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Abstract
Electric vehicles are able to reduce local and global emissions 
from the transport sector and thereby could help to slow down 
global warming if they achieved significant market shares. As 
all other vehicles, they need a charging or refuelling infra-
structure to be built up simultaneously to vehicle market pen-
etration. With the current disability to store energy for long 
distance trips in batteries, the need for a dense charging infra-
structure appears to be even higher. On the other hand, many 
car users could charge at home in their private garages. The 
question therefore is whether domestic charging infrastructure 
is sufficient to trigger market penetration of electric vehicles. 
Or in other words: Do we need public charging infrastructure 
for a mass market diffusion of electric vehicles and if so, how 
much? Here we discuss technical and economic aspects of this 
question. Large data sets of German driving profiles are ana-
lysed to estimate the share of vehicles that could technically be 
operated as electric vehicles. In addition, the driving behaviour 
is combined with a simple market diffusion model for electric 
vehicles and their corresponding charging infrastructure where 
each user is assumed to choose the fuel option with the lowest 
total costs of ownership. We can thereby quantify the share of 
vehicles that can be replaced by electric vehicles and estimate 
the market diffusion of public charging points. We find that this 
technical and economic analysis does not justify a large devel-
opment of public charging infrastructure which is confirmed 
by empirical user behaviour data in pilot projects where not 
more than 10 % of all electricity for driving is charged publicly. 

Introduction
Motorised transport is responsible for a large share of global 
greenhouse gas (GHG) emissions. Where the specific CO2 
emissions of internal combustion engine vehicles are funda-
mentally limited, electric vehicles offer large emission reduc-
tion potentials when using low-carbon electricity from renew-
able energy sources. However, electric vehicles (EVs) are not 
fully comparable to conventional vehicles: battery electric ve-
hicles with prices of the order of similar conventional vehicles 
have a range that is significantly smaller and plug-in hybrid 
or range extended EVs reach high electric driving shares only 
when used within a limited range. Public charging infrastruc-
ture appears to be a remedy for these limitations just as fuel 
stations allow refuelling for trips which are much longer than 
the normal range of internal combustion engine vehicles. 

Charging infrastructure thus seems a supporting or even 
necessary instrument for a large scale introduction of EVs. 
However, public charging infrastructure is rather expensive to 
install and major public investments seem necessary as long 
as viable business models are absent. Taken together, we face 
a wish for public charging infrastructure for EVs in contrast 
to much uncertainty about financing and the future develop-
ments of the number of available charging options which are 
required as input for designing business models. Thus, the aim 
of the present paper is to answer the following question: Which 
future development of (mainly public) charging infrastructure 
seems likely, taking into account costs, technological options 
and actual user behaviour? 

For the rest of the paper we will use the term “electric vehi-
cle (EV)” throughout for plug-in electric vehicles (with four 
wheels). This includes battery electric vehicles (BEVs), plug-in 
hybrid electric vehicles (PHEVs), range extender electric vehi-
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cles (REEVs) but excludes hybrid vehicles (often abbreviated 
HEVs) since the latter are not able to run on electricity alone 
and are therefore not relevant for charging infrastructure. The 
article describes the current status of public charging infra-
structure with examples form three major vehicle markets: the 
US, UK and Germany. Methods and data are introduced and 
the results are presented for technical and economic aspects of 
charging infrastructure separately. In the conclusions, the main 
findings are discussed.

The	present	status	of	public	charging	infrastructure	
In order to discuss the future evolution of electric vehicles, we 
analyse the starting point of the evolution, i.e. the current status 
of EV registrations and public charging infrastructure.

CurrenT	mArKeT	peneTrATIon	of	eleCTrIC	vehICles	And	ChArgIng	
poInTs
Since we are in an early stage of market evolution for EVs, num-
bers of EVs in markets change quickly. We tried to retrieve the 
most up-to-date figures possible. However, in several cases of-
ficial registration statistics are not available to date. In order to 
estimate the approximate number of EVs in the different mar-
kets, sales of several months and even recent years were added. 
This induces errors since an EV sold several years ago could have 
been scrapped by now. Accordingly, the number of EVs in the 
different markets below should only serve as estimates. We limit 
our discussion to three major car markets: The United States of 
America (U.S.), Germany and the United Kingdom (UK). 

In the U.S., about 60,000–70,000 EVs are registered by the 
end of 2012 (EVIX 2012). As of 1.1.2012 4,541 EVs were of-
ficially registered in Germany (KBA2012) and 2012 saw ad-
ditional 2,695 EVs being sold from January until November 
(Car Sales Statistics 2012) leading to approximately 7,200 reg-
istered EVs as of December 2012. Approximately 3,300 EVs are 
on the roads in the UK by the end of 2012. This is a sum of 
about 1,000 EVs registered up to 2010 (SMMT 2011) as well as 
1,027 new registrations in 2011 and 1,614 new EV registrations 
by November 2012 (SMMT 2012). 

In comparison to conventional gas stations the current 
number of charging points is difficult to estimate. Despite sev-
eral searchable maps or databases for different countries (see 
below) accurate and comparable data is difficult to obtain for 
several reasons: 

• There is ambiguity in counting either the number of charg-
ing points or charging stations where a single charging sta-
tion can easily have two or four charging points.

• Since electricity is widely available for private and commer-
cial consumers, either private or public or both charging op-
tions can be counted (see below for the US).

• Many different organisations offer public charging. This 
fragmented market structure makes statistics more diffi-
cult than it is in more oligopolistic markets such as, e.g., for 
conventional gas stations where a few companies are often 
organised in associations and jointly publish statistics on the 
station network, such as, e.g., EUROPIA (2012).

Thus the actual number of publicly available charging options 
is difficult to obtain for the different countries. In the U.S. about 

5,200 public charging points should be available with about 
1,000 public charging points in California alone (DOE2012a). 
However, according to a second DOE reference (DOE 2012b), 
the U.S. has approx. 14,000 public and private charging units, 
of which roughly 3,500 are located in California (DOE 2012b, 
Chargepoint.com 2013). However, the latter list explicitly men-
tions that “public and private alternative fuel station[s]” are in-
cluded and “electric charging units are counted once for each 
outlet available” excluding residential charging infrastructure 
(DOE 2012b). Similar to the U.S., several organisations offer 
public charging points in Germany and approx. 3,000 are list-
ed in a large database for public charging points in Germany 
(Lemnet 2012). Approx. 1,220 public charging points are avail-
able in the UK, including about 140 labelled as “coming soon” 
(Next Green Car 2012).

CurrenT	usAge	of	ChArgIng	poInTs
Public charging points are expensive as investment, installation 
and maintenance costs are high. With low electricity prices and 
a limited profit margin that can possibly be added as a supple-
ment to refinance the charging point, the degree of utilization 
has to be very high. While there are lots of research projects 
with field studies running at the moment, only very few report 
the usage of the charging infrastructure which is often set up in 
these projects (Gnann, Plötz and Wietschel 2012b).

The American EV-project is a field test with electric vehicles 
carried out from 2011 until 2013 in the United States. With-
in this project, 1,000  public charging points are available to 
4,500 EV-users, which are used for 9 % of all charging events 
(Ecotality and Idaho National Lab 2012, p. 7). Only 8 % of the 
total energy consumed by the electric vehicles of the project is 
charged at these public charging points. The same holds for the 
British project CABLED where 110 EV-owners recharged their 
vehicles in 92 % of all charging events at home or at work and 
just 3–8 % at public facilities (Bruce, Butcher and Fell 2012).

In the German model regions of e-mobility there are no 
results published regarding usage and degree of utilization of 
charging infrastructure, but presentations and talks to project 
managers indicate similar percentages (Bieberbach 2010). Al-
though users state their wish for more public charging points in 
surveys, this might simply be caused by range anxiety reasons 
while the actual usage could be the same (Dütschke et al. 2011; 
Tate, Harpster and Savagian 2008, 3).

CurrenT	And	fuTure	frAmeworK	of	eleCTrIC	vehICles	And	
ChArgIng	poInTs
The range of an EV is determined by the vehicles’ energy con-
sumption and the battery’s energy density (mass or volume re-
lated). It could be extended by future battery technologies with 
higher energy density but experts do not expect a significant 
increase within the next 15 years. The currently dominating 
Lithium-ion battery technology is expected to reach 125 Wh/
kg and 200 Wh/l by 2030 from today’s approximately 100 Wh/
kg and 125 Wh/l (Thielmann et al. 2012 – all numbers for bat-
tery systems which are more relevant for our discussion of EV 
ranges than battery cell energy densities). This includes Lith-
ium polymer batteries and Lithium ion batteries at different 
voltages. Lithium sulphur batteries might become commer-
cially available around 2020 with energy densities by a factor 
of two (volume density) or three (mass density) higher than 
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current Lithium based batteries. However, the inclusion of 
newly developed battery technologies in vehicles and the mass 
production at sufficiently low prices requires roughly another 
ten years such that we exclude a significant increase of EV range 
by increased battery technologies until 2030.

The range of EVs could of course also be extended by using 
larger batteries, i.e. more battery cells and accordingly more 
kWh such as the Tesla Model S uses (85 kWh in comparison to 
24 kWh for the Nissan Leaf). However, this strongly increases 
the vehicle purchase price (as well as its weight and therefore 
consumption) and in order to address mass markets (which is 
not the case for the Tesla Model S) the vehicles price must be 
close to the price of a conventional vehicle of similar size (see 
Dimitropoulos et al. (2011) for a survey of willingness-to-pay 
studies). We therefore exclude a simple increase in EV range by 
adding battery cells from our discussion.

In addition to the limited speed of technological evolution, 
the rate of vehicle stock renewal poses a limit to the speed of in-
crease in EV charging infrastructure demand. The current rate 
of change in vehicle stock in Europe is slow and very likely to 
remain slow. Currently, only 7–10 % of the vehicles in stock are 
renewed per year in major European countries. In other words, 
even if all future vehicles sold were EVs, it would take approxi-
mately 10–14 years for all registered vehicles to become electric 
vehicles. The actual sales share of EVs is likely to remain below 
50 % for many years (similarly to slow adoption of diesel cars in 
Germany) and even more the share of EVs in stock. Thus, until 
2030 only a certain share of vehicles clearly below 50 % will be 
EVs and accordingly infrastructure will not be needed to satisfy 
all drivers but only a certain fraction. 

methods	and	data
Within this uncertainty about future demand for and evolution 
of public charging options, technology assessment can provide 
insights and hints concerning more likely or less likely devel-
opments of a technology and support both decision making 
and public discussions (Grunwald 2009). The approach we are 
following here can roughly be summarised as follows: (1) We 
combine today’s user behaviour with the opportunities that 
upcoming technologies offer including the costs anticipated 
for these technologies. (2) With this input, we decide at which 
costs current user needs can be fulfilled. (3) Our conclusions 
for the probability of future technologies are based on the sim-
ple assumption: The more important the need and the lower the 
cost to fulfil it, the more likely is the development. This method 
of anticipating likely or unlikely future developments clearly 
has limitations and drawbacks. We do not include changing 
usage patterns or fundamental changes in attitudes or values. 
For example an expensive service that does not seem very re-
warding for current consumers might become so (including 
an acceptance of higher prices) in the future but is excluded 
from our analysis.

meThods
In our work we analyse driving profiles by simulating the bat-
tery profile to receive the technical EV-potential. This technical 
potential tells us if a BEV would be able to do one whole profile 
with a fixed battery size. In case of a PHEV, the technical po-
tential describes what electric driving share would be possible 

in different infrastructure scenarios. We then continue with a 
macro- and microeconomic analysis.

Technical	ev-potential	–	battery	profile	simulation
In the simulation of the battery profile, we use the following 
formula to calculate the battery state of charge (SOC):

 (1)

with a fully charged battery at the outset (SOC(0) = C). The 
battery is discharged (upper case) when distances d are driv-
en (dΔt > 0) in the time period Δt. In case the car is parked 
(lower case, dΔt > 0), the battery is recharged with power Ploct

 
at location where the car was parked at time t which depends 
on the available charging infrastructure. If the battery is fully 
charged (SOC(t) = C), we keep the state of charge at C We do 
this calculation individually for each user’s driving profile and 
can thus determine the minimal battery capacity for a BEV for 
each driving profile, as well as the electric driving share of each 
user with a given battery capacity.

In the following analysis we use time periods of 15 minutes 
and an average consumption of 0.196 kWh/km which is the 
consumption for a medium-sized car, representing the largest 
vehicle segment in Germany (Helms et al. 2011; KBA 2011). 
The driving information derives from the driving profiles and 
infrastructure scenarios which will be explained below, the bat-
tery capacity remains variable. For further details on battery 
profile simulation see (Gnann, Plötz and Kley 2012).

macroeconomic	approach
With the technical potential described above, we can deter-
mine what share of driving profiles can be replaced by a bat-
tery electric vehicle with a given battery capacity κ in a charg-
ing infrastructure scenario IS (Kley 2011; Gnann, Plötz and 
Kley 2012, p. 5; Gnann, Plötz and Wietschel 2012a, p. 2). As 
described in (Gnann, Plötz and Wietschel 2012a) we may add 
additional users (Δs) by increasing the battery size (κ+Δκ) or 
by additional infrastructure (IS+ΔIS). Within the macroeco-
nomic approach we want to find out what option is cheaper, 
i.e. determine which investment is lower when both additional 
shares of users are equal:

Δs(IS + ΔIS) = Δs(κ + Δκ) (2)

Here we consider two cases which differentiate in who has to 
bear the investment:

• Case  (1): only additional users bear the investment for 
charging infrastructure, e. g. as a supplement to the elec-
tricity price when charging at the charging point.

• Case (2): all EV-users share the investment, e. g. as an EV-
tax payment.

Investments for a semi-public charging point are considered 
2,500 Euro and 5,000 Euro for a public one (Kley 2011; NPE 
2011). For more detail on this calculation see (Gnann, Plötz 
and Wietschel 2012a).

SOC 𝑡𝑡 + ∆𝑡𝑡 =
SOC 𝑡𝑡 −   𝑑𝑑∆! ∙ 𝑐𝑐

min  {SOC 𝑡𝑡 + ∆𝑡𝑡 ∙ 𝑃𝑃!"#! ,𝐶𝐶}
        for        𝑑𝑑∆! > 0

𝑑𝑑∆! = 0  

 

SOC 𝑡𝑡 + ∆𝑡𝑡 =
SOC 𝑡𝑡 −   𝑑𝑑∆! ∙ 𝑐𝑐

min  {SOC 𝑡𝑡 + ∆𝑡𝑡 ∙ 𝑃𝑃!"#! ,𝐶𝐶}
        for        𝑑𝑑∆! > 0

𝑑𝑑∆! = 0  

 



4-319-13 gnAnn ET Al

1052 ECEEE 2013 SUMMER STUDY – RETHinK, REnEW, RESTART

4. TRAnSpoRT AnD MoBiliTY: HoW To DElivER EnERgY EFFiCiEnCY

microeconomic	approach
In the microeconomic approach we determine the total cost 
of vehicle ownership for every user individually and include 
the cost for charging infrastructure. This can be regarded as 
a bottom-up approach similar to the top-down approach in 
case (1) in the macroeconomic analysis. We do this by finding 
every user’s car option with the lowest total cost of ownership 
(TCO) discounted to one year:

TCOa = acapex + aopex (3)

With TCO being the sum of the capital expenditure acapex and 
the operating expenditure aopex, the capital expenditure in one 
year can be calculated using the discounted cash flow method 
by discounting the investment I with the annuity factor:

 (4)

with interest rate i and time horizon T In the calculation invest-
ments are split into investments for the car without battery, the 
battery itself and the necessary charging infrastructure option, 
since all three may have different time horizons and interest 
rates given in ANNEX A.

As for the operating expenditure, we have costs that depend 
on driving and costs that do not:

aopex = VKT . (se(t) . cel . kel + (1 – se(t)) . cconv . kconv  (5)

 + kO&M) + ktax + kIS

The part depending on the vehicle kilometres travelled per year 
VKT is the share driven in electric mode se(t) times the elec-
tric consumption cel and the electricity price kel plus the share 
driven in conventional mode (1 – se(t)) multiplied by the con-
ventional consumption cconv and the fuel price kconv, plus the cost 
for operations and maintenance kO&M The driving independent 
part is the sum of cost for vehicle tax ktax and for charging in-
frastructure kIS All parameters for this calculation are given in 
ANNEX A.

Summing up all drivers that could complete their profiles 
with an electric vehicle and dividing it by the total number of 
driving profiles we obtain the share of potential EV-users in 
the sample. With varying parameters in the TCO-calculation 
this share changes over time and we can calculate the number 
of EV-users (which is in this case equivalent to the number of 
charging points) in a simple stock model as:

 (6)

This means the number of electric vehicles Nt in year t is the 
initial number of electric vehicles Nt0

 plus the share of electric 
vehicles Su,τ in user group u times the registration of new ve-
hicles in this user group Ru,τ in every year subtracted by the 
scrapping Sτ in each year.

In our calculations we distinguish between private and com-
mercial users, as these two have significantly differing charac-
teristics, while here especially the higher amount of VKT in 
the commercial sector is the relevant factor (Gnann et al. 2012, 
p. 10, 11). The different driving profiles for the calculation are 
described in the following section, the initial number of EVs as 
well as the scrapping in every is assumed to be zero as we just 
regard a total time horizon of eight years (until 2020). All other 
parameters can be found in Annex A.

germAn	drIvIng	behAvIour	And	InfrAsTruCTure	sCenArIos
As indicated in the previous section, we need driving profiles 
for the simulations as well as several infrastructure parameters 
for the different calculations.

driving	profiles
For German driving behaviour there are five large collections of 
movement profiles: the German Mobility Panel (MoP), Mobil-
ity in Germany (MiD) for 2002 and 2008 and Motor traffic in 
Germany (KiD) for 2002 and 2010 (MOP 2010; infas and DLR 
2002; infas and DLR 2008; IVS and TU Braunschweig 2002; 
WVI et al. 2010). As MoP and MiD are mainly for the private 
sector and KiD is the only one in commercial traffic, Fraunhof-
er ISI collected data itself in the project REM2030 (Fraunhofer 
ISI 2012). We compare the data bases used in the present paper 
in Table 1 to explain the main differences.

We can see that these data sets do not only differ in the type 
of collection, but also in time horizon and amount of data. 
(Given is the amount of data that is used in the analysis, which 
reduces the initial sample of MoP because of non-distinct driv-
er-vehicle-allocation and of MiD because of missing informa-
tion.) For our analysis it is better to have a data collection with 
longer time horizon as the upscale to VKT from a single day 
might cause a bias (Gnann, Plötz and Kley 2012; Gnann et al. 
2012). So we prefer a longer observation time horizon over a 
better representation of the user group which would be given 
with a higher amount of data.

For all calculations regarding the technical and macroeco-
nomic potential, we use the MoP as only data set. As this col-
lection does not contain differentiated information about the 
usual parking spot during the night, we use MiD2002 and 
REM2030-profiles for the microeconomic analysis.

𝑎𝑎!"#$% = 𝐼𝐼 ∙
(1 + 𝑖𝑖)! ∙ 𝑖𝑖
(1 + 𝑖𝑖)! − 1

 

Name MoP MiD REM2030 
Years of collection 1994–2011 2002, 2008 2011, 2012 

User group Private households 
Private and some 
commercial users 

Commercial vehicles 

Type of collection survey survey GPS-tracking 
Time horizon 7 days 1 day 21 days 

Amount of data 
6,629 vehicles 
118,029 trips 

12,478 vehicles 
75,279 trips 

263 vehicles 
48,899 trips 

 

Table	1.	data	sources	on	german	driving	behaviour.

𝑁𝑁! = 𝑁𝑁!! + (𝑅𝑅!,!
!

!

!!!!

∙ 𝑠𝑠!,!) − 𝑆𝑆! 
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Infrastructure	scenarios
In the simulation we need charging infrastructure scenarios, 
which tell whether charging is possible (and at what power rate) 
at the stopping points of the driving profiles. For the technical 
and macroeconomic potentials we do use three scenarios (see 
Table 2) which are divided in private, semi-public and public 
charging locations. This differentiation is used in several other 
publications, specifying that private charging points can only 
be accessed by the car owner, semi-public by a certain group of 
people (e. g. a sports club) and public spots are open to every-
one (Becker, T. A. 2009; Wietschel, Kley and Dallinger 2009). 
The information about the stops derives from the driving pro-
files which contain trip purposes that are converted into stop-
ping locations (For MoP we set trips with trip purpose 7 or 77 
to private locations, purposes 2 and 4 to semi-public ones and 
all others to public locations).

There is scenario  A where charging infrastructure is only 
available at private locations with a power rate of 3.7 kW. In 
scenario B we add charging points at semi-public facilities with 
power rates of 11.1 kW, while in scenario C charging at 11.1 kW 
is also possible at all public stops.

In the microeconomic analysis, we use just one infrastruc-
ture scenario which defines that vehicles are able to charge 
overnight at a power rate of 3.7 kW. We do this to not overesti-
mate the potential of private users in the MiD since they only 
drive one day. In addition, we do not know the trip purposes 
for commercial vehicles as the data is collected electronically 
with GPS-trackers.

Technical	aspects	of	future	charging	points
This section analyses the technical aspects of future charging 
points for every day use and rare long-distance use of potential 
electric vehicles.

every	dAy	use	of	poTenTIAl	eleCTrIC	vehICles
Let us start by analysing the influence different charging op-
tions would have if all vehicles with their current usage patterns 
were to be replaced by electric vehicles. For BEVs this means 
to analyse the share of vehicles that could be operated as BEVs. 
For PHEVs, the likely effect of different charging options can 
be studied by analysing the changing electric driving share. To 
this end, we perform the battery simulation described above 
(see Battery Simulation in the Methods and Data section) and 
count the number of share of vehicles displaying only SOCs 
larger than zero. We use the data for Germany including the 
trips of one week (MoP, see Data section above). Please note 
that demanding the possible replacement of all day trips in one 
week per user is more restrictive than all day trips in single day 
per user, since the occurrence of longer trips is not covered in 
daily driving profiles and thus could lead to a misjudgement on 
the substitutability of conventional vehicles (see Gnann, Plötz 
and Kley (2012) for a discussion of the difference). 

Figure 1 shows the share of vehicles from the sample that 
could be operated as BEVs as a function of battery size. Here 
we use the total battery size, of which the share of 80 % (depth-
of-discharge) is used. Given a battery of 20 kWh in total and 
charging at home only, about 60 % of the users could drive all 
their trips of one week using a BEV. This share increases by 
about five per cent if all users were able to charge at work and by 
about 10 % more if all users were able to charge anywhere. The 

Scenario Private Semi-public Public 
A Home-only 3.7 – – 
B Home-and-semi-public 3.7 11.1 – 
C Everywhere 3.7 11.1 11.1 

 

Table	2.	Infrastructure	scenarios	for	private	users	(charging	powers	in	kw).

 
 Figure 1. Share of possible BEVs. The share of vehicles that could be operated as BEVs is shown as a function of battery size. The shares 

are computed from the battery simulations described above including all trips of one week for each vehicle with different charging op-
tions present (see legend and Methods and Data section). Also indicated is the additional market share that could be reached through an 
increase of infrastructure or additional battery capacity (see section ‘Economic Aspects of public charging points’). 
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assumption that all users could charge anywhere at all stops is 
of course highly optimistic but indicates the importance of this 
limited increase in share of vehicles that could be operated as 
EVs when adding potential charging options. In other words, 
realising ubiquitous charging possibilities is a huge task but 
judging from current vehicle usage offers only a limited reward. 

In a second step, we take into account that vehicles should 
have access to charging at home (mainly over night) for exam-
ple within the garage. Figure 2 shows the usual parking option 
for German vehicles from the MiD survey (see Data section) as 
function of city size combined with the official car registration 
data (KBA 2011). We observe that more than half of all German 
vehicle users usually park their vehicle in a garage over night 
and either have charging possibilities already available there or 
could easily install them in their garage. Reducing the battery 
state simulation of Figure 1 to only those users that have access 
to a garage reduces the potential for replacement of a given ve-
hicle by a BEV by about 10 % (Kley 2011).

Given the high share of vehicles that could be operated as 
BEVs with all their trips in one week and the measurable but 
limited increase of this share from additional ubiquitous public 
charging infrastructure we conclude that (1) a significant share 
of today’s vehicles with their everyday use could easily be op-
erated as BEVs despite their limited range and (2) that public 
charging infrastructure has a limited effect on this technical 
potential for replacement.

Let us now turn to the effect of additional public charging 
infrastructure on the PHEVs. Since PHEVS have an additional 
internal combustion engine for propulsion, there is now lim-
ited range. More technically speaking, the range limit is given 
by the size of the gasoline tank and thus (from a user’s perspec-
tive) comparable to the range of today’s conventional vehicles. 
We therefore assume that this range will not be experienced 
as limited. However, the limited battery size leads to a limited 
electric driving share. Additionally, the electric driving share 

strongly influences the usage cost of the PHEV (since electric 
driving is cheaper than gasoline driving) and a high electric 
driving share is desirable for users. Figure 3 shows the results 
from a battery simulation of the same vehicles as above (data 
from MoP (2010) with 6,629 vehicles with all their trips in one 
week) for two different PHEVs with 5 kWh usable battery ca-
pacity (left panel of Figure 3) and 10 kWh usable battery capac-
ity (right panel of Figure 3) for two scenarios (only charging at 
home and charging everywhere). 

The results for the PHEV battery simulation in Figure 3 in-
dicate that a large share of users (30 % for an assumed 5 kWh 
PHEV and 55 % for a 10 kWh PHEV) could perform all their 
trips in one week all-electric, i.e., would have an electric driv-
ing share of more than 90 %. On average, the electric driving 
share would be 64 % if all users had a 5 kWh PHEV and 75 % 
for a 10  kWh PHEV. Assuming additional public charging 
everywhere and its use by all users, the average electric driv-
ing share increases to 80 % for 5 kWh PHEVs and to 88 % for 
10 kWh PHEVs (see white bars in Figure 3). Large electric driv-
ing shares are desirable from a user’s perspective since electric 
driving reduces costs and is experienced as low noise driving. 
We conclude from Figure 3 that both larger batteries and the 
installation of public charging infrastructure can significantly 
increase the average electric driving share and the share of us-
ers with high electric driving shares. As before, additional pub-
lic charging infrastructure leads to a measurable but limited 
increase of the usage of electric vehicles (here: the electric driv-
ing share of PHEV).

rAre	long-dIsTAnCe	use	of	poTenTIAl	eleCTrIC	vehICles
Up to now we only discussed “every-day” use of vehicles, i.e. 
the usage patterns recorded over a limited period of time. The 
case we discussed above was one week, which is already more 
restrictive than single-day data. However, users perform rare 
but long-distance trips for a multitude of purposes such as vis-

 
 Figure 2. Distribution of overnight parking options for Germany. Shown are the numbers of cars from different city sizes and their usual 

overnight parking options. The shares were obtained from user answers to the question “Where do you usually park your vehicles over-
night?” from a large scale survey of German vehicle users (infas and DLR 2002) and combined with the official 2011 car registration data 
(KBA 2011).



4. TRAnSpoRT AnD MoBiliTY: HoW To DElivER EnERgY EFFiCiEnCY

	 ECEEE SUMMER STUDY pRoCEEDingS 1055     

4-319-13 gnAnn ET Al

iting relatives or going on vacation. Including such events in 
user-specific simulations is difficult since detailed driving data 
for individual users over longer observation periods is rarely 
available (the data used for Smith et al. (2011) provides a coun-
ter example).

Here we follow a different approach using likelihoods of trip 
lengths drawn from empirically estimated trip length prob-
ability distributions pioneered for electric vehicles by Greene 
(1985). For the present paper, we restate Greene’s methodology 
and compare his results to the analysis performed in the previ-
ous sub section on every-day use of vehicles. 

Greene (1985) studied U.S. gasoline fuelling log-books and 
finding that the trip length distribution of most individuals 
is right-skewed (similar to the trip length distribution of an 
ensemble of data, c.f. (Plötz, Gnann and Wietschel 2012)) as-
sumed a Gamma distribution for each individual in his data 
base (Greene 1985). Finding the optimal parameters of the 
Gamma distribution for each individual of users, Greene ob-
tains a family of Gamma distributions with a different parame-
ter sets. From this family of distributions, Greene estimated the 

probability (at a given confidence interval of 95 %) of finding 
the share of users performing trips longer than a range L within 
a given time interval. The data for Greene’s study is compara-
tively old, but we assume in the following that the basic distri-
bution of trips has not changed but the parameters might have 
slightly changed. In this respect, the basic analysis of Greene 
(1985) is still valid today. The part of Greene’s results relevant 
for comparison to the technical potential discussed above is 
reproduced in Figure 4. Also shown in Figure 4 (solid black 
line) is the cumulative share of users who can perform all their 
trips in one week as a function of the all electric range of the 
assumed vehicle.

We observe from Figure 4 that (according to Greene (1985)) 
approximately 100 kilometres of all electric range should suf-
fice for all trips of 50 % of the users in 90 % of all days (i.e., all 
daily vehicle kilometres travelled). Please note that these state-
ments are direct results from the work of Greene (1985) and 
are only reproduced here for comparison. As such, Greene’s 
results in terms of share of users for which a given range suf-
fices for a share of all days is not directly comparable to our 

 
 

Figure 3. Distribution of electric driving share for potential PHEV users. Shown are the shares of potential PHEV users with different electric 
driving shares if their current vehicle was replaced by a PHEV of 5 kWh (left panel) or 10 kWh (right panel). Full black bars are for charging 
only at home and white bars for the additional effect of charging everywhere (with assumed ubiquitous public charging infrastructure). 

  
 

Figure 4. Required all electric range for rare long-distance trips. Shown is the cumulative share of users that can perform a certain share of 
trips as a function of all electric driving range (dashed lines) for different share of days. Also shown is the cumulative share of users that can 
perform all their trips of one week as a function of the assumed vehicle’s all electric range. 
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share of users with all trips in one week. However, it is clear 
that very long trips are rather rare and that the probability of 
a long trip decreases with the length of the trip. This explains 
the shift of the dashed lines to the right for comprehending 
more days. Put differently, the more extreme the trip length, 
the longer is the required all electric range for such a trip. In 
comparison with the range required for all trips of one week, 
we observe that Greene estimates higher electric driving ranges 
to be required for completing a majority of their daily trips. 
Direct conclusions are difficult from Figure 4. For a real com-
parison and future analysis, a study of the representativeness 
of the individual user’s daily vehicle kilometres travelled in 
one week is required. However, the results in Figure 4 indicate 
that the presence of rare long-distance trips can significantly 
reduce the technical replaceability of conventional vehicles by 
BEVs. This might either be an indicator that users who value a 
vehicle’s ability to perform rare long-distance trips highly will 
prefer a conventional vehicle. But it may also indicate that us-
ers would favour PHEVs since an overall range limitation does 
not apply to them. 

It is important to note that we only studied the technical con-
sequences on the utility of electric vehicles from a user perspec-
tive but did not include any costs of the vehicles or charging 
infrastructure (neither for installation nor for usage). Costs 
can be considered from the perspective of individual users or 
larger user groups such as the society as a whole. Both will be 
discussed in the next section.

economic	Aspects	of	public	charging	points
In the present section the macroeconomic and microeconomic 
aspects of public charging points are analysed.

mACroeConomIC	AspeCTs
In the macroeconomic analysis we compare the additional 
market shares for battery electric vehicles by increasing infra-
structure or battery capacity as indicated with deltas in Fig-
ure 1. Because of the slopes of the curves we can see, that with 
small initial battery capacities it is easier to increase the market 
share with an increase of battery size than with an increase of 
charging infrastructure, while with larger batteries in the be-
ginning, we need a lot of additional battery capacity to increase 
the market share by the same amount as with an increase of 
charging infrastructure. 

Thus the question is where the intersection for the two 
“curves of additional market shares” lies. (These curves are not 
shown this paper, but in (Gnann, Plötz and Wietschel 2012a, 
fig. 3)). By calculating the battery sizes necessary to receive the 
same additional market share and value both options with in-
vestments, it is important to define who has to bear the cost for 
the infrastructure. There is a case where only additional users 
through infrastructure bear the additional investment and we 
can find an intersection for the “curves of additional market 
shares” at an initial battery size of 50 kWh. When we increase 
infrastructure from infrastructure scenario A to B, every addi-
tional BEV-user we receive through the charging infrastructure 
increase would have to bear an investment of 2,500 Euro. These 
users would have to pay the same if they increased their battery 
capacity to 60 kWh. As this initial battery capacity is too high 
for a BEV, we can state that battery capacity would always be 

cheaper in this case. We find the second intersection for this 
case when we increase charging infrastructure from scenario A 
to C. This intersection is at 25 kWh initial battery size and the 
investment per user at 4,000 Euro. An initial battery size of 
25 kWh seems more likely, but is still large for an average user. 

There is also a second case where all BEV-users bear the 
investment for infrastructure. Here both intersections are at 
10 kWh initial battery size. This would mean that if all users 
paid for the infrastructure it would be cheaper than additional 
battery capacity. Now this analysis is based on the assumption 
that every additional user needs one additional charging point. 
This may be possible if all potential users only use this charging 
point for all their charging, which is why we want to dig a little 
more into detail in the following microeconomic analysis. The 
first case seems to be more likely though.

For the macroeconomic part, we can sum up that it would be 
cheaper to invest in additional battery capacity than in charging 
infrastructure if only those users who needed the infrastructure 
paid for it. Based on the assumption that all users bear the in-
vestment for charging infrastructure (here one charging point 
per additional user), this investment would be lower per capita 
than an investment in additional battery capacity.

mICroeConomIC	AspeCTs
As mentioned in the previous section, we assume that users 
of public charging infrastructure have to pay for it (e.g. as a 
supplement), which is why in the microeconomic analysis we 
include the infrastructure cost in the total cost of ownership for 
every user. With a stock model and driving profiles for privately 
and commercially licensed vehicles, we can calculate the TCO-
based diffusion of electric vehicles as shown in Figure 5 where 
eight years of use are considered as an average value.

In Figure  5 we see the number of charging points (here 
equivalent to vehicles as one charging point is assumed for 
every vehicle) for every year from 2012 to 2020. According to 
the common parking indicated in the driving profiles, we de-
termine the cheapest charging option per user. 

We see that charging infrastructure for electric vehicles in 
this analysis is dominated by simple sockets with which almost 
half of the users could cover their demand. The second largest 
group is private wallboxes which sum up to another 25 % of 
charging facilities in 2020, followed by commercial charging 
wallboxes with about 25 % as well. In 2020 only 1 % of all users 
could cover the cost of a public charging facility. Besides, pri-
vately owned vehicles start to diffuse into market from 2013 on, 
while commercial vehicles are cost competitive not until 2017. 
The same holds for private users with public charging points.

We can interpret these results for privately owned cars as fol-
lows: Private users may use simple charging infrastructure if 
they have a garage or parking lot close to their homes. This is 
the case for the majority of all users, as indicated in Figure 2. 
The low additional cost for simple sockets or wallboxes can be 
amortized without a problem, while public charging points are 
expensive and not many users can afford them. If we compare 
the results with all users in Figure 2, we can find that from the 
10 % of car owners who do not have an own parking, only a 
few can afford an electric vehicle and the charging point. For 
further research we will have to determine if this is because of 
their driving behaviour or the high additional cost for charging 
infrastructure.
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than shorter ones, but even the long observation times for the 
commercial driving profiles are insufficient to cover all pos-
sible driving information. Furthermore, we calculate the total 
cost of ownership in the economic analysis and regard them 
as only decision factor for car registration. From a psychologi-
cal point of view this is surely not the only part of a buying 
decision, even if the main barriers to EV-adoption, range and 
charging infrastructure, are covered implicitly and explicitly in 
this analysis (Dütschke et al. 2011). There might still be users 
that want higher ranges, which can also not be covered eco-
nomically by PHEVs. 

Regarding charging infrastructure, it is necessary to repeat 
that we do not consider charging during the day in the micro-
economic analysis. This largely decreases the number of public 
charging facilities compared to other calculations (NPE 2012). 
Including charging infrastructure into the TCO might also ban 
users from e-mobility which have suitable driving profiles but 
lack of a private parking. In general all parameters given in An-
nex A are well chosen and often reflected, but, especially for 
2020, based on assumptions which can be discussed as well.

Based on the calculations and assumptions we conclude that 
public charging infrastructure is not necessary to start mar-
ket diffusion of EVs, but may have psychological influence on 
users. However, this does not justify a large scale built-up of 
public charging points.

references	
Becker, T. A. 2009. “Electric Vehicles in the United States – A 

New Model with Forecasts to 2030”.
Bieberbach, F. 2010. “Ladeinfrastruktur im öffentlichen Raum 

– Planungen der Stadtwerke München” Juni 28, München.
Bruce, I., N. Butcher and C. Fell. 2012. “Lessons and Insights 

from Experience of Electric Vehicles in the Community”. 
In Los Angeles.

Bünger, U. and W. Weindorf. 2011. Well-to-Wheel Ana-
lyse von Elektrofahrzeugen – Studie für das Büro für 
Technikfolgen-Abschätzung beim Deutschen Bundestag 
(TAB) im Rahmen des Innovationsreports “Konzepte der 
Elektromobilität und deren Bedeutung für Wirtschaft, 
Gesellschaft und Umwelt”. München: Ludwig-Bölkow-
Systemtechnik GmbH (LBST).

Concerning commercially licensed vehicles the late market 
entry could be caused by the longer driving profiles we use for 
the analysis. As discussed in (Gnann, Plötz and Kley 2012) 
there is evidence that shorter driving profiles lead to higher 
EV-potentials. Since we do have this detailed information for 
commercial vehicles and we don’t for privately owned ones, 
further research is also necessary for private driving profiles 
containing infrastructure information and longer time hori-
zons to not overestimate the private EV-potential. Having said 
that commercially owned vehicles have a share of 25 % on the 
overall charging points, which is large having in mind that the 
commercial car stock is at about 10 % in Germany.

summary	and	Conclusion	
In the present paper, we analysed technical aspects of future 
public charging infrastructure for electric vehicles. We found 
that high shares of vehicles could either be replaced by BEVs 
or reach high electric driving shares with PHEVs without ad-
ditional public charging infrastructure by using the charging 
options at home only, such as present in many garages already 
today. The additional usage of public charging infrastructure 
increases the vehicles’ utility by a measurable but limited ex-
tend. Rare long-distance trips, e.g. for holidays, which are hard-
ly feasible with electric vehicles can reduce the utility of an EV. 
However, the magnitude of utility reduction as perceived by 
users is not clear and these trips can be performed with PHEVs 
instead of BEVs. 

From an economic point of view, the future charging infra-
structure should be largely dominated by simple charging in-
frastructure options. Almost half of the users could cover their 
demand by charging their EVs by simple sockets at home. Tak-
ing into account the costs for public charging infrastructure, 
only 10 % of the car owners without own parking could cover 
the costs of a public charging facility.

Our analysis is based on several assumptions and cannot be 
taken as a perfect forecast for the future. For the analysis we 
use driving profiles for users and determine the EV-potential 
technically and economically. First of all we do neither consider 
any behavioural change for driving, nor a change of car size 
classes, which might be possible for users. Longer observation 
times for driving profiles do return better information per user 

 
 

Figure 5. Number of charging points from 2012 to 2020. Based on TCO-calculations, results are subdivided into simple sockets, private 
wallboxes, commercial wallboxes and public charging points.



4-319-13 gnAnn ET Al

1058 ECEEE 2013 SUMMER STUDY – RETHinK, REnEW, RESTART

4. TRAnSpoRT AnD MoBiliTY: HoW To DElivER EnERgY EFFiCiEnCY

http://www.emobil-umwelt.de/images/ergebnisbericht/
ifeu_%282011%29_-_UMBReLA_ergebnisbericht.pdf.

infas and DLR. 2002. Mobilität in Deutschland (MiD) 2002. 
Bonn, Berlin: infas Institut für angewandte Sozialwis-
senschaft GmbH, Deutsches Zentrum für Luft- und 
Raumfahrt e. V. (DLR).

infas and DLR. 2008. Mobilität in Deutschland (MiD) 2008. 
Bonn, Berlin: infas Institut für angewandte Sozialwis-
senschaft GmbH, Deutsches Zentrum für Luft- und 
Raumfahrt e. V. (DLR).

IVS and TU Braunschweig. 2002. Kraftfahrzeugverkehr in 
Deutschland 2002 (KiD2002). Braunschweig: IVS Institut 
für Verkehr und Stadtbauwesen, Technische Universität 
Braunschweig.

KBA. 2011. “Kraftfahrt-Bundesamt (KBA): Bestand an Per-
sonenkraftwagen am 1. Januar 2011 nach Bundesländern 
sowie privaten und gewerblichen Haltern absolut”. http://
www.kba.de/cln_030/nn_268956/DE/Statistik/Fahrzeuge/
Bestand/Halter/2011__b__halter__dusl__absolut.html.

Kley, F. 2011. Ladeinfrastrukturen für Elektrofahrzeuge – 
Analyse und Bewertung einer Aufbaustrategie auf Basis 
des Fahrverhaltens. Karlsruhe: Fraunhofer Verlag.

Lemnet. 2012. Internationales Verzeichnis der Stromtankstel-
len. http://www.lemnet.org/LEMnet_Map.asp

MOP. 2010. “Mobilitätspanel Deutschland” 1994–2010. Pro-
jektbearbeitung durch das Institut für Verkehrswesen der 
Universität Karlsruhe (TH). Verteilt durch die Clearing-
stelle Verkehr des DLR-Instituts für Verkehrsforschung: 
www.clearingstelle-verkehr.de.

Next Green Car. 2012. UK Charging points – find your near-
est on-street point. http://www.nextgreencar.com/electric-
cars/charging-points.php

NPE. 2011. Nationale Plattform Elektromobilität (NPE): 
“Zweiter Bericht der Nationalen Plattform Elektromobil-
ität”. Berlin: Gemeinsame Geschäftsstelle Elektromobilität 
der Bundesregierung.

NPE. 2012. Nationale Plattform Elektromobilität (NPE): 
“Fortschrittsbericht der Nationalen Plattform Elektromo-
bilität (Dritter Bericht)”. Berlin: Gemeinsame Geschäftss-
telle Elektromobilität der Bundesregierung.

Plötz, P., Gnann, T., and M. Wietschel. 2012. “Total Owner-
ship Cost Projection for the German Electric Vehicle Mar-
ket with Implications for its Future Power and Electricity 
Demand”. In Proceedings of Enerday 2012. Dresden.

Smith, R., Morison, M., Capelle, D., Christie, C., Blair, D. 
2011a. GPS-based optimization of plug-in hybrid electric 
vehicles’ power demands in a cold weather city, Trans-
portation Research Part D: Transport and Environment, 
Volume 16, Issue 8, Pages 614–618.

SMMT (Society of Motor Manufacturers and Traders). 
2011. Motor Industry Facts 2011. https://www.smmt.
co.uk/2011/04/motor-industry-facts-2011/

SMMT 2012. Registration – EVs and AFVs, November 
2012 – EV and AFV registrations. http://www.smmt.
co.uk/2012/12/november-2012-%E2%80%93-ev-and-afv-
registrations/ 

Tate, E.D., Michael O. Harpster and Peter J. Savagian. 2008. 
“The Electrification of the Automobile: From Convention-
al Hybrid, to Plug-in Hybrids, to Extended-Range Electric 

Car Sales Statistics. 2012. 2012 Germany: Electric and 
Hybrid Car Sales. http://www.best-selling-cars.com/
germany/2012-germany-electric-and-hybrid-car-sales/

Dimitropoulos, A., Rietveld, P., van Ommeren, J. N. 2011. 
Consumer Valuation of Driving Range: A Meta-Analysis. 
Tinbergen Institute Discussion Paper. TI 2011-133/3.

DOE (Department of Energy). 2012a. Alternative Fuels Data 
Center. Electric Vehicle Charging Station Locations. 
http://www.afdc.energy.gov/fuels/electricity_locations.
html 

DOE (Department of Energy). 2012b. Alternative Fuels Data 
Center. Alternative Fueling Station Counts by State. http://
www.afdc.energy.gov/fuels/stations_counts.html 

Dütschke, E., U. Schneider, A. Sauer, M. Wietschel, J. 
Hoffmann and S. Domke. 2011. Roadmap zur Kunde-
nakzeptanz – Zentrale Ergebnisse der sozialwissen-
schaftlichen Begleitforschung in den Modellregionen. 
Berlin: Fraunhofer ISI, Bundesministerium für Verkehr, 
Bau und Stadtentwicklung (BMVBS).

Ecotality and Idaho National Lab. 2012. The EV Project Q1 
2012 Report.

Eurostat, 2011, Energy, transport and environment indicators. 
Luxembourg: Publications Office of the European Union. 

EUROPIA (European Petroleum Industry Association). 2011. 
Annual report 2011. 5 – Statistics. http://www.europia.
com/content/default.asp?PageID=398

EVIX (Electric Vehicle Information Exchange) 2012. Electric 
Vehicle Survey Panel – A National Study of Consumer 
Attitudes Toward & Usage of EVs. https://evix.com/files/
EVIX%20Survey%20Panel%20-%20Topline%20Re-
port%20November%202012.pdf

Fraunhofer ISI. 2010. “Referenzmodell für Elektrofahrzeuge 
und Beladeinfrastruktur”.

Fraunhofer ISI. 2012. REM2030 Driving Profiles Database 
V2012. Karlsruhe: Fraunhofer Institute of Systems and 
Innovation Research ISI.

Gnann, T., P. Plötz and F. Kley. 2012. “Vehicle charging 
infrastructure demand for the introduction of plug-in 
electric vehicles in Germany and the US”. Electric Vehicle 
Symposium 26 (EVS 26). Los Angeles.

Gnann, T., P. Plötz and M. Wietschel. 2012a. “Range limits 
of electric vehicles: Invest in charging infrastructure or 
buy larger batteries: A techno-economic comparison”. In 
Proceedings of Enerday 2012. Dresden.

—. 2012b. “Brauchen wir öffentliche Ladesäulen für Elektro-
mobilität?” ATZagenda – Mobilität von morgen: Ideen 
und Konzepte (2012-07) (November 9).

Gnann, T., P. Plötz, F. Zischler and M. Wietschel. 2012. 
Elektromobilität im Personenwirtschaftsverkehr – eine 
Potenzialanalyse. Working Paper. Sustainability and In-
novation. Karlsruhe: Fraunhofer ISI.

Greene, D.L. 1985. Estimating daily vehicle usage distribu-
tions and the implications for limited-range vehicles, 
Transportation Research Part B: Methodological, Volume 
19, Issue 4, Pages 347–358.

Helms, H., J. Jöhrens, J. Hanusch, U. Höpfner, U. Lambrecht 
and M. Pehnt. 2011. UMBReLA Umweltbilanzen Ele-
ktromobilität. Ergebnisbericht. Heidelberg: ifeu – Institut 
für Energie- und Umweltforschung Heidelberg GmbH. 



4. TRAnSpoRT AnD MoBiliTY: HoW To DElivER EnERgY EFFiCiEnCY

	 ECEEE SUMMER STUDY pRoCEEDingS 1059     

4-319-13 gnAnn ET Al

Braunschweig, IVT Institut für angewandte Verke-
hrs- und Tourismusforschung e. V., Heilbronn, DLR 
Deutsches Zentrum für Luft- und Raumfahrt – Insti-
tut für Verkehrsforschung, Berlin, KBA Kraftfahrt-
Bundesamt, Flensburg. http://www.kid2010.de/de/
page&id=5&navid=305.

Acknowledgements	
The authors are grateful to Martin Wietschel and Fabian Kley 
for many illuminating discussions.

Vehicles”. http://media.gm.com/content/dam/Media/mi-
crosites/product/volt/docs/paper.pdf.

Thielmann, A.; Sauer, A.; Isenmann, R.; Wietschel, M. 2012. 
Technologie-Roadmap Energiespeicher für die Elektro-
mobilität 2030; Karlsruhe: Fraunhofer ISI.

Wietschel, M., F. Kley and D. Dallinger. 2009. “Eine Bewer-
tung der Ladeinfrastruktur”. ZfAW Zeitschrift für die 
Wertschöpfungskette Automobilwirtschaft 3: S. 33–41.

WVI, IVT, DLR and KBA. 2010. Kraftfahrzeugverkehr in 
Deutschland 2010 (KiD2010). WVI Prof. Dr. Wermuth 
Verkehrsforschung and Infrastrukturplanung GmbH, 

Annex	A	–	Input	parameters
All parameters are based on (Fraunhofer ISI 2010; Helms et al. 2011; Bünger and Weindorf 2011, S. 87–100; Kley 2011).

Table	A.1.	Technical	parameters	2012.

Table	A.2.	net	investment	2012.

Table	A.3.	net	cost	for	operation	and	maintenance	2012.

Parameter Car size Gasoline Diesel PHEV BEV 
Conventional energy consumption [l/100 km] Small 6.1 4.8 6.5 - 

Medium 7.6 6.0 8.0 - 
Large 10.2 7.6 10.7 - 
LDV 15.1 11.3 16.1 - 

Electric energy consumption [kWh/100 km] Small - - 21.3 19.1 
medium - - 22.9 23.3 
Large - - 28.0 25.1 
LDV - - 42.0 37.6 

Battery capacity [kWh] Small - - 6 15 
medium - - 10 20 
Large - - 14 40 
LDV - - 14 40 

 

Parameter Car size Gasoline Diesel PHEV BEV 
Net investment for vehicle w/o battery [€] Small 8,563 10,092 9,575 7,955 

Medium 19,560 21,560 21,529 18,391 
Large 27,475 29,060 30,877 28,362 
LDV 28,640 29,500 32,842 28,467 

 

Parameter Car size ICEV Diesel PHEV BEV 
Operation and maintenance [€/km] Small 0.025 0.022 0.025 0.013 

Medium 0.025 0.023 0.025 0.014 
Large 0.025 0.023 0.025 0.015 
LDV 0.122 0.120 0.122 0.103 

Vehicle tax [€/a] Small 24 114 24 23 
Medium 114 242 114 30 
Large 248 428 248 36 
LDV 132 132 132 36 
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Table	A.4.	Technical	parameters	2020.

Table	A.5.	net	investment	2020.

Table	A.6.	net	cost	for	operation	and	maintenance	2020.

Table	A.7.	vehicle	independent	technical	and	economic	parameters.

Table	A.8.	Charging	Infrastructure	Cost.

Parameter Car size Gasoline Diesel PHEV BEV 
Conventional energy consumption [l/100 km] Small 5.4 4.3 5.8 - 

Medium 6.5 5.3 7.0 - 
Large 8.5 6.6 9.3 - 
LDV 12.6 9.6 13.8 - 

Electric energy consumption [kWh/100 km] Small - - 18.8 17.2 
Medium - - 20.2 21.1 
Large - - 24.7 24.2 
LDV - - 37.0 34.3 

Battery capacity [kWh] Small - - 6 15 
Medium - - 10 20 
Large - - 14 40 
LDV - - 14 40 

 

Parameter Car size Gasoline Diesel PHEV BEV 
Net investment for vehicle w/o battery [€] Small 8,563 10,092 9,575 7,955 

Medium 19,560 21,560 21,529 18,391 
Large 27,475 29,060 30,877 28,362 
LDV 28,640 29,500 32,842 28,467 

 

Parameter Car size ICEV Diesel PHEV BEV 
Operation and maintenance [€/km] Small 0.025 0.022 0.025 0.013 

Medium 0.025 0.023 0.025 0.014 
Large 0.025 0.023 0.025 0.015 
LDV 0.122 0.120 0.122 0.103 

Vehicle tax [€/a] Small 24 114 24 7 
Medium 114 242 114 8 
Large 248 428 248 10 
LDV 132 132 132 10 

 

Parameter 2012 2020 
Depth of Discharge (DoD) 75% 75% 
Battery price BEV w/o VAT [€/kWh] 590 250 
Battery price PHEV w/o VAT [€/kWh] 670 290 
Electricity price w/o VAT [€/kWh] 0.20 0.20 
Gasoline price w/o VAT [€/l] 1.34 1.71 
Diesel price w/o VAT [€/l] 1.26 1.60 
Pay back period battery [a] 4 4 
Pay back period vehicle [a] 4 4 
Pay back period charging infrastructure [a] 4 4 
Interest rate for battery investment 3% 3% 
Interest rate for vehicle investment 3% 3% 
Interest rate for charging infrastructure investment 3% 3% 

 

Type of Charging Infrastructure Simple socket Private Wallbox Commercial Wallbox Public Charging Point 
Investment (I!") [€] 250 500 500 3775 
Operating cost (k!") [€/a] 7.5 31.5 31.5 430 

 


