60%

50%

40%

30%

20%

10%

Laggards
(Disinterested)

0% 5% 10% 15% 20% 25% 30% 35%

Figure 3–3: Extent and distribution of the willingness to pay more among private buyers in 2013

Table 3–4: Total number of newly registered vehicles by owner group
Segment

Private

Company cars

Commercial

Total

Small

475,300

107,000

233,200

815,500

Medium

694,300

497,600

455,000

1,646,900

Large

143,300

244,600

46,300

434,200

–

–

204,000

204,000

1 312,900

849,200

938,500

3 100,600

Light-duty commercial
vehicles
Total

and commercial users, because novel technologies become less

in 2013, then a linear decline to € 300 until 2020 and

attractive over time.

(b) € 2,000 in 2013 decreasing to € 600.
•

Lowering the interest rate for private individuals. Target

Based on a cross-comparison of the different studies, it is as-

group: private users; special loans (lowering the interest

sumed that 55 % of commercial users are not willing to pay

rates on the investment from 5 % to 4 %).

more. The other 45 % have a willingness to pay 10 % more

•

Taxation of company cars. Target group: company cars; mea-

on the so called Full Leasing Rate.25 In the market evolution

sure of the German Finance Act of 2013; reduction of the

model, this is translated as an extra 7 % on top of the purchase

gross list price depending on the battery size; linear temporal

price of the conventional reference model. Again, a decline to

development 2013: € 500 per kWh, 2020: € 150 per kWh.

60 % is assumed up to the year 2020. Overall, the assump-

•

tions about the willingness to pay more are rather cautious
compared to the statements made in the underlying studies.

Special depreciation. Target group: company cars and fleets;
50 % of the depreciation amount in the first year.

•

As already stated, company car users are assumed to be not

Taxation of company cars and special depreciation. Target
group: company cars and fleets; combination of the above

willing to pay more.

two measures.
•

Vehicle tax reduction (PHEV, REEV). Target group: all users;

Table 3–4 shows the total number of newly registered vehicles

BEV already completely tax-exempt; elimination of the base

by owner groups, which are assumed to be constant for all the

amount based on engine size for REEV and PHEV.

years analyzed.
All the parameters were discussed and agreed upon with the
The following monetary policy measures were selected in con-

members of the NPE AG 7. The final selection, however, was

sultation with the NPE AG 7 and their influence on the market

made by the authors. All the other parameters can be found

evolution is considered by including them in the TCO:

in the long version of the report “Markthochlaufszenarien für
Elektrofahrzeuge – Langfassung” (Plötz et al. 2013).

•

Purchase price reduction. Target group: all users; a flat-rate,
one-off subsidy of the investment; two variants: (a) € 1,000

25 See Öko-Institut 2011a and b and Dataforce 2011.

www.isi.fraunhofer.de

4

RESULTS

4.1 TOTAL COST OF OWNERSHIP IN THE
MEDIUM SCENARIO

Table 4–1 shows that the window of annual mileages is the
largest for large passenger cars because the consumption savings of EV are the highest here compared to conventional ve-

To start with, it should be noted that there a multitude of

hicles. Furthermore, considering that large vehicles frequently

TCO gaps (differences in the total costs between the drive

also tend to have a high annual mileage, large EVs offer the

systems) due to the large number of driving profiles, some

economically most interesting potential. Company cars have

of which have very different utilization patterns. To demon-

no economic potential in the medium scenario.

strate this, the TCO gaps in 2020 (accumulated over the total
period of use) are illustrated for medium-sized cars in Figure

As already mentioned above, there are many TCO gaps be-

4–1 for gasoline vehicles compared to diesel vehicles and then

tween different drive train concepts and due to the wide range

for diesel vehicles in comparison to REEV (without including

of vehicle utilization. To make the results clearer, the TCO dif-

charging infrastructure costs). The left-hand side of the figure

ferences between the cheapest conventional and cheapest

shows that, compared to a gasoline-fuelled car, a diesel one

electrical variant are calculated for an individual driver. This is

only pays off from a specific annual mileage. When comparing

done for each profile. The TCO gaps are plotted against the

diesel with REEV, the influence of the very different electrical

shares of vehicles with this or a smaller TCO gap (see Figure 4–2

driving shares and the associated large scattering is also ap-

to Figure 4–4).26 The figures show these TCO gaps in ascending

parent (right-hand side in Figure 4-1). Despite identical annual

order on the y-axis with the share of users resp. driving profiles

mileages, some users have a high electrical share of driving due

on the x-axis which have this or a smaller TCO gap.

to more uniform daily driving distances. Such high electrical
driving shares have a clearly positive impact on their TCOs on

For example, Figure 4–2 shows that the driving behavior of 20%

account of the fuel savings made. While studies calculating

of the private users of small cars in 2013 (dotted orange line)

TCOs up to now have tended to assume an annual average

have an overall TCO gap of 6,000 euro or less (over the total

mileage and an average electrical driving share, the scattering

ownership period which is assumed to be 6.2 years for private

here reveals the advantages of analyzing actual driving profiles.

drivers including charging infrastructure costs). This TCO gap
decreases up to 2020 so that 20 % of the users of private small

When looking at the various TCO gaps of different user groups

cars in 2020 have a TCO gap of around 3,000 euro or less. It

and vehicle sizes, it can be stated that electric vehicles are eco-

can also be seen from Figure 4–2 that a proportion of the users

nomically efficient for some users already and display a rising

in 2020 has a TCO gap less than or equal to zero. This means

tendency to be so from 2013. The annual mileage is decisive

that an electric vehicle is more cost-effective in total for some

here. At low mileages, gasoline cars continue to dominate

users. The newly registered electric vehicles are extrapolated

because EVs are not able to compensate for their higher pur-

from these shares (and those for other vehicle size classes and

chasing costs via their cheaper running costs per kilometer (see

owner groups).

Table 4–1). At very high mileages, in contrast, diesel engines are
the most cost-efficient option, because PHEV or REEV have to

The large span of TCO differences is also visible from Figure 4–2

use their combustion engines too often and battery electric ve-

to Figure 4–4. In addition, it is also apparent that large passen-

hicles are eliminated because of their limited range. The electric

ger cars have the highest economic attractiveness in all three

driving share together with the annual mileage is decisive for

user groups. This is higher among private owners than in the

the difference in TCO of each user. Sufficient annual mileage
on its own is not enough (see Figure 4–6).
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26 The graph corresponds statistically to a relative cumulative frequency
distribution or empirical cumulative distribution function (Fahrmeir et
al. 2011, p. 49). One advantage of this representation is statistical
robustness.

DIESEL

Delta TCO(3.8/6.2y) (DIESEL - Gasoline [EUR])

Delta TCO(3.8/6.2y) (DIESEL - Gasoline [EUR])

GASOLINE

Annual mileage [km]

DIESEL

REEV

Annual mileage [km]

Figure 4–1: C omparison of example TCO gaps for selected drive systems (medium scenario, medium-sized car, private user, 2020) –
(each dot represents a driving profile)

Table 4–1: Overview of economically interesting annual mileages (TCO including infrastructure costs) in 2020
Private

Fleet vehicles

Company cars

Small

20,000 – 25,000 km

about 20,000 km

no window

Medium

18,000 – 35,000 km

about 20,000 km

no window

Large

15,000 – 40,000 km

18,000 – 25,000 km

no window

Delta TCOs
Private
[EURO in 6.2 years]

min. TCO(xEV) − min. TCO(conv.)

Segment

Vehicle size
small 2013
small 2020
medium 2013
medium 2020
large 2013
large 2020
Share of vehicles with this or a smaller TCO difference

Figure 4–2: TCO differences for private users in the medium scenario in the years 2013 and 2020 including infrastructure costs and
willingness to pay more
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Commercial ﬂeets
[EURO in 3.8 years]

min. TCO(xEV) − min. TCO(conv.)

Delta TCOs

Vehicle size
small 2013
small 2020
medium 2013
medium 2020
large 2013
large 2020
LCV 2013
LCV 2020

Share of vehicles with this or a smaller TCO difference

Figure 4–3: TCO differences for fleet vehicles in the medium scenario in the years 2013 and 2020 including infrastructure costs and

Delta TCOs
Company cars
[EURO in 3.8 years]

min. TCO(xEV) − min. TCO(conv.)

willingness to pay more

Vehicle size
small 2013
small 2020
medium 2013
medium 2020
large 2013
large 2020
Share of vehicles with this or a smaller TCO difference

Figure 4–4: TCO differences for company cars in the medium scenario in the years 2013 and 2020 including infrastructure costs and

Number of cars

million

willingness to pay more

14
2%
5%

12

28%

10
8
6

4%
8%
29%

3% 2%
24%

6%
13%
65%

4

59%

71%

2

31%

11%
18%

varying

28%

close by

50%
43%

garage

0
< 5k

5–20k

20–100k

100–500k

Size of town in thousand inhabitants
Figure 4–5: Typical distribution of parking places of cars at night in Germany
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at the house

27
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Private users
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Company cars
Co. cars ﬁt
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Fleet ﬁt

80%

60%

40%

20%

0%
0

20,000

40,000

60,000

Share of electric driving REEV

Share of electric driving REEV

100%

100%

80%

60%

40%

20%

0%
0

80,000

Private users
Private ﬁt
Company cars
Co. cars ﬁt
Fleet
Fleet ﬁt

20,000

Annual mileage [km]

40,000

60,000

80,000

Annual mileage [km]

Figure 4–6: Share of electric driving simulated for REEV for different user groups (left: medium-size cars 2020, right: large cars 2020)
– (each dot represents a driving profile and the solid lines the regression)

other two user groups because VAT plays a role here alongside

it should be relatively cheap to construct infrastructure. Drivers

driving profiles. Because VAT has to be paid on fuels by private

without access to private parking would need charging points

users, the consumption savings between EV and conventional

which are always useable. This applies primarily to those drivers

engine systems per kilometer driven are higher among such

for whom electric vehicles are an economical option due to their

users than among commercial users.

high annual mileages, because these have to be charged over
night almost every day in order to achieve high electrical driving

When comparing the graphs of the three groups, it is notice-

shares. Even if these drivers were able to use a comparatively

able that the curve of private users is the steepest and that of

cheap public charging point or another cheap charging point,

commercial fleets the flattest. There are several reasons for this:

these driving profiles are hardly interesting economically (see

first, the effect of VAT, which has already been mentioned. In

also Figure 4–13).

addition, commercial users tend to have more uniform driving
profiles and make long trips more rarely. As a result, the electric
driving shares within this group tend to be similar compared to

4.2 ELECTRICAL DRIVING SHARES AND FUEL
CONSUMPTION

private users, and especially when compared to company car
drivers. In addition, the depreciation options for commercial

Because the electrical driving shares have a decisive influence

drivers have the effect that the gaps in the TCO shrink on ac-

on the TCO results in hybrid designs as shown above and there-

count of the tax savings.

fore on the market evolution, these are explored in more detail
below.

A comparison of the TCO gaps in 2013 with those in 2020
reveals that only a very low potential for EVs exists under the

As an example, Figure 4–6 shows the simulated electrical driving

assumptions made in 2013, but that this increases steadily over

shares for REEV of medium-size cars (left) and large cars (right)

time.

plotted against the annual mileage for the analyzed driving
profiles. The wide scattering of the simulated electrical driving

The costs for charging infrastructure also play an important role

shares is immediately apparent. The shares of electrical driving

for the TCO. It can be assumed for commercial vehicles that

decline with increasing annual mileage.

simple, weather-protected charging points can be installed on
the companies’ grounds relatively cheaply (e.g. wall boxes).

In addition, Figure 4–6 illustrates the simulated electrical driving

The same applies to private drivers if these have access to a

shares of REEV for private cars (light blue), company cars (dark

garage or a private parking place at home (garage availability is

blue) and fleet cars (orange) for medium-size cars (on the left)

given as additional information for each private driving profile).

and large cars (on the right). The plotted lines are moving aver-

Figure 4–5 shows the distribution of typical night-time parking

ages through the point clouds.29 The electrical driving shares

places of privately owned cars in Germany.

of PHEV have a similar pattern, but are lower than for REEV
because of the smaller batteries.

In total, about 60 % of German private car owners have garages.28 For these and drivers who have private parking at home,
27 Own assessment based on MiD 2002 (refer also to Biere et al. 2009
and Gnann et al. 2013).
28 Independently of this, 70 % of private drivers stated they typically
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parked on their own property at night, cp. BMVBS 2013, p. 74 based
on infas and DLR 2002.
29 More precisely, it is a Nadaraya-Watson kernel regression with the
Gaussian kernel to √N nearest neighbor (see Fahrmeir, Kneib and Lang
2009).

In spite of the wide scattering, it is noticeable how the average

if infrastructure costs, limited availability and the willingness to

electrical driving share decreases with increasing annual mile-

pay more are taken into account when calculating the TCO.

age. The average electrical driving shares are similarly high for
all three user groups. However, it can be seen that the simulated
electrical driving shares of the fleet vehicles (orange) are scat-

4.3 MARKET EVOLUTION IN THE THREE
SCENARIOS

tered less widely around the moving average than those of the
other two user groups. The electrical driving shares of company

The calculated market evolution for the three scenarios is il-

cars are especially widely scattered.

lustrated in Figure 4–8. Taking all the effects into account (the
cheapest respective infrastructure costs, the limited availability

This evaluation raises the question about the electrical and

of vehicles and the willingness to pay more), around 400,000

conventional consumption of REEV and PHEV. Effective fuel

to 700,000 vehicles result in the medium scenario in the total

consumption results are obtained from simulating the electrical

stock of cars, while 50,000 to 300,000 EVs would be conceivable

driving shares. Values between less than one liter/100 km and

in the Contra-EV scenario and 1 to 1.4 million in the Pro-EV-

more than six liter/100km are possible depending on the electri-

Scenario.30 The high sensitivity of the results to the framework

cal driving share. Due to the necessary annual mileages for EV,

conditions of the scenario assumptions is apparent here. This

typical real-world consumption values for REEV and PHEV which

can be explained by the relatively flat TCO curves (see also Fig-

make more economic sense than conventional vehicles should

ure 4–2 to Figure 4–4). Even small changes to the parameters

be in the range from two to four liters per 100 kilometers.

which either enhance or worsen the economic efficiency affect
large numbers of vehicle owners. None of the scenarios is con-

Besides the purely economic substitutability, the analyses of

sidered more probable or more improbable. Nor are they extreme

the driving profiles show that many drivers could achieve com-

scenarios (see section 3.2).

paratively high electrical driving shares. Figure 4–7 shows which
proportion of newly registered vehicles would have at least one

The question now has to be asked about what influence indi-

predetermined electrical driving share as PHEV. Driving profiles

vidual effects have (considering infrastructure costs, consider-

are simulated as PHEV and the proportion of vehicles with a

ing the limited availability and the willingness to pay more).

minimum share of electrical driving is projected to obtain the

Figure 4–9 shows the results without uncertainty ranges for

share of newly registered vehicles.

the medium scenario. A pure TCO analysis calculates a market
evolution of almost 300,000 electric vehicles in the stock of

It can be seen that a significant proportion of newly registered

cars until 2020. This potential is reduced by around 50 % if the

vehicles could have comparatively high shares of electrical driv-

cheapest variant of charging infrastructure costs is included in

ing: almost 25 % of new vehicles would have an electrical

the figure. If, in addition, a limited availability of car models of

driving share of 80 % or more as PHEV, in other words, would

certain manufacturers is included, this only has a minor effect

mainly drive electrically. Because REEV have a larger battery,

with the given assumptions. In contrast, including the willing-

the shares of new vehicles with a minimum electrical driving

ness to pay more has a very strong effect, despite the rather

share would be even higher. Apart from a high share of electrical

conservative estimation made here of private and commercial

driving, high annual mileages are also required for the use of

drivers’ willingness to pay more (see section 3.3). It has to be

EV to be economically advantageous. Vehicles which could be

pointed out once again that the willingness to pay more is

electric in the future are generally not those with the highest

associated with great uncertainties and slightly different as-

electrical driving shares, but those with sufficient annual mile-

sumptions can significantly influence the result. Nevertheless,

ages and high electrical driving shares (cp. Figure 4–1). Since

the willingness to pay more does represent the esteem attached

the electrical driving share tends to decrease with increasing

to a novel technology, which should not be neglected.

annual mileages, until 2020, there will only be a limited, but still
significant number of drivers, for whom both these conditions
are sufficiently met.
Looking only at vehicles which would enter the market according to an analysis based purely on the TCO (without infrastructure costs, limited availability or the willingness to pay more),
84 % of all PHEV and REEV would have an electrical driving
share of more than 80 %. 60 % of the users of PHEV and REEV
would have an electrical driving share of more than 80 % even
18 | 19

30 The ranges represent the uncertainties due to a limited sample of
driving profiles and were calculated with confidence intervals and
error propagation, see Plötz et al. 2013.
31 The colored areas show the projection of the car stock development for
confidence intervals at confidence levels of 10 %, 30 %, 50 %, 70 %
and 90 % based on the extrapolation of the share of the respective
driving profiles (Fahrmeir et al. 2011). The confidence intervals cover
only the uncertainty due to the finite sample. Uncertainties about
future price developments, for example, or the availability of brands
are not included.

Share in new vehicle registrations
0%

10%

20%

30%

40%

50%

60%

PHEV with a minimum
share of 50% electric
driving
PHEV with a minimum
share of 80% electric
driving
PHEV with a minimum
share of 95% electric
driving

Millions

Figure 4–7: Share of new vehicle registrations that have a certain share of electric driving as a PHEV in their driving profile
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Figure 4–8: M arket evolution based on TCO decision incl. cheapest infrastructure costs, limited availability and willingness to pay
more in the three scenarios (stock at the end of each year)
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Figure 4–9: EV stock in 2020 including different aspects for the medium scenario without confidence band
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Figure 4–10: Distribution of market evolution into private owners, fleet and company cars in the medium scenario with infrastructure costs, limited availability and willingness to pay more

When splitting the market evolution up into the different user

able for the individual driving profiles. Figure 4–12 shows the

groups of private car owners, fleet and company cars, private

spread of all driving profiles and the driving profiles for which

owners dominate in the medium scenario followed by the fleet

it makes economic sense to use electric vehicles, differentiated

vehicles (see Figure 4–10). Company cars only enter the market

by type of employment and size of the place where drivers live.

in the Pro-EV scenario, but late and with low shares.

32

It is apparent that, among those for whom the use of electric
As was to be expected based on the TCO analyses, large cars

vehicles makes economic sense, the biggest group comprises

dominate, above all among private owners, and medium-size

full-time workers from small to medium-sized communities.

cars among private and fleet vehicles. Large cars are hardly used

Residents of large cities (with more than 100,000 inhabitants)

at all as fleet cars. Later on, small cars and light-duty commercial

play only a minor role, contrary to some expectations. The share

vehicles also gain relevance for the market evolution.

of this group in EV-compatible driving profiles is smaller than
in all other driving profiles. This result is a close match with

Looking at the distribution among the types of EV, REEV and

comparable studies aiming to identify the first users of electric

PHEV taken together have a much larger market share than

vehicles.33 It should also be emphasized that the private vehicle

BEV. They enter the market earlier and make up around three

stock in cities with more than 100,000 inhabitants is generally

quarters of the stock of electric vehicles in 2020. In spite of

“only” about 25 % of all privately owned vehicles (see also

the lower battery capacities of REEV/PHEV, sufficiently high

Figure 4–12).

electric driving shares seem to be attainable for relevant user
groups. And the effect, in a few exceptions, of being able to

Figure 4–13 shows the used charging infrastructure for the op-

drive longer distances every now and then, also seems to have

tion with low charging power and low diffusion. It is assumed

a positive impact.

that only primary charging points are available. This implies, for
example, that private drivers can only charge at home or that

It is interesting that the choice of EV drive system differs in the

on-street parkers need access to public charging. Of course

segments. Battery vehicles dominate small cars, which is due

it is likely that there will also be additional infrastructure, for

to the lower mileages driven in this segment. REEV and PHEV

example, semi-public charging points, but these can only be

have the upper hand in medium and large cars, although BEV

integrated in the model to a limited extent (see section 3.1). This

also have a considerable share in the important segment of

result shows that only a few on-street parkers have reasonable

commercial fleets of medium-size cars. The difference in com-

economic potential.

parison to private users can be explained by the more uniform,
predictable routes and the lower share of outliers regarding

Increasing the charging power is also simulated in the analy-

very long trips in commercial fleets.

ses. Even if it is assumed that no additional costs are incurred
for charging infrastructure with higher power output, this has

Statements can be made to characterize the private first users of

hardly any effect on increasing the number of users of EVs: the

electric vehicles using the socio-demographic information avail-

charging times of vehicles are generally fully sufficient to be able

32 See footnote 11.

33 See Biere et al. 2009, Wietschel et al. 2012, Plötz and Gnann 2013.
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Figure 4–11: Distribution of market evolution into small, medium, large and light-duty commercial vehicles in the medium scenario
with infrastructure costs, limited availability and willingness to pay more
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Figure 4–13: M arket evolution of the charging infrastructure (only primary charging points) in the medium scenario with infrastructure
costs, limited availability and willingness to pay more and cheap charging infrastructure assumptions
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to deal with lower charging power.34 If the costs for a higher

4.5

IMPACTS OF POLICY MEASURES

charging power are factored in, this even results in a slight
decrease in users. Figure 4–14 illustrates these effects for two

The following section shows the effects of different monetary

infrastructure options. It should be pointed out here, however,

policy measures on the market evolution of electric vehicles. This

that the value of being able to charge faster with higher charg-

section aims to reveal free rider effects alongside the costs and

ing power “in an emergency” and the corresponding demand

benefits of individual measures. Free-rider effects always occur if

for these kinds of systems cannot be taken into account in the

buyers would have purchased an electric car even without subsi-

model because of the lack of a data basis among other things.

dies and therefore profit from additional monetary advantages.

Further analyses have shown that increasing the availability of

Figure 4–16 summarizes the impacts of the individual measures

charging infrastructure (in other words more charging possibili-

on the stock of electric vehicles in 2020. It can be seen here that

ties in semi-public and public places) results in significantly more

even small financial incentives in the commercial sector can be

users if they themselves do not have to bear the costs for this at

sufficient to significantly increase the number of EVs in the stock

all, or only to a minor extent. This might be conceivable if the

of vehicles. Even with flat-rate subsidies, it is predominantly the

relevant business models could be realized, e. g. in shopping

commercial fleets that profit. With a flat-rate subsidy of € 1,000,

centers or private car parks or the costs covered by employers.

almost 60 % of the market growth is due to commercial fleets.

No analysis was made of the individual driving profiles of pos-

With the special depreciation, it is almost exclusively commercial

sible journey breaks during which vehicles could be fast charged

fleets which demonstrate market growth and company cars

because there is no known empirical database concerning the

hardly at all. The reasons for this are related to the lower TCO

acceptance of such services.

gaps (see chapter 4.1). The fact that commercial owners of fleet
vehicles attach greater importance to economic efficiency than

4.4 RESULTS OF THE SENSITIVITY ANALYSES

private owners is another argument supporting the application
of possible monetary support measures here.

The high sensitivity of the results to changes in the framework
conditions is already obvious when comparing the different sce-

Changes in the stock of vehicles in 2020 are set against different

narios. Separate sensitivity analyses are conducted in this sec-

amounts of support funding. Table 4–2 shows who profits from

tion for the baseline variant (factoring in the costs for charging

the individual measures and the necessary amount of funding

infrastructure, considering the limited range of vehicles and a

together with the free-rider effects.

willingness to pay more for electric vehicles which decreases
by 2020) of the medium scenario. Analyses are made of the

The different measures were integrated into the TCO-based

sensitivity of electric vehicles in 2020 to changes in electricity

market evolution model. No statements can be made about

prices (private and commercial), fuel prices (gasoline and diesel),

additional macroeconomic effects (e.g. gross value added or

battery price and the interest rate for the TCO calculation.

employment) or psychological factors.36 Further research is required here.

As was to be expected, higher fuel prices, and lower battery
and electricity prices lead to much greater numbers of electric
vehicles by 2020 in the TCO-based modeling of the purchasing
decision. When interpreting the sensitivities, attention should
be paid to the fact that the change of electricity and fuel prices
cannot be made completely independently of each other from
an energy sector perspective. This means, for example, that
higher fuel prices may correlate with higher electricity prices.

34 Similar results are also presented in detail in Kley 2011.
35 For a detailed description of the assumptions, see Plötz et al. 2013.
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36 Refer to TAB 2013, Chapter III.2.4 for possible macroeconomic effects
and de Haan, Mueller and Peters 2007 for psychological factors in the
application of incentives for car buyers.
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Figure 4–14: M arket evolution of EVs in the medium scenario (incl. infrastructure costs, excl. limited availability and willingness to
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Figure 4–16: C omparison of the effects of policy measures for the medium scenario with infrastructure costs, limited availability and
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Table 4-2: The costs of the individual measures (values in euro 2012) and those who stand to profit from them
Measure

Those who profit

Funding sum required

Free-rider effects

Flat-rate subsidy of € 1,000

Commercial users, small
segments

480 million

260 million

Flat-rate subsidy of € 2,000

Commercial users, small and
medium-sized segments

2.2 billion

520 million

Lowering the interest rate on
investment

Private users, all segments

2.5 billion

710 million

–

–

Changing the taxation of
company cars

–

Special depreciation

Commercial users, all segments

540 million

190 million

Special depreciation & changing
the taxation of company cars

Commercial users, company
cars, all segments

610 million

190 million

Tax exemption for PHEV, REEV

Commercial users, LDV, PHEV,
REEV

60 million

45 million
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5 DISCUSSION AND CONCLUSIONS

Whether the goal of one million electric cars in Germany by

the most economic sense for relatively uniform daily driving cycles

2020 will be achieved or not is a subject of intense debate.

and sufficient annual mileages. A not inconsiderable number of

The results of this study show that there is no simple answer.

vehicles fulfill these conditions as a detailed analysis of driving

The market evolution of electric vehicles also depends on how

profiles in this study shows. The analyses prove that around 12 %

external influencing factors develop such as the price of crude

of the newly registered vehicles in Germany could achieve an

oil or electricity, for example. Other factors which are just as

electric driving share of more than 95 % if they were all PHEVs.

decisive are meeting the cost reduction targets, in particular for

Possible future funding systems for electric vehicles should there-

vehicle batteries, customers’ acceptance of this new form of

fore be oriented on the electrically-driven kilometers. As other

mobility and a sufficient range of vehicles being offered. Predic-

studies37 have shown, a high mileage is also a prerequisite for a

tions here are still associated with a high degree of uncertainty.

positive environmental assessment of electric vehicles.

The target of one million electric vehicles in Germany by 2020

Because fuel consumption savings by EVs are the biggest in large

can be reached under optimistic assumptions regarding the

vehicles and because these vehicles are often also characterized

development of the framework conditions for electric mobility.

by high annual mileages, this car segment is actually the most

Under such assumptions, there is no need for external incen-

attractive in economic terms. However, this is not reflected at

tives to achieve a mass market. The results of the study further

present in either the current range of EV models offered or the

show that electric cars can still enter the market even if it as-

announcements concerning planned future models. Instead,

sumed that conditions do not favor them: even under difficult

so far, manufacturers have tended to specialize in small and

framework conditions, a core of 150,000 to 200,000 electric

particularly medium-sized cars. The reasons for this discrepancy

vehicles will be on German roads by 2020. The study did not

should be analyzed and discussed in more detail.

analyze whether this figure is sufficiently high for automobile
manufacturers to enter the market to the extent necessary to

The analyses further show the fairly high economic efficiency

achieve the assumed cost reduction potentials for electric ve-

of REEV and PHEV, which together attain a higher market share

hicles and the charging infrastructure.

(approx. three quarters) than BEVs. For many users, the slightly
smaller battery in REEV or PHEV compared to BEV seems suf-

Due to the uncertainties regarding market evolution, possible

ficient to be able to make enough electric trips. And some of

future funding instruments should be characterized by high

these users have to travel longer distances every now and then

dynamic adaptability to changes in the technological and eco-

which require an additional combustion engine. For a more

nomic conditions. It is important that the use of an instrument

detailed understanding of these fluctuations in the daily trips

can also be reversed.

of individual users, it would be helpful to have access to data
recorded over even longer periods of observation, but there

For electric vehicles to be economical, they have to be driven a

are hardly any such data available in Germany up to now.38

lot to recoup their higher purchasing costs through their cheaper

In addition, it is pointed out that range anxiety is one of the

running and maintenance costs. Low annual mileages (up to

main obstacles to the acceptance of BEV, which can only be

about 15,000 kilometers) will continue to be dominated by

partially overcome by the positive experiences made with elec-

gasoline-fuelled engines in the future and very high mileages

tric vehicles.39

by diesel-fuelled engines (annual mileages from about 30,000
to 40,000 kilometers). In-between, the decision about which car
type is most economical strongly depends on whether sufficient
shares of driving in a driving profile can be done electrically or if
the driving profile can be managed purely electrically. EVs make
www.isi.fraunhofer.de

37 Hacker et al. 2011, Helms et al. 2011 and Wietschel et al. 2011.
38 See Greene 1985, Lin, et al. 2012, Pearre et al. 2011, Smith et al.
2011 as well as Smith et al. 2010 for longer recording periods outside
Germany.
39 See Dütschke et al. 2012.

The private sector, in particular, holds potentials for electric

driving profiles in this sector continue to be characterized by

vehicles. This is related to the fact that many “suitable” driving

irregular daily trips which result in too low electrical driving

profiles were identified here and that it is assumed – based on

shares of many company car users and thus economically smaller

empirical surveys – that some customers here have a higher will-

potentials. The high share of large vehicles, on the other hand,

ingness to pay more than commercial customers do. In addition,

makes the segment of company cars more attractive on account

more large vehicles are found in this segment than among fleet

of the already mentioned high fuel savings – as stated, how-

vehicles. The question has to be asked, however, to what extent

ever, only a few EVs are currently being offered in this vehicle

the purchase decision of private vehicle owners is influenced

class. Furthermore, it has to be questioned whether low fuel

by the total costs of ownership. The lack of a semi-public and

and maintenance costs play any role for company car drivers

public charging infrastructure could also be a stumbling block

as these are often covered by the companies. Perhaps the fleet

to future diffusion.

targets set by the companies themselves may give EVs a chance.
In the analyses on the market evolution of EVs in company cars,

Users with garages/private parking places, which make up

it should be pointed out that, unlike the segments of private

around 60 % of the owners of private cars, are almost always

owners and fleet vehicles, the lack of data in this segment led

more attractive from an economic perspective than on-street

to the assumption that there was no willingness to pay more

parkers due to their low charging infrastructure costs. The first

for an EV. Further analyses are needed here for several reasons:

users of electric vehicles are mainly full-time workers in small

because this field is characterized by such high complexity of the

to medium towns, because the share of garages is higher here,

decision regarding new cars - what do which companies offer

among other things, and their mileages are better suited to EVs

their employees and for what reasons – because there are very

than is the case for drivers in large cities. Only about one quar-

few publicly available empirical surveys and even the database

ter of car owners are found in towns with more than 100,000

of the driving profiles is not very extensive. This is especially

inhabitants.

relevant given the fact that company cars make up a significant
share of newly registered vehicles and play an important role

Commercial fleets also have high potential. The TCO gaps are

in the large car segment.

small for a comparatively large range of users in this segment
in particular. The reasons for this are that these vehicles tend

Sharing schemes are one aspect which was not considered in

to be driven on regular routes and without sporadic long in-

more detail in this study. The EV market for car sharing could

dividual trips. Furthermore, the existing depreciation options

be especially interesting in large cities according to other stud-

and the elimination of VAT have a strong effect on commercial

ies41, because of the demand for new transport schemes here

applications and economic calculations play a bigger role here

and because it might be possible to achieve high capacity use

than for private drivers.40 The construction of public infrastruc-

of the vehicles. Schemes combining commercial use and private

ture is probably less important for these users. Because mainly

car sharing are also conceivable. Our current knowledge indi-

medium-size vehicles are driven in this segment, the existing

cates that the diffusion of electric vehicles can be accelerated

range of EV models is a good match. As a result, significant

via such schemes.

market potentials can be achieved at low cost in commercial
fleets. If options are being considered to financially support the

The costs of charging infrastructure have a significant influence

market introduction of EVs, the focus should be on the com-

on the economic efficiency of EVs. If expensive charging op-

mercial sector. Because commercial vehicles frequently end up

tions are necessary for those without private garages or park-

on the used car market in the private sector, this segment is

ing spaces, for example, and if users have to cover the costs

also an important door-opener for the spread of EVs. If a spe-

of the additional charging infrastructure themselves, then EVs

cial depreciation of 50 % were introduced in the first year, this

are only economical for very few users. High charging power

would significantly accelerate the market evolution (approx. 25

offers hardly any additional benefits because the charging time

% more cars in 2020 in the medium scenario).

is only a problem for a very few users with a positive TCO gap,
and it is hardly possible to recoup the higher costs of such sys-

Company cars represent a segment which is less attractive for

tems. The psychological aspects of being able to charge "in an

EVs. One main reason for this was the taxation of benefits in

emergency" were not considered in the study because of the

kind, which made EVs economically unattractive to company

lack of data. If public or semi-public charging can be offered

car users due to their higher purchasing price. A new legal

cost-effectively or for a large number of users, for example in the

regulation has recently come into force here. Nevertheless, the

parking garages of shopping centers or in company car parks,

40 See Dataforce 2011 and Öko-Institut 2011a.

41 See Wietschel 2012 among others.
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this has an obvious positive impact on the market evolution.
The share of electrical driving can be significantly increased as
a result, even for cars with smaller batteries.
Various techno-economic assumptions in the calculations are
associated with uncertainties: the future residual value of electric vehicles, for instance, the net list price of new cars and
the average battery size of future electric vehicles. Additional
calculations showed that the results of this study are not very
sensitive to changes in the given assumptions.42
The influence of public charging points on the general acceptance of EVs was not investigated in this study. Further research
is required here because other studies have indicated that, although drivers often express the desire for such well-developed
public charging infrastructure, if such infrastructure is actually
available, it is only rarely used.43 Neither did the study include
analyses of locations where trips are interrupted in order to top
up the battery at so called fast charging points. In the future,
the acceptance of such interim charging should be analyzed,
which amounts to around twenty minutes charging time in the
50 kW systems being discussed today. This is probably an elimination criterion for commercial applications because the driver’s
labor costs during charging cancel out any economic efficiency
gained, unless such charging times can be exactly matched to
scheduled breaks/appointments. The possible demand for public
charging infrastructure due to car sharing and the further use
of this infrastructure was not analyzed either.
Another assumption of this study concerns the acceptance of
the limited range of BEV. Here, it was assumed that users decide against a BEV if they cannot use one to make all the trips
within the period of observation (from one to four weeks). This
is plausible because even experienced users of BEV mention
their limited range as an important obstacle to the vehicle’s attractiveness.44 However, further studies are necessary here on
the real purchasing behavior and the influence, for example,
of having a second car.
Finally, it should be pointed out that no changes in mobility
behavior were assumed in the study. This assumption is probably legitimate because of the relatively limited time horizon
here up to 2020.

42 These variants and results are presented and discussed in detail in the
long version of the report available in German “Markthochlaufszenarien für Elektrofahrzeuge – Langfassung” (see Plötz et al. 2013).
43 See Gnann et al. 2013, Ecotality & Idaho National Lab 2012 and Bruce
et al. 2012.
44 See Dütschke et al. 2012.
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