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The current market share of car sharing does not match the potential estimated in
literature. In this thesis, various unexploited opportunities for car sharing, such as
integration with public transportation and service of rural areas, have been identi-
fied and explored. The goal of the study is to find features that would increase the
utilisation and acceptance of car sharing as a capable mobility alternative. Three
existing information sources are analysed. Besides literature, online reviews and a
daily mobility dataset are chosen, as these sources are not exploited in other research
yet and are easily accessible. The insights that are gained into mobility behaviour
and satisfaction, highlight the difficulties to create a homogeneous car sharing ser-
vice to attract and satisfy customers in every available location. A list of features
is created in which trip type, dedicated parking spots and availability are found to
require priority. The provided features and concepts can be used by different par-
ties, such as car sharing companies, governments, and policy makers, to improve
car sharing or mobility in general.
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Chapter 1

Introduction

This thesis is written as part of the Information Sciences curriculum at the Radboud
University, Nijmegen, the Netherlands. The research is performed at a startup com-
pany called Going Dutch, located in Lochem, the Netherlands. With the knowledge
gained during years of working with transportation planning, they are creating a
unique car sharing service. Various untapped growth opportunities for car sharing
have been identified by Going Dutch and are used to define the subject of this thesis.

1.1 Motivation

Cars are one of the most used mobility types in today’s society. They provide a com-
fortable, flexible and private way of travelling. Although private cars have many
benefits, downsides also exist. Most cars are stationary for a significant portion of
the day and car ownership is expensive. As the number of cars on the road grows,
congestion, parking issues and CO2 emission also increase.

A way to address these issues could be car sharing, a type of car rental for people
who want to rent a car to travel a short distance or for a short period of time. Car
sharing provides its users with the benefits of a private vehicle, but removes fixed
and unexpected costs, and delegates maintenance and repair responsibilities. The
advantages are not limited to individual car sharing users. Car sharing increases
the average daily usage time per car and decreases the time spent stationary, which
leads to less cars needed for everybody to fulfil their travel needs. Additionally, car
sharing organisations use fuel efficient vehicles or even electrical vehicles, which is
also beneficial for the environment.

This sounds very promising and studies conducted at the end of the 20th century
estimated that car sharing has a great potential. One study predicted a car sharing
market share of 9% in Austria (Steininger et al., 1996), while another study predicted
a potential of 600,000 customers for the Mobility Switzerland service (Muheim and
Reinhardt, 1999). Both studies turned out to be off by more than a factor of five. Why
is interest in car sharing not translated into usage?

1.2 Problem definition

Although the concept of car sharing shows potential, car sharing has not been as
widely adopted as was previously predicted. It is not for a lack of trying, as in
Germany alone there are over 100 car sharing companies (Loose, 2010). Various
approaches have been tried, but more opportunities can be distinguished to improve
a car sharing service and capture a larger market share.

For long distance commuters who travel by private car, car sharing is not inter-
esting because of the cost and the restriction of some services to return the car to
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the pickup location. Car sharing is ideal to facilitate short trips, for example, for
shopping or social activities, and to replace a second car.

Integration with PT is lacking for car sharing. In theory, car sharing would be
ideal for the so called ’first mile/last mile’ (FMLM) problem of a PT journey, as
shared cars could be used to travel to or from a bus or train station. Current restric-
tions limiting integration can be identified, such as returning the car to the pickup
location as well as the uncertainty of availability. The PT coverage in urban areas
is often better than in rural areas resulting in a FMLM less than one mile. While in
rural areas, this might be multiple miles.

Most research conducted related to car sharing markets look at urban areas be-
cause a higher population density leads to more demand and a bigger market. With
the decline of PT coverage in rural areas in the Netherlands, these areas might be-
come more interested in and interesting for car sharing services.

With the recent technological advancement of self-driving cars, new opportuni-
ties arise for car sharing companies. The possibility for cars to relocate themselves,
opens the ability to turn car sharing into an autonomous taxi service. The transition
to autonomous cars will not likely happen overnight, therefore car sharing compa-
nies could already prepare to ease the transition and have the infrastructure in place
to support such a taxi system.

Given these opportunities are yet unexploited, research is needed to investigate
the feasibility of implementation.

1.3 Research objective

This study aims to find features for car sharing services which would increase their
utilisation and acceptance as a capable mobility alternative. A feature is a distinctive
attribute or element which, when implemented correctly, profits/benefits (or at least
not harms) at least one stakeholder group. The considered stakeholders involved
with car sharing are users, car sharing companies, governments, and the environ-
ment. This thesis takes the perspective of users to identify wanted and unwanted
features.

1.4 Research approach

Three existing information sources are explored to analyse and synthesise informa-
tion regarding people’s implicit and explicit mobility preferences. These sources are
chosen for their accessibility, and for not being (fully) exploited yet. The first infor-
mation source is literature. Literature is examined, and findings are analysed and
discussed. The goal is to establish a knowledge base about what has already been
researched in the field of car sharing and related people transportation. The focus
lies on both discovering car sharing features as well as PT and private car features.
Secondly, current experiences with car sharing services are analysed by looking at
online reviews. Within the reviews, user appreciation of the described feature is
studied. Thirdly, travel behaviour is analysed to confirm, contradict and extrapolate
user desired features. Finally, the gathered features are verified against each other
and the interests of other stakeholders, to create an overview of compatible and con-
flicting features.
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1.5 Research question

With the research objective and approach defined, the research question that this
thesis will try to answer can be formulated.

What are the key design features of a shared vehicle fleet to stimulate adoption and social
support amongst the general public?

As indicated in the motivation section of this chapter, car sharing has not grown
as fast as estimated. Different car sharing companies have had varying degrees of
success, but the number of users remains a small portion of the total population.
To exploit all the advantages of car sharing, a larger user base is needed. To find
how more people can be attracted to use car sharing (adoption) and how to shape
a positive public opinion (social support) about car sharing, car sharing services
need to fit the needs of society. These needs should be reflected in what features are
implemented in car sharing services. This research focuses on finding these features
in literature, reviews and travel behaviour.

A vehicle fleet is defined as a group of motor vehicles owned or leased by a
business, government agency or other organization rather than by an individual or
family.

1.6 Roadmap

The thesis’ structure is derived from the three information sources described in the
research approach section. Each source is discussed in a separate chapter. These
chapters have one or two research questions related to the information source they
will analyse.

In chapter 2 candidate car sharing features are searched for in literature. In this
chapter car sharing literature is analysed to answer the following question: What kind
of candidate car sharing features can be found in literature? As alternative transportation
modes, PT and private car literature is reviewed to distinguish what people want
from a transportation service. The question that will be answered is: Which features
found in other forms of people transportation can be applied to car sharing?

In chapter 3 the online shared experiences of car sharing users are looked at to
give insight into how people use and feel about car sharing. The question that will
be answered is: What are the experiences of car sharing users with car sharing and its
current features?

In chapter 4 a dataset with daily mobility in the Netherlands is analysed to differ-
entiate between attitude and behaviour. These two do not always match. Therefore,
it is important to not only look at what people think and say, but also how they act.
This chapter will answer the following question: What kind of candidate features can be
found in or deduced from travel behaviour?

In chapter 5 the found candidate features from the three information sources
are discussed. They are analysed not only from the perspective of the user, but
also from the perspective of the other stakeholders. They are also compared against
each other to find conflicting features and whether features depend on each other.
Recommendations are formed and the research question is answered.

In chapter 6 conclusions are drawn about the research and the identified car
sharing opportunities. The used information sources as well as future research is
discussed.
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Chapter 2

Literature review

The goal of this chapter is to find candidate car sharing features in literature, by look-
ing at the advantages and disadvantages of different mobility types and analysing
the motivation and satisfaction of its users. As mobility types, in addition to car
sharing, public transportation (PT) and private cars have been selected to be anal-
ysed. PT is chosen, as integration with car sharing is identified to be an unexploited
opportunity. Private car is selected to find what motivates people to use a car as
mobility type.

First, car sharing is discussed in-depth to create a better understanding of its differ-
ent implementation forms, users and alternatives. Secondly, PT and private cars are
discussed. Thirdly, the future of car sharing is discussed by looking at the poten-
tial of autonomous vehicles for car sharing services. Finally, important findings are
summarised and found candidate features are discussed.

2.1 Car sharing

Car sharing allows people to rent a vehicle for a short period of time, with the cost
of usage based on kilometres and/or time driven.

The first car sharing service is thought to be the Witkar project in the Netherlands
(Bendixson and Richards, 1976), based on specially designed electric vehicles. The
service had a total of 4000 registered users. A lack of governmental support meant
that Witkar would not continue after its experimental phase.

Studies conducted at the end of the 20th century (Steininger et al., 1996; Muheim
and Reinhardt, 1999) indicated huge growth potential for car sharing services. This
potential has not been transformed into success, with recent research in the Nether-
lands (TNS Nipo, 2014; Jorritsma and Mobiliteitsbeleid, 2015) showing that only 1%
of the Dutch population uses car sharing. TNS Nipo also found that 20% of the re-
spondents is open to car sharing, indicating a still existing potential for the future.
In 2015, the Dutch government partnered with private companies, such as Capgem-
ini, Greenwheels, and SnappCar, to create Greendeal 2018 (Rijksoverheid, 2015), an
initiative to create more awareness, built and share knowledge, and start pilots and
projects to further scale car sharing. These types of collaboration are important for
the growth of car sharing. As Terrien et al. (2016) demonstrate, public and private
entity collaboration is crucial to create a successful car sharing service. They recom-
mend special organisational structures, appropriate risk allocation and sharing, and
building tools to assess profitability.

Car sharing is growing all over Europe (Loose, 2010), besides the Netherlands,
other countries such as Switzerland, show above-average growth rates. Both coun-
tries were early experimenters with car sharing. However, Germany, also an early
experimenter, has not experienced the same growth yet. The implementation and
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success of car sharing varies in all countries.

Within this section, car sharing will be investigated. First, its advantages and disad-
vantages are looked at. Secondly, a description of the different types of car sharing is
given. Thirdly, the users of car sharing are analysed by demographics, motivation,
and usage. Fourthly, alternative services are discussed.

2.1.1 Advantages

The effects of the advantages of car sharing can be divided into three categories: the
individual, the transportation infrastructure, and the environment. The advantages
for each category will now be discussed.

Individual

A car provides its users mobility in a way that other means of transportation cannot.
Cities and road networks are designed around the use of cars. In the mid-nineteenth
century, when a car was considered to be a luxury item and less people could afford
it, the first clubs were created in which members shared the cost and usage of a
car. The main motivation of these clubs was to gain the benefits of mobility without
the cost of ownership (Shaheen et al., 1998). Greater mobility remains one of the
advantages of car sharing, especially for people who do not own a car. Sharing the
costs leads to the next advantage. The fixed costs of owning a car are converted into
variable costs; you only pay when you need a car. The cost of insurance and upkeep
are one of the most disliked features of car ownership (Millard-Ball et al., 2005). Also
(unexpected) costs, such as maintenance and parking costs, are removed.

The effects of car sharing on car ownership has been researched in many stud-
ies. (Shaheen et al., 2012) provide an overview of studies indicating the impact on
car ownership in North America. These studies show a range of 2.5 to 55% of the
participants selling an owned vehicle and 7 to 70% of the participants avoiding a ve-
hicle purchase. Not owning a car does not mean less mobility any more, but could
improve mobility. The broad range of results for the different studies is caused by
outliers. For example, the average of the 17 studies exploring participants selling
their car is 25%, with 10 studies only deviating 1% from the average. This average
cannot be used, as not all studies can be weighted equally. Not all sample sizes are
known. It shows that the effects of car sharing depend heavily on implementation
and location.

Car sharing services offer different types of vehicles, so users have the possibility
to choose the type of vehicle that best suits the needs for their trip. For example, a
small car will suffice to visit a friend, while a shopping trip might require a bigger
car to fit the purchased goods.

Transportation infrastructure

In this thesis, the transportation infrastructure includes all means of transporta-
tion and infrastructure used to travel. With motorised mobility in cities estimated
to double between 2015 and 2050 (OECD, 2017), the danger of overloaded roads
within cities exists. This would decrease mobility within cities, as cars and buses are
stuck in traffic more frequently. The influence of car sharing on reducing car own-
ership, could help weaken this growth. Another positive effect of car sharing that
would contribute to better mobility, is an increase in cycling, walking and PT usage
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(Millard-Ball et al., 2005; Martin and Shaheen, 2011b). This will be discussed more
in-depth later in this chapter.

Less car ownership can lead to an increased parking availability, as less cars need
to be parked. This could lead to a reduced need for parking spaces, decreasing the
amount of parking spaces that need to be built in new development areas, allowing
a different allocation for land. Cars also spend less time idle, decreasing the time
spent stationary on a parking location. Some car sharing companies offer users of
their service dedicated parking spaces, which users describe as an attractive feature
(Millard-Ball et al., 2005). Parking privileges also increase car driving efficiency, as
less time is wasted searching for a parking location.

A commonly mentioned advantage is a reduction of congestion. Decreasing car
ownership, reduces the number of cars present on the road at the same time. Al-
though mentioned in multiple studies, it has not been studied in a real-life scenario
yet. Congestion decrease caused by car sharing is currently difficult to prove, as car
sharing needs to be widely adopted before this effect can be noticed. Predictions can
be based solely on estimated car ownership decrease, not measured car ownership
decrease.

Environment

The positive impact of car sharing on the environment include less vehicle travel and
lower emissions (Martin and Shaheen, 2011a; Shaheen and Chan, 2015). Less vehicle
travel and the use of more fuel efficient or electric cars results in lower emissions.

Not only are cars used less often because of car sharing, the total amount of
kilometres driven with cars, Vehicle Kilometres Travelled (VKT), is also lower. (Sha-
heen et al., 2012) provides an overview of change in average VKT in North America
caused by car sharing. The VKT decrease ranges from 3 to 73%. As discussed in the
advantage of the individual section, this wide range of results is caused by outliers.
The average decline in VKT is 42%, with five of the 13 studies within a 5% deviation.
Meijkamp (2000) showed in a study of four car sharing services in the Netherlands,
the average yearly kilometres of car sharing users declined by 33% after becoming
a member. Of the people who substituted their private car for car sharing, the de-
crease in VKT is even larger (65%). The frequency of trips does not decrease, but car
travel is replaced by bike, train or bus use.

Participants in a Dutch car sharing research travelled an average of 1600 km less
per year by car than they did before (Nijland et al., 2015). This results in an estimated
8 to 13% less CO2 emissions. Estimations show, if 10% of the car users in the Nether-
lands would use car sharing (10 times more than currently) and they would also
drive 1600 km less per year, this would result in a VKT reduction of maximally 1.3
billion km, a decrease in of the VKT in 2020 of 0.5 to 1% (Jorritsma and Mobiliteits-
beleid, 2015).

However, a decrease in VKT might not be directly achieved. (Cervero et al.,
2002a) found members of a San Francisco based car sharing service actively using
the service for nine months drove farther, longer, and logged more VKT than mem-
bers driving private vehicles. They conclude that this specific car sharing service
stimulates motorised travel. This could be caused by the fact that two-thirds of the
members came from carless households.

New research was performed four years later at the same company to look at the
long-term effects of car sharing. Now they found that the average VKT of members
decreased compared to non-members (Cervero et al., 2006). The sale of private cars
and abstaining from buying an additional car were found to explain this finding.
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Also, the way car sharing is implemented, influences the VKT. Model simula-
tions found that introducing car sharing only in inner London would have little
influence on the VKT driven in cars (Le Vine et al., 2014). However, introducing the
service across London would result in a decrease in VKT.

As is mentioned in the above discussed studies, it is important to keep in mind
that participants of surveys who are asked to indicate their VKT before and after
joining car sharing, need to make an estimation. Errors and biases can creep into
their estimations. Another limitation is that the results only provide a snapshot, as
the frequency, timing, and location of mobility of people is susceptible to change.

2.1.2 Disadvantages

To use a car sharing service, people need to have an account registered at a service.
The registration process is an entry threshold. First time impulsive usage is not
possible because all services need a copy of your driver’s license in order to register.

It is unknown when car sharing is financially beneficial. Looking at the price per
trip for car sharing gives a wrong impression of the cost of car sharing. Car owners
usually only take fuel costs and not fixed costs into account when estimating the
costs for their car trip. The car sharing price includes fixed and fuel costs. Therefore,
a single car sharing journey seems more expensive. However, car sharing is cheaper
than owning a car if the annually driven kilometres stay below a certain limit. This
limit ranges between 10,000 and 16,000 kilometres (Litman, 2000; Shaheen and Co-
hen, 2007; Bert et al., 2016), depending on location and organisation. No definitive
limit exists, which increases the uncertainty for people whether car sharing would
be financially beneficial for them. There are too many external factors (car sharing
costs, fuel costs, fixed costs of private car) to consider to provide one fitting answer
for everybody.

For new or potential users, the availability of a car could also be a threshold. The
possibility exists that no car is available close by. It is up to the car sharing company
to minimise this risk and guarantee that each user can travel to their destination. If
a service is not reliable, people could get stranded.

A large disadvantage of car sharing related research is the difference between
what people answer in a survey and what they actually do. Research indicates a
large potential for car sharing as described in the introduction of this section. The
interest does not translate into actual users. This is a common phenomenon in be-
havioural change surveys (Wong and Sheth, 1985), but could also be the indication
that car sharing services are missing a killer functionality for a larger public.

2.1.3 Types of car sharing

Following the discussion of the advantages and disadvantages of the general idea of
car sharing, an overview is given of different models of car sharing.

1. Business-to-consumer (B2C)
A company owns a fleet of vehicles which consumers can rent. This variant can
be split into two categories.

(a) Round trip car sharing
The rental period is started and ended at the same location. (e.g. Green-
wheels)
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(b) One-way car sharing
A rented vehicle is picked up from a location and can be dropped off at
another location within a designated operating area. (e.g. Car2go)

2. Peer-to-peer (P2P)
The shared cars are owned by and rented to individuals. All P2P services use the
round trip principle.

(a) Business intermediary
Private car owners list their car on a platform where other people can apply
to rent it. (e.g. Snappcar)

(b) Neighbourhood sharing
A group of people buy a car together, allowing everybody to use the car
when needed.

Research from CROW-KpVV (2016) shows that the recent growth of car sharing in
the Netherlands can largely be contributed to P2P car sharing. P2P is easier to scale,
as one of the problems of the B2C model is the large investment needed to expand a
vehicle fleet and to keep the fleet up-to-date.

Knowledge about round trip car sharing might not be directly transferable to
one-way car sharing (Becker et al., 2017). Round trip is found to complement PT,
while one-way is more often used as an alternative to PT (Le Vine et al., 2014). One-
way provides more freedom than PT and round trip. Furthermore, it does not pose
limitations in terms of travelling back to the starting location. Le Vine et al. also
found that the two B2C categories have different market potentials. One-way car
sharing in London was found to have a three to four times larger number of potential
subscribers than round trip car sharing.

Münzel et al. (2017) find that the car to inhabitant ratio for both B2C categories
is not significantly different, even if their operating areas have different population
densities. Their fleet sizes vary significantly, but for both categories operating in ur-
ban areas, the number of cars per 1000 people is about equal to 0.24.

Besides these differences, a distinction between parking locations can be made.

1. Station based
The rental period can only be ended in a special parking space, created and re-
served for cars owned by the car sharing company.

2. Free floating
The rental period can be ended by parking the car in any parking space.

Round trip car sharing is mostly combined with station based parking locations,
while one-way car sharing offers both types of parking options.

The most suitable markets for station-based round trip car sharing are dense ur-
ban areas with good PT coverage (Stillwater et al., 2009; Grasset and Morency, 2010).
Station-based car sharing is heavily influenced by the type of PT that is available.
Light rail, such as metros and trams has a positive effect on car sharing demand.
On the other hand, regional rail has a negative effect on car sharing demand. It
should be considered that Stillwater et al. note limitations of the available data, such
as sample size and biases.

New members of a car sharing service are found to increase cycling, walking and
PT usage (Katzev, 2003; Millard-Ball et al., 2005; Martin and Shaheen, 2011b). This
could have several explanations. Firstly, it could be that car sharing users are more
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aware of the impact of driving a car and are for that reason more actively trying to
minimise its usage. They are only a member of a car sharing service for the inciden-
tal need for the mobility offered by a car. Secondly, the cost per trip seems higher for
car sharing than for a private car. Part of the otherwise fixed costs are included in
the trip cost. The higher one-time cost could motivate people to use a different mo-
bility type. Contrary to the above-mentioned studies, one of the outcomes of a free
floating car sharing study shows that non-car owners who start using car sharing
reduce their bike, walk and PT trips (Firnkorn, 2012). Both Martin and Shaheen, and
Millard-Ball et al. do not indicate which type of car sharing service is researched,
but both have a large sample size. Free floating might offer people more freedom in
their mobility and as a result replace other mobility types. Other possible reasons
for the different outcomes could be the novelty effect. The participants in the study
performed by Firnkorn might be newer users than those of the other studies. Be-
cause of this novelty, they use the service more often, but their usage might decrease
over time.

2.1.4 Users

In this section, the users of car sharing are analysed. First, the demographics found
in literature is examined. Secondly, the motivation to use car sharing is described.
Thirdly, the most used trip types are discussed. Lastly, liked and disliked feature are
considered.

Demographics

Several researchers have tried to characterise the demographics of car sharing mem-
bers. Car sharing users are found to be well-educated (Katzev, 2003; Burkhardt
and Millard-Ball, 2006), live in below average size households (Millard-Ball et al.,
2005) and live in medium to high density areas (Cervero et al., 2002b; Burkhardt and
Millard-Ball, 2006).

However, no differentiating results are found regarding the income of car sharing
users. Costain et al. (2012) found that car sharing is popular among low income,
while Millard-Ball et al. (2005) found it to be popular among middle to high income
groups. Given the cost reduction advantage of car sharing, low income groups could
benefit the most. However, it would only be beneficial if their kilometres per year
are below a certain limit, as discussed in the disadvantage section of car sharing.

Research indicates that a large part of car sharing users are relatively young
(Burkhardt and Millard-Ball, 2006) and range between 25 and 40 years old (Millard-
Ball et al., 2005; TNS Nipo, 2014; Kim et al., 2015). This might not be the actual or the
only user group for car sharing as car sharing is still considered an early innovation.
The characteristics described in this section show similarities to the demographics of
early adopters (Hobrink, 2014; Kennedy and Funk, 2016). The demographics could
change when car sharing becomes a more established service.

Motivation

As described in the car sharing advantage section of this chapter, car sharing re-
moves the fixed costs of car ownership and can lead to financial savings when the
annually driven kilometres of a member are below a certain limit. This advantage
is also reflected in research, showing that financial benefit is recognised by car shar-
ing members as a big motivation. Financial motives were found to be the primary
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reason of becoming a car sharing member in Austria (Steininger et al., 1996) and
Leiden, the Netherlands (Meijkamp, 2000). Other studies found it to be a secondary
motivation (Katzev, 2003), with the occasional need for a vehicle being the primary
motivation.

Four motivational patterns found by Schaefers (2013) also indicate costs and con-
venience as important incentives to become a car sharing member. The third pattern,
lifestyle, describes an affection for the recognisability of the cars. Other members can
be recognised and create a feeling of a car sharing community. The fourth pattern is
an environmental motivation, based on environmental awareness and the perceived
sustainability of car sharing.

Other motivations are a perceived greater convenience or shorter trip time com-
pared to PT (Meijkamp, 2000; Kim et al., 2017). This last motivation is most promi-
nent for off-peak travel, when PT trip frequency declines (Costain et al., 2012).

Trips

Car sharing trips are different than the average private car trip. Owned cars are
mostly used to commute, while car sharing use does not follow a pattern. Car shar-
ing trips are more occasional trips and its usage pattern varies (Millard-Ball et al.,
2005). Millard-Ball et al. found that the average number of trips of car sharing mem-
bers per month is two. These trips are made when things need to be carried, a car is
needed to get to the destination or multiple stops have to be made. Car sharing trips
are short trips because of the way the price is calculated and that rental periods can
only end in certain areas.

Research in the Netherlands found that the most common trip motivations are
visiting family or friends (15%) and days trips/recreational activities (14%) (TNS
Nipo, 2014). Other categories are not shown.

Car sharing research in Toronto, Canada, also found that trips are mostly social
or recreational trips (Costain et al., 2012). They also found that car sharing is used
for shopping. Car sharing is observed to have a higher frequency of usage during
the weekends.

A study in Switzerland found social activities and shopping the main purpose
of car sharing (Becker et al., 2017). An interesting difference was found between
one-way and round trip car sharing. Round trip is significantly more popular than
one-way for transporting goods and leisure activities. On the other hand, one-way
is significantly more popular for visits and commute.

Features

Research focused on wanted features in a car sharing service has already been con-
ducted. Recent research conducted in the Netherlands using a large-scale survey,
found that people want a cheap and flexible free floating car sharing service, which
includes reserved parking for car sharing users (Dieten, 2015). This study uses a
random sample of the Dutch population, not current car sharing users.

Costain et al. (2012) found that accessibility is the most important feature. With
accessibility, the distance between the start location of the user and the nearest car
sharing parking lot is meant. However, even if a user lives in close proximity of a
parking space, the availability is crucial (Kim et al., 2017). It is important that when
someone wants to use a car, one is available for direct usage. This is even more
important when car sharing is used for the last mile because that leaves less room
for flexibility. A user could get stranded because no car is available or they have to
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wait for a very long time. This would decrease the (perceived) reliability of the car
sharing service.

Although people acknowledge car sharing to be less expensive than owning a
car, even describing it as one of the best features, the hourly and mileage costs are
also ranked highly on the negative feature list (Millard-Ball et al., 2005).

2.1.5 Current situation

Car sharing is located in densely populated areas with limited parking spaces (Millard-
Ball et al., 2005; Burkhardt and Millard-Ball, 2006; Shaheen and Cohen, 2007; Loose,
2010). This is also found in research into how specific car sharing companies are
doing. These companies are based in big cities, such as Toronto (Costain et al., 2012),
Amsterdam (Suiker and Elshout, 2013), San Francisco (SFMTA, 2017), and Bremen
(Glotz-Richter, 2016). Glotz-Richter (2016) found that in Bremen, every shared car
has taken 15 private cars of the road, resulting in a total of 3700 less private cars
already. The government has actively been trying to help and promote car sharing
by dedicating parking spaces to car sharing and making them stand out. Newly de-
veloped areas have to comply to new regulation regarding houses to parking spaces
ratios and are incentivised to integrate car sharing into the infrastructure. This col-
laboration between different parties has helped car sharing grow in multiple cities
and is required to make car sharing a success. As described in the previous section,
the demographics of car sharing users currently shows a lot of similarities with the
behaviour of early adopters. A partnership between private and public entities can
help car sharing companies reach mainstream customers (Terrien et al., 2016).

More local governments are becoming interested in integrating car sharing into
their current transportation infrastructure. For example, the municipality of En-
schede wants to create a service that allows their employees to travel to and from
work by car, while the car is used by other people during office hours (Tubantia,
2017). For car sharing companies these initiatives are a great way to increase their
customer base.

2.1.6 Alternative services

In this section, alternative services for car sharing will be discussed.

Bike sharing

Another solution for the FMLM of a journey is the shared bike. These bikes can
usually be found at train stations where people can rent them for a fixed amount of
money for a certain amount of time. In the Netherlands, the biggest bike sharing
initiative is owned by the Dutch Railways (NS). Their fleet consists of simple bikes
in a recognisable colour scheme located near train stations. It has become such a
success that supply cannot keep up with demand (Lieshout, 2016). A disadvantage
is that you always need to return the bike to a station again, so it can only be used
for round trips. Bike sharing is a competitor because it provides people with means
of transport to increase the door-to-door mobility.

Taxi services

Traditional taxi services can be seen as competitors for car sharing. Taxis offer a
door-to-door service, but require some time before getting to your start location and
cannot compete with car sharing in terms of price.
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Alternative services, such as Uber and Lyft, are more direct competitors. Their
price is most of the time lower than a taxi service. These services are barely active
in the Netherlands, so in the Netherlands they are not yet a car sharing competitor.
However, on the global market and especially in the United States where Uber and
Lyft are expanding rapidly, both companies are and will be car sharing competitors.

Musk (2016) wrote in his Tesla master plan update about the company’s vision
regarding the future of Tesla and the autonomous functionality of their cars. When
autonomous driving is made legal and technologically possible, Tesla wants to allow
car owners to tell their vehicle to turn into a taxi and earn money. The car becomes
part of a fleet of vehicles who will pick people up and drop them off where they
want. This implementation has a lot of similarities with car sharing and their pos-
sible future when autonomous driving is available. Autonomous vehicles in combi-
nation with car sharing will be discussed later in section 2.4.

Private lease

Vehicle leasing allows the leaseholder to use a car for a fixed period of time (at least
one month) for an agreed upon amount of money. The lease company is still the
owner of the car. Monthly terminable contracts for private lease cars can be seen as
an alternative for car sharing. Companies, such as Helder and Dealerleasing take
away the maintenance and reparation responsibilities for its users, comparable to
car sharing. However, the fixed costs remain. The monthly terminable contracts
also allow more freedom in switching between different car sizes.

Car rental

Car rental can be seen as the precursor of car sharing. A car is usually rented for one
or more days instead of a few hours and the rental expenses excludes fuel costs. Both
car rental and car sharing include an own risk policy, which can be brought down by
paying an extra fee. The main difference is that rental cars need to be picked up at a
service location and that paperwork needs to be signed. Most car rental companies
require you to return the car to the pickup location or ask for an additional fee to
return it someplace else. Car rental companies also need a deposit.
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2.2 Public transportation

In the Oxford dictionary, public transportation (PT) is defined as: "Buses, trains, and
other forms of transport that are available to the public, charge set fares, and run on
fixed routes" (Dictionary, 2017). PT is not directly demand driven, because schedules
are created in advance, to which the drivers have to stick. In the Netherlands, PT is
usually subsidised by the government and thus has governmental involvement. The
government is actively thinking about how to improve the current PT situation and
has recently released their view of PT in 2040 (Rijksoverheid, 2016b). Providing mo-
bility in areas of low demand, connecting economic core areas as well as increasing
mobility, sustainability, and innovation are some of the presented core ideas. Car
sharing is also named as one of the upcoming innovations related to the increase of
digital applications within PT.

In this section, the advantages and disadvantages of PT are discussed. After that, PT
users are described, followed by a discussion about travel satisfaction.

2.2.1 Advantages

Travellers with PT have few responsibilities and do not constantly need to pay at-
tention. Since they are not driving, they have time to relax, rest and/or read. This
reduces the stress of travelling and makes the time spent travelling feel like less of
a waste. Social interaction in the form of talking to other people on a vehicle is also
possible. The usage of bus lanes in cities or on highways during rush hour also
increases the travel time efficiency.

PT has a lower emission of harmful gases into the atmosphere. Efficiency is
increased, because more people travel in a single vehicle. PT companies are ac-
tively trying to become more environmentally friendly. Examples are the agreement,
signed with all transport operators, that all new buses from 2025 onwards will be
emission free (Rijksoverheid, 2016a) and the since January 2017 wind farm energy
powered Dutch Railways (NS) trains (NS, 2017).

The cost of travel with PT is lower than the cost of travelling by car. Fuel costs
are shared over a larger number of people and part of the costs is subsidised by the
government. Although this is also acknowledged by car owners (Beiraõ and Cabral,
2007), it is not seen as a key factor to switch to PT. The disadvantages outweigh the
advantages.

2.2.2 Disadvantages

Handing over the driver responsibilities also has disadvantages, as it can be per-
ceived as a lack of control. This lack of control is not only available while driving,
but also while planning a route or waiting for a ride. A user is dependent on the
time his ride leaves, at what frequency, and where the journey starts and ends. PT
does not provide a door-to-door service, so people first need to travel to a dedicated
departure spot. A bus driver is not allowed to deviate from his route to stop at the
front door of somebody’s home. This reduces the personalisation and flexibility of
travelling.

If a user needs to transfer within one journey to reach his destination, waiting
times increase the total journey time. This feels like a waste of time, because no
progress is made. Delays can cause missed transfers and increase the total journey
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time even more. This reliability issue is limiting the willingness to travel with mul-
tiple mobility types within one journey.

Other disadvantages are the lack of privacy, especially if it is crowded. Personal
space can be limited if a lot of people are trying to get into the same vehicle. A
vehicle can be so crowded that people need to stand during the journey. This, in
combination with a lack of comfortable chairs, make a PT journey less comfortable.
It is also difficult to travel with big or a lot of baggage or goods because of space
constraints.

2.2.3 Users

Many people travel by PT every day. For some, it is their daily commute, while
others use it to travel to a social activity. People use PT for a different reason and
with a different mindset. A commuter might want a silent journey, so he can get
some work done, while a tourist might want to chat with his fellow travellers. A
commuter does not need to receive a lot of information, because he has the whole
trip memorized. A tourist needs extra information, otherwise he might miss his stop.
This large difference in motivation, frequency, and knowledge makes it impossible
to create one PT system that would fit everybody’s needs. Research needs to make a
distinction between different types of passengers. Van Hagen (2009) found six types
of passengers in his research for the Dutch Railways (NS) and created personas for
each passenger category. These are used to educate their conductors to quickly spot
with what type of person they are dealing with and what the best way to provide
them information is.

2.2.4 Satisfaction

Besides the differences in individual travellers, also a difference exists between the
desires of a PT provider and a PT user. A provider might measure success rate in
the number of vehicles that leave and arrive on time. However, if a bus waits two
minutes to catch the transfers of another bus who is slightly delayed, this would not
count as a success, but would increase user satisfaction. There is a conflict between
the late arrival of a bus at a station (supply-oriented) and the late arrival of a trav-
eller at his final destination (demand-oriented) (Rietveld, 2005). Another example
is that a provider looks at the mean interval between buses at a stop or the average
frequency, while a user looks at the mean waiting time. Rietveld (2005) says that
supply-oriented measurements underestimate problems because the average qual-
ity is taken. However, bad quality tends to coincide with busy periods, resulting
in more people having a bad experience. Good quality tends to coincide with quiet
periods, with less people having a good experience and thus not cancelling the bad
experience out. Rietveld argues that providers should consider both supply- and
demand-oriented quality measures to create a better indication of their overall qual-
ity. Parkan (2002) also found that the evaluation criteria that a PT company uses
are different from the criteria that a user values highly. The performance measure-
ment method Parkan created for their client, incorporating both the productivity
and quality, helped them gain insights to improve their performance.

Although PT providers may not directly take user evaluation into account, several
researchers have already been exploring this field. Both Chowdhury and Ceder
(2013) and Redman et al. (2013) found that reliability is the most important PT aspect.
It is crucial for users to know that they can finish the journey they started and that
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they will get to their destination within a reasonable time frame. Big delays are deal
breakers and cause anxiety among travellers (Cheng, 2010). Other anxiety causing
problems include crowding, inner journey transfer and finding the right platform.
Crowded vehicles are a big problem and one that is difficult to solve because the
demand for PT fluctuates a lot during the day. During the morning and afternoon
demand peaks, while in between the demand is much lower. People who travel by
car are also affected by these peaks, but sit in the comfort of their own car. To rival
private car travel and become a better transportation system, PT needs to offer the
same or an improved comfort and convenience (Brownell, 2013). The speed, comfort
and crowded aspects were also found by Hart (2012), in addition to higher customer
satisfaction amongst incidental and elderly (65+) travellers. These groups are often
less time bound and have different travel motivations than the regular travellers.

Other research indicates that the average satisfaction of people who have used PT
is higher than of people who do not use PT (Guiver, 2007; Harms, 2008). Both Guiver
and Harms find that the more frequently one uses a particular means of transport,
the more positive one’s judgement. In Harms (2008), thirteen product features were
defined (such as comfort, price, speed and flexibility) and people were asked about
each feature whether it fits with the car, bike and PT when used for commute and
leisure trips. For both trip types, the safety of PT is highly regarded in comparison
to other defined characteristics. But in none of the categories does PT score higher
than the car or bike. The only other category in which PT comes close to the car is in
the low price category.
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2.3 Private car

A private car user is seen as somebody whose daily travels are performed largely or
in total by private car.

In this section advantages and disadvantages of private car ownership and usage
are given. Followed by a description of its users. Finally, private cars are compared
to PT.

2.3.1 Advantages

For an individual car user, direct benefits can be noticed. First of all, using your car
for a single trip seems cheap. Costs are only made during a trip if a car needs to be
refuelled. All other costs (except damage and maintenance costs) are fixed costs that
are not considered when planning a car trip.

Secondly, a car gives its owner a sense of freedom and independence (Hiscock
et al., 2002; Hagman, 2003; Guiver, 2007). Cars provide flexibility because they can
be used when the owner requires it, without the need to check whether the car is
available. They do not depend on other people, except, for example, when one car is
shared between multiple people in one household. The road infrastructure has been
designed around car usage, allowing car drivers to get practically everywhere. With
a car, you can literally drive from door to door without getting out of your vehicle.
The large number of roads and the car’s travel speed, allow drivers to get to their
destination fast.

Thirdly, a car provides privacy (Gardner and Abraham, 2007), personal space,
comfort, and a sense of control over your environment (Guiver, 2007). You can leave
stuff behind in your car and no one will judge your song preferences.

Lastly, with car ownership comes an attachment to the car and a social status.
Buying a car is a big investment, so people carefully select which car they want to
drive. Once the investment has been made, people become attached to their car or
see it as a reward for their hard work (Hiscock et al., 2002; Beiraõ and Cabral, 2007).

2.3.2 Disadvantages

The disadvantages of private cars can be divided into individual and collective dis-
advantages. These two categories are not mutually exclusive.

One of the disadvantages for an individual user is the cost of car ownership.
These costs can be divided into fixed costs (taxes and insurance), running costs
(maintenance, fuel, and parking fees), and unexpected costs (fines and repairs). Over
time, the monetary value of a car depreciates, which also needs to be considered.

Not only parking costs are a disadvantage, also the difficulty to find a place to
park is. The unavailability of a parking space in close proximity of the final desti-
nation extends the journey time and induces stress. Other stress generators can be
driving in general or driving in congested traffic during rush hour.

Congested traffic is a problem on both an individual and collective scale. The
number of road vehicles in the Netherlands has been growing with 1.5% annually
for the last two years (CBS, 2016a; CBS, 2017d), while annually driven kilometres
with road vehicles also increased slightly (CBS, 2015; CBS, 2016b). In the first quarter
of 2017, the total congestion increased by 3% compared to last year (ANWB, 2017).
Worldwide the number of private cars is also increasing (OECD, 2017). Congestion
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leads to irritation and wasted time.

The advantages and disadvantages of private car ownership and usage are clear,
but they do not all have the same weight when evaluated by users. Hagman (2003)
found that personal and direct experiences form perceived advantages and disad-
vantages. However, information acquired via scientific research related to the neg-
ative effects on the environment is relativised. Therefore, Hagman (2003) proposes
that researchers should focus on the way interviewees present their arguments, rather
than their actual arguments.

The cost of ownership is a directly experienced disadvantage. However, trav-
ellers often exclude road tax, insurance and maintenance when asked about the
travel expenses of using a private car (Gardner and Abraham, 2007). Participants
in this study did not mention environmental issues regarding car use. They were
more concerned with minimising journey time and effort, and personal space.

2.3.3 Users

Just like with PT users, different categories exist in which travellers can be placed.
Jensen (1999) divides car drivers in three different groups: passionate car drivers,
daily life car drivers, and leisure time car drivers. All the three groups like cars for
the freedom and independence they offer.

Both Tertoolen et al. (1998) and Jensen (1999) find that car owners are aware of
the environmental impact of car usage, but that they are unwilling to change. It is
considered ineffective because the environmental impact when they stop driving is
perceived to be small. Other people will continue to drive cars, which is considered
unfair. They are only willing to change if everybody changes (Jensen, 1999). Higher
taxes to discourage car ownership could result in car owners to believe that their
payments give them a right to pollute (Tertoolen et al., 1998). Their research suggests
that requesting individual drivers to reduce their car usage is not the best way to
achieve less car usage. Cars give its users convenience, reliability, and a sense of
prestige and mastery. These benefits need to be taken into account when policies are
created to encourage people to lower their car travel or switch to a different mobility
type (Hiscock et al., 2002; Ellaway et al., 2003). The societal norms would need to
change to motivate large groups of people to reduce their car travel.

2.3.4 Private car versus public transportation

A lot of the differences between private car and PT travel can be traced back to
independence. Private car users are not dependent on fixed travel times, locations
and frequency, and other users. They can exert more control over their journey.
This flexibility is one of the features that is missed in PT and creates a preference
for private cars (Jensen, 1999). Research indicate that car drivers also enjoy driving
a car and use it as a means of self-expression (Halko, 2012), which is not socially
seen the same with PT. The time spend travelling with PT is considered a wasted
time compared to the travel time with cars (Gardner and Abraham, 2007). This is
counter intuitive, because when travelling with PT the user does not have to focus
on driving. This permits him/her to do other things, such as work or read, while
travelling.
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2.4 Autonomous vehicles

The continuous advancement of technology result in more and more applications
of artificial intelligence. One of these applications are autonomous vehicles (AVs).
The increase in test pilots and talk about legislation indicate that self-driving vehi-
cles could become the next big technological invention for motorised transportation.
AVs could have a big impact on the way car sharing will work in the future. There-
fore, AVs will be discussed.

First, the general advantages and disadvantages of autonomous vehicles are dis-
cussed. Then literature about the different levels of adoption of AVs and the time
frame of these adoptions are considered. Next, the collaboration between AVs and
car sharing is examined.

2.4.1 Advantages

The first advantage of self-driving cars is that people do no longer need to drive a
car themselves. Some people experience driving a car as stressful and only drive
because of the mobility. An AV would take away this stress, and potential stressful
situations and allows its passengers to do something unrelated to driving. For ex-
ample, people can play games, read or watch a movie, while commuters can work
while travelling to not waste any productive time. This also means that it allows
people to travel by car who could not before because of age or a physical disability.
A larger group of people can experience the same mobility.

Also, the safety of driving will increase because driver errors can be eliminated
and cars have a faster reaction time than humans. Cars are never sleepy, in a bad
mood or drunk. It is estimated that human behaviour plays a part in more than 90%
of road accidents in the United States (NHTSA and USDOT, 2015). Safety can also
increase by communication and coordination between vehicles and infrastructure.
AVs can warn each other about road conditions, and traffic jams, while intelligent
infrastructure can calculate the optimal speed for vehicles to maximize throughput
and improve traffic light efficiency. Vehicles can drive closer to each other, increas-
ing the road capacity. The communication between cars prevents unexpected and
unnecessary braking, which could otherwise result in traffic jams.

AVs need less parking spaces, because they can drop their passengers off and
continue driving. Currently, it takes drivers in down town areas on average 8.1 min-
utes to find a parking space (Shoup, 2006). This results in wasted time, extra traffic,
congestion and pollution. If the found parking space is not close to the destination,
additional time is wasted by walking.

AVs also help reduce pollution by increased fuel efficiency as they can be pro-
grammed to drive more efficiently and drive closer together to benefit from each
other’s slipstream.

2.4.2 Disadvantages

Although AVs are expected to drive safer than humans, the technology still needs to
prove itself to be totally safe. The cars that are driving around in the United States at
the moment have a safe track record, but their current total mileage can statistically
not be extrapolated to conclude that AVs are safer (Kalra and Paddock, 2016). Kalra
and Paddock estimates that AVs would have to drive hundreds of millions of kilo-
metres to confidently say that they are more reliable than a human driver. However,
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they note that the adoption of AVs does not only depend on the amount of testing,
but mostly on the social acceptance.

This social acceptance also depends on the acquisition cost of an AV. The sensors
and development costs that are required to create an AV, make it a more expen-
sive alternative than a traditional vehicle. Also, the investments required to create a
smart road infrastructure need to be funded.

The lowered threshold of usability for a wider audience, including people with-
out a driver’s license, induces more vehicle travel. The car will be used for more
trips increasing the road congestion.

Other concerns about AVs are related to security and privacy. AVs should have a
high level of security because it must not be possible to hack a vehicle and potentially
let it crash. This means that AVs should have the possibility to be kept up-to-date,
potentially over the air, and that AV manufacturers should regularly provide secu-
rity updates for older vehicle models. These updates should pass rigorous testing
because nothing is allowed to go wrong when a customer is driving in a vehicle.
Worries about the privacy about AV drivers exists because AV cars have a lot more
sensors and collect a lot of data. This data can be used to improve the algorithms
and the intelligence of AVs, but also contains personal data from the travellers, such
as pickup time and location as well as drop of time and location. If behavioural
patterns fall into the wrong hands, criminals can know at what times people are at
which location and pick the optimal time to rob their house.

Currently, AVs do not function correctly under all weather conditions. A low
hanging sun (Yadron and Tynan, 2016), snow or rain can blind the cameras or de-
crease its accuracy. Reliability in all weather is important to support total vehicle
autonomy.

Having AVs driving around on the streets could also influence other road users
to behave less safe (Litman, 2014). For example, pedestrians might think that AVs
will constantly monitor the environment and can anticipate every situation with fast
reaction times. They will be less careful at cross walks, because they expect the cars
to stop.

2.4.3 Level of adoption and time frame

Various research has been conducted to find the public opinion, potential and time
frame of autonomous driving. Daziano et al. (2017) researched the willingness of
people to buy autonomous functionality for their vehicle. They found that house-
holds would be willing to pay on average $3500 for partial automation and $4900 for
full automation. It is important to note that these are averages, because one third of
the respondents said they would not pay at all, while another third said they were
willing to pay over $10,000. This indicates that the public opinion regarding AVs
varies, especially if they need to pay extra to gain access to the functionality.

Recent research in the Netherlands found that more than half of the 1500 partic-
ipants (55%) say that they want to be the driver in a car (Zelfsturing.it, 2017). One
third of the respondents does want the AV functionality.

Instead of implementing autonomous possibilities directly into new vehicles, a
different approach has been suggested. By iteratively increasing the autonomous
functionality of cars, people will more slowly get used to it and experience its advan-
tages. Examples of these autonomous functionalities are tracking lane boundaries,
adaptive cruise control and collision warnings. Ford indicated in 2012 that they have
the technology ready to support autonomous driving, but that they found that car
drivers are not ready yet (Fitchard, 2012). People are uncomfortable with the idea of
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sitting in a car that drives autonomously, but are open to the idea of intelligent and
environment aware vehicles. Brownell (2013) proposes to first create a communica-
tion network for cars to establish inter car communication and then move towards
the cultural acceptance of fully autonomous cars.

The American National Highway Traffic Safety Administration(NHTSA) agrees
with the incremental integration of autonomous functionality into new cars and de-
scribes four levels of AVs, with each higher level increasing autonomy and decreas-
ing driver monitoring (NHTSA, 2013). The two highest levels of autonomy do not
require a user that is actively engaged in driving activities. The NHTSA is currently
investigating the best practises to implement autonomous functionality.

Several predictions are made regarding the time frame in which AVs would be-
come accepted and integrated in the transportation system. This ranges from within
a couple of years to the end of the century. Litman (2014) thinks that during the
2020s AVs are likely to be expensive novelties and estimates that it takes until 2060-
2080 before the large benefits of AVs can be exploited. A large autonomous fleet is
necessary to increase traffic density and reduce parking spots. The process is not ex-
pected to be limited by technology, but by the adoption and the slow fleet turnover.
Modern vehicles are durable and low- and middle-income car drivers are more in-
clined to buy a cheaper or second-hand car. Within the same research Litman notes
that other car technologies took a long term to be integrated into cars, although their
advantages are obvious and their additional costs low. For example, air bags took
25 years to get mandated by U.S. federal regulation and automatic transmissions are
after more than 50 years still not standard in cars.

Arbib and Seba (2017) are more optimistic and foresee a big future for AVs and
expect that within 10 years 95% of all U.S. passenger miles will be travelled with
an on-demand AV fleet owned by one or multiple businesses. They have identified
2021 as the year in which autonomous vehicles become widely available and will
disrupt the existing transportation model.

2.4.4 Car sharing integration

When AVs are used in a car sharing fleet, the potential customer base of car sharing
increases. AVs allow people without a driver’s licence and people who cannot drive
a car for other reasons, to travel by car without the use of a human driver. However,
the biggest added value of AVs for car sharing is that it allows vehicles to be relo-
cated without human involvement. The ability to travel without passengers allows
better anticipation of changing vehicle supply and demand.

The system that can be created by combining car sharing and AVs resembles a
taxi fleet. Users can request a vehicle to pick them up and drop them off at a specific
location. It is no longer necessary to walk to a car, as car sharing transforms into a
door-to-door service.

Two different adoption scenarios can be created when talking about collaboration
between car sharing and autonomous vehicle technology: (1) AVs will speed up the
adoption of car sharing, or (2) car sharing will speed up the adoption of AVs.

In the first scenario, car sharing adoption is in the same order of magnitude as it
is at the moment. By using AVs in car sharing fleets more people can use the service
and it makes car sharing a more attractive mobility alternative. The AVs add extra
functionality that was first missing in car sharing to make it a success.
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In the second scenario, the integration of AVs in car sharing lets more people
experience AV technology. The lower threshold to use AVs and be exposed to its
usage, accelerates the acceptance of AVs as a means of transportation.

Research about setting up an AV fleet in urban areas to replace current car jour-
neys find that every AV could replace ten traditional cars (Fagnant et al., 2015; Fo-
rum, 2015; Bischoff and Maciejewski, 2016; Chen et al., 2016). This would reduce
the number of cars needed in urban areas drastically and free up space for different
utilisation. Full car autonomy is important for these systems to function the way
they are assumed to work in these studies and form a new mode of transport. In
Forum (2015) it was assumed that no high capacity PT was used, which resulted in
an increase of 89% of travelled kilometres for vehicles.

Car sharing is not the only way to start implementation of AVs in the current
transport system. UITP (2017) proposes to start with implementing AVs in PT,
because it allows to start operating in a limited area. This study does not see au-
tonomous cars as a substitute for PT, because it lacks the vehicle capacity especially
in densely populated areas. Different initiatives in PT have already started, such as
an autonomous bus made by Mercedes, which had a trial period near Amsterdam
(Mercedes, 2016).

A study asked people their preference regarding completing the last mile of a
train journey with an AV, which is one of the use cases of car sharing (Yap et al., 2016).
They found no significant preference for either fully autonomous cars or the ability
to drive the car yourself. This could indicate that AVs might not be a requirement to
attract car sharing users.
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2.5 Summary and discussion

In this section, a summary of the important points found in literature is given, fol-
lowed by a discussion about the found candidate car sharing features.

2.5.1 Summary

Car sharing has various forms of implementation. Some companies own a fleet of
vehicles (B2C), while others allow people to rent their vehicle to other people (P2P).
Some B2C services differentiate themselves by providing dedicated parking spaces
to end a rental period to their users. Within a rental period, two trip types can be
distinguished. The rental period has to end where it was started or it can end at a
different location. Both types were found to have different usage strengths and to be
used for different trip types. The advantages of car sharing can be divided into three
categories: the individual, the transportation infrastructure, and the environment.
The advantages for the individual are most important for users, with the biggest
advantage being the reduced fixed costs. Accessibility, reliability and parking avail-
ability were found to be deemed important satisfaction criteria. Overall, car sharing
is mostly used for incidental and social trips.

The biggest advantage of PT is the ability to perform non-driving related activ-
ities while travelling. PT is also beneficial for the environment as fewer harmful
gases are emitted and recent agreements obligate PT providers to become more en-
vironmentally friendly. The lower cost of PT compared to car ownership does not
persuade car drivers to switch. The disadvantages of limited flexibility and a lack of
control outweigh the benefits. However, the satisfaction of PT users is higher than
non-users, indicating a negative image of PT of non-users.

Driving and owning a car is associated with freedom and independence, and
offers flexibility. The cost of a car trip seems low and reduces the usage threshold.
Fixed costs, such as insurance, are not considered, but do make car ownership more
expensive. Parking is seen as a big disadvantage of driving a car, because finding
a parking space takes time and induces stress. Most car drivers are aware of their
environmental impact, but do not feel obliged to change their behaviour.

The expected benefits of AVs include higher road safety and less required park-
ing spaces. Concerns exist about the actual safety, as well as security and privacy.
Estimations of the expected time frame vary. If AVs could be used in a car sharing
fleet, the customer base of car sharing can be expanded because a driver’s license
would no longer be a requirement.

2.5.2 Discussion

With the literature review of car sharing, PT and private car completed, the found
candidate features of car sharing can be described. First, the candidate features
found in car sharing literature will be discussed. Followed by exploring candidate
features that can be inferred from PT and private car literature.

What kind of candidate car sharing features can be found in literature?

The biggest distinguishing feature between different car sharing services is imple-
mentation of either round trips or one-way trips. Both forms of car sharing were found
to be used for different trip types and have different market potentials. One-way car
sharing provides users with more flexibility, and was found to be a wanted feature.
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The functionality of one-way car sharing in a P2P business model is not viable. If a
car owner who leases out his car, cannot be guaranteed a time frame within which
he receives back his car, he loses his own mobility. Manual repositioning to return
the car is expensive. Offering a one-way trip service also means that it is more diffi-
cult to offer dedicated parking spaces to users. One-way can be used in combination
with dedicated parking spaces, but this limits the location freedom of ending a rental
period. For a free floating one-way service, it is impossible to provide parking ev-
erywhere.

Dedicated parking spaces help to expand the accessibility of car sharing. People
know where to find the car because it is easier to recognise and always available at
the same place. Dedicated parking spots ease the stress of drivers to find a place to
park and reduces time spent looking for a place. The driver also does not need to get
a parking ticket or find a cheap parking spot as this is included in the rental price.
When parking spaces close to transport hubs are offered, transfer times decrease and
the multimodality threshold is lowered. To be able to offer these types of parking
spaces, collaboration with public entities, such as cities or municipalities, is required.
This collaboration could be further extended into better integration of car sharing in
PT or to be developed neighbourhoods. By lowering the parking spaces to house
ratio, and offering car sharing parking spaces, people could be incentivised to not
buy a second car.

Offering different sizes and types of vehicles allows people to choose the vehicle
that best fits their current mobility needs. Other mobility types do not offer this
flexibility.

Although not a directly implementable feature, reliability of car sharing was found
to be very important. People should always be able to start or end their journey. Re-
liability could be provided by matching the fleet size to meet the demand, perform
manual repositioning, or motivate people to end their rental periods in areas with
high demand. By performing area specific analysis, the demand and the required
number of cars can be estimated.

In literature, the reduced cost of car sharing compared to vehicle ownership was
acknowledged as one of the best features of car sharing. However, the exact savings
for users are unclear. No specific answer has yet been provided, concerning the
maximum annually driven kilometres a car sharing user could drive and pay less
compared to driving those same number of kilometres with an owned car. Giving
(potential) users a clear, personalised insight into their prospective savings, could
convince more people to use car sharing.

Combining car sharing and AVs to create an autonomous fleet of vehicles could
transform the usage of car sharing. People no longer need to be able to drive to use
the service, resulting in a larger customer base.

Next the candidate features inferred from PT and private car literature will be ex-
plored.

Which features found in other forms of people transportation can be applied to car sharing?

Flexibility is offered by car ownership, but not by PT. Car owners can start a journey
any time they want, while PT users are restricted by the predetermined schedule.
Car sharing can offer a flexibility equal to car ownership, if it allows users to rent a
car with minimal to no reservation time. This allows for spontaneous or incidental
trips.
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One of the complaints towards PT is the lack of personalisation. The service is not
tailored to individuals, but to larger generic user groups. Car sharing can offer users
more personalisation in terms of trip information and updated routes when delays
occur. For a higher-level personalisation, user groups or even individual users can
be targeted and tailor car sharing to their needs. For example, giving them a discount
during specific times or updating them with PT travel information during a trip if
they plan to continue their travels with PT. By showing a user he can minimise his
journey time and efforts, car sharing becomes extra attractive.

Comfort and convenience are two features that people miss in PT, but find in driv-
ing a private car. Car sharing cars should be kept clean and have comfortable chairs.
Convenience can be achieved through an easy rental procedure. It should be com-
municated that car sharing can offer both these features.

Parking availability and price were found to be big disadvantages of travel by car.
By offering parking as part of the car sharing service, less time is wasted and less
stress experienced while looking for a parking space.

The found candidate features form a provisional list of features for car sharing ser-
vices. In the next two chapters, two different information sources will be used, on-
line reviews and a dataset, to confirm the found features and, if possible, expand the
list.
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Chapter 3

Online review analysis

The goal of this chapter is to analyse the experiences of Dutch car sharing users
through online reviews. Different car sharing initiatives have been set up in the
Netherlands. They have been active on the market for multiple years already. Dur-
ing these years, people have had many different experiences while using car sharing.
Some of these experiences have been shared online and provide an insight into what
people consider positive and negative attributes of car sharing. Customer opinion
is interesting and valuable, but difficult to obtain. Surveys follow a (strict) format
and usually try to gather information from a well-distributed sample. To post ex-
periences online, people have taken initiative themselves because they think it is
deemed necessary. Although this method also has its limitations, it is a money and
time efficient way to gather experience based opinions. To make it relevant for this
study, the found experiences will be analysed with an emphasis on user experience
with features.

In this chapter, the analysis of online shared experiences of users of two different
car sharing services (Greenwheels and Car2go) and one car sharing alternative (OV-
fiets) is described. First the methodology, with its limitations is presented. Then the
to be analysed data is discussed, followed by the results of the analysis. With the
limitations in mind, conclusions are drawn and the candidate features are defined.

3.1 Methodology

With the increasing integration of internet and social media in everyday life, the
interaction between companies and consumers has shifted to the online space. It is
no longer necessary to visit or call a company to ask questions, complain, or give
feedback. Social media has become a common way to have personal interaction
with a company. Companies seem more directly approachable. Some companies
even have their own forums where people can interact with experts and other users.
Although these interactions are not classified as reviews, they contain a wealth of
information about how a product or service is used and how a user rates it. The
individual interactions do not cover all aspects of a service, as a professional review
would, but zoom in on one or multiple aspects. These business-to-customer and
customer-to-customer interactions are deemed useful for this study because they
provide insight into customer experience that would otherwise be difficult to obtain.
For the remainder of this thesis, the online interactions will be referred to as reviews
and their authors as reviewers.

The methodology for the analysis is based on an adapted form of content anal-
ysis (Stemler, 2001). Stemler describes content analysis as "a systematic, replicable
technique for compressing many words of text into fewer content categories based on explicit
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rules of coding". It is a useful methodology for examining trends and patterns in texts.
Content analysis is more than counting the frequency of created categories. The cre-
ated categories are used to spot differences and similarities between the different
interactions. Because of the small sample size used for this analysis, the frequency
count is not deemed scientifically sound.

No categories are created beforehand, but they emerge as the coder goes through
the reviews. The categories are based on described features and the user experi-
ence. Special attention is paid to deal breakers, reasons for not using a service, and
a breach of trust.

The outcomes of the analysis are used as a sanity check of the literature discussed
in chapter 2. The found features and their valuation can be evaluated against litera-
ture.

3.1.1 Limitations

Although content analysis has its strengths, it is important to notice its limitations.
Firstly, the analysis is limited by the available material, which may not be an accurate
reflection of reality. If one person complains about a feature, it could be that other
people actually appreciate that feature, but have not expressed their appreciation
online.

Secondly, the impact of good and bad experience cannot be considered equal.
Bad experiences and impressions are salient, formed more quickly and more difficult
to change once established (Baumeister et al., 2001). The negativity bias, weighing a
negative experience more heavily than positive, is affecting the type of experiences
people share online. When people share an experience, they mostly talk about the
negative part because it is more attention grabbing (Kanouse, 1984). This is impor-
tant to consider when reading both positive and negative reviews.

Thirdly, the external validity of the analysis is weak. The analysis cannot be gen-
eralised to a wider population. The reviews are selected at random, but cannot be
considered a random sample. Too little background information about the demo-
graphics of the sample is known and the sample size is too small.

Fourthly, the review analysis is based on the Dutch market and for that reason
only Dutch reviews are used. The translation of review text to category translation
could lead to a different interpretation. The categories are created in English because
this thesis is also written in English.

3.2 Data

More than ten car sharing companies are currently active on the Dutch market, vary-
ing in size and approach. In chapter 1, PT integration was described as one of the
car sharing opportunities. Of all the companies on the market, only Greenwheels
and Mywheels have some sort of integration with PT. For Mywheels this integration
only goes as far as the possibility to open a rented car with your OV-chipkaart, the
Dutch standard PT travel card. Greenwheels also offers this functionality. Green-
wheels is unique in that it has a partnership with the NS, the biggest Dutch railway
company. Therefore, Greenwheels cars have a dedicated parking location close to a
many train stations. Greenwheels is also integrated in the NS-business card service.

Mywheels was left out of the analysis, based on a lack of reviews. As a replace-
ment Car2go was chosen. Car2go does not have any integration with PT, but it was
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selected because it is one of the most successful car sharing services in the Nether-
lands, with currently more than 300 electric cars in Amsterdam.

As the third company, a car sharing alternative was chosen, the OV-fiets. This NS
initiative provides bikes for rental at train stations. The OV-fiets can be seen as a car
sharing competitor because of the bike friendly infrastructure in the Netherlands,
Thus, it can offer the same FMLM advantage a car could.

The data selected for this analysis consists of online reviews, forum posts, and
social media posts. These were found by using the search engine Google. The search
query consisted of the company name plus one or two keywords. For each company,
the used keywords can be found in Appendix A. The analysed reviews and the
created categories can also be found in this appendix. For each review additional
information is noted, such as source, type of website, format, and primary audience.
The perceived tone of the review is categorised in three categories: positive (green),
neutral (orange), negative (red).

3.3 Results

In this section, the results of the analysis will be discussed. First, the two car sharing
services are examined separately, followed by an evaluation with respect to each
other. Then, the OV-fiets is analysed, followed by a comparison of car sharing and
bike sharing.

3.3.1 Greenwheels

The most frequently occurring category at the Greenwheels analysis is the ’Only
useful when close by’ category. This category encompasses all notions of the de-
pendence of distance between start location of the user and the car. The shorter the
distance, the more useful the service is deemed to be. The people who write these
comments in their reviews live close enough to use the service and as a result their
review is influenced by the survivor bias. Survivor bias means that only people or
things who passed a certain threshold or criteria are looked at, and other instances
are ignored. In the car sharing case, this could lead to the idea that the cars are well
distributed over a city or the Netherlands. The people who note that you should
live close to a car sharing parking place to use the service, all live close to a parking
space and because of that use the service.

Another commonly occurring category is the ’High cost’ category. People from
the sample indicate that they feel they pay a lot of money to use Greenwheels. For
reviewer number 9, the high price together with the transition to smaller cars, per-
suaded them to buy a car and stop using Greenwheels. Other reviewers note the
high price as a downside, but do not describe it as a reason to stop using the service.

3.3.2 Car2go

One of the selling points of Car2go in Amsterdam is the possibility to park anywhere
without additional parking fees if you end the rental period. In addition, they also
have special Car2go parking spaces. Especially in a big city where parking spaces
are scarce and expensive, this sounds like an ideal solution. The reviewers indicate
that they perceive this as a big advantage, but it does not always serve its purpose.
People still have trouble finding a parking spot and sometimes they find a parking
space dedicated to Car2go occupied with a non-Car2go vehicle. Although it is diffi-
cult for Car2go or any car sharing company, to prevent unauthorized vehicles from
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parking in their reserved parking spots, it is very frustrating for the affected user.
Car2go indicated in an interview that they do not receive a lot of notifications about
wrongly parked cars (Suiker and Elshout, 2013). Although an issue with wrongly
parked cars was mentioned in a couple of reviews, it shows that the reviews are not
a real representation of what happens to a lot of car sharing users. On the other
hand, the classification ’not a lot’ is very subjective and Car2go will not publicly
state that a lot of their customers have problems with parking.

The choice of Car2go to offer its users only electric vehicles (EVs) creates an en-
vironmental friendly image. The current battery technology for EVs does have a
downfall, their unreliable maximum distance. As two of the reviewers noted, the
distance drops drastically if the outside temperature is low. The batteries drain
quicker, resulting in more time spend charging and less time driving. Combustion
engines do not have this seasonal dependency. It is important to educate people of
this phenomenon beforehand, to prevent them from getting stuck somewhere with
an empty battery.

3.3.3 Greenwheels vs Car2go

The main difference between the two services is the types of cars they use. Car2go
uses Smart Fortwos, which are known to be small. One car can only transport two
people at a time and does not have a lot of trunk space. Greenwheels car fleet con-
sists of city cars, station wagons and small vans. All Greenwheels cars are bigger
than Car2go’s cars, but only the Greenwheels reviewers complain about small cars.
People know Car2go uses smaller vehicles and have different expectations. Expecta-
tion management by a car sharing company is very important. People need to know
what to expect, so they can anticipate the situation.

Although the sample size is small, it is worth noting that the reviews give no
indication of the car sharing advantages described in the literature. The Car2go
reviews do not even speak of the EVs environmental advantages. Only one Green-
wheels reviewer (review 10) notes that car sharing is an environmentally friendly
alternative, but she focuses mostly on the fuel efficiency of the car. This efficiency is
not limited to a car sharing service.

3.3.4 OV-fiets

Although the OV-fiets can be seen as an alternative to car sharing, car sharing is not
mentioned in one of the analysed reviews. The users of both services seem to have
different mindsets when it comes to mobility. This could be because of the limited
sample size.

However, the OV-fiets is seen as alternative for the bus. Not only to destinations
where no bus connection is available, but also on lines where the bus is crowded.

The OV-fiets is seen as an extension of a train journey, but not of a bus journey.
This could have two explanations. Firstly, the bikes are located near train stations
and not near bus stops (except when the bus stop is located at a train station). There-
fore, people can only start their OV-fiets journey at a train station and bus stops
located near a train station. Secondly, bus lines have a lot more branches and stops,
resulting in a higher network density. The distance people need to travel from a bus
stop to their destination is likely shorter than from a train stop to their destination.

The reviews from the forum of the NS (reviews 1-7) indicate that users come
across a different procedure to rent a bike at different stations. It is understandable
that not every place can be equipped in the same way, but the reviewers even talk
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about a different order of the steps needed to complete a rental. The lack of a stan-
dard procedure implemented at all rental stations creates confusion for its users and
has a negative influence on the user experience. This only affects people who use
bikes at different stations, but is unnoticeable for people who only use the OV-fiets
from one certain station. Establishing a standard procedure would create a better
experience for people renting from different stations and for a better possibility to
evaluate the overall service quality of the OV-fiets.

An emerging theme in a lot of the reviews is the current state of the bike. The
reviewers do not seem to mind that the bikes are not new and do not have a lot of
luxury. They can even look past a broken light. However, a broken bike, which can-
not be used, does result in a very negative experience. A broken bike decreases the
reliability of the service. Reliability is very important for a transportation service,
because people do not like the uncertainty and do not want to get stranded. There
seems to be some leeway in terms of maintenance condition, if the core functionality
(riding a bike) still works. Some bike depots close before it gets dark, which moti-
vates people to return the bike earlier and decreases the need for bike lights. In the
Netherlands, bike lights only need to be present on a bike when it is dark or when
weather conditions create bad visibility (Rijksoverheid, 2017).

3.3.5 Car sharing vs bike sharing

The main similarity found in the reviews seems to be that both car sharing and bike
sharing are used to get to places where no PT is available. Bike sharing is also used
in combination with PT, more specifically the train.

A difference is that the OV-fiets is more difficult to use as the first mile of a jour-
ney than car sharing. Car sharing can be distributed over a larger area, while OV-
fiets locations are concentrated near train stations. So, if you do not live near a train
station, you cannot use the shared bike for the start of your journey. If the final des-
tination of your shared bike journey is not at a train station, you still need to return
the bike. Car sharing does not have this difficulty, if you use a free floating service.

What does make car sharing more difficult is the unpredictability of where a
vehicle is available. The bike starting point is always the same. However, for a
car sharing service without fixed parking spots, the location of each car can change
every day.

As mentioned in the OV-fiets reviews, one person (review 4) is willing to pay to
be able to make a reservation for a bike. This is a common feature in car sharing and
gives users the guarantee that a car is available when they need it. A Greenwheels
reviewer (10) describes this process as simple.

In the OV-fiets reviews, multiple remarks were made about the state of the bikes
and that some of the bikes required maintenance. For a car sharing service this
would be unacceptable. For example, a broken light on a car is very dangerous
and would result in a fine. The failure of other equipment inside a car is also not
acceptable.

The standardisation issue of the OV-fiets should not be a problem for car sharing.
No special facilities need to be designed where people come to rent a car. When
reservations can be made via an application on a mobile phone, everything can be
done in software. What needs to be standardised is the placement of the hardware
inside the car and the procedure to start and end a rental period.
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3.4 Conclusion

This chapter looked at the different experiences people shared online. Most reviews
were as expected and expressed in the limitations section negatively biased. This
is important to keep in mind, because it helps to put these reviews into perspec-
tive. The positive reviews were underrepresented, but their presence indicate that
car sharing does not only produce negative experiences.

The question related to this chapter is:
What are the experiences of car sharing users with car sharing and its current features?

The ability to draw valid conclusions is limited because of the limited sample size
and the distribution of the sample. However, some aspects found in literature were
also found in the analysis. The cost of usage is a barrier because it seems higher than
the single usage of a private car. Giving people more insight into the cost of usage
compared to private cars could help them put it into perspective.

Of the advantages of car sharing found in literature, the reduced fixed costs
and environmentally friendly effect have been mentioned, both in only one review.
Whether this is because of a negativity bias or not feeling the need to mention the
advantages, is unclear. The limited sample size could also give a skewed perspec-
tive.

It was found that not only the type of features that a car sharing service pro-
vides are important, but also whether they are communicated to (potential) users.
The fact that Greenwheels and not Car2go customers complained about small cars,
while Greenwheels offers bigger cars than Car2go, shows that user expectation man-
agement is crucial to prevent bad user experiences. The same holds for the electric
cars of Car2go, which need explanation about how to charge, as well as its limited
range in cold weather.

None of the Greenwheels reviews mentioned anything about the collaboration
between the NS and Greenwheels. The ability to open a car with the standard PT
card was mentioned as a nice feature, but that feature is not limited to the collabo-
ration of Greenwheels with the NS. There was no indication that the cars were used
for FMLM mobility.

Although rural areas and the usage of car sharing together with PT were not found
in the reviews, the conclusion cannot be drawn that rural areas do not have potential,
or that trips combining car sharing and PT do not happen at all. The sample of the
online reviews is too limited to draw that conclusion. A larger sample is required.
Therefore, in the next chapter, a large dataset with the daily mobility of people in the
Netherlands is analysed to find FMLM behaviour.
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Chapter 4

Data analysis

The goal of this chapter is to investigate the rural area opportunities and integration
of car sharing in PT. A dataset, containing the daily mobility in the Netherlands, is
analysed by comparing urban and rural area trips, and examining multimodal trips.

First, the dataset, its usage, and its limitations are presented. Secondly, a pre-
liminary data analysis is conducted to understand the data and how it can be used.
Thirdly, the data analysis questions and approach is presented. Fourthly, data re-
search is conducted to answer the data analysis questions. Finally, the data analysis
questions are answered and candidate car sharing features are deduced.

4.1 Data

In this section, background information about the to be analysed dataset is presented
and its usage is described. Next, the limitations of the data and conclusions are
discussed, followed by a preliminary analysis to get acquainted with the data and
establish research questions for the analysis.

4.1.1 Onderzoek Verplaatsingen in Nederland (OViN)

Since 2010, the Dutch bureau for statistics (CBS) conducts a yearly, nationwide study
called OViN (Onderzoek Verplaatsingen in Nederland, (CBS, 2016d)). The goal of
the study is to obtain information about the daily mobility of the Dutch popula-
tion. Each participant is asked to provide their travel movement of one specific day.
Within this research, the mobility behaviour is described in terms of place of ori-
gin and destination, time of travel, means of transport, and motive for travel. In
addition, attention is paid to the background variables for a particular movement
pattern and choice of transport. Participants are also asked to give more personal in-
formation to obtain a better view of daily mobility in relation to demographic. The
most recent available study is used, which dates from 2015. The 2016 study can be
expected around July 2017.

Participants are asked in a letter to fill in an online questionnaire. If filling in the
questionnaire online is not possible, the survey can also be performed via a phone
call or a researcher can visit the respondent at home. In 2015, 37,350 responses were
collected on a total of 66,987 approached people. This means 0.2% of the total popu-
lation participated. The participants of the study include everybody, except people
who live in a care home or institution.

Since this research contains a sample from the total population, the results from
the data analysis are not equal to the actual values, and thus have a margin of error.
When the sample and the response of the basic research are insufficient to make
reliable statements on a lower level of aggregation, additional work is done called
’meerwerk’. The basic research can be used to make statements about the travel
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behaviour in the Netherlands, but with this additional research travel behaviour in
a particular region can also be described. ’Meerwerk’ is done by obtaining more
participants, who receive the same survey as the other participants.

Important conclusions from the 2015 research include a decline in travellers’ kilo-
metres, which can be traced back to a decrease in recreational travel. Less people
have used a car as their transportation mode, but the total kilometres travelled by
car remains the same.

4.1.2 Usage of the data

The data is used to analyse the overall movement behaviour in the Netherlands. By
analysing the data in different ways, a better understanding is created of the daily
movements that are performed. Rural areas are compared to urban areas based on
different criteria that will be discussed later, and multimodality trips with PT are
investigated. By analysing the findings, estimations can be made about the potential
of both opportunities and whether car sharing fits within current mobility patterns
or if people need to change to incorporate car sharing into their mobility patterns.

4.1.3 Limitations

The first limitation originates from the dataset. Although the sample size is large
and seems to have a well distributed demographic, caution needs to be taken when
drawing conclusions. It also needs to be considered, that it only contains data from
the Netherlands.

Secondly, the dataset contains a classification created by the CBS (CBS, 2017a)
for every municipality on a scale from one to five ranging from not urban (less than
500 addresses per km2) to ’very strong urban’ (more than 2500 addresses per km2).
Within the dataset, the average value for a municipality is given to an address, in-
stead of the value for a specific address. This reduces the accuracy to determine the
population density of an address.

Lastly, it is unclear how accurate the distances in the dataset are. Participants
are asked to estimate their travel distance. Unrealistic speeds are filtered out and
recalculated based on other given variables. However, less obvious mistakes might
not be corrected. The distance category length distribution is also unclear, because
the steps are not equal.

4.1.4 Preliminary analysis

The dataset consists of around 115,000 entries filling 166 columns, each with abbre-
viations of the data that they contain. It is difficult to understand the contents of
the data just by looking at the tables. Therefore, a preliminary analysis is conducted
to understand the way the data is organised and how it can be used. The insights
gained during this analysis, are used in the deeper data analysis.

Motivation and means of transportation

To start, an overview has been created (see Table 4.1) to see the distribution of main
means of transport used for all data records. The majority of the travel is performed
by car (44%), but with 26% bikes are a close second. PT has a mobility share of 11%
(Train and Bus/tram/metro).
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Whole week Work week Weekend

Car (driver) 30 30 29
Car (passenger) 14 11 23
Train 6 7 3
Bus/tram/metro 5 6 4
Moped/scooter 1 1 1
Bike 26 27 21
Walk 16 16 18
Remaining 2 2 1

TABLE 4.1: Means of transport used during the whole week, work
week and weekend in % (OViN 2015)

Whole week Work week Weekend

To/from work 18 21 6
Business visit 2 2 0
Services/Personal care 3 4 1
Shopping/Groceries 20 19 24
Education 12 16 1
Social visit 13 10 24
Social recreation 18 15 29
Tours/hiking 6 5 9
Different 8 8 6

TABLE 4.2: Trip motivation during the whole week, work week and
weekend in % (OViN 2015)

Each participant is asked to indicate his/her motivation for a journey, which is
visualised in Table 4.2. The different motivations can be divided into a time depen-
dent and independent group. When travelling to school or to/for work, you are
expected to be present at a predetermined time. The arrival time is fixed, not flexi-
ble. On the other hand, shopping, groceries, hiking, and social activities have no or
a less strict arrival time. A flexible arrival time allows a flexible departure time. For
example, somebody who is going shopping would not mind waiting 15 minutes for
a vehicle to become available, while somebody who is going to a business meeting
cannot afford additional travel time, and need to have a vehicle available directly.
The means of transport for both groups is checked to search for difference between
these trip motivations.

In Table 4.3 the motivation for movements with a flexible arrival time are broken
down into different mobility modes. Compared to the results from Table 4.1, a de-
crease of 4% for PT can be noticed, as well as a 5% increase in walking. Although
there is a decrease in car drivers by 4%, the percentage of car passengers increases by
4%. Thus, the ratio car drivers to car passengers changes. The flexible arrival time
group contains more social mobility motivations, which could explain why more
people travel together in one car. People go to or perform social activities together
with somebody else.

In Table 4.3 the motivation for movements with a non-flexible arrival time are
broken down into different mobility modes. These motivations have a lot less car
passengers than the flexible deemed motivations (10%), while the car drivers in-
crease by 6% (2% when compared to Table 4.1). Although cycling remains about the
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Type of motivation

Flexiblea Non-flexibleb

Car (driver) 26 32
Car (passenger) 18 8
Train 3 12
Bus/tram/metro 4 9
Moped/scooter 1 1
Bike 26 27
Walk 21 9
Remaining 1 2

a ’Shopping/Groceries’, ’Social visit’, ’Social recreation’ and ’Tours/Hiking’
b ’To/from work’, ’Business trips’, ’Services/Personal care’ and ’Education’

TABLE 4.3: Means of transport for time flexible and non-time-flexible motivational cate-
gories in % (OViN 2015)

Type of motivation

Flexiblea Shopping/Groceries

Car (driver) 26 32
Car (passenger) 18 14
Train 3 1
Bus/tram/metro 4 3
Moped/scooter 1 1
Bike 26 29
Walk 21 19
Remaining 1 1

a ’Shopping/Groceries’, ’Social visit’, ’Social recreation’ and ’Tours/Hiking’

TABLE 4.4: Means of transport for time flexible motivations, with ’Shopping/Groceries’,
which is part of time flexible motivations, singled out in % (OViN 2015)

same, the amount of walking decreases by 12%.
To further look at flexible trips, the category ’Shopping/Groceries’ was chosen

for analysis. The means of transportation for the flexible motivations are repeated
and compared to ’Shopping/Groceries’ trips in Table 4.4. The ’Shopping/Groceries’
category was chosen for further analysis because car sharing provides an extra ad-
vantage for these types of trips. A car has storage space for transporting more or
larger items, which could not as easily be brought along on a bike or in PT. This is
reflected in 6% more car driver trips and 3% less PT trips. However, the number of
bike trips increases (3%). A decrease in PT usage, but an increase in bike trips can be
seen in comparison with the means of transportation of all categories (Table 4.1).

The motivation for trips are important to consider when setting up a car sharing
service because the mobility motivation might require a different type of vehicle.
Social activities increase the amount of people that share one car.
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Weekend versus week

In Table 4.2, an overview is given of the different motivations to travel during the
weekend. During the weekend, the number of social trips (time flexibility) is sig-
nificantly higher than during the week, while work related trips are very low. The
motivation for trips during the week displayed in Table 4.2 show a decrease in social
trips and a large increase in work and education related trips, as would be expected.
The shopping category is also smaller (5%) during the week. As described in the
user section of chapter 2, car sharing has a higher usage during the weekends. This
can be explained by a higher motivation for social trips for which car sharing is used
a lot. People are more flexible during the weekend. Car sharing can provide them
mobility which they otherwise would not have had.

The types of mobility used during the week and weekend (Table 4.1) show a
big increase of car passengers during the weekend (12%), while the car driver share
remains about the same. So, during the weekend the number of people per car is
higher than during the week, which could be explained by the increase in social
activities. The usage of PT decreases during the weekends (6%) as well as the usage
of bikes (6%).

Trip distance

The graph in Figure 4.1 shows the division of distance categories of different means
of transportation. The peak for bike usage in the 1.0 to 2.5 kilometres category is
significant. Train usage is minimal for distances below 10 kilometres, but spikes for
distances over 50 kilometres. The car passenger peaks follow the same pattern as
the car driver peaks. This is interesting, considering the survey targets individual
people and not households.

If car sharing to aim for integration with PT, it should not become a competitor.
For example, if car sharing is used for longer trips (<30km), it would compete with
a large portion of the Bus/Tram/Metro usage as well as Train usage. So, users need
to somehow be encouraged to use car sharing for shorter distances and switch to the
train for longer distances.

The distribution of means of transportation for different distances can be seen
in Figure 4.2 and Figure 4.3. On the x-axis, the trip distance increases. The first bar
includes all trips longer than 0.1 kilometres, the second bar includes all trips longer
than 0.5 kilometres, and so on. In Figure 4.2 the y-axis shows the number of trip
and in Figure 4.3 the y-axis shows the percentage of trips from 0 to 100%. From
3.7 kilometres and further, the share of car travel experiences little fluctuation. Car
drivers and passengers combined perform more than 50% of all trips longer than
1 kilometre. The amount of train travel increases as cycling and walking decrease.
Until about 20 kilometres, the bus/tram/metro share remains stable, indicating they
are mostly used for relatively short distances.
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FIGURE 4.2: Number of trips versus increasing trip distance (OViN
2015)
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4.2 Data analysis questions

In chapter 1, expanding car sharing services into rural areas, as well as integrating
car sharing into PT for FMLM usage were identified as opportunities for car sharing.
These opportunities will be analysed in the dataset. Questions are created to guide
the process. These questions will be introduced and the approach to answering them
will be elaborated on.

Question 1: Urban versus rural

What are the differences and similarities between urban and rural travel patterns?

Car sharing companies are currently mostly active in urban areas, but the Nether-
lands also has a relatively large rural area and population. To estimate whether car
sharing could also be applied in rural areas, the travel patterns are compared. A
lot of similarities could show a car sharing potential for rural areas. Conclusions
need to be drawn carefully because the average of the travel patterns of two group
is taken. Outliers in either group could shift the results.

To be able to answer this question, the definition of urban and rural areas first
needs to be defined. According to the definitions of the CBS, urban areas have a
density of more than 1500 addresses per km2 (CBS, 2017b), while rural areas have a
density of less than 1000 addresses per km2 (CBS, 2017c). The OViN dataset contains
a separate column for population density for the place of residence of each partici-
pant. The density is divided into five categories: (1) less than 500 addresses per km2,
(2) between 500 to 1000 addresses per km2, (3) between 1000 and 1500 addresses per
km2, (4) between 1500 and 2500 addresses per km2, and (5) more than 2500 addresses
per km2.

The travel patterns are dissected into distance, time, speed, motivation, and
means of transport. For both areas, the demographic composition is analysed in
terms of age, occupation, PT usage frequency, and car ownership.

Question 2: First mile, last mile in PT

What are characteristics of the first and last mile of a PT trip?

In the introduction of this thesis, a lack of integration with PT was described as a
weak point of the current car sharing set up. The dataset is used to analyse the
behaviour of people who perform a multimodal trip, which can give more insight
into the way people travel with PT. When a PT journey is performed with different
modes of transportation, the term multimodality is applicable. It means that multi-
ple modes of transportation are used within the same journey. To complete the first
or last mile of a PT journey, people often needs to travel to or from a transportation
hub. Especially interesting is the way which people arrive at a train station or bus
stop and how they continue their journey from a train station or bus stop. These
first mile, last mile trips are studied in terms of means of transportation, motivation,
distance, and transfer, waiting and trip times. Also, the demographic composition is
analysed in terms of age, occupation, PT usage frequency, and car ownership.
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Distribution (%) Trip distance (km) Trip time (min) Trip speed (km/h)

Urban Rural Urban Rural Urban Rural Urban Rural

Car (driver) 26 36 18.8 18.5 25 23 42.6 47.5
Car (passenger) 13 15 17.3 17.7 25 23 40.9 44.5
Train 8 4 49.3 57.3 80 87 36.8 39.4
Bus/tram/metro 8 2 11.6 23.5 44 54 15.7 26.0
Moped/scooter 1 1 5.6 8.7 19 22 17.4 23.2
Bike 25 26 3.3 3.8 17 18 11.3 12.5
Walk 18 14 1.4 1.7 18 21 4.5 4.6
Remaining 1 2 21.8 25.6 41 42 31.6 36.4

TABLE 4.5: Trip distribution, distance, time and speed per means of
transport in urban and rural areas (OViN 2015)

4.3 Results

Question 1: Urban versus rural

To compare urban and rural areas, the usage of different means of transportation is
looked at. The area between urban and rural will not be discussed separately in this
part of the analysis because it was found to be very similar to the results found in the
rural areas. In Table 4.5 the distribution of used mobility types as well as the average
trip distance, time, and speed are shown. In this table can be seen that in rural areas
an extra 10% of the trips are performed by driving a car. The number of trips as a car
passenger does not grow as much, which could mean that in rural areas the number
of people per car is lower than in urban areas. The growth in car driver trips in rural
areas (10%) is equivalent to the decline in PT trips. The train is used for 6% less trips,
while the bus, tram, and metro are used for 4% less trips.

Although the bus, tram, and metro are used less, their average trip distance is
more than double the distance in rural areas. This is to be expected, since services in
rural areas are located farther apart. It could be that the distance of urban bus trips
is close to distance of rural bus trips, but that the tram and metro usage decreases
the average trip distance. In the Netherlands, trams, and metros are only located in
cities, not in villages, so people in rural areas will, when starting their journey, only
have access to buses and not to trams and metros.

Car trips do not show the same differences in distance as the bus, tram, and
metro trips do. The car trip distance is about equal for both areas. Not only for the
car drivers, but also for the car passengers. The time it takes for car drivers and pas-
sengers in both urban and rural areas to reach their destination is about the same.
’Bus/tram/metro’ users in rural areas take 10 minutes longer to complete their jour-
ney, while travelling on average 12 kilometres more than users in urban areas. This
means that the average trip speed is higher in rural areas. Possible explanations
for this could be (1) more intercity bus connections which travel via the highway or
provincial roads, (2) less stops or more distance between stops resulting in less time
spend stationary, (3) less people travelling with bus/tram/metro resulting in less
time needed to wait until everybody has left or gotten into the vehicle, and (4) less
congestion and/or traffic lights.

The average travel speed is higher in rural areas for every transportation type,
except walking which is the same. The average speed is only a couple of kilometres
per hour faster, with only bus, tram, and metro as well as moped/scooter signifi-
cantly faster in rural areas.
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Distribution (%) Trip distance (km) Trip time (min) Trip speed (km/h)

Urban Rural Urban Rural Urban Rural Urban Rural

To/from work 19 17 20. 1 22.1 35 29 34.4 45.6
Business visit 2 2 26.9 25.5 31 27 52.2 56.6
Services/Personal care 4 4 9.2 11.9 23 21 24.0 34.3
Shopping/Groceries 21 19 4.7 6.7 15 15 18.8 26.8
Education 12 13 10.1 13.2 27 30 22.4 26.4
Social visit 12 13 20.9 15.9 32 22 39.2 43.4
Social recreation 18 18 13.4 12.8 30 25 26.7 30.8
Tours/hiking 5 6 8.2 7.1 44 47 11.2 9.1
Different 7 8 13.1 12.8 22 18 35.7 42.5

TABLE 4.6: Trip distribution, distance, time and speed per trip moti-
vation in urban and rural areas (OViN 2015)

Next, the differences between trip motivations are looked at. Table 4.6 gives an
overview of the different categories, their distribution, trip distance, and trip du-
ration.

As opposed to the trip means of transportation, there is no significant difference
between urban and rural in distribution of trip motivation. The biggest difference is
2% for ’To/from work’ and ’Shopping/Groceries’. For both categories, the trip dis-
tance for rural inhabitants is about 2 kilometres longer. However, the trip duration
is six minutes shorter for ’To/from work’ and equal for ’Shopping/Groceries’. This
again shows that the average trip speed is higher in rural areas. This holds for all
categories, except ’Tours/Hiking’.

Trips to go (grocery) shopping have the shortest distance and travel time for both
rural and urban areas, but (after ’Tours/hiking’) also have the lowest average speed.
Table 4.3 shows that shopping trips are mostly performed by car (46%) followed by
bike (29%) and walking (19%). Although the car is used for a large portion of the
trips, the short trip distance has the most influence on the trip speed.

The social visit distance for urban trips is five kilometres longer than for rural
trips. The higher people density in urban areas does not translate into friends and
family living close together. Longer trips are needed to visit these groups of people.

There is no significant difference between urban and rural areas in terms of the
trip motivation distribution. Differences do exist in trip distance and duration, but
neither area has significantly longer trips. Rural areas have a higher travel speed in
most categories, but do not have significantly shorter trips than urban areas. The
urban area will be further specified to search for differences.
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Urban >250k Urban >150k Urban >100k Urban Rural

To/from work 20 19 19 19 17
Business visit 2 2 2 2 2
Services/Personal care 4 3 3 4 3
Shopping/Groceries 20 21 21 21 18
Education 12 12 12 12 13
Social visit 12 12 12 12 13
Social recreation 19 19 18 18 18
Tours/hiking 4 5 5 5 6
Different 7 8 8 7 8

e.g. ’Urban >250k’ shows the distribution of trip motivation for people in an urban area in a city with
more than 250,000 inhabitants.

TABLE 4.7: Trip motivation per urbanisation level and city size in %
(OViN 2015)

Urban >250k Urban >150k Urban >100k Urban Rural

Car (driver) 18 23 24 26 36
Car (passenger) 10 12 12 13 15
Train 9 9 9 8 4
Bus/tram/metro 17 11 9 8 2
Moped/scooter 1 1 1 1 1
Bike 24 25 25 25 26
Walk 20 19 18 18 15
Remaining 1 1 1 1 2

e.g. ’Urban >250k’ shows the distribution of mode of transportation of people living in an urban area in
a city with more than 250,000 inhabitants.

TABLE 4.8: Trip mode of transportation per urbanisation level and
city size in % (OViN 2015)

In Table 4.7 and Table 4.8 the results of a more specified urban area can be found.
The distribution of urban starting locations is not concentrated on big cities only.
Also, smaller cities have areas with an amount of address per km2 that falls into
a higher urbanisation category. According to literature, car sharing is only viable
in cities with a large number of inhabitants (>500,000) (Bert et al., 2016). To further
explore the differences between rural and urban areas, an additional criterion is used
to specify urban areas: number of city inhabitants. The provided city sizes from
the OViN database are used. By combining the urban definition with the number
inhabitants, the densely populated areas are used and the suburbs of the cities are
excluded. The only cities with more than 250.000 inhabitants in the Netherlands are
Amsterdam, Rotterdam, Den Haag and Utrecht. All these cities have either a metro,
a tram, or both.

From Table 4.7 can be noted that the distribution of trip motivation for all density
types are close. The difference between rural and very urban areas is at most 3%.
There is no significant different in trip motivation between all the different areas.

Table 4.8 shows a big difference in mobility types per density. Cities with more
than 250.000 inhabitants have half the amount of car driver trips of rural areas. The
share of car passengers also decreases, but not proportional to the decrease in car
drivers. The PT usage in bigger cities is a lot higher than in rural areas. Especially in
the cities with more than 250,000 inhabitants, which is expected because these cities
additionally facilitate a tram, metro, or both.
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Distance (km) Time (min) Speed (km/h)

Urban >250k Urban Rural < 50k Urban >250k Urban Rural < 50k Urban >250k Urban Rural < 50k

Car (driver) 20.4 18.0 18.4 29 25 23 41.9 42.6 47.4
Car (passenger) 16.9 17.3 17.7 28 25 24 36.8 40.9 44.8
Train 52.9 49.3 58.5 85 80 87 37.6 36.8 40.3
Bus/tram/metro 8.9 11.6 22.8 42 44 54 12.7 15.7 25.4
Moped/scooter 5.5 5.6 7.9 22 19 20 12.7 17.4 23.6
Bike 2.4 3.3 3.8 19 17 18 7.5 11.3 12.5
Walk 1.2 1.4 1.7 18 18 22 4.2 4.5 4.6
Remaining 20.9 21.8 25.3 40 41 41 28.3 31.6 36.8

TABLE 4.9: Trip distance, time and speed per mobility type per ur-
banisation level and city size in % (OViN 2015)

Urban Rural Difference

0 – 15 years 21.1 21.4 +0.3
16 – 20 years 5.2 5.5 +0.3
21 – 25 years 5.0 3.9 -1.1
26 – 30 years 5.7 4.0 -1.7
31 – 35 years 6.1 4.2 -2.1
36 – 40 years 6.6 4.7 -1.9
41 – 45 years 7.1 7.3 +0.2
46 – 50 years 7.4 8.0 +0.6
51 – 55 years 7.8 7.9 +0.1
56 – 60 years 7.1 8.0 +0.9
61 – 65 years 6.3 7.4 +1.1
66 – 70 years 5.8 7.3 +1.5
71 – 75 years 3.7 4.7 +1.0
76 – 80 years 2.7 3.3 +0.6
81 – 100 years 2.2 2.3 +0.1

TABLE 4.10: Age distribution in urban and rural areas in % (OViN
2015)

Although the motivation of types does not vary significantly between different
densities, the mobility types do. Urban areas with a high number of inhabitants
drive significantly less by car and use the bus, tram, and/or metro significantly more
as their transportation mode.

When comparing the average speed of trips of people living in small villages in rural
areas (Table 4.9), the average speed in rural areas is higher for every mode of trans-
port compared to urban areas and urban cities with more than 250.000 inhabitants.
This does not mean that rural trips are also completed faster than urban trips. Only
car trips take less time in rural areas. PT trips take longer in rural areas, but all other
modes of transport take about the same time.

Next the demographics of urban and rural areas are compared. In Table 4.10 the
different age distributions can be seen. Interesting to note is the large number of
participants below the age of 12 in both areas. Their recorded movements were
potentially influenced by the travel behaviour of their parent(s) or guardian(s). The
share of participants in rural areas aged between 18 and 40 is lower than in urban
areas, while the share of participants in rural areas aged between 41 and 100 is higher
than in urban areas. The percentage differences are small.
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Urban Rural Difference

Daily 7.2 3.7 -3.4
Few times a week 12.0 4.1 -8.0
Few times a month 18.4 6.5 -11.9
Less than ones a month 25.0 20.8 -4.2
Almost never 37.4 64.9 +27.5
Unknown 0.0 0.0 +0.0

TABLE 4.11: Frequency of PT usage in urban and rural areas in %
(OViN 2015)

Urban Rural Difference

No means of transportation 2.0 0.7 -1.3
3 or more cars 3.3 7.8 +4.5
2 cars 27.2 39.9 +12.7
1 car 53.0 47.2 -5.8
Motorcycle 0.4 0.0 -0.4
Moped 1.5 0.4 -1.1
Bike 12.4 3.7 -8.7
Other 0.3 0.2 -0.1
Unknown 0.0 0.1 +0.1

TABLE 4.12: Owned means of transportation in urban and rural areas
in % (OViN 2015)

In Table 4.11 the difference in frequency of PT usage is shown. Rural area in-
habitants use PT significantly less, as they score lower in every PT usage case. In
rural areas, almost 65% of the participants never use PT versus 37.4% in urban areas.
This is a big difference, which confirms the earlier findings regarding the difference
in means of transportation in the different areas. Although the difference in the ’al-
most never’ category is big, the difference in daily PT usage is significantly smaller.

The noticeable differences in social participation (Table 4.13) in both areas are in
division of retirees and workers. Rural areas have more retirees and people who
work between 12 and 30 hours per week. Urban areas have more people who work
more than 30 hours per week. The differences are small and can, given the limita-
tions of the sample of the dataset, not be considered strong difference.

The differences between rural and urban areas have been analysed with a high level
of abstraction. The obtained results indicate that in both areas the trip motivation
is about the same, but that the use of means of transportation varies between the
two. Rural area trips are more often performed by car, while urban area trips have
a higher share of PT trips. By looking at the demographics, it was also found that
rural area inhabitants use PT less frequently. The higher use of cars in rural areas
was reflected in more households that own two or more cars. However, single car
ownership was higher in urban areas. Although differences in age distribution in
both areas was discovered, no significant differences in social participation were
found.

The obtained answers give insight into the average distribution of trips and de-
mographics of urban and rural areas and might not be true for specific areas. For
a better estimation of the potential of specific areas, a detailed analysis of that area
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Urban Rural Difference

Working 12-30 hours per week 12.0 13.5 +1.5
Working more than 30 hours per week 31.9 29.0 -2.9
Household 4.4 5.1 +0.7
Student 20.7 20.5 -0.2
Unemployed 2.9 1.7 -1.2
Incapacitated 2.7 2.1 -0.6
Retired 16.2 19.7 +3.5
Other 1.9 1.9 0.0
Unknown 0.0 0.0 0.0
Not applicable: younger than 6 years 7.4 6.5 -0.9

TABLE 4.13: Social participation in urban and rural areas in % (OViN
2015)

needs to be performed. The results indicate that no significant difference between
urban and rural demographics exists that could prevent car sharing from growing
in both areas. The difference in current use and potential of car sharing in rural ar-
eas could be related to geographic reasons. A less densely populated area in theory
means less customers. This theory is one of the reasons why less car sharing compa-
nies are active in rural areas. Furthermore, a lack of car sharing initiatives does not
increase the number of customers, creating a vicious circle.
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Question 2: First mile, last mile in PT

To look at the multimodality of travel behaviour, first the relevant multimodalities
need to be defined. In the dataset, each journey has a main mean of transportation,
while the trips that make up the total journey can be performed by various trans-
portation modes. The analysed multimodalities are based on modes where either
the train or the bus is the main mode of transportation. The number of metro and
tram entries in the dataset is very low and only applicable in big cities and urban
areas. Therefore, only journeys in which the train or bus is given as the main mode
of transportation are looked at. The train journeys are made multimodal by using
the bus, car, bike, or by walking. The bus journeys are made multimodal by using
the car, bike, or by walking. The dataset does not contain any entries in which the
bus is the main mode of transportation and the train is one of the trip types during
this journey.

The data from the dataset used for this analysis is cleaned by removing entries
that do not have a departure and arrival postcode, a travel distance, or departure
time. The choice was also made to set the minimum age of respondents to 18 years
old. Car sharing users in the Netherlands need to be at least 18 years old because
a driver’s license is required. Of the total 115,987 trips, 74,088 trips remain to be
analysed.

Of these trips, 5343 (7.2%) were trips in which the main mode of transportation
was a train. Of these trips, 1741 were performed by train. The remaining 3602 trips
were performed by other means of transportation and used to get to or away from a
train station. An overview of these trips can be found in Table 4.14. The number of
remaining trips is more than twice the number of train trips, which could mean that
every train trip in the dataset has a trip to get to and from the train station, a first mile
and a last mile. Of these remaining trips, about half (46.5%) is completed by foot and
one-fourth (24.9%) is completed by bike. The bus is used for 13% of the trips. 3% of
the trips are performed by people who switch to or from a car during their journey.
This is a low amount given the large parking structures and Park&Rides near train
stations. The car drivers and passengers categories cannot be combined, because car
passengers can be dropped off while the driver continues their journey somewhere
else without using the train.

Next, the multimodality of bus journeys is reviewed. In total 1928 trips are
recorded in the database where the bus is the main transportation mode. 911 of
these trips are performed with the bus. That leaves 1017 trips performed with other
modes of transportation. In Table 4.14 the trip division for bus as the main trans-
portation mode is given. The number of additional trips is not twice as big as the
number of bus trips, as was the case with the train trips. This means no first and
last mile are recorded for every bus trip. A possible explanation could be that buses
provide a better door-to-door service, thus not requiring additional travelling after
the bus trip is finished. This is confirmed by the large share of walking (83%) as
extra mobility. The distances that need to be covered before or after a bus trip are
relatively short. Biking is used a lot less in combination with bus travel, than with
train travel, reflected in the 14% decrease. The share of car drivers remains roughly
the same, while no record exists of combined bus, and tram, or metro travel, where
the bus is the main mode of transportation. With the metro or the tram as the main
means of transportation, a combination with buses in one journey exists. Also, no
journey exists in which the bus is the main mode of transportation and the train is
used as part of the journey.

In Table 4.15, the average waiting times for either the train or bus is shown for
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Number of trips Percentage of trips

Train Bus Train Bus Difference

Train - 0 - 0 -
Bus 467 - 13.0 - -
Car driver 111 33 3.1 3.2 +0.1
Car passenger 124 21 3.4 2.1 -1.3
Tram 156 0 4.3 0.0 -4.3
Metro 162 0 4.5 0.0 -4.5
Walk 1669 847 46.3 83.3 +37.0
Bike 892 112 24.8 11.0 -13.8
Moped 6 2 0.2 0.2 +0
Other 15 2 0.4 0.2 -0.2

3602 1017 100% 100%

TABLE 4.14: Different means of transportation used in journey with
train or bus as main means of transportation, in amounts and per-

centages (OViN 2015)

Train Bus Car Bike Walking Average

Train - 8:05 8:10 6:38 6:37 6:53
Bus - - 6:02 5:41 4:10 4:21

TABLE 4.15: Average waiting times when switching to train or bus
from other mobility type in minutes (OViN 2015)

each of the additional modes of transportation. The times show the difference be-
tween arrival time with the given transportation mode and the departure time of
the train or bus. Since people are asked to indicate their arrival time, a difference
between interpretation can exist. Some people might fill in their arrival time at a
parking space, while other might fill in their arrival time at the correct departure
platform. Therefore, it is difficult to draw conclusions from this overview. It is use-
ful as an overview of the differences that exist. A maximum waiting time of 60 min-
utes has been set, because some trips indicated a waiting time of over five hours.
The limit of one hour has been chosen, because most PT has a frequency of at least
once an hour. This disproportionality is most likely caused how people filled in the
survey. A waiting time of five hours indicate that they ended their journey and per-
formed some activity. But the journey in the dataset continues and ends when they
are back home again. The 60 minutes waiting time limit, lowered the average wait-
ing time from walking to the train with two minutes. The waiting times caused by
switching from bus to train, or car to train or bus are above average. The share of
car drivers in the scenarios where the train or bus are the main transportation mode
are low (≈3%), as was discussed in the previous section. Therefore, outliers have
a bigger influence on these average waiting times. The waiting times for switching
from a car to a bus are two minutes shorter than for switching from a car to a train,
but is still higher than the average of its category.

In Table 4.16 the motivation of the different multimodal trips is given. Multimodal
trips are mostly used to commute, with only the train and bus journey more used
for educational purposes. Education related trips are the second largest motivation
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Train Bus

Bus Car Bike Walk Car Bike Walk

To/from work 28.1 48.6 55.0 45.8 60.6 51.8 34.6
Business visit 0.4 0.0 2.9 2.2 3.0 0.0 1.1
Services/Personal care 3.2 0.0 1.3 1.4 0.0 0.0 9.4
Shopping/Groceries 2.1 6.3 4.4 4.4 6.1 7.1 16.8
Education 40.3 18.9 17.9 20.4 6.1 19.6 13.3
Social visit 12.8 9.9 7.0 11.7 6.1 5.4 10.3
Social recreation 9.6 10.8 8.2 10.8 6.1 13.4 11.5
Tours/hiking 0.9 0.9 1.1 0.6 0.0 0.9 0.8
Different 2.6 4.5 2.1 2.6 12.1 1.8 2.2

TABLE 4.16: Motivation of multimodal journeys with train and bus
as main trips in % (OViN 2015)

category in most multimodality journeys. The exception is the combination of bus
and walking, where shopping activities are more common. while in theory the bus
does not provide a lot of room for baggage.

Table 4.17 shows an overview of the distance that every part of a multimodal trip
covers. An example will be given of the first column. If the train and bus are used
together in a journey, 30.7% of all the train trips are at least 50 kilometres and 27.6%
of all bus trips are between 5.0 and 7.5 kilometres. In bus and car multimodality
trips, the car is used for a longer distance than the bus trips, as a higher percent-
age of bus trips are shorter distances. This is not the same for the multimodal train
and car journeys. For those journeys, the train is used to travel the furthest distances.

Finally, the demographics of the discussed multimodality groups are discussed to
provide more context to the talked about findings. Table 4.18 shows an overview
of relevant demographic related categories found in the dataset. Each section in a
column adds up to 100%.

Most transportation combinations show a higher usage in more urbanised ar-
eas, but the train and car combination is mostly used in hardly urbanised areas and
relatively little used in extremely urbanised areas. Train and bike multimodal jour-
neys are mostly present in extremely urban areas and to a lesser extent in strongly
urbanised areas. The bus and bike combination is mostly preferred in strongly ur-
banised areas as a multimodality journey.

Both the categories where the bus is the main mode of transportation show a
distinct user age group. A large share of the users is 20–29 years old or 45–54 years
old. However, it should be noted that the bus and car combination has gaps for the
20–24 and 55–64 year old categories. This is most likely caused by a limited sample
size. The train and bus mobility combination shows a large share of 20–24 year olds.
These are most likely students, as the student share in the social participation is high
(42.9%).

In all other multimodality categories is the people in employment group is the
biggest. This can be biased, because most citizens in a country are usually workers.
The preferred multimodality type of retirees is by train and car.



4.3. Results 49

Train + bus Train + car Train + bike Bus + car Bus + bike

Train Bus Train Car Train Bike Bus Car Bus Bike

Not in NL 0.0 0.0 0.0 0.9 0.0 0.0 0.0 2.9 0.0 0.0
0.1–0.5 km 0.0 0.4 0.0 0.0 0.0 1.4 0.0 0.0 0.0 7.8
0.5–1.0 km 0.0 2.8 0.0 1.8 0.0 5.6 2.6 0.0 0.0 18.1
1.0–2.5 km 0.8 19.3 0.0 15.0 0.6 52.1 33.3 2.9 4.0 50.0
2.5–3.7 km 0.2 14.4 0.0 12.4 0.1 20.2 25.6 2.9 4.0 16.4
3.7–5.0 km 1.0 7.5 0.8 4.4 0.0 8.9 12.8 5.7 0.8 1.7
5.0–7.5 km 3.6 27.6 4.0 20.4 2.7 9.8 7.7 8.6 10.3 5.2
7.5–10 km 2.3 5.5 4.0 9.7 4.1 0.9 2.6 2.9 19.8 0.9
10–15 km 8.6 12.4 8.1 12.4 8.5 1.1 5.1 8.6 23.0 0.0
15–20 km 12.2 5.1 8.9 6.2 9.9 0.0 0.0 17.1 15.9 0.0
20–30 km 17.0 4.1 13.7 12.4 20.4 0.0 5.1 11.4 11.9 0.0
30–40 km 13.2 1.0 7.3 1.8 16.1 0.0 0.0 11.4 4.0 0.0
40–50 km 10.5 0.0 7.3 0.0 11.2 0.0 0.0 5.7 3.2 0.0
>50 km 30.7 0.0 46.0 2.7 26.3 0.0 5.1 20.0 3.2 0.0

TABLE 4.17: Distance distribution of multimodal train and bus trips
in %, e.g. within a train and bus multimodal journey, 30.7% of the

train trips is longer than 50 kilometres (OViN 2015)

The multimodality travel which includes travel by car, shows a higher car owner-
ship share than multimodality travel without car. For multimodality journeys with-
out cars, the bike ownership is higher.

The non-car related multimodality journeys show a larger share of higher fre-
quency of PT usage. Notable is that train and car multimodality show a high per-
centage of PT travel of less than ones a month. The recorded trips in the dataset
might just have coincided with the incidental PT travel for that month.
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4.4 Conclusion

From the obtained results from the analysis, conclusions will be drawn. The conclu-
sions are limited by the sample size of the dataset. Although the dataset contained
over 115,000 entries, only a small number of those entries possessed the looked-for
characteristics. Both research questions will be repeated and then answered. Finally,
the question related to this chapter will be answered.

Question 1: Urban versus rural

What are the differences and similarities between urban and rural travel patterns?

The travel patterns of both areas have been analysed by looking at trip character-
istics, such as means of transportation, motivation, distance and time, and demo-
graphic characteristics, such as age, occupation, and PT usage frequency.

A striking similarity between both areas is the division of trip motivations. The
main motivations in both areas are (grocery) shopping, social recreation, and com-
muting. No significant difference was found between the distribution of trip motiva-
tion. Also, the social participation showed big similarities. Differences were found
in the share of retirees and workers, but these differences were small. The other
social participations have evenly matched shares.

However, big differences were found in the modes of transportation between
both areas. Cars have a higher usage share in rural areas, especially compared to
urban areas in big cities. The lower car usage in urban areas is replaced by more PT
usage, while the bike share remains roughly constant. The higher the urbanisation of
an area, the lower the car driver travel share, and the higher the PT share. The larger
share of car usage in rural areas is also reflected in the higher number of households
in rural areas with 2 or more cars. However, urban areas have a higher single car
ownership. Urban areas were found to have a larger share of people between the
age of 20 and 40, while rural areas were found to have a higher share of people
between the age of 60 and 70. The age group in urban areas was also found in
literature to be the age group of the majority of current car sharing users. As was
discussed in chapter 2, this age group is often the early adopters of new technology.
The trip characteristics show that trips in rural areas cover a longer distance, but take
less time. Every mode of transportation in rural areas has a higher average speed
compared to urban areas.

Question 2: First mile, last mile in PT

What are characteristics of the first and last mile of a PT trip?

To analyse the characteristics of multimodal PT trips, different multimodality trips
were defined. The train and the bus were chosen as two main mobility categories.
Travelling by car, bike, and walking were defined as additional mobility modes. In
the case of train travel, the bus was also considered an additional mobility type.

The ability to draw conclusions from the findings is limited by the uncertainty
of the accuracy of the filled in data by the participants of the survey. For example,
it was found that half of all the multimodal bus journeys were actual bus trips. This
means bus trips only have a first or a last mile.

Walking is part of the majority of multimodal trips, both for train and bus. The
second largest multimodality mode of transportation is the bike. The share of cars
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within multimodal trips is small, but constant in both the scenarios. The waiting
times to switch from car to train or bus were found to be significantly longer than
for switching from bike or walking.

The main motivation for people to perform multimodal trips are commute trips,
with education related trips in second. Combining train with bus was found to be
most used for education related trips. This was also found by looking at the age and
social participation of this group. Multimodal train journeys which involved cars
were found to be performed mostly in hardly urbanised areas. This can be related
to the first research question of this chapter as it shows potential for car sharing in
hardly urbanised areas. Multimodal trips seem to attract a specific age group, as
some age groups are over represented. However, given the limitations of the sample
size, it can be caused by a lack of more data entries.

Chapter question

What kind of candidate features can be found in or deduced from travel behaviour?

The two studied areas show large similarities and few differences. Rural areas show
a higher car usage and ownership than urban areas, which indicates that the infras-
tructure and trips are suited for car sharing. However, the difference between the
two areas could be related to the lower population density. Car sharing should offer
the same reliability in these areas as in higher density population areas. This can
be more difficult because a lower population density means less demand per car
location. As was found in chapter 3, a car sharing parking location close to one’s
house increases one’s use incentive. Car sharing should incorporate a mechanism to
supply cars where demand exists, to create a reliable service.

The higher number of cars per household in rural areas could be a focus point of
a market strategy in rural areas. By creating awareness about the amount of time a
car spends stationary each day and the fixed amount of money car ownership costs,
the financial benefit of car sharing could become a major selling point. Especially if
no mobility is lost.

The analysis of multimodality showed that the car is barely used in combination
with the bus or train, as was also found in chapter 3. Multimodal trips with cars were
mainly commute trips. As found in literature, commute trips are predominantly
performed by one-way car sharing services.

Multimodality can be increased, and waiting times can be decreased, by inform-
ing users about PT connections, expected arrival times and delays.
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Train Bus

Bus Car Bike Car Bike

Level of urbanisation
Extremely urbanised 33.7 9.3 37.2 15.2 18.6
Strongly urbanised 32.6 20.7 32.8 32.6 49.2
Moderately urbanised 17.1 23.1 14.3 18.2 12.0
Hardly urbanised 13.5 42.1 12.1 14.4 15.0
Not urbanised 3.1 4.8 3.5 19.7 5.2

Age
18 – 19 years 11.7 3.7 6.9 3.0 5.7
20 – 24 years 34.8 17.0 22.2 0.0 25.4
25 – 29 years 9.5 14.3 11.5 33.3 17.2
30 – 34 years 4.9 5.7 8.6 4.5 4.1
35 – 39 years 5.3 0.0 10.1 5.3 6.6
40 – 44 years 4.7 4.0 8.9 3.8 1.4
45 – 49 years 4.4 18.1 9.5 25.0 10.0
50 – 54 years 5.5 9.9 8.5 18.2 20.0
55 – 59 years 6.8 5.9 7.0 0.0 6.1
60 – 64 years 5.1 4.8 2.5 0.0 0.0
65 – 69 years 2.1 7.3 3.4 3.8 2.7
70 – 74 years 2.9 7.7 0.7 3.0 0.9
75 – 79 years 0.9 1.5 0.0 0.0 0.0
80 years or older 1.5 0.0 0.2 0.0 0.0

Social participation
Working 12-30 hours per week 11.6 13.7 15.2 22.7 17.5
Working more than 30 hours per week 32.2 49.1 51.6 53.8 46.5
Household 1.2 1.5 1.1 0.0 1.6
Student 42.9 19.8 24.6 16.7 23.4
Unemployed 1.3 0.9 0.9 0.0 4.1
Incapacitated 0.4 0.0 0.7 0.0 1.1
Retired 8.2 15.0 4.5 6.8 3.6
Other 2.1 0.0 1.4 0.0 2.3
Unknown 0.0 0.0 0.0 0.0 0.0

Owned means of transportation
No means of transportation 1.3 0.0 0.0 0.0 0.0
3 or more cars 3.1 11.2 1.9 13.6 3.2
2 cars 20.1 47.1 15.4 30.3 23.6
1 car 45.3 38.3 51.3 42.4 52.2
Motorcycle 0.5 0.0 0.8 0.0 0.0
Moped 0.0 0.0 1.9 0.0 0.9
Bike 29.4 3.3 28.3 13.6 20.2
Unknown 0.0 0.0 0.4 0.0 0.0

Public transportation usage frequency
Daily 47.6 39.0 46.1 30.3 44.7
Few times a week 40.7 27.8 41.8 31.8 38.1
Few times a month 7.8 16.3 8.7 33.3 11.1
Less than ones a month 3.6 17.0 3.1 0.0 6.1
Almost never 0.4 0.0 0.4 4.5 0.0

TABLE 4.18: Demography of different multimodal trips in % (OViN
2015)
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Chapter 5

Car sharing features

In this chapter, the found candidate features will be discussed. First, the criteria a
feature needs to comply with are considered. Secondly, the found candidate features
will be presented. Thirdly, the compatibility of features will be examined. Fourthly,
the dependency of features on each other or external sources is investigated. Finally,
recommendations are formed.

5.1 Criteria

As was defined in chapter 1, a feature is a distinctive attribute or element which,
when implemented correctly, profits/benefits (or at least not harms) at least one
stakeholder group. The considered stakeholders involved with car sharing are users,
car sharing companies, governments, and the environment. During the feature gath-
ering phase, the perspective of users was used. However, when assessing the possi-
ble implementation of a feature, all stakeholders need to be considered.

The main preferences of the different stakeholders are now sketched on an abstract
and simplified level.

Users of a car sharing service want a service that offers them the same mobility
as owning a car, with a lower cost. Convenience is a big priority.

Car sharing companies want to capture and expand their market share, offer a
better service than their competitors, and earn money.

Governments (local and central) want to provide citizens with a high level of mo-
bility to improve area accessibility and attractiveness.

The environment wants reduced pollution, and less emission of harmful gases.

Stakeholders could have conflicting interests. For example, users want a cheap ser-
vice and spend as little money as possible. Service providers on the other hand want
to make a profit and need to ask an at least cost covering price.

Features should work together to create a better service. If a feature is countering
the effects of another feature, the positive effect is weakened or reversed.

It should be feasible for car sharing companies to implement a feature. Feasibility
can, for example, be measured in terms of costs or implementation time. If a feature
would take multiple years to be correctly implemented and is not vital for the current
functioning of the service, risks arise. It is unknown whether the feature would still
be desired in the future.
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Feature Summary

Trip types
Round trips The start and end location of the rental period are identical
One-way trips The start and end location of the rental period can be different

Dedicated parking spaces
Station based When not being rented, a vehicle is positioned at a dedicated parking spot
Free floating When not being rented, a vehicle can be positioned at any public parking spot

Reliability
Availability The assurance that when needed, a vehicle is always at one’s disposal
Accessibility The distance between user and vehicle start location should be minimal
Up-to-date vehicles The vehicles are well maintained, do not break down, and fuel-efficient

Flexibility
Different types of vehicles Depending on the travel needs, an appropriately sized vehicle can be chosen
Low reservation time Spontaneous trips can be undertaken

Cost education
Insight into savings Provide (potential) customers with more understanding about the financial side

Personalisation
Planning In advance route planning shows mobility alternatives and PT possibilities
Travel information While renting, information is provided about travels changes and delays
Discount Customers are rewarded for ending rental periods in optimal demand locations
Key cards Customers can register their own card to open a car

Autonomous vehicles
Vehicle repositioning Vehicles automatically reposition themselves to areas with (potential) demand
Taxi fleet The whole car sharing fleet is made autonomous and functions as a taxi service

TABLE 5.1: Overview and one sentence summary of the found candi-
date features in the previous chapters

5.2 Overview

In this section, the candidate features found in the previous chapters are discussed.
An overview of the features can be found in Table 5.1.

The primary differentiating feature between different car sharing services is the de-
gree of freedom to pick a location to end a rental period. Round trip car sharing
requires users to end their rental period at the same location as the starting location,
while one-way car sharing allows users to end their rental period at a different location
than their starting location. This difference attracts different usage patterns and cre-
ates different market potentials. One-way requires more planning, as the geographic
distribution of vehicles can change over time.

Another feature that defines the degree of freedom granted to users is the us-
age of dedicated parking spaces for car sharing cars. Free floating services offer their
users the freedom to park the car wherever they want, given some predefined area
limitations. Station based services limit the freedom of users by restricting them to
use a particular parking space, but reward users by offering them a parking spot.
This removes the stress induced by searching for a parking spot. Also, no additional
parking fees need to be paid. The fixed places to park also make it easier for users to
remember where they can pick up a vehicle and start their journey. Through govern-
mental collaboration, car sharing companies can position parking spots in or close
to areas with high demand.

Offering reliability was found to be very important. Travellers want to be assured
that they can finish their journey once started. Availability of cars is crucial for the
reliability of the service. Therefore, a geographically well-distributed vehicle fleet
with cars available at places with demand is required. Correct demand estimations
are important to be able to provide this availability.

Reliability is influenced by well-functioning vehicles. When a car breaks down, the
fleet size decreases and the driver has a bad experience. Therefore, vehicles need to
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be well maintained and timely replaced. An advantage of this is that the fleet is kept
up-to-date with technological and fuel efficiency improvements.

By keeping the required reservation time low, spontaneous and unplanned trips
can also be performed by car sharing. A short minimal reservation time increases
the flexibility of the service and mimics the characteristics of owning a car.

A way to offer more mobility than a private car would, is giving people the abil-
ity to choose between different vehicle sizes. Different travel motives could require
specific types of vehicles, such as a vehicle with a large trunk when buying furni-
ture. It is important to inform and educate users about the various vehicle types, to
have their mobility needs fulfilled correctly.

It is also important to educate (potential) users about the costs of car sharing. The
removal of fixed costs compared to car ownership are considered important and seen
as a big motivation to start using car sharing. However, the costs of a car sharing
trip, calculated in terms of distance and/or time, are perceived as high. By giving an
estimation of the trip costs beforehand, the user does not get an unpleasant surprise
when the trip is ended. Another way to make the financial benefits more evident is
providing more insight into the savings which can be achieved with car sharing. This
can, for example, be achieved by letting users calculate the amount of money they
could save when replacing their current private car usage by car sharing.

Other forms of information and personalisation are also important. During a trip,
information can be provided about delays on the road or in PT. This offers users the
ability to be extra flexible and change their route on the fly. Personalisation can also
happen in the form of discounts. For example, it can be used to motivate a user to
end his rental period in an area with (potential) demand. In return, the user gets a
number of free kilometres for his next usage.

Car sharing can offer a level of convenience that other mobility types cannot offer.
Convenience and personalisation can be improved by allowing users to open a car
with something else than a company provided card. For example, by using their
PT card, mobile phone or registering their own card (e.g. drivers licence). This
decreases the possibility of missing the necessities to open a car.

Integration of autonomous vehicles could evolve the current car sharing imple-
mentation. An autonomous taxi fleet could be created which can pick up and drop
off people anywhere they want. Or in a less disruptive scenario, it can be used to
reposition cars from areas with low demand to areas with high demand.

5.3 Compatibility

In this section, the compatibility of features is discussed. First, features are compared
against each other for consistency. Secondly, the compatibility of the features in
terms of the different stakeholders is discussed.

5.3.1 Feature combinations

Two conflicting features are either offering one-way or round trips. The companies on
the market have all chosen one or the other as specialisation. Round trip prohibits
one-way trips, but one-way allows round trip journeys, as the user is also allowed
to return to his start location. Implementing one-way trips requires more active
planning because the vehicles are not returned to the same location. Therefore, the
geographic distribution of the vehicles could change.
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When creating a P2P-based car sharing service, it is impossible to offer a one-way
trip service. Even if no physical transfer of car keys is needed. The people who lease
out their car want to know when their car returns, otherwise they compromise their
own mobility.

Combining one-way and station based car sharing limits the freedom provided by
the one-way trips. When a user is obligated to use a company provided parking spot,
his destination location flexibility is limited. The advantages of a dedicated parking
place are not applicable in all scenarios, as parking places are not always close to the
destination of a user. One-way in combination with free floating provides the same
mobility as a private car would.

The advantages of dedicated parking spots seem to be very important for current
users. However, it could be argued that parking spots would not be useful when
car sharing is transformed into an autonomous taxi network. The cars do not need to
be parked and can drive around until somebody requests their services. This would
make investments in parking places not future proof. However, the usage and visi-
bility of parking spots could still be an advantage, especially at transportation hubs.
The parking spots can be used as easy pick up locations and reduce the fuel con-
sumption of not used vehicles.

5.3.2 Stakeholders

The candidate features described in section 5.2 were found by using the user per-
spective. In this section, the benefits for the other stakeholders is checked. Not all
features are relevant for each stakeholder. Therefore, only the relevant features for
each stakeholder will be discussed.

Car sharing companies

Of the supported trip types of car sharing, one-way trips provide its users the most
freedom. However, it is the most difficult trip type for companies to implement
correctly, especially in combination with free floating. If a balanced distribution is
not automatically created, additional balancing needs to be done. One possibility
is to hire people to manually reposition vehicles. However, this is very expensive
and inefficient. Another possibility is to motivate users to end their rental period in
an area with high demand by offering them discounts or achievements. Planning
software to automate this process would need to be created.

Although the creation of dedicated parking spots costs money, time, and effort, it
can be very beneficial for car sharing companies. It provides recognisability and is
effectively advertisement. It was found to be a wanted feature by many users. Not
having to search for a parking spot removes one of the disadvantages of driving a
private car.

Companies want to supply their customers with reliable vehicles, which means
regular maintenance and replacement of vehicles. Keeping the vehicles up-to-date is
a disadvantage, because it means that companies need to keep reinvesting in car
inventory without expanding the fleet size. On the other hand, by replacing older
cars with more fuel-efficient cars, fuel costs can be reduced.

Offering different vehicle sizes is beneficial for users, as they can pick a suitable
car for different travel needs. This creates a heterogeneous vehicle fleet. This is a
disadvantage for car sharing companies because it makes vehicle distribution and
maintenance more difficult. Within the normal vehicle distribution, the different
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types of vehicles also need to be distributed. Otherwise, the different vehicles types
cannot be exploited by all users.

The implementation of AVs into the vehicle fleet is advantageous for car sharing
companies, independent of the willingness of people to ride in an AV. For example,
people could still be allowed to drive in the vehicles, and the autonomous func-
tionality could only be used to reposition the vehicles. This removes the need for
manual repositioning, which has a high operating cost. Companies can invest in
software that optimises the repositioning of AVs to areas with high demand.

Government

By actively working together with car sharing companies, governments can adapt
the planning of certain areas and incorporate car sharing parking places. Both in new
and already developed areas. This allows them to increase the mobility of their
inhabitants.

A vehicle fleet consisting of up-to-date vehicles has the advantage of lower emis-
sions. Transportation is a big part of the total CO2 emissions. Lower emissions are
important for governments as they are required to meet emission reduction goals.

One of the probable advantages of an autonomous taxi fleet is the reduced parking
need. The size of the total fleet of vehicles can be reduced, leading to less cars re-
quiring a parking place. This allows governments to reallocate the ground currently
occupied by parking structures.

Environment

The availability of cars is very important for the reliability of car sharing. The avail-
ability of cars can be increased by expanding the vehicle fleet. However, for the
environment a small fleet size is more beneficial, as the manufacturing of cars also
emits harmful gases.

An advantage for the environment is the timely replacement of older vehicles.
Fuel-efficient vehicles are a result of keeping the fleet up-to-date. The disadvantage of
emission of harmful gases during the manufacturing of the cars is also applicable in
this situation.

The transition of car sharing into an autonomous taxi fleet could also be benefi-
cial for the environment. AVs are expected to be more fuel-efficient and likely not
powered by fossil fuels.

5.4 Dependency

In this section, feature combinations are discussed which can only be implemented
together, require collaboration, or need additional technological advancements be-
fore they can be implemented.

Round trip car sharing is mostly used in combination with station based parking. When
a car is not being used, it is parked on a dedicated parking space. This gives the user
the guarantee that a parking place is always available when returning to the starting
location to end the rental period.

Creating dedicated parking spaces requires permission of and collaboration with (lo-
cal) governments and policy makers. The parking spaces have to be paid for, but
in return, collaboration provides companies with more business contacts and better
integration into the existing infrastructure.
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Feature Importance Implementation difficulty Stakeholder compatibility

CSOa Govb Envc

Trip types
Round trips Must Medium - - -
One-way trips Must High - - -

Dedicated parking spaces
Station based Must Medium High High -
Free floating Must Medium - - -

Reliability
Availability Must High - - Low
Accessibility Should Medium - - -
Up-to-date vehicles Should Medium Medium High Medium

Flexibility
Different types of vehicles Could Medium Low - -
Low reservation time Should Low - - -

Cost education
Insight into savings Should Medium - - -

Personalisation
Planning Could Low - - -
Travel information Could Low - - -
Discount Could Medium - - -
Key cards Could Low - - -

Autonomous vehicles
Vehicle repositioning Should High High - -
Taxi fleet Should High High High High

a Car sharing organisation
b Government
c Environment

TABLE 5.2: Detailed overview of the found and discussed features
labelled with importance, implementation difficulty and stakeholder

compatibility

To provide users with additional trip information during their journey, a way to
communicate or display information is required. The entertainment and navigation
system in cars is a closed system, only accessible to the car manufacturer. No third
party, in this case a car sharing company, can utilise this system. For example, if
a user uses the cars built-in navigation system during the journey, no extra infor-
mation can be added to this system. Collaboration between car manufacturers and
car sharing companies would be required for vehicle-user interaction. This would be
difficult to realise for independent car sharing companies, but for car sharing compa-
nies founded by car manufacturers, such as Car2go (Daimler/Mercedes-Benz) and
DriveNow (BMW), this could be a more feasible solution. For other car sharing com-
panies, mobile phones could provide a solution. Each car can be equipped with a
smartphone holder, positioned to facilitate navigation. Mobile phones should not be
physically interacted with while driving, so additional information should either be
provided in speech or in warning sounds.

AVs are still in an experimental phase. Various estimations have been made re-
garding the time frame of release of AVs to the general public, but no one knows for
certain. The described effects of AVs are the expected impact, as no real-life exam-
ples of AV fleets exist yet. AV technology needs to be further developed before it
becomes available to the general public and can be implemented in car sharing.
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5.5 Recommendations

With the candidate features analysed, a new table can be created to summarise the
findings. In Table 5.2, features are given an importance and implementation diffi-
culty rating, as well as a compatibility rating with the different stakeholders.

The importance of features is categorised using the MoSCoW method (Vliet,
2007). This method has four qualifiers to identify the priority of requirements or
in this case features: (1) Must haves, this feature is needed, and the service will not
function correctly without it, (2) Should haves, this feature is important, but not cru-
cial for a usable service, (3) Could haves, features that will only be implemented
when time is available, (4), Won’t haves, the feature will be left out, but might be
used in a future iteration. The table was filled in based on the perceived importance
from the previous chapters. For example, inferred features are rated with a lower
priority than features found in existing services and literature.

Although conflicting and dependent features were found, no "won’t have" fea-
tures were identified. Car sharing will not have AVs yet, but should in the near
future start experimenting with them. When the tests are successful, the importance
might change from should have to must have. Within the trip types and dedicated
parking spaces category, all the features have been given the must have identifier.
However, within each category, a choice needs to be made for one of the features.
This choice will create the foundation upon which the car sharing service will be
built, so it is an important choice.

The implementation difficulty of features was rated on a three-step scale ranging
from high to low difficulty. The rating is based on expected implementation time
and costs required to successfully implement the feature.

The stakeholder compatibility is derived from the discussion of stakeholders in
subsection 5.3.2 and ranges from high to low compatibility. Only the discussed com-
patibilities are shown in the table, the rest is noted with a ’-’. High compatibility
means that the feature is beneficial for the stakeholder, while low compatibility
means implementation is disadvantageous for the stakeholder. Medium compati-
bility means no direct influence, or both advantages and disadvantages exist. For
example, keeping the vehicle fleet up-to-date is rated as medium compatibility for
car sharing organisations. Potential benefits are lower maintenance costs, less car
failures, better environmental image, and lower fuel costs. However, potential dis-
advantages are mostly financial, as companies need to keep reinvesting in vehicles,
and new vehicles have a higher depreciation. No weighting factors have been deter-
mined, so it is impossible to say which advantages and disadvantages have a higher
importance. Therefore, the compatibility has been labelled as medium. Car sharing
organizations must make their own decision.

5.5.1 Research question

The research question that this thesis tried to answer is:

What are the key design features of a shared vehicle fleet to stimulate adoption and social
support amongst the general public?

A list of features has been created, but this list is not set in stone. The list can be
changed, by adding or removing features. Car sharing companies need to decide
which features they want to implement. Features that must be implemented, should
be looked at first. The distinction between offering round trips or one-way trips
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should be made, followed by whether dedicated parking spaces will be provided.
The type of trips, location and demographics that the company wants to facilitate,
should be used as a guide for picking the most fitting implementation. Secondly, a
plan needs to be made and implemented on how to guarantee vehicle availability
to users, as availability is crucial for good user experience. Thirdly, features with
high importance, low implementation difficulty and high stakeholder compatibility
should be considered. A feature fitting these criteria is the low reservation time.
Fourthly, the personalisation of the service should be looked at. Although not high
on the importance list, its implementation difficulty is estimated to be relatively low.
These extra features could distinguish one service from another.

Before these decisions are made, car sharing companies need to get to know their
target audience and their needs. Car sharing services should fit to their users, and
not the other way around. By understanding the decision-making behaviour to join
a car sharing service, car sharing can be made more attractive (Kim et al., 2017).

Marketing and consumer education could be used to reach and attract a wider
audience. These channels can be used to explain the individual and society-wide
benefits of car sharing. The willingness to join and use a car sharing service is higher,
if people know about car sharing (Dieten, 2015). Not only the adoption is increased.
If the benefits for society are also established, social opinion will be in favour of car
sharing.

It should be noted that caution needs to be taken if car sharing is expanding
too quickly. B2C car sharing requires large financial investments to scale with the
growth of the user base. If the size of the vehicle fleet cannot keep up with the size
of the demand, the availability of cars drops. Low availability leads to bad user ex-
perience and unhappy customers. Therefore, growing too fast could be destructive
for the long-term future of car sharing. A steady growth rate at which the fleet size
can keep up with demand is ideal.
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Chapter 6

Conclusion and outlook

In this chapter, conclusions are drawn about the opportunities identified in chap-
ter 1. Next, the used information sources are discussed and evaluated.

6.1 Conclusion

The current market share of car sharing does not match the potential estimated in
literature. To determine how the estimated potential can be reached, various unex-
ploited opportunities for car sharing have been identified and explored. The goal
was to find features that would increase the utilisation and acceptance of car shar-
ing as a capable mobility alternative. The traveller’s perspective was taken to find
mobility preferences, and identify wanted and unwanted features. Three existing in-
formation sources (literature, online reviews, and a mobility dataset) were identified
and analysed.

In literature, car sharing was found to be mostly used for shopping, and social
activity related trips. The reduced fixed costs are the main motivation to join a car
sharing service. The opportunity of AV technology for car sharing was also iden-
tified in literature. AVs can be used to create an autonomous taxi network. This
decreases the number of cars required for everybody to fulfil their travel needs and
increases the amount of potential car sharing users.

By studying online reviews, a better understanding of the users of car shar-
ing was created. Although car sharing companies with PT collaboration were re-
searched, no reviews were found discussing this collaboration.

The mobility dataset was investigated to find PT integration in the recorded jour-
neys. Multimodality with either bus or train, was observed in a small share of the
journeys. Within this share, cars were not a common means of transportation in a
PT multimodality journey. However, influencing factors have been identified, such
as transfer times and the level of urbanisation.

The mobility dataset was also used to determine mobility differences in urban
and rural areas. No significant differences in trip motivation and demographics
were found. The means of transportation used in both areas did differ. In rural
areas, more journeys were performed by car, but less journeys were performed with
PT.

From each information source, various candidate features appeared. These fea-
tures have been reviewed and evaluated according to defined criteria. Combinations
of features were checked, as well as potential benefits of features for the considered
stakeholder groups. By involving different stakeholders in the evaluation of the
found features, the initial focus on (potential) customers has been balanced.

It is argued to be impossible to implement all the found features. Not all feature
combinations improve car sharing or are deemed beneficial for one or more of the
stakeholders. Furthermore, not all features can be implemented yet. Some features
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require more advanced technology, while others require intensive collaboration be-
tween multiple parties. Through collaboration and technological advancements, ex-
isting features will evolve and new features will arise. Flexibility of car sharing
services is important to be able to adjust to partner and market needs.

This research provides insights from the consumer perspective on mobility, which
can be used by different parties as guidelines to improve car sharing or mobility in
general. It can be used by governments and policy makers to explore the potential
benefits and requirements of incorporating car sharing into their current PT set-up.
Car sharing companies can further investigate the proposed features and check the
feasibility for their specific service. For researchers, this paper provides an overview
of the available car sharing literature and presents alternative information gathering
methods. These methods can be expanded and adjusted to fit to other locations of
interest in future research.

6.2 Discussion

By combining conventional and unconventional information sources for car shar-
ing research, new insights have been found. The three information sources will be
discussed and evaluated.

Literature is a commonly used information source and was expected to give clear
insights into already researched implementation possibilities of car sharing, since a
lot of car sharing studies can be found. However, some of the discussed literature
showed inconsistent findings. These inconsistencies show that the success of car
sharing is highly dependent on context and external influences, and can be an ex-
planation for the lack of a success formula for car sharing. The literature does not
agree on a uniform service to fit the criteria of all potential users.

Using online reviews is less conventional, but provided information that would
be difficult to obtain via surveys. The results represent what people deem important
enough to take the initiative themselves and to post online. The ability to draw
generalisable conclusions is limited by an unknown sample distribution and by the
number of reviews found in Dutch. This method is valuable for idea generating, but
should, given its limitations, not be used to validate findings from other sources.

The daily mobility dataset contains a lot of entries and shows the travel pattern
of one specific day of a participant. If not zooming in on specific journey types, the
sample provides a lot of entries. However, when zooming in on very specific be-
haviour, the sample size becomes small. This makes it difficult to draw conclusions.
By enriching the data with other datasets, more information can be collected. By
matching similar areas, for example, by comparing the proximity of services in the
vicinity (CBS, 2016c), the results of one area can be extrapolated to another. The
analysis done in this thesis can also be applied to the OViN dataset of 2016, which
at the moment of writing, is expected to be published within a month. Differences
between the two years can be investigated.

Future research is not only related to further exploitation of the described in-
formation sources, but also to verify the findings in this thesis. Since this thesis
provides a theoretical foundation for new features, the practical application of the
features should, for example, be tested via a survey or by implementation.

Although car sharing has not yet reached its potential, it is still showing a lot of
promise. The identified features show possibilities for car sharing to grow. New
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technological advancements will help car sharing improve and outgrow its esti-
mated potential. Until the technology becomes available, car sharing organisations
can experiment with various features and prepare for the future.
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Appendix A

Online Review Analysis

A.1 Greenwheels

Search queries

(Greenwheels) + review, forum, ervaring, beoordeling, gebruik

Review websites

Review 1-3 Tweakers.net
Review 4 Tweakers.net
Review 5-7 Radar
Review 8-9 Viva
Review 10 Kidseropuit
Review 11 Eigenwijs Blij

A.2 Car2go

Search queries

(Car2go) + review, forum, ervaring, beoordeling, gebruik

Review websites

Review 1 Yelp
Review 2 Google Play Store
Review 3 Business Insider
Review 4 AartJan

https://gathering.tweakers.net/forum/list_messages/1292871
https://gathering.tweakers.net/forum/list_messages/1292871/3
https://radar.avrotros.nl/forum/viewtopic.php?f=95&t=90750
http://forum.viva.nl/forum/overig/wie-heeft-er-ervaring-met-greenwheelsauto-delen/list_messages/28443
https://kidseropuit.nl/greenwheels-auto-review/
https://www.eigenwijsblij.nl/gadgets-shoppen/geen-eigen-auto-toch-vaak-rijden-greenwheels-is-goedkoop-en-groen
https://www.yelp.nl/biz/car2go-nederland-amsterdam
https://play.google.com/store/apps/details?id=com.car2go
https://www.businessinsider.nl/ik-reed-met-een-elektrische-car2go-amsterdam-door-de-vrieskou-en-merkte-dat-de-accu-dat-niet-fijn-vindt/
http://aartjan.nl/blog/car2go/
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A.3 OV-fiets

Search queries

(OV-fiets) + review, forum, ervaring, beoordeling, gebruik, proef, onderzoek

Review websites

Review 1-6 NS forum
Review 7 NS forum
Review 8-9 Yelp
Review 11 Rover
Review 12 Tweakers
Review 13 Viva
Review 14 Universiteit Utrecht

https://forum.ns.nl/op-station-17/ov-fiets-384
https://forum.ns.nl/ov-fiets-48/ov-fiets-proberen-huren-33042
https://www.yelp.nl/biz/ov-fiets-amsterdam
https://www.rover.nl/actueel/blog/986-de-ov-fiets-een-groot-succes
https://gathering.tweakers.net/forum/list_messages/1516154
http://forum.viva.nl/forum/overig/ervaring-met-ov-fiets/list_messages/39728
https://www.uu.nl/nieuws/gratis-ov-fiets-voor-studenten-is-oplossing-voor-drukke-buslijn-uithof
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