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1. Introduction

1.Introduction

This chapter describes the problem setting of the thesis, while trying to answer the
question: why is carsharing an issue at all? In the beginning, the main objective of
the thesis will be declared; at the end of the chapter the thesis structure will be

introduced.

This thesis has a double objective. On the one hand, it tries to give a ‘whole
picture’ about free-floating carsharing, this relatively new mobility service, by
summarizing its characteristics and structuring the influence factors of the
business. On the other hand, it tries to provide a guideline for the potential
customers, by estimating: under what conditions does it worth using such service.
In order to reach these goals, the most recent findings of the scientific literature
were collected (confronting the various aspects); moreover the real-world example
of the Viennese free-floating carsharing service: car2go was deeper analyzed,
thus providing primary results about its usability/viability from the consumers’ point

of view.

First, we have to find an answer for the following questions:
e Why became carsharing a new mobility trend?
e What were the consumers’ needs that reinvented carsharing recently?

e What is the contribution of carsharing in solving these issues?

One major driver in the popularity of carsharing could be the cost issue
(increased living and car ownership expenses). This can be best illustrated by the
fact that today the average age of new-car buyers in Germany increased to around
fifty years (sueddeutsche.de, 2013); while we can assume that the basic needs of
people towards transportation didn’t change significantly in the last decades. Ergo,
once again (like in the pre-war era), owning a car turned out to be an unaffordable
luxury’ for many people. This resulted in the new wave of ‘collaborative
consumption’, where consumers reach higher ‘efficiency’ (e.g. lower costs) by
using the service of specialized firms, who “enable a sharing of goods across their

consumer base” (Obradovits, 2011 p. 1).
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1. Introduction

Hence, the collaborative consumption is caused by the increased costs of
ownership, while it was triggered (became possible) by the technological

innovations of the internet, wireless communication, GPS navigation, etc.

Carsharing is the ‘collaborative answer’, instead of the traditional way of vehicle
ownership, because the mobility needs of the users can be ‘just as well’ satisfied
by making cars just ‘accessible’ for the people; in this sense, ownership is not a
prerequisite. Basically, it is a ‘renting or buying’ decision of the consumer;
however, as we will see in the following chapters, a lot of different influence factors

need to be taken into consideration, when making this decision.

The best analogy to illustrate free-floating carsharing is, if we describe it as a
‘modern, automated, self-driven taxi service’, which can provide higher
efficiency (e.g. lower costs), by eliminating the most expensive cost element, the

human capital from the process (e.g. the taxi drivers).?

Besides the cost issue, another major driver in the popularity of carsharing could
be the general inefficiency of private cars®, which contributes to the well-known
mobility and environmental crisis of the world. The extent of this effect however will
not be considered in this thesis, because as we will see in the following chapters,
the environmental consciousness is an underlying usage motive only for a
marginal segment of the people (e.g. the ‘green’ subculture); most of the

consumers decide only based on their utilitarian and convenience needs.

Here, it shall be just mentioned that theoretically carsharing can contribute to
reduce the aforementioned inefficiency, through reduced vehicle ownership;
reduced vehicle kilometers travelled; reduced greenhouse gas emissions; reduced

parking demand in urban areas; reduced monthly transportation costs; and

% Of course, this comparison is a great simplification of the reality; however, if taxi service would be
cheaper, the proposed ‘rent or buy’ decision would rather be ‘vehicle ownership or taxi’.

® Cars stand still 23 hours a day on average (Dorn and Gabert, 2010 p. 55); 10% of all traffic
accounts for just search for a parking spaces in some cities (Shoup, 2006 in Firnkorn and Muller,
2011); 15% of all trips are shorter than one kilometer, which is only a 10-15 minutes walking
distance (Dorn and Gabert, 2010 p. 59)
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through the effect that it usually promotes a ‘healthy’ way of mobility. (Shaheen et
al. 2012) On the other hand, as we will see it in chapter 4, these positive effects
can turn out to be indeed negative ones, if using different service configurations
(e.g. too big fleet, or too cheap pricing compared to public transportation, etc.). All
in all, the aggregate environmental friendly character of carsharing (especially of

the novel free-floating carsharing) has not dependably been proven yet.

Moreover, the popularity of carsharing is on the rise, because of its ability to
capture the changing needs of the younger generations.* ®> Besides the cost
iIssue mentioned earlier, there is a notable segment of the consumers (especially
in the younger generations), who find vehicle ownership a burden (high
responsibility, effort of maintenance, etc.); while carsharing provides them a more
suitable alternative, since they can adapt it much easier to their existing mobility
behaviors (reduced effort and responsibility).

All'in all, we can set the following criteria: carsharing can only be considered as a
‘step forward’ in the efficiency improvement process of transportation, if it
simultaneously can (Fliegner, 2002 p. 23):

¢ Reduce the disadvantages of private vehicles

e Extend the advantages of private vehicles

e Be available (affordable) for a broad population.

Based on these introductory ideas (chapter 1), the structure of the thesis will build
up as follows. In chapter 2 the definition, subtypes and main parameters of the
carsharing services will be described (car2go of Vienna in more detail). Moreover,
a quick history and industry overview will be provided as well. The various aspects
of mobility behavior (especially of the potential carsharing customers) will be
discussed in chapter 3, focusing on the underlying usage motives of free-floating

carsharing customers. After that, chapter 4 tries to provide a balance, comparing

“In Germany, the number of young households without car increased from 20% to 28% between
1998 and 2008. (economist.com, 2012)

® The average annual VKT of young people is decreasing drastically; moreover they get their
driver’s license only at an older age, which has long-term consequences: those, who learn how to
drive in their late 20-s, drive 30% less than those, who learn in their teen ages. (economist.com,
2012)
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the positive and negative aspects of carsharing, while chapter 5 is discussing the

prerequisites of success, all the factors that are necessary for a carsharing service

to reach profitability. In the primary research chapter (chapter 6), the key
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elements of usability/viability are analyzed based on the real-world example of

car2go Vienna. The cost saving potential, the degree of vehicle availability and the

appropriate fleet size will be estimated respectively, which are of key importance
from the customer’s point of view. Finally, in chapter 7, some general conclusions
will be drawn based on the findings of the thesis; and some conjectures will be

made about the future of free-floating carsharing.



2. What is Carsharing?

2.What is Carsharing?

This chapter will introduce the concept of carsharing. The definitions and the
characteristics of the subtypes will be presented, as well as a vague history and
industry overview. The last part of this chapter introduces the details and specific

conditions of the car2go service in Vienna.

All services are described by the term carsharing (“organisiertes Autoteilen” in
German) that provide short-term access to a fleet of shared vehicles without
ownership. (Schaefers, 2013 p. 69) It is a new type of mobility service, which

[1

according to Duncan is a relatively inexpensive alternative “...for those with
occasional need of private transportation.” (Duncan, 2011 p. 363) Somewhat
sensationalized: “It combines the benefits of a private vehicle while avoiding the

burdens of vehicle ownership.” (Shaheen, 1999 in Schaefers, 2013 p. 69)

It is a membership-based service, which requires preregistration at a service
provider (CSO), thus the terms and conditions of the usage are regulated in a
contract. (It is crucial to agree upon usage liabilities in advance, to provide credit

card access for the CSO, and to control the validity of the driver’s license.)

There are three main branches of carsharing:
1. Traditional (stationed-based) carsharing
2. Free-floating (one-way or on-demand) carsharing

3. Peer-to-peer (p2p, neighbor-to-neighbor, or personal vehicle) carsharing

In the traditional subtype, the cars are located in predefined-stations, from where
they can be taken after a vehicle reservation process for an arbitrary time. After
the rental, they must be returned to the departure station, where the payment will
be usually calculated based on a time- and distance-based tariff. Moreover a
monthly membership fee is usually charged as well.
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Primal is its ‘pay-as-you-drive’ character of the free-floating subtype, which
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without any commitment from the customer side. Here the vehicles are ‘floating’

de-central, within a pre-defined operation area, not bounded to a fix station (GPS-

based, real-time information on vehicle availability); they can be parked at any
public parking places inside the operation area. This characteristic provides the
key-advantage of this subtype, namely the FFCS can be used for one-way trips
(different departure and destination locations), supports spontaneous rides
(reservation in advance is only an option); but on the other hand, it also makes the
FFCS a complement form of public transportation (which is considered as a
disadvantage from an ecological perspective). However, “A free-floating system
probably feels closest to owning a private car as is possible” (Firnkorn, 2012 p.
1669), which sentence grabs best the reason of its popularity. The table below
collects the main FFCS characteristics in comparison with some other

transportation modes.

Table 1: Comparison of Transportation Modes

. Traditional Free-floating
Rent-a-car Taxi
Carsharing Carsharing
Availability
. in front of house de-central (in front of
Location central . de-central .
possible house possible)
Extra Time Needed to Use more than an hour ~ 5-15 min. ~ 30-45 min. ~ 5-15 min.
Availability during the day during office hours 24/7 24/7 2477
Minimum rental time 1 day - 1 hour
L driver's license, age membership, driver's | membership, driver's
Usage Restriction e i - i i
restriction possible license license
One-way Rides sometimes possible yes no yes

Costs

Pricing Svst time- and sometimes |base tariff, time- and | time- and distance- time-based
ricing System ime-base
&Y distance-based distance based based, monthly fee

Usage Behavior

. a couple of hours,
Average Duration one-more days less than an hour less than an hour

sometimes 1-2 days

Average Distance more than 100 km less than 10 km 20-100 km less than 10 km

Source: Based on Dorn and Gabert (2010, p. 8)
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The third subtype, the peer-to-peer carsharing relies not on a commercial fleet,
but on the existing vehicles of the private owners.® Here, the CSO can save the
investment of buying cars (which is the biggest expense element of course). The
service operator functions rather as an intermediate agent between the private
vehicle owners (supply) and those in need of private transportation (demand). The
incentive of car owners to participate is that they can usually keep 60-65% of the
rental fee. This subtype can rather be described as a bottom-up community
movement (past reinvented, check history later!), where the ecologically conscious
neighbors share a vehicle among each other. The biggest disadvantage of this
subtype is the trust (better put: the lack of trust), which is needed, if someone
wants to rent out his automobile’. The emotional connection to the cars (a person
may be more likely to rent out his home than his automobile), and the moral
hazard issue, which applies from both sides (carefulness of driving and
maintenance history are private information, no incentive to be careful) hinders the
success of this service significantly. Furthermore, p2p carsharing does not
motivate people to sell their cars, since they can make money with it. In
conclusion, unless this system can somehow motivate people to give high effort
(solving the moral hazard issue), and thus increases trust, the p2p carsharing will
remain a marginal service mostly in the ‘green’ customer segment. (Shaheen et
al., 2012 p.77)

® Various hybrid business models of p2p carsharing exist, a detailed description can be found in
Shaheen et al., 2012.

" Especially relevant in case of an ‘unattended access’, where the parties do not even meet each
other.
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The history of carsharing started as a bottom-up community movement to

enable cost savings for its users. The first CSO was founded in Zurich,
Switzerland 1948, under the name SEFAGE (‘Selbstfahrergenossenschaft‘), which
was a citizen initiative in a time, when the masses couldn’t afford the luxury of
owning a car. Due to the sudden economic boom of the post-war era, carsharing
lost its relevance until the 1970s, when it was reinforced with an environmental
friendly character, and became an ‘alternative solution’ to overcome the mobility
and environmental crises; became a desired tool of de-motorization. However, the
viability of these early age carsharing services was hindered by the manual
processes of reservation, billing, key exchange (lockbox), etc. that are fully
automated today. (Koss, 2002 p. 56)

The first free-floating service was the ‘Procotip’, which operated in Montpellier,
France 1971-1973. Here the cars had to be taken to predefined stations around
the city centre, but they were not bounded to fixed stations, thus the service
allowed for one-way rides. The example of Porcotip can provide us useful
experience, because some poor planning mistakes in the business model led to
a financial fiasco just two years after the launch. The first mistake of the
management was that they used a tariff based on travelled distance, which
resulted in shorter rides than previously planned, and gave no incentive for the
customers to drive the car back to the stations (people parked the cars often at
their homes for a longer period). The second mistake, which should have been
controlled, is that the car stations were too centrally located (around the city
centre), which increased the burden of the customers taking the cars back to the
stations.® (Keller, 2000 p. 13)

Today the carsharing industry is only active in North America and Western

Europe (with a few exception e.g. in Singapore or Mexico); while the ‘home’ of

® On the other hand Procotip was a pioneer in technology: cars were supplied with a ‘Tip-Meter’,
which operated with tokens and let the car run only when people paid enough tokens.
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traditional carsharing is still Switzerland.® The industry recently entered in its
commercial mainstream phase, although it is far from a level yet, where it could
deliver significant aggregate benefits for the public. There are too few customers
just yet; a significant effect on the aggregate mobility behavior is barely
measurable. (Duncan, 2011 p. 363) The industry is best characterized today by its
heterogeneity and instability. Big players with financial strength entered the market

recently, which are currently influencing the events the most.*

A couple of players are visible on the graph below. Next to the big players,
numerous NPOs, and publicly owned projects are struggling with survival as well.
M&A and bankruptcies are everyday occasions, as the consolidation of the

industry is currently happening.**

Graph 1: Carsharing providers

Hertz
- g B —~ = i on bemand =
g Finkster 74 DriveNow &=rterprise azmes Zincar

CarShare

An illustrative example of the industry is the story of Zipcar, which was founded in
2002, then covering the East-coast of the US. In 2007, it merged with Flexcar, and
with the help of many other contract- or equity-based co-operations, it reached
nationwide coverage. Their IPO happened in 2011; while they acquired the
Austrian Denzel Mobility CarSharing GmbH in 2012 (which is just one of the
examples of their international expansion). Lately, in March 2013 they were
acquired by the Budget Avis Group rent-a-car giant. As it can be seen, the future
of the carsharing industry is very foggy yet; a deeper forecast can only be

inaccurate and redundant from our point of view.

® The market leader Mobility Carsharing was founded in 1987; today it has more than 100,000
customers and around 2600 vehicles.

° Car manufacturers: Daimler>car2go, BMW->DriveNow, Citroén->Multicity, VW ->Quicar,
Ford>Ford2go; Public transportation providers: Deutsche Bahn->Flinkster, Rental car service
Providers: Avis Budget Group->Zipcar, Europcar, Sixt, Hertz, Enterprise, etc.

E.g. in Berlin, Germany the three major players offer a fleet of 2250 vehicle in total (1200
car2go, 700 DriveNow, 350 electric vehicles by Multicity), which is an unbeatable competition for
the smaller players. However, the average user signs up parallel for multiple services, thus
increasing convenience and reaching a very high availability rate.
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Daimler’s free-floating carsharing system car2go is available in Vienna since

December 2011. Currently it uses 600 identical gasoline-driven Smart cars in an
operating area of approximately 120 km? The service has around 35,000
members (in January 2013); the average rental distance is around 5-10 km, and
the cars are rented around 4-8 times per day on average. (wienerzeitung.at, 2013)

After a sign-up for the service (one-time fee: 19 EUR), a membership-card (chip-
card reader behind the windshield), and a personal PIN number are used to
start/end a rental. GPS-based real-time information helps to locate the vehicles via
smartphone or desktop internet, while the in advance reservation is only a helpful
option (30 minutes before the ride possible). The communication system during a
ride is an integrated touch-screen with navigation software and an in-car phone,

which enables contacting a hotline support 24/7.

One major advantage of car2go lies in its simple and uniform pricing system
(check graph on the next page). The time-based tariff costs 0.29 EUR/min*?, all-
inclusive.'® The operator takes care about all the other incurring costs: gasoline,
full-casco insurance'®, winter tires, annual highway stickers, maintenance and
cleaning costs; moreover the public parking spaces in Vienna are also prepaid and
are included in the rental fee. This time-based tariff is ideal to avoid rush hours
and traffic jams; while is high enough compared to the public transportation fares.

2 Max. 12.9 EUR/hour; max. 59 EUR/day

¥ Some surcharge applies when going abroad or to the airport with the car. Penalty fees apply,
when violating the terms of usage. For further information check: www.car2go.com/en/wien

4 Currently, the liability of the customer is 500 EUR.
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Graph 2: Pricing system of car2go in Vienna

7OEUR

B3 EUR

GO EUR

55EUR

50EUR

45 EUR

40 EUR

Price

35EUR

30EUR
25EUR

20EUR ‘#”!
15EUR

10EUR /

SEUR

e
Ll
O

OEUR

(=]

a0

(=]

40
50
&0
70
20
100
110
120
120
4
150
5]
170
120
190
200
210
220
230
240
250
260
270 4
28280
290
300

— —

Minute

In comparison with the Viennese central/regulated taxi tariff, the car2go is highly
competitive, as it can be seen on the graph on the next page. (For the detailed taxi
tariff check appendix 1) The purple line on the graph below includes the Viennese
taxi tariff on workdays, during daytime. The base, time- and distance-based tariff
elements are transformed into a per-minute price, using a conversion rate of 25
km/h, which is the average speed of the cars in Vienna according to the
Magistratabteilung 18. (Trunk, 2010 p. 13) Moreover, the purple line does not
account for the extra fee, which applies when booking a taxi via phone; this
scenario would shift the line more upwards (which is most of the case).
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3.Usage Motives

In this chapter, the question must be answered: what are the usage motives of the
carsharing customers? In the first part, it will be described: how do people make
their transportation decisions in general? In the second part the carsharing
customers will be analyzed: who are the customer base for carsharing, what are
their behavior patterns and motivations of using carsharing (traditional or free-

floating service respectively)?

The simple answer is: people choose the transportation mode, which maximizes
their utility, which would provide them the maximum benefit from the available set
of modes. The utility factors that need to be maximized can be grouped into two
main categories according to Keller, 2000 p. 25:
e ‘Quality of the ride itself: travel time, travel cost, travel experience:
subjective factors e.g. safety, comfort, fun, design
e External influence factors: reliability of the transport mode, frequency (in
a temporal sense), availability (in a geographical sense), integration into a

network.

On the other hand, the constraints of the people have to be considered in the
decision process as well (Keller, 2000 p. 27):

e Objective constraints: personal budget, available variety of modes, time
constraints (office hours, etc.) necessity of cooperation with others (friends,
family), prerequisites (driver’s license, etc.)

e Subjective constraints: limited information®®, individual personality,

values'® and habits*’

1 People with a private car use taxi and rent-a-car more often, because they value convenience
more, or simply because they are unfamiliar with the timetable of the public transportation.
gGFirnkorn, 2012 p. 1668)

As mentioned earlier in chapter 2: vehicles generate emotions and personal attachments (related
to the need for beauty, possession, freedom and self-realization): People are more likely to rent out
their homes than their automobiles.

" Mobility patterns also change during the lifetime of the people. (Fliegner, 2002 p. 23) On the
other hand, the individuals’ needs and desires e.g. for comfort do not change with their constraints.

13
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This decision model of transportation illustrates well the complex network of
influence factors that play a role in the person’s decision about mobility. According
to Fliegner, 2002 p. 26: from a psychological point of view, people make a
conscious decision (mostly from routine), when it comes to mobility. It is not an
isolated decision, but a part of our complex behavior pattern, related to our cultural
orientation. This is why our subjective experiences matter just as much as the
objective factors: a positive car-free experience can trigger de-motorization, writes
Fliegner, 2002 p. 59; which message translated to carsharing means that a
(positive) personal experience is the best way to make the people change their

old mobility behaviors.

However, only those people count as a carsharing customer base, who are
objectively fitted to the service. Carsharing is suitable only for those, “‘who can
adapt carsharing in their travel patterns without changing it significantly and can
reach money savings with it.” (Duncan, 2011 p. 366) Estimating the real size of
this group is a true challenge, because the behavior patterns are extremely hard to
quantify due to the many special life situations. Thus, the aim of this chapter can
only be to present the many influence factors that a decision maker has to take

into consideration about carsharing.

Based on Duncan, 2011, we can define four major customer segments, who

economically could be suitable for (traditional) carsharing:

1. Those who don’t own a private vehicle®®

2. Those who drive only a few kilometers annually (People with low vehicle
kilometers travelled can reach cost savings with carsharing.)

3. Those who need a car only occasionally, but drive more because the fix car
costs make this economically prudent (The more people drive their car, the
lower the kilometer unit cost gets.)

4. Those who find vehicle ownership a burden.

'® 41% of the households in Vienna: although, the majority of them do not have a driver’s license.

14
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On the other hand, a household is demographically most probably not suitable
for carsharing, if it belongs to the following groups (Duncan, 2011):

e Households with small children (high number of necessity/compulsory rides
to kindergarten, issue of the child car seat, etc.)

e Households with cars manufactured before 1973 (old-timers are not just a
transportation tool for their owners)

e Households with a light truck or a SUV (premium price for a utility: comfort,
speed, etc. that only such cars can provide)

e Households with more car than drivers.

As these groups have no incentive to minimize their travelling costs, they
probably won’t put down their own private vehicles and take up carsharing instead.
In general, the only people who can accommodate carsharing are those with a
rational user orientation towards private vehicles. Another demographic
prerequisite of suitability is that the household has to be located in an
urban/metropolitan area, because a rural household (even living in the suburbs)
requires most likely a private car to satisfy its mobility needs.*® Duncan estimates
that — in the San Francisco Bay (Urban) Area, if assuming for perfect vehicle
availability — both economically and demographically, only about 6% of the
vehicles and 9% of the households are suitable for traditional carsharing. (Duncan,
2011 p. 377)

This is a rather poor result for the traditional carsharing, although we have to
consider a much bigger customer base for the free-floating carsharing, due to
its higher flexibility and ease of use. Also Dorn and Gabert, 2010 p.78 found that
the two most desired characteristics by the people are the free-floating feature
(one-way rides, independence from parking stations) and a simple tariff system.
Since the FFCS doesn’t require a commitment from the customer (no fix costs); it

»20

allows a much more flexible usage, more ‘like a modern taxi service’" (so, it is a

highly likely scenario that people with an SUV would also use FFCS occasionally).

' Not to mention that a carsharing service can only be viable in a metropolitan area (see chapter 5)
% This comparison will be deeper elaborated in the conclusions. (see chapter 7)
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After investigating the underlying motivational patterns of free-floating
carsharing users, Schaefers, 2013 found that the usage motives can be allocated

into four main groups, which are the following®*:

1. Value seeking/Thriftiness (utilitarian motive): money saving potential

2. Convenience (utilitarian motive): saves time, reduces effort and
responsibility, thus it can increase the quality of life (all-inclusive price,
helps avoid the burden of paid parking, etc.)

3. Lifestyle/Belonging (affective motive): Importance of self-expression, fun,
and creating a community

4. Indirect environmental thought (altruistic motive): Which is just a positive
side effect, captured by the desired vehicle characteristics (small, fuel
efficient vehicles)?

Schaefers, 2013 found that, the usage of an FFCS service is directly related to
personal benefits, such as money or time savings. Customers enjoy the most the
reduced effort coupled with the lack of responsibility, and appreciate the cost
savings they can get on their monthly travel expenses. They are more concerned
with personal utility and convenience, than social or environmental benefits.
(Lane, 2005 in Nurul Habib et al., 2012)

Contrasting the real-world users of traditional and free-floating carsharing, we find
that the average FFCS customer is around 30 years old, male and technophile
(they are the first-movers); however experience shows, with time more and more
women and older people use the service as well. (nytimes.com, 2013) On the
other hand, the average traditional carsharing customer has the following
demographical characteristics: 30-40 years old with a low/medium monthly income
and a higher than average environmental consciousness. (Dorn and Gabert, 2010

p. 63) Multiple studies suggest that a traditional carsharing is often used as a

*! Based on hierarchical value maps (HVM) created after a means-end chain analysis. (More about
the methodology in Schaefers, 2013)
2 However, for the same price, customers most probably wouldn’t reject a luxury car either.
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substitution of the second or third family car®® (e.g. used for weekly shopping
tours), or used in the weekend (for family trips, holidays, etc.) by households
without a private car. (Koss, 2002 p. 257) (Keller, 2000 p. 95)

One major topic of the carsharing literature is to estimate the effect of carsharing
on vehicle ownership; namely, by how much could carsharing contribute to
decrease the number of cars on the roads®* (by affecting the car owners putting
down their own vehicle or to postpone a car purchase). Getting a precise estimate
on how the individuals change their long-tem mobility behavior exclusively thanks
to carsharing is extremely hard and can be misleading; nevertheless e.g. Firnkorn
and Muller, 2011 found that around 13.5% of the car2go users in Ulm, Germany

might reduce their vehicle ownership by selling their car or postponing a purchase.

In conclusion, the objective of this chapter was nothing else, but to define the
underlying usage motives of FFCS; estimating how does carsharing affect
consumer behavior; and to ballpark the mobility behavior patterns of the (potential)

customers that need to be addressed by the car sharing service providers.

% Seems like a rational choice, since they would still have one car for emergencies, compulsory
rides, etc.

* The goal is to find out the environmental effects/ sustainability character of carsharing; by how
much could it contribute to help solving the environmental crisis
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4. Drawing a Balance

4.Drawing a Balance

Based on the previous chapters, an account can be made about the
characteristics of carsharing. Thus, in this chapter, the advantages and
disadvantages of carsharing will be contrasted; moreover the traditional carsharing
will be compared with the free-floating system at the end. The chapter aims for

completeness using enumeration.
4.1. Advantages

Each of the following points describes a special aspect of free-floating carsharing
that can be considered as an advantage.

Advantages from the consumers’ perspective:

1. The FFCS reduces the required effort and responsibility of the people
compared to vehicle ownership (feeling able to go careless). Owning a
private car comes with duties (insurance, tax payments, regular
maintenance and compulsory inspection, etc.), which require significant
amount of time and effort from the owner (not considering the money

aspect).

2. It is probably the most flexible, fast and comfortable urban mobility
solution (increases individual mobility e.g. compared with public
transportation). It provides an even higher degree of freedom compared to
private cars, because the free-floating characteristic allows for one-way

trips and careless parking in the city. (Duncan, 2011 p. 364)
3. FFCS is a useful travel demand management tool (Duncan, 2011 p. 365).

It increases efficiency, in a way that it gives an incentive for a conscious

choice about travel. Since each and every ride will be booked and paid
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separately, the user feels motivated to consider more directly, how much

each trip costs (‘pay-as-you-drive’, incentive to avoid rush hours and traffic

jams).
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4. Another advantage of FFCS is that it makes a car available for those, who

otherwise couldn’t afford to owe one (or need one just occasionally).
Unemployed people, students, etc can use a car relatively inexpensively,

when in need of fast transportation, or carrying heavy packages, etc.

5. Theoretically FFCS could make it possible not to tie the people to one car
brand, but allowing them to try out various models (cabriolets, sport cars,
etc.). This could be a first personal experience (test drive), which could
eventually end up in a purchase.”® However, the uniform fleet of car2go
could decrease the maintenance costs of the service provider (uniform

spare parts, etc.), and presents a uniform brand image. (Koss, 2002 p. 217)

Advantages for the sake of the ‘public good’:

6. Since the FFCS vehicles are equipped with GPS technology, remote
controlled security system, built-in  communication, wireless data
transmission tools, and remote controlled diagnostic (in-vehicle) sensors?®
(Shaheen et al.,, 2012 p. 80), they can contribute to the increased
control/monitoring of the traffic system (increased safety). The
advanced technology of the FFCS vehicles could help investigate accidents
or crimes; or simply decrease the lag between the time of an accident and

the call for an ambulance.

% This case is an advantage from the car producers’ point of view as well.
%6 Maybe even applying built-in cameras in the future?
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7. FFCS can trigger technological innovation (e.g. in the fields mentioned

in previous point 6). Through providing the first personal experience (test

drive), it can also help to shift the general mobility behavior towards electric

vehicles, and provide crucial learning experience for the electric car
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developers.”.

8. (Traditional) carsharing can help to reduce the costs of real-estate
development through reduced parking requirements.?® Real-estate
developers can reduce their construction costs, if they include carsharing
into their projects, which could reduce real-estate prices, and also promotes
‘car-free living’. CS can achieve a reduction in obligatory parking spaces
(normally one parking space for each apartment, or depends on the built
square meter: floor area ratio), thus it can not only decrease the
construction costs substantially; but it can also be used as a marketing
scheme, to sell the apartments as: ‘flats with carsharing’.?® (Enoch and
Taylor, 2006 p. 440)

9. An advantage often assigned for carsharing is its synergy effects with
public transportation (cross-utilization). Although, it is rather hard to prove
its real extent (and the effects of traditional carsharing cannot be directly
equated for free-floating car sharing), it is a highly plausible scenario that
consumers use FFCS one-way of their trip, while they travel with public
transportation on the way back home. This effect is not necessarily an
ecological advantage, meaning carsharing users not always drive less or
ride more public transportation.® It simply means that carsharing and public

transportation are inevitably connected in a mobility network.

" In Stuttgart, Germany car2go offers exclusively electric-driven smarts

%8 FFCS could contribute to this point, if the local authorities would also permit the reduction of the
obligatory parking spaces in the operating areas with high vehicle availability. (It is a less likely
scenario today.)

29 E.g. the ‘Autofreie-Mustersiedlung’ project in Floridsdorf (21% district, Vienna, Austria) launched
by the Green Party in 1999. 250 apartments were built with only 25 parking spaces exclusively for
carsharing vehicles, so they could save 9% of the total construction budget (1.6 Mio EUR). (Enoch
and Taylor, 2006 p. 440)

% |t is also highly plausible that some people replace the public transportation with the much more
flexible and more comfortable FFCS service, thus they will drive more eventually.
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10. Whether carsharing itself is a more sustainable mobility solution®, is not
dependably proven yet. Both cases are easily thinkable: in which one

person stops using his car, starts riding a bike or public transportation, and

uses carsharing only when it is unavoidable; while another person could
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feel that he finally can afford a car, and he replaces public transportation

with FFCS (especially if he lives in a not well-covered area by public
transportation). The final effect of carsharing on the aggregate mobility
behavior will determine its environmental character. (Some scientists
suggest that currently the effect is already positive: Firnkorn and Muller,
2011 p. 1527; Keller, 2000 p. 22; Martin, Shaheen & Likicker, 2010 in
Shaheen et al., 2012 p. 72-73.)

' public benefits would be, if proven: reduced vehicle ownership, reduced vehicle kilometers
travelled, reduced greenhouse gas emissions, reduced parking demand in urban areas, reduced
monthly transportation costs and the promotion of ‘healthy’ way of mobility. (Shaheen et al. 2012)
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4.2.Disadvantages

Each of the following points describes a special aspect of free-floating carsharing
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that can be considered as a disadvantage.

Disadvantages from the consumers’ perspective:

1. The availability of the FFCS cars can never be 100%, which means it can
always happen that at a certain time, at a certain location there is no car
available in the vicinity.** (Keller, 2000 p. 24) Of course ‘vicinity’ is a
subjective term, that's why literature suggests choosing a distance, e.g.
~500 meters, as a threshold for availability. (Koss, 2002 p. 207; Sullivan
and Magid, 2005 and Cervero et al.,, 2007 in Shaheen et al. 2012)
According to this, if a free car is located within 500 meters from our
standing point, that car is considered to be available. In this case our
transaction costs are zero, meaning it is not a burden for us to walk the
distance and rent the car. (In the inversed case, transaction costs apply,

which can be even transformed into monetary values: check chapter 6.1)

2. Although a technological failure can always happen just as well with private
cars, the reliability of the carsharing service depends significantly on the
functionality of the technological instruments. The various built-in
technologies have to operate well under every (weather) conditions;

otherwise the consumer satisfaction will be hurt.

3. Renting an FFCS car requires a relatively high extra time before and after
the ride compared to the private cars. Walking to the car, swiping the
membership card, entering the personal PIN code, etc. takes precious
minutes, especially when one is under time pressure. Although, in most of
the cases the steps of the renting process take not more than 5 minutes,

one has to calculate with this unavoidable extra time. (Koss, 2002 p. 201)

% This is a great disadvantage, since some rides (commuting, driving children to the kindergarten,
etc.) require 100% availability.

22



4. Drawing a Balance

tat

4. Although, the public parking spaces throughout the city are pre-paid, and

are included in the renting price; the issue of searching for a free parking

place (especially in the city centre) is still an unsolved problem. According
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to Shoup, 2006 in Firnkorn and Muller, 2011 these extra cruises can

account for more than 10% of all traffic in several cities, which contributes
to the over-crowdedness of the city centers significantly. Moreover, it is still
undecided, how does FFCS affect this issue: does it generate extra car
traffic and decrease the number of free parking spaces, or vice versa.
(Firnkorn, 2012)

5. The carsharing user — though he must agree with the terms of the
insurance contract of the CSO, when signing up — he has no power
influencing it.** However, in case of an accident or criminal wrongdoing, a
problematic and long legal procedure (compared to the case with private

cars) must start among three affected parties. (Shaheen et al., 2012)

6. The FFCS customer has to consider of course that the rented vehicle is
not personalized to his special needs and wishes, which only a private car

can provide.
Disadvantages from the CSO’s or from the public’s perspective respectively:

7. Since the carsharing user has no incentive to save fuel, or to ride
carefully/slowly (on the contrary: with car2go the user pays less, if he gets
to his destination faster), there is a moral hazard issue that needs to be
solved.** Hidden problems (e.g. in the engine) are an unavoidable aspect of
cars’ nature; however, carefulness could prolong their life expectancy. In
case of FFCS, the degree of amortization and life expectancy of the

vehicles is unknown in the long run yet, but experience suggests that the

% Currently, the liability of the customer is 500 EUR.

% Citeecar in Berlin is allocating a ‘host’ to each car, who will be its overseer/keeper, he takes care
of its cleanness, fills it up, etc. He gets free riding minutes in exchange of his service.
(morgenpost.de, 2013)
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lack of property rights is not motivating the users to take good care of the
vehicles at all. This issue is not only making losses for the service operator,

but can cause safety dangers for the users as well. (Koss, 2002 p. 219)

. The average rides with the FFCS are rather short distances (5-10

kilometers); although short rides increase environmental pollution. The
majority of harmful gas emission happens in the first few minutes after the
start, while the catalytic converter is not operating on the right temperature.
(Koss, 2002) (Firnkorn and Muller, 2011)

. An appropriate fleet size could be determined in every city, not only from

the CSO’s perspective (profit maximizing fleet size), but also from the
public’s perspective as well. If the fleet size turns out to be too big, or the
service seems to be too cheap, then it could generate extra car traffic and
decrease the number of free parking spaces in the city. It is a sensitive

trade-off balance that needs special attention. (Firnkorn, 2012)
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4.3.Limitations of Station-based Carsharing

The general effects of traditional carsharing cannot be equated with the effects of
free-floating carsharing. Concluding from one to the other can give misleading
results, which must be avoided. That is why, it is crucial to collect the

characteristics of traditional carsharing and highlight its differences from FFCS.

First of all, stationed-based carsharing is not suitable for spontaneous or one-way
rides (obligatory reservation in advance), thus the usage is less flexible; only a
much smaller customer base can adapt it to his mobility behavior (only for those
with a rational user orientation (no SUV drivers) and a low annual VKT). Usually
TCS service providers use a much more complicated tariff system: a
combination of time- and distanced-based pricing (VC) coupled with a small
monthly fee (FC), which are organized into different packages (like with mobile
phone operators). They are segmenting the customers into more groups, offering
the package everyone, which suits his mobility behavior the best. However, this
tariff system makes the service way too complicated for the users, who appreciate
the simple, quickly calculable pricing of the FFCS; moreover the monthly fixed
costs require an unnecessary commitment from them. According to Nurul Habib et
al., 2012, the proportion of inactive members at a TCS in Montréal, Canada is
around 50-80%, while the average membership duration is about 14 months, as it
can be seen on the graph on the next page. The graph shows that many people
quit in the next couple of month after signing up (probably to avoid the compulsory
monthly fee); although, those who stayed for at least a year, tend to remain
members for a longer period. This is of course a very unfavorable symptom for the
CSO, since it can only hold less than one third of the initial people, who were

interested in carsharing.
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Graph 4: Membership duration distribution at a CSO in Canada
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Source: Nurul Habib et al. (2012, p. 248)

The stationed-based character (the car has to be returned to the departure station
to end the rental) makes the service unsuitable for commuting, because even
during the dwell time (work time), the customer must pay for the service®. That is
why, experience suggests, the typical user behavior is to use this service for pre-
planned family trips and shopping routes (primarily in the weekend) (Koss, 2002 p.
134), or sometimes instead of a second car by the housewife. (Keller, 2000 p. 64)
According to Nurul Habib et al., 2012, a TCS in Montréal, Canada is used 3.9
times per month by a customer on average. However, even this demand can result
in bottlenecks in the weekends and on public holidays, because the TCS is less
flexible for demand fluctuations. There can only be fix number of cars per stations
(usually one car per station), and if it is taken, the whole neighborhood (location

cluster) remains without a car to rent.

All'in all, the traditional carsharing can rather be considered as a ‘modern rent-a-
car service’, which is much more flexible and cheaper®® than the traditional rental

services (for a detailed comparison check table 1 in chapter 2).

* FFCS is also not perfectly suitable for commuting to work, because it is not available 100% of the
time.

*® The biggest saving element is that the renting process is automated instead of employing
commercial personnel.
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Interestingly, since the 1970s (up until recently), traditional carsharing was made

for pure environmental concerns: according to an old standardization initiative

of the ecs (European Carsharing Association), the free-floating carsharing wouldn’t

even belong to the carsharing services, because it does not meet the following

criteria of the ecs about the terminology (Keller, 2000 p. 146):

Minimum ratio: 10 members per car

No ‘fun’ cars allowed (fuel efficiency favored)

Tariff mustn’t be cheaper than the comparative public transportation service
Tariff system must provide incentive to drive less

Minimum rental time: 1 hour

Customers have to be members at a CSO
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This chapter tries to collect all the success factors that are necessary for operating

a successful carsharing service, thus in a way these factors can be considered as

prerequisites of a profitable business. The chapter aims for completeness using

enumeration.

The following ten requirements, when met, increase the chance of profitability

(successful business) significantly:

1. First and foremost, using a carsharing service must provide (cost) savings
or some kind of personal utility benefits (e.g. time savings as discussed in
chapter 3) for the customers. (Duncan, 2011 p. 363) The best way to report
this signal towards the people is a clear and simple pricing system, which
helps them to perceive this advantage. The most basic way to estimate for
the cost saving potential of carsharing is to compare its price with the
corresponding vehicle ownership costs. (Of course in countries, where
car ownership is relatively more expensive, carsharing has a better chance
for success.) This comparison is a key element in estimating the viability of
carsharing, that's why it will be deeper analyzed in a primary research in

chapter 6.1.

2. The second key element of the viability of carsharing is a high degree of
vehicle availability (and technical reliability). There must be a car available
for rent, whenever and wherever the potential customer needs it, otherwise
the CSO not only falls away from some income, but the customer
satisfaction will be harmed as well (High transaction costs for the
customers, if they have to walk a long distance to get a free car). In order to

avoid this situation, the appropriate fleet size must be estimated, which can
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provide a required degree of availability.®” (Realistically, the vehicle
availability can never reach 100%, but with an appropriately high number of

vehicles, this value can be approximated.) The degree of availability and

the appropriate fleet number will be estimated in a primary research
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example in chapters 6.2 and 6.3 respectively.

3. Another prerequisite carsharing has to overcome still, is the issue of
relatively low service recognition. The novel business model of carsharing
(especially FFCS) is relatively unknown for the wide population; confusion
with e.g. carpooling is an everyday occasion. On the other hand, carsharing
must reach large-scale, so it can provide significant aggregate benefits for
the public, and reach profitability for the CSO. The way to bear down this
obstacle is the enhanced use of marketing and communication tools, which
require usually great financial investments. (Enoch and Taylor, 2006 p. 436)

4. Carsharing (FFCS especially) can only operate in (high density)
metropolitan/urban areas, where the high population concentration
provides a constant (higher level) of demand, and keeps the vehicles more
actively used. Integration of carsharing into a mobility system (e.g. cross-
utilization with public transportation) is also a prerequisite, and increases
the chance that the service meets the mobility behavior patterns of a larger

population.

5. In order to lower the effects of the moral hazard issue discussed in chapter
4.2, carsharing can better function in (‘developed’) cities, where the rate of
car thefts and vandalism is low, and the culture ensures a higher level of
respect against public and private goods.®®° The long-term life
expectancy of the carsharing vehicles remains unknown, but surely the
fines from speeding and parking tickets and the cost of spare parts due to

physical damage must be kept low, in order to reach profitability.

7 Also, according to Nurul Habib et al., 2012 p. 251, a high number of available cars can result in
higher frequency of usage.

% No wonder that Switzerland is the root of carsharing. (‘Eidgenossenschaftsgefuhl’)

% In Germany, a certificate of good conduct (‘Leumundszeugnis’) used to be a prerequisite of
membership in some CSO-s as well.
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6. The reason, why carsharing became a trend only in the past few years is

the recent breakthrough in technological innovation. It was necessary to

make the renting procedure smooth enough for the customers; and the
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operation of the cars safe enough for the service provider. Especially the

automation of the billing process was a big step towards profitability, which
can provide minimal outstanding liabilities for the CSO, and ensures that
the money is transferred to the CSO’s bank account the day after usage
(balanced cash flow).*° The table below collects all the technologies that

are usually built-in a carsharing vehicle.**

Table 2: List of carsharing technologies

Technologies Mechanism Purpose
Vehicle control and security Door lock controls Manage access
Remotely controlled security system Prevent theft
Engine disable Prevent theft
In-vehicle sensor network Detect accidents or parts theft
Data recording and transmission  Global positioning system (GPS) tracking that combines satellite Record vehicle use to satisfy personal vehicle sharing legislation
navigation and vehicle tracking (e, time, distance traveled, speed) requirements (e.g, records identifying the date, time, initial and

final vehicle locations, and kilometers/miles driven); vehicle tracking
to prevent theft; and operational data collection and analysis
On-board diagnostic parameters (e.2, fuel used, emissions, engine load) ~ Vehicle operational data collection and analysis (&g, environmental

impact assessment)
Wireless data transmission Real-time data recording
In-vehicle communication Emergency response and reservation changes

Note: In-vehicle data recording and transmission devices are commonly referred to as telematics (combined computer and wireless communication systems).

Source: Shaheen et al. (2012 p. 80)

7. This prerequisite is a general condition in almost every B2C business with
an enhanced consumer orientation. Hence, the service configuration has to
always adapt to the customer behavior; follow its changes and account
for the feed-back. Carsharing is still week enough to falil, if the connection to

the customers is lost. (Fliegner, 2002 p. 202)

“0 Before automated billing, the customers paid on a monthly basis.
*1 According to Shaheen et al., 2012 p. 78, the costs of equipping a car with such technology is
around 400-800 EUR/car.
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8. Moreover, the service configuration have to take into consideration the

local factors and customs (tradition towards taxi or public transportation),

which can modify the service parameters from the pricing system, till the
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size of the operation area.*? All in all, as Enoch and Taylor, 2006 put it:

“Carsharing is likely to only be economically viable in rather specific
locations where the right cultural, geo-demographic, economic, political and

transport elements are in place.” (Enoch and Taylor, 2006 p. 435)

9. Another exclusive prerequisite is the acceptance by the local authorities,
which determines the conditions of providing public parking spaces. These
conditions are usually negotiable; and its qualities are depending
significantly on the applied policies of the city towards transportation (long-
term mobility strategies, transportation policies, etc.). From the CSO'’s point
of view, it makes a huge difference financially, if it has to pay more
thousands of Euros after each car per year, or perhaps it can get the

parking places free of charge.*®

10. Last, but not least, the long-term success of carsharing can be enhanced by
handling the following future challenges. Mainly due to legal reasons, the
interoperability between countries is not always possible yet. Using all
the different branches of the same CSO with one membership-card (one
registration) would increase the service value of carsharing significantly;
providing a much higher potential benefit for the customers. The other side
of the same coin (namely to bear down the obstacles of limitless travelling),
is the potential in offering short-term membership-cards for tourists
(perhaps coupled with a special offer), who shouldn’t be included in the
normal customer base, but they would still count as a large customer

segment, worth exploiting.

42 Currently, car2go in London, UK can only operate in the outer districts of London, and not in the
inner ones, or in city centre.

3 In many cities the parking fees of car2go are revised annually, based on the time they spent in
paid parking in the previous year. This can be proven by the collected GPS data of the cars.
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As a final remark, it has to be mentioned that in general governmental subsidy

should not be considered as a prerequisite of success. The carsharing industry is
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still in its premature consolidation phase, when as a natural process, many players

will be forced to exit the market. In this situation, governmental subsidy counts

even as a form of discrimination, which provides undeserved benefit for one
competitor against the other. (Of course, the competition is severe: there are
rather high entry barriers, as well as a first-mover advantage effect; moreover, the
type of competition varies from city-to-city, depending on the strategy of the local
competitors: a price competition, differentiation (segmentation), or a

quality/quantity competition is also imaginable.)
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6. Viability of car2go in Vienna

This chapter comprises the primary research part of the thesis. Based on the key-
element success factors discussed in chapter 5, the example of the car2go free-
floating carsharing service of Vienna, Austria will be further analyzed. In the three
following sub-chapters, the cost saving potential, the degree of vehicle availability

and the appropriate fleet size of car2go in Vienna will be estimated respectively.

6.1.Cost Saving Potential

Crucial is to estimate the break-even point of money saving between car2go
usage? and private vehicle ownership. This comparison can underlie the
argument for car2go’s viability the most; it can help the customers to decide about
joining car2go, while matching the results of the analysis with their own mobility

behavior.

In order to get undistorted results, a car ownership scenario was configured,
which uses approximately the same Daimler smart fortwo™ car, as car2go uses in

Vienna. 4°4

The average costs of this vehicle were estimated over five years of usage*’, and
were allocated into three different sub-scenarios: namely a cheaper scenario
(lower purchase cost, somewhat lower operating costs), a more expensive
scenario (higher purchase cost, somewhat higher operating costs), and a scenario
without resell of the initial car after five years (since the resell price reduces the

total costs significantly). The three scenarios together determine a more realistic

* Costs are based on the valid car2go tariff in July 2013.

> Of course the SUV owners would achieve money savings simply by downgrading the vehicle
they use for a more economical Smart.

4 Although car2go uses special/modified smart car2go edition vehicles, the costs of the same car
were approximated by configuring a smart fortwo coupé™ with a 52 kW gasoline engine, leather
seats, air-conditioning system, GPS navigation system, basic steel wheels, electric windows, etc.

" Assuming Viennese-based operating and maintenance costs
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upper and lower bound of a threshold range (zone), what can be better used for
further real-world estimations (determination of only one break-even point may be

misleading).
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The applied costs of the ‘expensive’ sub-scenario can be seen on the graph

below, while the two other cost tables can be found in appendix 2. The underlying
idea in the construction of the cost tables is to approximate all the expenses, what
are included in the car2go rental price as well. (That's why the purchase of winter
tires and annual highway stickers are included in the total costs as well.) The table
shows that the fuel consumption and the maintenance costs are considered as
variable costs (depended on the travelled distance), while all the other cost

elements are handled as fix costs.

Table 3: Vehicle ownership cost table*®

smart 'expensive’ scenario
Year 1 Year 2 Year 3 Year 4 Year 5 Total cost

Fix Costs
Purchase price| 13 000,00 € 13 000,00 €
Resell price -4 500,00 €| -4 500,00 €
Registration fee 185,25 € 185,25 €
Vehicle Inspection Sticker 40,00 € 40,00 € 80,00 €
Insurance (with vehicle tax) 850,00 € 850,00 € 850,00 € 850,00 € 850,00€| 4250,00€
Highway vignette 80,60 € 80,60 € 80,60 € 80,60 € 80,60€| 403,00€
Winter Tires 300,00 € 300,00 €
Cleaning 40,00 € 40,00 € 40,00 € 40,00 € 40,00€| 200,00 €
Parking Permission (for residents) 138,20 € 120,00 € 120,00 € 120,00 € 120,00 € 618,20 €
Total Fix Costs:| 14 536,45 £

Variable Costs

Maintenance 300,00 £/10 000 km
Fuel Consumption 0,0658 €/km

8 Cost estimation resources: Purchase price: www.smart.at; Resell price: www.autoscout24.at
www.eurotaxglass.at; Registration fee (KFZ-Zulassung): www.help.gv.at; Vehicle Inspection Sticker
(KFz-Pickerlkosten): www.wien.arbeiterkammer.at; Insurance calculator: www.durckblicker.at;
Highway sticker: www.asfinag.at; Winter tires: www.idealo.at; Parking permission (Parkpickerl):
www.wien.gv.at;
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Moreover, the following exogenous variables were used in the analysis:

e The average speed of cars in the city of Vienna is approximately 25 km/h,
as it was already mentioned in chapter 2.2. (Trunk, 2010 p. 13) However,
as a benchmarking line a somewhat faster (35 km/h) scenario will be
discussed as well, since the cost saving potential depends greatly on the
achieved average speed (plausible maybe outside the rush hours).

e The fuel consumption value of a smart in the city is approximately 4.5 — 4.7
liter/100 km, depending on the style of usage. (smart.at, n.d.)

e The average gasoline price used in the analysis is 1.4 EURILiter.

(spritbarometer.at, n.d.)

The cost of car2go usage was calculated as follows: Based on the pricing
system of car2go described in chapter 2.2, the average rental price per minute is
0.2787 EUR® (16.72 EUR per hour), which using the average speed of 25 km/h,
gives us a kilometer price of 0.6689 EUR/km, while using a speed of 35 km/h, the
price is 0.4478 EUR/km.

Finally, the result of the cost comparison can be seen on the graph on the next
page. The chart comprises the three car ownership cost scenarios (green, red,
yellow lines), the two car2go cost scenarios (dark and light blue), moreover as a
benchmarking, the Viennese taxi costs® (purple line), based on the valid taxi tariff

table in appendix 1.

The graph shows the total costs per kilometer for the upper mentioned scenarios
for the annual travelled distances between 1,000 and 10,000 kilometers (The less
significant, however very interesting 0-1000 km/year part of the graph can be
found in appendix 3). From this, we can conclude that car2go has a certain cost

advantage for less than 3595.5 km per year, while for more than 8677.0 km driven

49 Using the minute prices of the 1% hour, since from the 45" minute onwards, the user pays the
maximum hourly price: 12.9 EUR (not considering the discount of the daily maximum rental price,
which applies from the 266" minute onwards only).

% Since the taxi kilometer price depends on the travelled distance, for the purple line it was
assumed that the customer rides a taxi one time per day (a distance which adds up to the labeled
yearly sum).
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annually, owning a smart is the more favorable choice. The break-even points

between the two values are depending greatly on one’s mobility behavior (driving

style, etc.); as a rule of thumb, the 4869.0 km/year break-even point will be used
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in the following.

Graph 5: Break-even points
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1000 2000 3000 4000 5000 6000 7000 2000 5000 10000

car2go 25kmjh 0,6683€ | 0,0083€ | 0,0683€ | 0,6683€ | 0,6089€ | 0,0083€ | 0,6689€ | 0,6683€ | 0,6683€ | 0,6085€
car2go 35 km/h 0,4778€ | 0,4778€ | 0477B€ | 0,4778€ | 0,4778€ | 0,4778€ | 04778€ | 04778€ | 0,4778€ | 04778€
smart expensive 2,9791€ | 1,5254€ | 1,0403€ | 0,7986€ | 0,6533€ | 0,5563 € | 0,4871€ | 0,4352€ | 0,3%48€ | 0,3625€

0,00€

smart cheap 2,2313€ | 1,1451€ | 0,73884€ | 0,6081€ | 0,4399€ | 0,4277€ | 0,3762€ | 0,3375€ | 0,3075€ | 0,2834€
smartwithout resell| 3,6313£€ | 1,8491€ | 1,2551€ | 0,9581€ | 0,7793€ | 0,6610£€ | 0,5762€ | 0,5125€ | 0,4630€ | 0,4234£
taxi 3,5187€ | 2,5175€ | 2,6780€ | 2,5450€ | 24727€ | 2,4216€ | 2,3837€ | 2,3564€ | 2,3343€ | 2,3174€

However, the limitations of the graph have to be mentioned as well. The
comparison doesn’t account for the annual inflation (ever so little it is in Austria:
2.3% in 2012); moreover one should consider that car2go’s usability is rather
limited for ‘inside the city’ rides, while private cars doesn’t have this constraint.>* Of

course, this reduces the real value of the comparison significantly.

' The average driving distance with car2go is 5-10 km, the rental can be ended only within the
operation area; while private cars can be used freely, the average driving distance depends solely
on the driver’s decision.
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In the next step, the analysis is extended with the issue of the short-term

parking costs, which occur independently from the travelled distance, although

they usually represent a rather significant amount in the total costs. In order to
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estimate for the order of magnitude of the monthly parking costs, the following

scenarios were assumed, collected together in the table below.

Table 4: Monthly total costs including parking and transaction costs

Monthly Total Cost
smart ownership car2go
Dwell Dwell  |Transaction
No dwell - No dwell -

Km per annum | Tour length | # of tours a week 2h 1h 10min 10min Cost
15600 10 £33561 | €£35561 | £34561 | €33561 | €869,57 | €888,57 | €882,13
12480 8 £31695 | £332095 | £32495 | €31695 | €69566 | €710,80 | €705,71
9360 30 km b6 £20828 | £31028 | £30428 | £29828 | €521,74 | €533,14 | €529,23
6240 4 £2/7961 | £28761 | £28361 | €2/7961 | €34783 | €35543 | €352,85
3120 2 £260,04 | €26494 | €26204 | €26094 | €17391 | £17771 | £1/643
7800 10 £28894 | £30894 | £20894 | €28894 | €43479 | €453,79 | €447.35
6240 8 £2/7961 | £20561 | £28761 | €27961 | €34783 | €363,03 | €357,83
4630 15 km b6 £270,28 | €282,28 | €276,28 | €270,28 | £€260,87 | €272,27 | £26841
3120 4 £260,94 | €26894 | €264094 | €26094 | €173,91 | £181,51 | £1/894
1560 2 £251,61 | €25561 | €25361 | €25161 | €869 £90,76 £8947
2600 10 €25783 | €27783 | €26783 | €257,83 | £€14493 | £16393 | £15749
2080 8 €£20472 | €270,72 | €262,72 | €254,72 | €£11594 | £131,14 | £12599
1560 5 km b6 £251,61 | €263,61 | €25761 | €25161 | €869 £98,36 £9449
1040 4 £24850 | €256,50 | €25250 | €24850 | €5797 £6557 £63,00
520 2 €24530 | €24939 | €24739 | €24530 | £2899 | €3279 | €31,50

In case of the car2go the public parking spaces are pre-paid in the rental price;
the customer doesn’t have to bother buying an hourly parking ticket (he typically
terminates the rental at the destination location). On the other hand, in case of a
short (e.g. 10 minutes) stopover, the customer doesn’t always end the rental
(risking of losing the car to another person), but instead he keeps it and pays a
reduced minute price (0.19 EUR/minute) for the duration of the stopover. This
value has been added to the monthly costs in the table above (‘10 min. dwell

car2go’ column).
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6. Viability of car2go in Vienna

In case of private cars, the parking issue is inversed. While a 10 minute long
stopover doesn’t account for any extra costs®* (no dwell column and 10 min. dwell
column values are the same); the hourly fee of a public parking space costs 2
EUR in Vienna, which increases the monthly total car expenses significantly, as

the number of weekly tours are increasing.>®

The last extension of the cost analysis deals with the issue of ‘transaction
costs’. As it was already mentioned in chapter 4.2, if a free car2go vehicle is
located within 500 meters from our standing point, then the car is considered to be
available. In this case, our transaction costs are zero, meaning it's not a burden for
us to walk the distance and rent the car. However, if the free car is located further
than 500 meters, transaction costs apply, which can be even transformed into
monetary values (Duncan, 2011 p. 368).

As it will be explained later in chapter 6.2, on average 22% of the time, there is a
free car2go only further than 500 meters in Vienna (the average distance to these
‘far’ cars is 688 meters). Using the ‘conversion rate’ introduced by Duncan, 2011:
the cost of walking 688 meters to a free car is 5.71 EUR, which value was also

considered in table 4 above (transaction cost — car2go column)®*.

The values of table 4 are converted in a graphically much more straightforward
graph below. Here — next to the basic car2go and car ownership scenarios with no
short-term parking costs and no transaction costs — it will be assumed that there
are eight rides per week, four of which are spent in paid parking (one and two

hours respectively).

The graph shows that the original 4869.0 km/year break-even point (intersection of
light blue and light red lines) increases in favor of car2go, if we account for short-

term parking costs with the private car (more than 6000 km/year in case of the ‘two

°2 Maximum 15 minutes parking is free of charge in Vienna.

*% |t was assumed, that 50% of the weekly routes are spent in paid-parking zones (one and two
hours long respectively).

> In 22% of the weekly routes this extra cost applies.
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hour dwell’ scenario); however, if we consider the extra transaction costs as well,

which apply 22% of the time in case of getting a car2go, the new break-even

point is around 5500 km/year (intersection of the gray-blue and dark red lines).
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Graph 6: Monthly total costs break-even points

Total Cost per month
900,00 £

830,00 £
800,00 €
750,00 €

= smart (2h dwell)
= smart (1h dwell)
= smart (10 min dwell)

700,00 €
—— car2go (no dwell)

= car2go (10min dwell)

650,00 £
600,00 €
350,00 €

— car2go (with transaction cost)

500,00 €

450,00 €

400,00 £

350,00 £
300,00 € A
250,00 €

200,00 €

150,00 €

2000
2500
3000
3500
4000
4500
5000 -
5500
G000 -
5500
FO00
FS00
8000
8500
000
9500
10000 -
10500
11000 -
11500
12000 -
12500
13000 -
13500
14000 -
14500
15000 -

Kilometer per annum

39



6. Viability of car2go in Vienna

tat

6.2.Degree of Vehicle Availability

The issue of availability is the second key prerequisite for a viable carsharing
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service (detailed in chapter 5), what is going to be analyzed now in detail. The

degree of vehicle availability tries to estimate: What is the average probability

that a free car2go is located within 500 meters?

This measure is not only important from the customers’ point of view (service with
high degree of usability), but also for the service provider, because he can
indirectly conclude for his opportunity costs. Namely, how many rides didn’t

happen (thus producing no income), because a car was not available?

In order to estimate for this, the following primary analysis was concluded. Ten
random, pre-defined locations were chosen throughout Vienna (for a graphical
illustration of the ten points relative to the operation area of car2go, check the
graph in appendix 4); for these points the distance to the closest available car was

checked for ten days, seven times per day.>>*’

To get the minimum distance in meters: first, the GPS coordinates™® had to be
converted into meter values. Taking into account the shape of the earth, this gives
the following approximate conversion rates at the coordinates of Vienna: latitudinal
value: 1=111320 m; longitudinal value: 1=106650 m. (ncgia.ucsb.edu, n.d.) After
that, the Euclidian distance®® was measured between the pre-defined points and
the locations of each free vehicle in the database. Finally, by setting the desired
observation times (at every uneven hour sharp between 09:00 and 21:00 daily),

the closest free car with the minimum walking distance could be determined.

*® A real-time public database of the free car2go cars (plate numbers, GPS coordinates included) is
available at: http://cardivvy.com/view.php?location=wien (last access: 06.07.2013)

*® The data was automatically collected (logged) in an Excel table, with the help of a Java Script,
which ran repeatedly in every ten minutes.

* Dates of the data collection: 02.06.2013-11.06.2013 (every day between 09:00-21:00)

*% Decimal degrees system used by e.g. Google Maps

% parks and other walking shortcuts allow a movement nearly in a straight line in such ‘short’
(couple of hundred meters) distances.
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For each location, a summary table was made; two examples can be seen on the
tables below (the rest of the tables can be found in appendix 5). The values of the
tables represent meter distances; the columns are the observed dates; the rows
are the observation times of the day. The green values represent the cases, when
a free car was located within 500 meters; while the yellow color signals the cases
of ‘far’ cars (a free car was available only further than 500 meters). The highlighted
percentage in the upper right corner describes the location’s degree of vehicle
availability: it is the ratio of the amount of green values to the whole number of
cases (in case of location 1 below: 47 over 70).

Table 5: Location 1 - Summary table (values in meters)

- 1200 Lorenz-Milller-Gasse 1A 48.244189,16.368769 67,14%

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 116 | Mean | Dev. | Median
9:00( 153,1 | 1130,4 | 282,0 | 4378 | 402,8 | 642,4 | 4712 | 363 | 5586 | 7508 | 4865 | 296,5 | 454,5
11:00] 153,1 | 7697 | 4412 | 437,8 | 4057 | 12387 | 7956 | 36,3 | 5586 | 501,5 | 5338 | 3239 | 4713
13:00| 425,6 | 6109 | 3532 | 437,8 | 4057 | 6236 | 370,3 | 1423 | 711,8 | 4953 | 457,6 | 1546 | 4317
15:00| 183,5 | 3749 | 3532 | 777,6 | 4863 | 3666 | 630,5 | 2023 | 6234 | 2362 | 4234 | 1909 | 370,7
17:00| 396,5 | 553,6 | 460,7 | 3714 | 676,8 | 4438 | 374,6 | 238,1 | 3687 | 394,9 | 4279 | 1126 | 395,7
19:00| 396,5 | 3034 | 369,2 | 774,9 | 7616 | 4958 | 1103,5 | 558,6 | 1848 | 394,9 | 5343 | 2602 | 446,1
21:00( 8146 | 3991 | 164 | 1483 | 347,4 | 47,2 | 1389 | 558,6 | 1447 | 162,1 | 3201 | 232,7 | 2547
Mean| 360,4 | 591,7 | 325,1 | 4837 | 4980 | 611,7 | 5549 | 2532 | 450,1 | 419,4 | 454,8
Dev.| 217,2 | 2648 | 1376 | 207,9 | 146,6 | 271,4 | 2955 | 205,6 | 2043 | 1786 2453
Median| 396,5 | 5536 | 353,2 | 437,8 | 4057 | 4958 | 471,2 | 202,3 | 5586 | 394,9 4157

Table 6: Location 2 - Summary table (values in meters)

- 1210 Martha-Steffy-Brown-Gasse 48.26938,16.405854 92,86%

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 11.6 | Mean | Dev. |Median
9:00| 3586 | 1020 | 4334 | 1158 | 5486 | 111,7 | 2691 | 183 | 1169 | 4105 | 2485 | 1706 | 193,0
11:00 3586 | 1169 | 4334 | 1158 | 1426 | 1206 | 4448 | 183 | 1169 | 1306 | 1999 | 1442 | 1256
13:00| 3586 | 1169 | 1099 | 1158 | 1426 | 290 | 3187 | 183 | 1659 | 1630 | 1539 | 1040 | 1297
15:00| 3586 | 1169 | 1834 | 1158 | 1533 | 290 | 183 | 183 | 1659 | 1630 | 1322 | 967 | 1351
17.00| 3586 | 1296 | 417 | 1158 | 1647 | 290 | 183 | 183 | 1930 | 4387 | 1508 | 1384 | 1227
19:00| 450,1 | 5208 | 228 | 2488 | 10255 | 2937 | 183 | 183 | 1930 | 4387 | 3230 | 2935 | 2712
21:00{ 1020 | 5208 | 1223 | 2488 | 7722 | 2937 | 183 | 183 | 1930 | 4387 | 2728 | 2296 | 2209
Mean| 3350 | 2320 | 1924 | 1538 | 4213 | 1295 | 1580 | 183 | 1635 | 3119 | 2116
Dev.| 1002 | 1828 | 1601 | 601 | 3375 | 1100 | 1684 | 00 | 316 | 1390 192,4

Median| 3586 | 1169 | 1223 | 1158 | 1647 | 111,7 | 183 | 183 | 1659 | 4105 1426
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If the observation values are transformed in histograms (in ascending order), it

gives us the following straightforward graphs, as it can be seen below for location
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1 and 2 (the rest of the graphs can be found in appendix 6). The size of the

observed columns differ greatly on graph 7 (less staggered as e.g. location 2 on

graph 8), which implies a rather high fluctuation of the vehicles at this location.

Graph 7: Histogram of location 1
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Graph 8: Histogram of location 2
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The average results of the ten pre-defined locations are collected in the table
below. From this, we can conclude for an average degree of vehicle availability
of 78%, which represents an average distance of 347.9 meters to the closest free
car2go car. However — as it was mentioned in chapter 6.1 — 22% of the time there

is only a ‘far’ car available in an average distance of 688 meters.

Table 7: Summary table of degree of vehicle availability

Average Availability -
Deviation Availability 14,20%
Minimum Availability 50,00%
Maximum Availability 97,14%
Mean Distance 347,9
Deviation Distance 226,4
Median Distance 302,1
Minimum Distance 8,4
Maximum Distance 1336,0
Mean Distance to far cars 688,0
Mean Distance to close cars 252,7

It must be mentioned that there are some limitations of this analysis (reducing its
real world value), which are mainly caused by the short data collection window. It
raises the issue of seasonality, which could distort the results in an unknown
direction (the weather conditions during the data collection were especially rainy).
Moreover, the small number of pre-defined points cannot provide a full
representative result for the whole city of Vienna; the determined average degree
of vehicle availability can only serve as a general rule of thumb, which can be

applied to help the people in making their decision about using car2go.
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About the differences between the various locations, the following conjecture can

be made in general. The demand of a location ‘cluster’ depends on its (Weikl
and Bogenberger, 2012 p. 359):

e Relative attractivity: the number/size of attractors in the zone (companies,
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cultural institutions, universities, popular transportation stations, etc.)
e Population density
e Demographic parameters
e Purchasing power
e Parking options: a car can appear only, where it can be parked

¢ Relative location: e.g. closeness to the border of the operation area.

Graph 9: lllustration of location clusters

B High number of vehicles
[[] Medium number of vehicles
Low number of vehicles

B High demand (hot spot)
[[] Medium demand
[[] Lowdemand (cold spot)

Source: Weikl and Bogenberger (2012 p. 359)

These are the most important factors that influence the natural placement of the
vehicles, and determine the long-term mobility pattern of each cluster (hot-
zones, cold-zones: for a general illustration, check graph 9). Although, a precise
demand model based on these influence factors would be extremely complicated
to make (ex ante forecasting tool); with continuous monitoring of the data, the
service provider would be able to identify repeating demand patterns (ex post),
and perform adjustments (fine-tuning) in the service (Weikl and Bogenberger,
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2012 p. 359). This could also help to justify the reallocation strategy of the
CSO®, which is a very costly action in carsharing; it should be performed only, if

the additional earnings compensate for the extra costs (and opportunity costs) of

the reallocation (this is the general criteria).®*
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% Reallocation is the controlled displacement of the cars to a more demanded location. More about
the FFCS reallocation can be found in Weikl and Bogenberger, 2012.

®L E.g. a vehicle should be reallocated, if it hasn’t been used for X hours (pickup and delivery
problem); or buffer depots can be used with additional vehicles at hot spots (e.g. at sport events).
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6.3.Estimating the Appropriate Fleet Size

Based on the results of the analysis in chapter 6.2, the current fleet of car2go (600
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cars) is providing a 78% vehicle availability on average. Theoretically, with an

appropriately chosen number of vehicles, this value can be increased till a

required (pre-defined) level. Using the available data about car2go, in this

subchapter, the appropriate fleet size will be estimated.

Graph 10: Appropriate fleet size estimation
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The colorful points in the graph above represent the relationship between the
availability percentages on any given day at one pre-defined location, and the
number of different vehicles within 500 meters on that day (identified using plate
number information). E.g. the red circled point on the graph means that at the
observation location ‘Universitatsring’, on one day during the data collection, there
were 28 different cars available within 500 meters, which resulted in 71.43%
vehicle availability that day. Putting all the locations and all the observation days to
one graph, we can identify the concave trend lines we were looking for.
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The black lines on the graph above represent the trend lines of each individual

location (tracing out a nice concave relationship of the axes); the red line is the

trend line of the ‘low demand’®? locations cluster (theoretically, at these locations a
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100% availability can be reached already with approximately ten cars per day);

while the green line is the trend line of the ‘high demand’®® locations cluster (here,

theoretically, more than 20 cars per day are needed for a 100% availability).

The blue line is the trend line of all locations combined (in the upper-right corner
of the graph above can be found the function of this trend line), which can be used
to estimate for the appropriate fleet size. As it can be seen on the table below, if
we set the ‘required’ availability to 95%, the trend line function gives us an
appropriate fleet size of ~731 cars. This is the amount of cars, car2go should
use in Vienna, so the customers could reach a free car within 500 meters 95% of

the time.%

Table 8: Appropriate fleet size table

Availability Now 78
Required Availability 95
Fleet Number Now 600

¥ value now| 11,3777
Required Y value| 13,8574

Appropriate Fleet Size -

Of course, the limitations of the initial analysis are still valid, meaning that the
estimation about the 731 cars is nothing more than just a rule of thumb, when
extending it to the whole city; the calculation could only measure punctually the

situation of the ten pre-defined locations supported by primary data.

2 The ‘low demand location cluster consists of: Lorenz-Miiller-Gasse, Schelleingasse,
Schénbrunner Allee, Martha-Steffy-Brown-Gasse, Billrothstrasse, Kagraner Anger

® The ‘high demand’ location cluster consists of: Universitatsring, Hutteldorfer Strasse,
Erdbergstrasse, Herminengasse

® This conclusion is of course based on a great simplification; its goal is nothing else, but to show
the underlying logic behind the analysis.
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locations into two clusters. Such differentiation would also help the CSO in his ex

Finally, an overview table (below) of the ten pre-defined locations should be
presented. As it can be seen, the average number of different cars (within 500
meters) per location cluster was around ten, which resulted in the previously
introduced 78% of vehicle availability. As it was mentioned earlier, there are rather
big differences between the locations, which make it advisable to separate the

post adjustment (e.g. reallocation), as mentioned earlier in the chapter 6.2.
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Table 9: Average number of cars per location

Average number of cars

Location o Availability
within 500 m a day
Billrothstrasse 51 50
"Low Lorenz-Miiller-Gasse 5,4 67,14
K A 5,4 97,14
demand’ agraner nger . ,
Schelleingasse 6,3 62,86
cluster
Martha-Steffy-Brown-Gasse 7,6 92,86
Schdnbrunner Allee 10,2 92,86
'High Hiitteldorfer Strasse 11,9 77,14
i
& Erdbergstrasse 12,3 74,29
demand' :
Herminengasse 14,1 85,71
cluster : e
Universitatsring 22,6 20

Deviation 5,20 14,20
Minimum 51 50
Maximum 22,6 97,14
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7.Conclusions

Based on the findings of chapter 6, the following summarizing conclusions can
be made:

e In Vienna, using car2go would be a more rational choice than vehicle
ownership (because it has a cost advantage) under an average annual VKT
of around 5,500 kilometers.®

e The average degree of vehicle availability is currently around 78% (average
distance to a free car is 348 m); although, this level could be increased to
~95%, using an appropriate fleet size of ~731 cars.

e Dalily, there are ten different cars on average in a location cluster (within a
500 m radius from the measurement point); however, at ‘high demand’
locations more than 20 different cars would be needed; while at ‘low
demand’ locations 10 different cars would be sufficient to reach a close to
100% availability level.

e As a future consideration: a tool that could measure/estimate more
precisely the opportunity cost of car2go (the amount of non-realized
income, due to the unavailability of a ‘close’ vehicle), would be extremely

useful for the service provider.

In general, we found that probably the most important advantage of the free-
floating carsharing systems lies in their high degree of flexibility.®® However,
because they can be used like a ‘modern taxi service’, the FFCS is a direct
competitor of the taxi services. In the long run, this conflict could raise some (yet
unknown) insoluble challenges, which could endanger the large-scale spread (or

even the survival) of the FFCS services.®’

® Of course, the individual mobility behavior and the limitations mentioned in chapter 6.1 have to
be taken into consideration as well.

06 People choose FFCS because of its ability to save money, time, reduces responsibility and
effort. (More to it in chapters 3 and 4)

®" First signs of objections/protests of taxi drivers against FFCS in Québec, Canada (cjad.com,
2013)
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As Obradovits, 2011 points out in his economic model, “a very high quality sharing

company with high capital utilization can be detrimental to social welfare”,

N
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because, if a downstream sharing company triumphs over a traditional retailer (in

our scenario, if the taxi industry would be forced to exit the market entirely), it

would result in a significant destruction of economic value, both from the
companies’, and from the consumers’ point of view. (Not mentioning the negative
effect on unemployed taxi drivers; and the ‘correction’ steps the governments

would take to avoid such situation.)

However, we have to mention that the weight of taxi in the transportation modal
split is only a marginal 0.2% (Finkorn and Mdller, 2011 p. 1523) (~4,300 taxis in
Vienna), which questions essentially the ‘strategic’ importance of the industry.
Moreover, the taxi industry could always exploit the rest of the market, which

FFCS cannot reach: transport of people, who are unable or not allowed to drive.
Nevertheless, it is assumed that the biggest step in securing the future of the

FFCS industry would be, if its environmental friendly character will be finally

proven undoubtedly.
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Graph 11: The Viennese Taxi Tariff Table

2

e
>
52

The regulated Taxi Tariff of Vienna (since 01/12/2012)

Daytime (workdays from 6-23)
Basic Tariff 3,80€ inkl. 859,2 m
Distance Tariff till 4 km 0,20 € | foreach started 140,7 m | =1,42 €/km
Distance Tariff from4 km | 0,20 € | for each started 1846 m | =1,08 €/km
Distance Tariff from9km | 0,20 € | foreach started 190,6 m | =1,05%/km
Time Tariff 0,20 € | for each started 25,9 sec | = 27,8 €/Hour

At Night (workdays from 23-6)
Sundays and Holidays (0-24)
Basic Tariff 430€ inkl. 1000 m

Distance Tariff till 4 km 0,20 € | foreach started 1232 m | =1,62€/km
Distance Tariff from4 km | 0,20 € | for each started 156,8 m | =1,28 €/km
Distance Tariff from9km | 0,20€ | foreach started 169,5m | =1,18€/km
Time Tariff 0,20 € | for each started 25,9 sec | = 27,8 €/Hour

Additional fees

Reservation per Telephone 2,80€
Reservation per Taxi Telephone 1,40£€
Transport of more than 4 people 2,00€

Source: taxi60160.at (2013)
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Table 10: Vehicle ownership costs ‘cheap’ scenario

smart 'cheap' scenario

Year 1 Year 2 Year 3 Year 4 Year 5 Total cost
Fix Costs
Purchase price| 12 000,00 € 12 000,00 €
Resell price -6 500,00 €| -6 500,00 €
Registration fee 185,25 € 185,25 €
Vehicle Inspection Sticker 40,00 € 40,00 € 80,00 €
Insurance (with vehicle tax)] ~ 707,00€| 707,00€| 707,00€| 707,00€| 707,00€| 353500€
Highway vignette 80,60 € 80,60 € 80,60 € 80,60 € 80,60€| 403,00€
Winter Tires 300,00 € 300,00 €
Cleaning|  40,00€|  40,00€| 40,00€|  40,00€| 40,00€| 200,00€
Parking Permission (for residents) 138,20 € 120,00 € 120,00 € 120,00 € 120,00 € 618,20 €
Total Fix Costs:| 10 821,45 €
Variable Costs
Maintenance 200,00 €/10 000 km
Fuel Consumption 0,0630 €/km
Table 11: Vehicle ownership costs ’'no resell’ scenario
smart 'no resell' scenario
Year 1 Year 2 Year 3 Year 4 Year 5 Total cost
Fix Costs
Purchase price| 12 500,00 € 12 500,00 £
Resell price 0,00£€
Registration fee 185,25 € 185,25 €
Vehicle Inspection Sticker 40,00 € 40,00 € 80,00€
Insurance (with vehicle tax)] ~ 707,00€| 707,00€| 707,00€| 707,00€| 707,00€| 353500€
Highway vignette 80,60 € 80,60 € 80,60 € 80,60 € 80,60€| 403,00€
Winter Tires 300,00 € 300,00 £
Cleaning 40,00 € 40,00 € 40,00 € 40,00 € 40,00 € 200,00 £
Parking Permission (for residents) 138,20 € 120,00 € 120,00 € 120,00 € 120,00 € 618,20 €
Total Fix Costs:| 17 821,45 €
Variable Costs
Maintenance 200,00 €/10 000 km
Fuel Consumption 0,0630 €/km
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Appendix 3
Graph 12: Break-Even Points (1-3000 km/year)
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Graph 13: Ten pre-defined locations and the operation area of car2go
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g; Table 12: Locations 3-10 - Summary tables (values in meters)
. 3 1010 Universitatsring 1 48.212988,16.361399 80,00%

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 11.6 | Mean | Dev. | Median
9:00{ 5256 | 2067 | 530 | 1794 | 2103 | 4083 | 398 | 2701 | &4 | 797 | 2058 | 1515 | 1930
11:00{ 5124 | 2172 | 530 | 2507 | 2274 | 7897 | 776 | 3218 | 1231 | 1049 | 1968 | 1349 | 1701
13:00{ 296,1 | 1512 | 530 | 1051 | 1486 | 1791 | 2761 | 2114 | 2212 | 1402 | 1782 | 711 | 1652
15:00{ 533,1 | 1512 | 2936 | 4692 | 1870 | 2986 | 6643 | 7673 | 3191 | 2615 | 3945 | 1953 | 3089
17:00{ 467,7 | 362,1 | 2392 | 6780 | 7127 | 7174 | 2886 | 2954 | 5374 | 4933 | 4792 | 1720 | 4805
19:00{ 2627 | 617,0 | 1336,0 | 2560 | 2551 | 3081 | 2634 | 2350 | 1105 | 2487 | 3893 | 3381 | 2593
21:00| 1980 | 2109 | 1762 | 7766 | 2068 | 5138 | 2634 | 1372 | 10984 | 4250 | 4006 | 2991 | 2372
Mean| 3994 | 2738 | 3149 | 3878 | 2783 | 3579 | 2676 | 3199 | 3564 | 2505 | 3206
Dev.| 1315 | 1546 | 4266 | 2395 | 1800 | 1969 | 1874 | 191,1 | 3362 | 1474 2415

Median| 4677 | 2109 | 1762 | 2560 | 2103 | 3081 | 2634 | 2701 | 221,2 | 2487 255,5

- 1040 Schelleingasse 33 43.185996,16.370602 62,86%

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 116 | Mean | Dev. |Median

9:00| 6630 | 4224 | 8055 | 6350 | 4339 | 614 | 3866 | 5158 | 197,1 | 942,1 | 5064 | 2532 | 4749

11:00| 4308 | 701,3 | 6729 | 6350 | 7363 | 6831 | 9898 | 650,2 | 3983 | 6391 | 6537 | 1545 | 6616
13:00| 766,2 | 6262 | 4524 | 3971 | 2603 | 3313 | 4656 | 7498 | 3983 | 3993 | 4847 | 1635 | 4259
15:00] 542,0 | 1339 | 3039 | 1731 | 1165 | 1835 | 2934 | 9199 | 2086 | 4355 | 3310 | 2347 | 2510
17:00| 4466 | 1225 | 2857 | 1731 | 1165 | 1270 | 2557 | 670,1 | 4154 | 4658 | 3078 | 1767 | 2707
19:00 799 | 869 | 2677 | 6813 | 1112 | 2308 | 5140 | 2329 | 5156 | 4507 | 3171 | 1993 | 2503
21:000 5123 | 4236 | 3838 | 3098 | 1136 | 3400 | 1676 | 8267 | 5156 | 5787 | 417,1 | 1964 | 4037
Mean| 4917 | 3595 | 4531 | 4292 | 2698 | 2796 | 4390 | 6522 | 3784 | 5587 | 4311
Dev.| 2012 | 2322 | 1935 | 2052 | 2208 | 1896 | 2510 | 2092 | 1204 | 1751 231,7

Median| 5123 | 4224 | 3838 | 397,1 | 1165 | 2308 | 3866 | 6701 | 3983 | 4658 4230

. 1020 Herminengasse 5 48.218384,16.374105 _

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 11.6 | Mean | Dev. |Median

9:00{ 400,2 | 290,1 | 2984 | 4437 | 845 | 4805 | 5802 | 87,7 | 3805 | 3935 | 3439 | 1514 | 3870

11:00{ 1842 | 361,7 | 2971 | 4444 | 512,1 | 3683 | 4706 | 877 | 3805 | 2828 | 3589 | 1293 | 3744
13:00{ 401,7 | 2381 | 4144 | 3651 | 4433 | 1883 | 1370 | 8419 | 810 | 956 | 3206 | 2169 | 3016
15:00{ 4611 | 2604 | 4605 | 132,6 | 2118 | 2070 | 5443 | 3897 | 325 | 2738 | 3064 | 1512 | 2854
17:00{ 4319 | 8226 | 5477 | 871 | 4352 | 3591 | 301 | 3463 | 622 | 3175 | 3440 | 2305 | 3527
19:00 386,5 | 4657 | 2487 | 840 | 10977 | 5786 | 6926 | 2956 | 4283 | 1818 | 4460 | 2774 | 4074
21:00] 2153 | 955 | 1992 | 5431 | 4105 | 4088 | 773 | 671 | 2079 | 84 | 2233 | 1676 | 2035
Mean| 3544 | 3620 | 352,3 | 3000 | 4564 | 3829 | 3617 | 3023 | 2247 | 2505 | 3347
Dev.| 1008 | 2154 | 1158 | 1792 | 2965 | 1162 | 2518 | 2531 | 1578 | 154;3 205,0

Median| 4002 | 2001 | 2984 | 3651 | 4352 | 3683 | 4706 | 2956 | 2079 | 27328 3604
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1190 BillrothstraRe 60 48.240938,16.343833 50,00%
2.6 3.6 4.6 5.6 0.6 1.6 8.6 9.6 10.6 11.6 | Mean | Dev. |Median

wN
; D
0:00] 2732 | 688 | 6883 | 799,1 | 566,3 | 4975 | 1717 | 2958 | 431 | 4402 | 3844 | 2439 | 3680 B

11:00] 6925 | 4078 | 2330 | 1831 | 5995 | 5641 | 3637 | 2958 | 781,2 | 4402 | 4561 | 1884 | 4240
13:00| 7985 | 7557 | 4542 | 7981 | 4630 | 5201 | 3652 | 5851 | 4993 | 2787 | 5518 | 1717 | 5097
15:00] 914,1 | 3704 | 4516 | 6602 | 4629 | 738 | 6884 | 6134 | 1853 | 6890 | 5109 | 2411 | 5382
17:00| 666,6 | 3579 | 4374 | 5975 | 6174 | 7768 | 6189 | 4773 | 4352 | 5160 | 5501 | 1207 | 5567
19:00] 1424 | 8123 | 4186 | 5473 | 5736 | 5382 | 7374 | 7972 | 6100 | 2907 | 546 | 2049 | 5604
21:000 5731 | 7053 | 2229 | 5593 | 7900 | 2466 | 6201 | 3592 | 766 | 289 | 4182 | 2539 | 459.2
Mean| 5801 | 4969 | 4151 | 592,1 | 581,8 | 4596 | 5093 | 4891 | 3758 | 3834 | 4883
Dev.| 257,8 | 2497 | 1455 | 192,9 | 1025 | 2128 | 1943 | 1738 | 2604 | 1937 2178
Median| 666,6 | 407,8 | 4374 | 5975 | 5736 | 5201 | 6189 | 4773 | 4352 | 4402 507,6

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 116 | Mean | Dev. |Median
9:00| 2104 | 2315 | 4114 | 4294 | 271,7 | 3147 | 2357 | 3603 | 3960 | 2638 | 3125 | 77,2 | 2932
11:00] 2104 | 5030 | 431,7 | 6121 | 2527 | 1439 | 1776 | 1256 | 4953 | 7011 | 3653 | 1981 | 3422
13:00] 2104 | 3077 | 5121 | 7890 | 2527 | 1439 | 3174 | 1256 | 3965 | 3919 | 3447 | 1864 | 3125
15:00] 390,8 | 3645 | 9312 | 9121 | 6431 | 2434 | 3174 | 563,1 | 3965 | 3237 | 5086 | 2347 | 3937
17:00] 7791 | 2726 | 5445 | 3131 | 4830 | 2172 | 3282 | 2148 | 2405 | 2084 | 3601 | 1773 | 2929
19:00] 1153 | 2726 | 1944 | 3599 | 7354 | 483 | 7471 | 4065 | 3472 | 2657 | 3492 | 2220 | 3099
21:000 1153 | 8358 | 2743 | 4317 | 5205 | 483 | 1552 | 2220 | 2479 | 6678 | 3528 | 2434 | 2611
Mean| 2902 | 3982 | 471,4 | 5496 | 4526 | 1657 | 3255 | 2883 | 3600 | 4032 | 3705
Dev.| 2169 | 1968 | 2201 | 2114 | 1835 | 921 | 1839 | 1500 | 839 | 1857 206,7
Median| 2104 | 3077 | 4317 | 431,7 | 4830 | 1439 | 3174 | 2220 | 3960 | 3237 3174

. 1150 Hiitteldorfer Strafle 48 43.198666,16.325055 _

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 11.6 | Mean | Dev. |Median
9:00{ 51,0 | 1865 | 3608 | 5145 | 3654 | 4035 | 2187 | 2712 | 3331 | 3814 | 3087 | 1239 | 3470
11:00] 51,0 | 437,2 | 2537 | 3060 | 6332 | 3582 | 2187 | 2712 | 3331 | 3814 | 3245 | 1436 | 3196
13:.00] 510 | 3209 | 2537 | 3654 | 6332 | 3582 | 2187 | 3127 | 3331 | 4006 | 3249 | 1395 | 3270
15:00] 51,9 | 258,1 | 5098 | 2720 | 2322 | 3122 | 2187 | 2062 | 3107 | 639 | 2436 | 1234 | 2452
17:.00] 519 | 838 | 8150 | 2720 | 2322 | 1930 | 1774 | 3382 | 562 | 2440 | 2460 | 2097 | 2126
19:00] 51,8 | 838 | 2608 | 2720 | 824 | 3508 | 1774 | 3342 | 2043 | 831 | 1901 | 1059 | 1908
21:00] 1865 | 838 | 2608 | 2720 | 2814 | 3508 | 3127 | 3342 | 3243 | 831 | 2490 | 937 | 2767
Mean| 712 | 2077 | 3878 | 3249 | 3514 | 3324 | 2203 | 2049 | 2707 | 2339 | 2695
Dev.| 471 | 1279 | 1951 | 838 | 1945 | 620 | 418 | 446 | 975 | 1443 146,5
Median| 51,0 | 1865 | 260,8 | 272,0 | 2814 | 3508 | 2187 | 3127 | 3243 | 2440 2716

. 1120 Schénbrunner Allee 40 48.171144,16.311412 _
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E 5 1030 Erdbergstrale 127 48.194615,16.40882 74,29%

q) C 2.6 3.6 46 5.6 6.6 7.6 8.6 0.6 10.6 11.6 Mean | Dev. |Median
>Q 9:00{ 739,6 | 2448 | 2898 | 1205 | 2920 | 1139 | 3647 | 1128 | 2371 @ 1881 | 2703 | 1761 | 2410
‘— § 11:00] 7733 | 2448 | 2898 | 1543 | 2920 | 1139 | 5004 | 3668 | 2371 | 1738 | 3146 | 1859 | 2673
S 13:00] 3936 | 1905 | 5021 | 1543 | 2511 | 1139 | 5004 | 1909 | 1149 | 2385 | 2650 | 1406 | 2147

15:00f 197,8 | 1905 | 4566 | 2810 | 1812 | 1150 | 3732 | 7800 | 1149 | 2145 | 2905 | 1929 | 2062
17.00] 7733 | 7704 | 5140 | 4560 | 2600 | 1150 | 4860 | 10313 | 1179 | 69328 | 521,8 | 2858 | 5000
19:00| 7304 | 5862 | 1421 | 1305 | 1847 | 1150 | 4860 | 10054 | 1104 | 5302 | 402,1 | 2975 | 3353
21:00 7304 | 9530 | 3923 | 3647 | 2517 | 1150 | 3808 | 3774 | 1104 | 5499 | 4226 | 2495 | 3791
Mean| 6198 | 4544 | 3695 | 2373 | 2447 | 1145 | 4416 | 5521 | 1490 | 3698 | 3553
Dev.| 2122 | 2913 | 1259 | 1224 | 422 | 06 | 599 | 3536 | 558 | 1985 22,2
Median| 7304 | 2448 | 3023 | 1543 | 2517 | 1150 | 4860 | 3774 | 1149 | 2385 2705

26 | 36 | 46 | 56 | 66 | 76 | 86 | 96 | 106 | 116 | Mean | Dev. |Median

9:00| 4046 | 4046 | 2940 | 1297 | 1297 | 1297 | 3736 | 1367 | 1367 | 6225 | 2762 | 1631 | 2153

11:00| 404,6 | 4046 | 2940 | 1297 | 1297 | 3944 | 2913 | 1367 | 1367 | 2961 | 2618 | 1130 | 2927
13:00| 4046 | 3021 | 200 | 1297 | 1297 | 3944 | 2913 | 1367 | 1367 | 6225 | 2568 | 1717 | 2140
15:00| 404,6 | 302,1 | 2633 | 1297 | 1297 | 2904 | 2913 | 1367 | 1367 | 2776 | 2362 | 914 | 2705
17:00| 4046 | 302,1 | 2633 | 1297 | 646 | 2904 | 2913 | 1367 | 1367 | 2776 | 2297 | 1006 | 2705
19:00| 404,6 | 302,1 | 2633 | 1297 | 646 | 2904 | 1882 | 1367 | 2743 | 2776 | 2331 | 96,1 | 26838
21:00f 40456 | 3021 | 1297 | 1297 | 646 | 2904 | 1882 | 1367 | 2743 | 1151 | 2035 | 1027 | 1625
Mean| 4046 | 3314 | 2182 | 1297 | 101,8 | 2971 | 2736 | 1367 | 1760 | 3556 | 2425
Dev.| 00 | 463 | 961 | 00 | 322 | 81 | 608 | 00 | 622 | 1781 1257

Median| 4046 | 3021 | 2633 | 1207 | 1297 | 2904 | 2913 | 1367 | 1367 | 2776 2688

1220 Kagraner Anger 91 48,23948,16.449062 97,14%
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Appendix 6

Graph 14: Histograms of locations 3-10
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9. Appendix

9.1.Deutsche Zusammenfassung

Diese Masterarbeit hat ein doppeltes Ziel. Einerseits versucht sie, ein ,ganzes
Bild“ Uber free-floating Carsharing — Uber diesen verhaltnismallig neuen
Mobilitatsservice, mittels der Zusammenfassung seiner speziellen Eigenschaften
und der Strukturierung seiner Einflussfaktoren — zu geben. Auf der anderen Seite,
die Arbeit ware eine Leitlinie fur die potenziellen Kunden, indem es wird
eingeschatzt: unter welchen Voraussetzungen ist es lohnt sich wirklich diesen

Service zu benutzen.

In dem ersten Teil der Arbeit (Kapitel 1 bis 5) werden die verschiedenen Aspekte
des free-floating Carsharings eingefuhrt, und wird der notwendige theoretische
Hintergrund in einer gut strukturierten Form prasentiert. Der zweite Teil der These
(Kapitel 6) enthalt den Primarforschungsteil, was mit dem konkreten Beispiel von
car2go Wien beschaftigt. Die SchlUsselfaktoren: das Kosteneinsparungspotential,
der Grad der Fahrzeugverfigbarkeit und die geeignete Flottengrofde werden
analysiert, um Abschatzungen Uber die Brauchbarkeit und Wirtschaftlichkeits-

potenzial von car2go aus der Perspektive der Verbraucher zu geben.

Wabhrscheinlich ist der wichtigste Vorteil des free-floating Carsharing Systems ihr
hoher Grad an Flexibilitat, die es ermdglicht, das System als eine automatisierte,
effiziente ,Taxi Service“ zu verwenden. Die Kunden benutzen es, weil sie damit
Zeit- und Kosteneinsparungen erreichen kann; aufl’erdem verringert es -—
verglichen mit dem Fahrzeugbesitz — ihre erforderliche Verantwortung und
Bemuhungsgrad. Gemal der Primaranalyse, liefert car2go in Wien bereits
ziemlich bequeme Betriebsbedingungen fir die Benutzer; jedoch eine
Verringerung der Opportunitatskosten kdnnte noch eine unbekannte Grof3e von

finanziellen Gewinnen erlangen.
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9.2.English Abstract

This thesis has a double objective. On the one hand, it tries to give a ‘whole
picture’ about free-floating carsharing, this relatively new mobility service, by
summarizing its characteristics and structuring the influence factors of the
business. On the other hand, it tries to provide a guideline for the potential

customers, by estimating: under what conditions does it worth using such service.

In the first part of the thesis (chapters 1 to 5), the various aspects of free-floating
carsharing are introduced; the necessary theoretical background is organized in a
well-structured form. The second part of the thesis (chapter 6) comprises the
primary research part, which deals with the real-world example of car2go, Vienna.
The key factors of cost saving potential, degree of vehicle availability and the
appropriate fleet size are analyzed, in order to provide estimations about the
usability/viability of the car2go free-floating carsharing service from the consumers’

perspective.

Probably the most important advantage of the free-floating carsharing systems is
their high degree of flexibility, which allows customers to use them as an
automated, more efficient ‘taxi service’ system. People use it, because it can
provide time and cost savings; moreover it reduces the required responsibility and
effort compared to vehicle ownership. Based on the primary analysis, car2go in
Vienna provides already rather convenient service conditions for the users;
however, by reducing the opportunity costs still an unknown magnitude of financial

gains could be exploited.
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