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Abstract—Although in the last years many models of Battery
Electric Vehicles (BEV) were launched into the market, electric
mobility in the car sector is still no mass market. Beside other
reasons one problem is the small range of BEVs. To overcome
this fear of customers a sufficiently sized public charging infras-
tructure is necessary. Unfortunately, operating charging stations
is not profitable at the moment because of the small number of
existing BEVs and the high investment costs. This problem is
called the ”’chicken-egg-problem” of electric mobility. An often
mentioned sector which could guarantee at least a basic utilization
of charging stations to a public charging infrastructure provider
is the electric free-floating carsharing. In this paper booking data
of BEVs in a free-floating carsharing fleet is evaluated to analyze
to which extent free-floating carsharing BEVs are relevant for
the utilization of public charging stations. Furthermore charging
behavior of different user groups charging a BEV of a free-
floating carsharing fleet is analyzed. Also areas are identified
which are preferred for the installation of public charging stations
based on electric free-floating carsharing. Due to these results
the requirements on a public charging infrastructure in terms
of size, type and layout are identified from the perspective of a
free-floating carsharing provider as well as from the perspective
of a public charging infrastructure provider.

I. INTRODUCTION

In the last years Battery Electric Vehicles (BEV) came
more and more to the focus of the general public. Also many
countries set up programs to promote electric mobility. For
example, the Federal Government of Germany set up a re-
search program “Modellregionen Elektromobilitidt” to identify
existing barriers for the diffusion of BEVs [2].

One reason why many countries promote electric mobility is
that BEVs are locally emission free. This fact is especially
important for megacities with a lot of car traffic. These cities
have serious problems with air pollution partly caused by
traditional Internal Combustion Engine Vehicles (ICEVs). To
make living in these cities more comfortable the shift from
ICEVs to BEVs is preferable. But also in Germany there are
ecological problems, especially when it comes to particular
matter pollution (PM 10 and PM 2.5). As BEVs are also more
quiet than ICEVs, when driving with lower speed, living in
cities could become more comfortable. Another reason in favor
of BEVs is the fact that the stock of worldwide crude oil
is finite. To diminish the dependency on oil, it is necessary
to substitute ICEVs by vehicles with alternative powertrains.
This makes only sense when the electricity is generated by
renewable energies. The higher the share of renewable energies

of the total energy mix is, the better is also the overall
ecological advantage of BEVs.

But there are also some disadvantages of BEVs compared to
ICEVs. Firstly, BEVs are more expensive than ICEVs. For
example, the electric VW Golf costs about 16 % more than
the comparable conventional VW Golf because of the high
cost of the used lithium ion battery [10]. The battery is also a
problem considering range and charging. Whereas ICEVs are
able to drive up to a thousand kilometer without refueling, most
of the BEVs have to be recharged after at most two hundred
kilometers. This leads to “range anxiety” of potential buyers
of electric cars. Additionally, the refueling takes at most ten
minutes whereas the charging takes from 30 minutes up to 8
hours depending on the type of charging.

One often mentioned solution to reduce the range anxiety
is to built up a sufficiently sized charging infrastructure.
The European Union suggests a proportion of 10 BEVs per
charging point [5]. The main reason why the installation of
more charging station is proceeding slowly, is that there exist
no profitable business model for the operation of most of the
public charging stations at the moment [4]. The chief cause
for this issue are the few existing BEVs in Germany and, as a
consequence, the low degree of capacity utilization of existing
charging stations. This problem is also called the chicken-
egg-problem” of the charging infrastructure [14]. To solve this
problem charging infrastructure providers would need at least
a guaranteed basic utilization to limit losses at the beginning.
In bigger cities carsharing could fill this gap.

The overall idea behind carsharing is that you don’t own the
car, you just use it. There exist different types like station-
based or free-floating carsharing for example. At the station-
based approach a user rents a car at one station and has
to return it at this station when he finishes his trip. On the
other hand free-floating carsharing enables users to conduct
one-way trips. The only restriction is that you have to end
your trip inside the operating area which is defined by the
service operator. Both types are seen as potential drivers of
the electrification of the automobile sector [14] as a high share
of the new cars in the business are expected to be BEVs [9].
Additionally carsharing will grow further in the future [8].
There are different reasons why carsharing is more likely to
have a high share of BEVs in their fleet. Firstly, many trips
done by carsharing are short enough to be satisfied by the
range constraints of BEVs. According to a study about a
stations-based carsharing in Vienna about two thirds of all
trips could be made by BEVs [11]. Also a survey of carsharing



users proves this argument for free-floating carsharing where
about 80% evaluated the range generally as positive [17].
Secondly, BEVs in carsharing are also a marketing possibility
for automobile manufacturer. So users are able to test BEVs
in practice before buying them. Furthermore BEVs are more
present in the public especially at free-floating carsharing ( [3],
[13D.

As explained carsharing could be a potential driver of electric
mobility. The focus of this paper is to analyze the impact of
carsharing on the public charging infrastructure and vice versa.
Station-based carsharing has almost no impact on the public
charging infrastructure as the cars can be charged at non-public
charging points at the different stations (see [11]). So only free-
floating carsharing is considered in the following.

BEVs are already part of different free-floating carsharing
fleets. Car2go, a company of the Daimler AG and Europcar,
operates only with BEVs in Stuttgart, San Diego and Ams-
terdam. It also exist an electric free-floating carsharing called
Multicity in Berlin. Furthermore BEVs are also part of the
fleet of DriveNow, the free-floating carsharing company of
BMW and Sixt, in Berlin and Munich. Unfortunately, BEVs
are probably more cost intensive for service providers [6].
One reason is that conventional cars are refueled by users
in general. In return they get a reward in bonus minutes.
This is only possible as refueling takes normally less than
ten minutes at a petrol station. Compared to that recharging at
charging stations takes from 20 minutes to 4 hours depending
on the type of charging [1], so recharging during the trip is not
feasible for the most use-cases. Consequently, either a service
assistant has to drive a BEV to a public or private charging
station to recharge or an user ends his trip at a public charging
station. Of course, the user would only end his trip at the
charging station if his original destination is near that point.
So the denser the charging infrastructure is, the less service
costs occur for the free-floating carsharing operator.

On the other hand, if there exist many charging stations in
a city, free-floating carsharing can be an important business
group for charging station operators. These BEVs have a high
daily mileage and are highly dependent on the public charging
infrastructure. This is a big difference to private early adopters
of BEVs who, in general, have the possibility to charge at
home [19] and therefore don’t often charge at public charging
stations [18]. So charging station providers could expect a
basic utilization for their stations depending on the number
of electric free-floating BEVs in the city.

In this paper booking data of BEVs of a freefloating carsharing
system is analyzed to answer the following research questions
relevant for the carsharing as well as the charging infrastructure
provider: How many public charging events are generated
per charsharing vehicle per day? How long block carsharing
vehicles the charging point? How often has to charge a service
assistant an BEV based on an existing charging infrastructure?
Which charging stations are preferred?

In the next section the data set on which the analysis is based is
introduced. In section III data analysis based on the data set is
conducted. Afterwards consequences based on the evaluated
results are drawn from the point of view of a free-floating
carsharing as well as of a charging infrastructure provider.

TABLE 1. AVAILABLE INFORMATION BOOKING DATA
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At the end a conclusion is drawn how to bring the different
perspectives together.

II. CARSHARING BOOKING DATA

This section describes the raw data used to investigate the
charging behavior of BEVs of a free-floating carsharing fleet
in Munich. Furthermore also data problems are mentioned and
how these affect the following analysis.

The analyzed carsharing booking data was made available by a
free-floating carsharing provider. The data is based on booking
events of BEVs in the city of Munich from January 2014 to
December 2014. 20 BEVs are part of the fleet. Depending
on personal driving style as well as on other factors the used
BEVs have a range up to 160 km.

For each booking event there are different information avail-
able (see table I). Based on these information it is possible
to identify charging events. Normally, a charging event can
be detected when the charging state of a BEV rises between
two booking events (chi, > chi,'). Furthermore the charging
event can be assigned easily to public charging stations based
on the longitude and latitude information (lon?,, lat’,, loni,*
and lat’1). Also the parking time at the charging station can
be analyzed using t° ! and ¢, as well as the user group (Cus-
tomer or service assistant) using u’~! . Unfortunately, because
of data errors and data inconsistency not every charging event
could be identified on such a high level of detail. Especially,
when service assistants recharge, problems occasionally occur.
The main reason for this issue is that some trips of service
assistants were not correctly recorded. For example, it can be
observed that the charging state rises during a booking event
(chi, < chl,). This means that is not possible to determine
the correct the starting time of the charging event. Also the
starting point of a trip differing from the end point of the
former trip causes difficulties analyzing these charging events
correctly. Then it is not possible to determine the correct
charging stations as well as the parking duration in the most
cases. Another data error happens when users drive until the
battery is empty and they can’t drive any further. Then this
BEV has to be charged by a mobile charging vehicle. This
event is hard to identify and could lead to misinterpretation of
the results.

III. EVALUATION

This section presents the results of analyzing the data de-
scribed above. The evaluation is divided into three subsections.
At first an overall booking analysis is conducted over the whole
analysis period, followed by a more detailed investigation
over time like changing charging behavior over day or month.
Afterwards the spatial distribution of the charging events over



Munich is described as well as the potential correlation be-
tween charging station coverage and service assistant charging.

A. Overall booking Analysis

During the period January to December 2015 the booking
data of 20 BEVs were analyzed. An overview of the total
charging events is given in table II. Altogether 4773 charging
occurrences could be detected. From these it was not possible
to identify 316 occurrences because of the mentioned data
errors. As the share of the unidentified charging operation
is small (only about 6.6%), it is expected that the remaining
charging events can represent the charging behavior of BEVs
in free-floating carsharing systems. So the unidentified ones
were omitted.

About 45% of the identified charging occurrences were initial-
ized by customers of the free-floating system who ended their
trip at a charging station. The others were executed by service
assistants of the carsharing provider. This is a comparatively
high share of charging events. A potential reason for this issue
is examined in more detail in subsection IV-A.

From the other charging events 3374 could be detected per-
fectly. Based on these, the charging stations were occupied
for 1.503.482 minutes. Consequently, the BEVs occupy the
charging stations for about 446 minutes per charging event.
The distribution of the duration of the occupying times is given
in figure 2. It can be seen that most of the allocations last less
than 10 hours. At the figure two peaks can be identified. The
first one are duration of about one hour, so BEVs are moved
quickly after the start of the charging. The second one lies
between about 5 and 6 hours, this is about the time how long
it takes to recharge completely the deployed vehicles from
a low charging state. These observations are supported by
analyzing the increase of the battery level per charging event.
There the first peak was at about 10% increase of battery level,
the second one at about 90% (see figure 1). So BEVs are
mainly recharged for only a short time or these are recharged
almost completely. These two peaks are analyzed in more
detail based on the two different groups charging a BEV. Only
18% of the charging events lasting less than 2 hours were
executed by service assistants compared to 58% when only
considering charging events with a duration between 5 and 7
hours. Probably the main reason lies in the fact that BEVs,
recharged by a service assistant, are blocked by the service
operator. This is to avoid usage of BEVs with a low current
range by users which would cause a new recharging instruction
for a service assistant.

The time of the charging start ¢y as well as the charging
state at the begin of charging chg; could not be generated
for 1083 occurrences because of mentioned data inconsistency
(see subsection II). It can be observed that most of these
charging events were executed by service assistants. So when
differences between service and users are examined only based
on the perfectly identified operations, this issue should be kept
in mind.

TABLE II. OVERVIEW TOTAL CHARGING EVENTS BASED ON BOOKING
DATA

Battery electric vehicles 20
Overall identified charging events 4773
Perfectly identified charging events 3374
Partly identified charging events 1083
Unidentified charging events 316
Customer charging events 1994
Service assistant charging events 2463

Total occupying time (in minutes) 1.503.482
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Fig. 1. Bar plot of the distribution of the increase in battery level per charging
event

B. Temporal booking Analysis

In this subsection the carsharing events are examined
about changes over time. Appear differences of the charging
behavior over one day? Can be a different amount of charging
events detected in different seasons?

In figure 3 the distribution of the charging starts over one
day is depicted. These diurnal curves are created by splitting
each day into 24 one-hour parts and counting the number of
charging events that started in the different time intervals.
Additionally it is distinguished between users and service
assistants. It can be seen that during the day the charging
starts are almost evenly distributed except of the nightly hours
from 0 am to 5 a.m where less charging events begin. This
observation is preferably for a charging infrastructure provider
as it would ensure a high degree of capacity utilization over
the day. When you look at the typical charging starts of the
two different groups, then differences can be observed. The
high share of charging starts in the morning hours almost
only result from the service assistants beginning a charging
event. Probably the reason for this is that the service assistants
start their work in the morning. Then their first task is to
recharge BEVs which only have a low charging status. As
mentioned in subsection II most of the only partly identified
carsharing events were executed by service assistants. So
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probably even more charging occurences happened during
the morning hours. On the other hand carsharing users
mostly charge in the evening hours. This agrees with the
typical diurnal usage distribution of carsharing users overall.
There for workdays as well as for weekends a high afternoon
peak can be seen between 5 p.m. and 8 p.m. [16] (see figure 4).

Beside analyzing the charging behavior over time during
one day, it can also be analyzed per month to identify changes
during the year. The whole research period is examined by
calculating the number of charging events per car and day
for each month. The result is depicted in figure 5. In July
a BEV was recharged slightly more than 0.7 times per day
whereas in January less than 0.6 charging events per BEV
and day occurred. All in all there are no major shifts of

time interval

Bar plot of the distribution of charging starts over one day in one-hour intervals

charging events per car and day over the year. The minor
differences can have several reasons. July was the hottest
month in 2014, so users could have turned on the air condition
more often compared to other months which decreases the
range of a BEV. Whereas in December where you would
expect that more charging events occur because users turn on
the heater, the lowest number were derived. Another reason for
the differences could be a development in overall utilization
of the carsharing system. If the BEVs are used more often
then, of course, these have to be charged more often. Also
service times of BEVs could have an impact. When two or
three BEVs have to be repaired or checked for more days it
also has an effect on the number charging events per car and
day. Altogether no obvious differences could be detected of
charging behavior over the year.
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C. Spatial booking Analysis

This subsection deals with the spatial distribution of the
identified charging events. The evaluation is only based on
the perfectly identified charging events (see subsection II).

time interval

Diurnal usage curves of workdays (purple) and weekends (black) - from [16]

Figure 6 shows the number of charging processes occurring
at different public and private charging spots. Each dot in the
figure symbolizes a charging station/point. Additionally, these
are also differentiated in color. Black marked dots indicate
public charging stations which are suggested to users by the
service provider. For example, these are shown in the on-
board unit of the BEV or at the general map view of their
homepage. Green marked dots illustrate other public charging
stations where charging events occurred. Finally, blue dots
symbolize private charging points of the carsharing provider
where only service staff is allowed to charge the BEVs. The
colored background grid represents the spatial distribution of
carsharing bookings (end of trips) of all carsharing cars in
Munich. Green colored cells indicated few observed booking
endings whereas the more red a cell is the more bookings
ended in this zone. This figure only shows the number of
charging events inside of the operation area of Munich. In
addition most of the charging occurrences (in total 660) were
identified at the airport where it is also possible to return a
BEV. All of these except of one were executed by service
assistants mainly because this charging station is not suggested
to the user by the carsharing provider.

Firstly, it can be seen that most of the charging events were
executed at public charging stations. Only 2.5 % occurred at
private charging stations of the carsharing provider. So the
BEVs of the carsharing fleet result in a sufficiently higher
usage utilization of the public charging infrastructure as users
(98 %) as well as service assistants (70 %) prefer to charge
there.

Secondly, charging stations at which nearby comparatively
many general bookings ended, seem to be more used for
carsharing charging events. This observation is analyzed in



Fig. 6. Number of charging events occurring at different charging stations in
Munich; black dots indicate suggested public charging stations by the service
provider to the users; blue dots indicate other public charging stations; green
dots indicate private charging stations used only by service assistants

more detail.

As service assistants get instructions by the service provider
the location of charging events depend mainly on management
decisions and therefore don’t depend directly on general book-
ing endings. So charging events as well as booking endings
executed by service assistants are omitted for the analysis.

It is assumed that users only charges the BEV when their
original destination is near a public charging station. Studies
about perfect distances between public transport stations found
out that people are willing to walk about 500 meters to the
next section without any problem. So the number of booking
endings inside of a circle with 500 m radius were calculated
for every charging stations. Afterwards a correlation coefficient
of 0.65 could be derived. So the number of general bookings
near a public charging station is positive correlated with the
number of observed charging occurrences.

IV. INTERPRETATION

The goal of this section is to interpret the evaluated obser-
vations of the last section. Two different views are considered.
On the one hand the view of a carsharing provider and on the
other hand the view of a charging infrastructure provider. Both
have deviant opinions on the outlay and capacity utilization of
a perfect charging infrastructure.

A. Free-floating carsharing provider

On the one hand BEVs cause less costs compared to
conventional cars when you only look at fuel costs. In general
costs per 100 kilometer are about 2-4 € less for BEVs in
comparison to a similar conventional car [15]. On the other
hand there are higher operating costs of BEVs in free-floating
carsharing fleets. About one in two charging events has to
be executed by service assistants (see subsection III-A). In

[20] hourly wages for service assistants were estimated with
15 € per hour. In combination with the about 0.65 daily
charging times (see subsection 6) and about 55% service
assistant charging possibility (see subsection III-A) this leads
to approximate additional 5.36 € operating costs per day per
BEV. In contrast these costs don’t occur for conventional cars
operating in free-floating carsharing fleets as the refueling is
mainly conducted by the users.

Consequently, the goal of a carsharing provider is to decrease
these additional operation costs. If BEVs would have a higher
range the duration between charging events would be higher.
So these costs depend also on future development of battery
capacity of a BEV. Another important factor of these costs
is the share of charging events conducted by users. As users
only end their trip at a charging station when their destination
is nearby, a high concentration of public charging stations
inside the operation area would increase this share.

The current coverage of circles with 500 m radius around
public charging stations (see figure 7) is about 13% of
the operating area. The share booking endings inside this
coverage is about 19%. As it can be seen there is a significant
difference between users who charge a BEV (45%) and users
ending there trip near a charging station (19%). So users
execute more often a charging event as you would expect it.
One reason could be that you also get 20 bonus minutes if
you recharge the BEV when the remaining range is smaller
than 30 km. With this incentive a user could be encouraged
to make an even longer detour from his original destination.
When you enlarge the radius around public carsharing stations
to 800 m, about 32% of all booking endings lie inside the
operation area. This doesn’t explain the whole deviations
between share of charging events executed by users and
share of booking endings near public charging stations.
Additionally, you have to keep in mind that users have
more than one possibility to recharge the BEV. If there are
4 bookings between two charging events, there are also 4
possibilities for users to have a destination near a charging
stations. If you assume that these 4 bookings are independent
from each other the possibility that at least one destination
is in 500 m radius around a public charging station is 55%.
These two reasons can be an explanation why a poor coverage
of charging stations lead to a comparatively high share of user
charging occurrences. But to make BEVs in carsharing fleets
more profitable a highly deployed charging infrastructure is
necessary.

Another problem of BEVs in free-floating carsharing fleets
are the potential opportunity costs during a charging process.
It takes about 200 minutes (see subsection III-A) per charging
event compared to only about five minutes for a conventional
car. In this time the BEV can’t gain new sales for the
carsharing provider. So a fast charging infrastructure would
be preferred by a carsharing provider.

To sum up for a carsharing provider a highly concentrated fast
charging infrastructure would be perfect to make BEVs more
competitive to conventional cars in free-floating carsharing
fleets. Probably at least a minimum requirement of a charging
infrastructure should exist in a city, to be a possibility for
operating an electric free-floating carsharing. If this is not the



Fig. 7. Assumed catchment area of each charging station inside the operation
area - radius of catchment area: 500 m

case only conventional free-floating carsharing will be offered.

B. Charging infrastructure provider

The charging infrastructure provider also wants to be prof-
itable by operating the public charging infrastructure. So the
utilization of the charging infrastructure has to be as high as
possible. As seen in subsection III-A a BEV of a free-floating
carsharing fleet is charged sufficiently more often at a public
charging point compared to a private user with the possibility
to charge at home (0.65 charges/day (see subsection III-B)
compared to 0.03 charges/day (see [12])). Private users with
home charging possibility are to be expected to be one of the
first groups who adopt BEVs [7]. So free-floating carsharing is
of high interest for charging infrastructure providers especially
at the beginning of the electric mobility. In this time the
“chicken-egg-problem” is given and with a known number
of free-floating carsharing BEVs, the charging infrastructure
provider at least could plan with a certain basic utilization for
his operated charging stations.

A problem which occurs for the charging infrastructure
provider is the evening peak of the charging event starts by
users. If more charging infrastructure is set up by the provider
more users will have the possibility to end their trip at a
charging station. So less service assistants will charge in the
morning hours where only few charging events were conducted
by users. This leads to a smaller overall utilization of the
charging infrastructure.

To sum up, a charging infrastructure provider prefers to built

up enough charging stations to meet the demand of the free-
floating fleet. Especially areas which have a high booking ratio
by users are interesting as sites for a charging station.

V. CONCLUSION

There are congruent as well as deviant goals regarding the
set up of a public charging infrastructure between a carsharing
and a charging infrastructure provider. For both their own
business goals are in the foreground but they also supplement
each other to reach these. To support BEVs both providers
should negotiate with each other about the size, the type and
the layout of the charging infrastructure.

The biggest deviation is the question about the amount of
charging stations needed. The carsharing provider prefers a
highly dense charging infrastructure inside the operation area
to enable as many users as possible to end their trip at a
charging station. Whereas the charging infrastructure provider
needs a sufficient high utilization of his charging stations to cut
losses at the beginning of the electric mobility. The key issue
is the question how much basic utilization should free-floating
carsharing contribute to overall utilization of the charging
infrastructure. If this point is negotiated successfully between
the two, the charging infrastructure provider could built up the
amount of charging station which correspond to the planned
number of BEVs operating in the city in the future. When
negotiating this issue the carsharing provider should keep in
mind the preferred charging start time of charsharing users
(see subsection III-B). For example if a basic utilization of 2
charging events per public charging point should be reached,
this is no problem if you just look at the typical charging
duration. But if you want that both charging events should
be executed by users these users also have to find a free
public charging spot. As most of the users start charging in
the evening hours, users often won’t be able to charge even
if they have the intention to do that. Especially when you
incorporate private users charging on public charging spots
in the evening hours. This leads to a higher share of service
assistants executing public charging events. On the other hand
this issued is preferred by a charging infrastructure provider
as this would lead to well-balanced utilization of the charging
stations of the day.

The type of charging stations highly depends on the weighting
of the goal to built up a dense charging infrastructure on
versus the goal to built up fast charging stations. When a
basic utilization is negotiated with the charging infrastructure
provider, more daily charging events for fast charging stations
are needed compared to normal charging stations as fast charg-
ing stations are more expensive than normal charging stations.
So if you built up a fast charging station then less other
charging stations are needed by the charging infrastructure
provider to ensure the negotiated basic utilization. So the
grid of charging stations would be less dense. Which goal is
preferred by the free-floating provider depends on the expected
share of service assistants charging (see subsection III-A), the
typical duration of a charging event (see subsection III-B) and
on the difference of pricing charging events depending on the
type of charging by the charging infrastructure provider.



A consensus is given about the question of the layout of the
public charging infrastructure. The charging stations should
be built up in free-floating carsharing booking hot spots. This
leads to a higher possibility that a charging event is executed
by a user which is the wanted by carsharing providers.

To sum up the results of the analysis of the booking data, it can
be seen that the free-floating carsharing would contribute to the
utilization of a public charging infrastructure. Nevertheless, a
free-floating carsharing provider at least needs a sufficiently
dense charging infrastructure to run the operation profitable.
To reach this goal he should negotiate with the local charging
infrastructure provider about the installation of more public
charging stations. In return he can promise a basic utilization to
the charging infrastructure provider depending on the number
a BEVs operating in the free-floating carsharing fleet.

VI. ACKNOWLEDGMENTS

The authors want to thank the Federal Ministry of Transport
and Digital Infrastructure of Germany, which funds the project
”E-Plan Miinchen”. This is a sub-project of the ”Schaufenster
Bayern-Sachsen ELEKTROMOBILITAT VERBINDET”.

REFERENCES

[1] BMVIL  Offentliche Ladeinfrastruktur fiir Stidte, Kommunen und
Versorger, 2014.

[2] Bundesregierung Deutschland.  Auszug aus dem Bericht an den
Haushaltausschuss Konjekturpaket II, Ziffer 9 Fokus Elektromobilitit.
Report, 2009.

[3] Elisabeth Diitschke, Uta Schneider, and Anja Peters. Who will use
electric vehicles? Working Paper Sustainability and Innovation, 2013.
No. S 6/2013.

[4] Nationale Plattforum Elektromobilitit. Fortschrittsbericht 2014 - Bilanz
der Marktvorbereitung, 2014.

[5] European Union. Richtlinie des Europdischen Parlaments und des Rates
liber den Aufbau der Infrastruktur fiir alternative Kraftstoffe, 2014.

[6] G. Fournier, F. Lindenlauf, M. Baumann, R. Seign, and M. Weil.
Radikale Innovationen in der Moblitdit, chapter Carsharing with Electric
Vehicles and Vehilce-to-Grid: a future business model? Springer, 2014.

[7]1 Fraunhofer ISI. Kaufpotenzial fiir Elektrofahrzeuge bei sogenannten
”’Early Adoptern”’, Juni 2012.

[8] Frost& Sullivan. A Stratgic Insight Into Carsharing Market Develop-
ments and Dynamics. Presentation IAA, 2011.

[9] Frost& Sullivan. Growing Carsharing Services Key to Ftuture of Urban
Mobility in Europe. Presentation, 2012.

[10] Tom Griiweg. VW e-Golf im Test: Ein Star wird leise, 2014.
http://www.spiegel.de/auto/fahrberichte/vw-e-golf-ein-volkswagen-
teuer-wie-der-konkurrent-bmw-i3-a-958005.html.

[11] Thomas Kreitmayer, Stefan Ubermasser, and Matthias Stifter. Mach-
barkeit von “Electric Car Sharing” mittels batterieelektrischer Autos. In
8. Internationale Energiewirtschaftstagung an der TU Wien, 2013.

[12] J.E. Krems, L. Barthold, P. Cocron, B. Dielmann, T. Franke, M. Hen-
ning, M. Ischebeck, K. Schleinitz, and M. Zilyte-Lennertz. Schluss-
bericht zum Verbundprojekt "MINI E powered by Vattenfall V2.0,
2011. TU Chemnitz.

[13] Kirstin Lindloff, Nadine Piper, Nils C. Bandelow, and David M.
Woisetschldger. Drivers of carsharing diffusion in Germany: an actor-
centred approach. Environmental Science & Policy, 45:30-40, 2015.

[14] OECD. Market Develpoment for Green Cars. OECD Green Growth
Papers, 2012. No. 2012-03.

[15]

[16]

[17]

[18]

[19]

[20]

Carolin Reichert, Katjy Reimann, and Jorg Lohr. Smart Energy, chapter
Elektromobilitit - Antworten auf die fiinf entscheidenden Fragen.
Springer, 2012.

Stefan Schmoller, Simone Weikl, Johannes Miiller, and Klaus Bogen-
berger. Empirical Data Analysis of Free-Floating Carsharing Systems.
In TRB annual meeting, 2013.

Josephine Steiner, Sandra Wappelhorst, and Andreas Graff. Free-
floating e-carsharing: Integration in public transport without range
problems. In European Transport Conference, 2014.

S. Trommer, A. Schulz, M. Hardinghaus, B. Gruber, A. Kihm, and
K. Drogusch. Schlussbericht zum Verbundprojekt "Flottenversuch elek-
tromobilitt, Teilprojekt *Nutzungspotenzial’, 2013. Deutsches Zentrum
fiir Luft- und Raumfahrt.

Stefan Trommer. Early Adopter der Elektromobilitt - Motivation,
Nutzungsverhalten und Anforderungen an zukiinftige Fahrzeuge, 2014.
Pasentation 9. Dortmunder AutoTag.

Simone Weikl and Klaus Bogenberger. An Integrated Relocation Model
for Free-Floating Carsharing Systems: Field Trial Results. In 7RB
annual meeting, 2014.



