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ABSTRACT

Nowadays, more and more people live in the cities as they have access to essential
resources that help them make their lives better. As cities get crowded, the need
for transport leads to the demand for more journeys, which in turn creates a rapid
growth of motorized vehicles. The majority of these vehicles use internal combus-
tion engines and this has some serious negative impacts in our everyday lives like
air pollution, congestion and traffic accidents.

Thus, a new personal transportation solution is needed. Our proposed solu-
tion consists of two parts. First, the description of a system that tries to bring two
“green” ideas together: the use of Electric Vehicles (EVs) and in particular Battery
Electric Vehicles (BEVs), as they produce zero harmful emissions and they have a
high level of efficiency, in car sharing systems that offer mobility-on-demand. Such
schemes reduce vehicle ownership and help mitigating the effects mentioned pre-
viously.

The second part of our solution is a software package for car sharing companies
with EVs in their fleets. We analyzed use cases of administrators and customers of
one-way car sharing schemes. Charging station data were collected related to the
city of Bristol and we designed, implemented and tested: (i) a web platform for ad-
ministrators, where the system can manage user requests and accept or deny them,

ensuring that the highest number of users will be served, (ii) a mobile application
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that lets users login, select stations and request vehicles.

In order to increase the effectiveness of the system, we developed two algo-
rithms that assign available vehicles to users. We generated simulations of route re-
quests with different criteria. The Long mode algorithm performed better with an
average gain of 1.83% in efficiency rate in 120 requests per day when compared to
the Short mode. We evaluated the system and showed that we offer a software so-
lution that is reliable, secure, universal, maintainable and extensible and this con-

cludes our proposed urban mobility upgrade.
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Today, cities are our homes. Every year more and more people move to new en-
vironments for many reasons. Seeking for a better job to advance our careers or
for joining new communities, we see urban environments as a pool of opportuni-
ties for our lives. Transport is crucial for individual commuters and businesses, so
a city should offer reliable means for our personal mobility. Urban development
satisfies our needs but the increasing number of residents within a city introduces
serious problems. More trips mean more vehicles with internal combustion en-
gines (ICE) on the roads. Unfortunately, this has significant side effects to our

environment, health and economy.
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Urban mobility systems have added the necessary means for people to access es-
sential city resources. The need for transportation was the catalyst for the rapid
growing in numbers of motorized vehicles in urban areas and this turned out to
have some concerning negative consequences to our lives. Global carbon diox-
ide emissions are rising every year, while greenhouse gases make global warming
tangible to many countries. More cars mean more traffic, more road accidents and
more people dead or injured. Congestion harms the economy of the city when the
transportation of goods slows down. Time, fuel and money are wasted for every
alternative route that drivers have to take caused by traffic jams in peak hours.

New systems have emerged to satisfy our need for mobility-on-demand. In car
sharing schemes, people rent and use vehicles only for their trips. Car sharing al-
lows low income inhabitants to access vehicles without having to buy them. Re-
ducing the vehicle ownership helps mitigating some of the negative effects men-
tioned. Such schemes attracted large organizations and now serve a large number
of customers every day. But still, the dominant vehicle on the roads is based on
internal combustion engines, and this keeps its effects tied to our journeys.

We need a new solution to upgrade our personal mobility. Not only should we
adopt a new way of travelling across cities fast, effectively and without the down-
sides of an ICE vehicle, but we also need to embrace the sustainable development
of the cities. One crucial ingredient for this upgrade is the management of vehi-
cles and resources of the new system with a software infrastructure that should be
easy, accessible, effortless and straightforward to install, manage and configure. It
should also be universal, maintainable and extensible, so vehicles and transporta-
tion related companies will help commuters to eventually change their mobility

habits towards a more sustainable future for the cities and its residents.
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Our solution consists two parts. First, the description of a new system that tries to
bring two “green” ideas together: the use of Electric Vehicles (EVs) as the enabler
of sustainable mobility, and car sharing systems. Those ideas can work together
and they both seem promising enough. Second, the implementation of a software
solution that will enable businesses to manage the use of EVs in one-way car shar-
ing services. An online platform that will take into account the stations, the charg-
ing level and direction of each vehicle, the numbers of EVs at each station and the
distances from vehicles to users. This online system will serve users who request a
trip with EVs via their mobile phones.

The purpose of this dissertation is to offer a software solution to car sharing
companies with EVs in their fleets. The system will be able to manage data from
vehicles and users, and decide whether it will accept or deny a user request for a
trip with the company’s vehicles. To accomplish that, the EVs have to be charged
and the scheduling solution should take into account the charging level of each
vehicle at any given time, along with their current position and destination. The
underlying aim of the proposed system is: to manage user requests for hiring an EV
to drive between two locations and accept or deny them, ensuring that the highest
number of users will be served in a given time period (e.g. a day). We formulated
a set of the most important objectives of our solution. First, the system should
store all related data on a server, such as the stations, the vehicle characteristics,
the routes and user accounts. Administrators will be able to alter data, like loading
car characteristics or a map with station coordinates. Users will be able to create an
account, login and make a request for a trip from an Android application in their
mobile devices. The system should compute all the factors that affect the number
of people that will be served in a given time period. It will handle user requests and
decide if it will accept or deny them. Finally, the Android application will inform

the user about the status of his request.
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The project consists of developing two applications: a web based application for
administrators to manage stations, vehicle, routes and user accounts, and an An-
droid app to let users create accounts and request a trip from one station to an-
other. Monitoring and decision making about whether a request should be ap-
proved or not, will be performed by the web application.

The proposed software solution should be easy to be applied on a universal level,
so a car sharing company with EVs can install the system and have it up and run-
ning, ready to accept customer requests. The most challenging part of this project
is to implement the best algorithm in decision making, in order for the system to
serve the highest number of users. For this purpose we have developed two algo-
rithms, one that takes into account the future routes of the vehicles in the depar-
ture station and decide if these vehicles are free or not, and a more complicated
algorithm that also considers the future routes of other vehicles and if they can
substitute a current "locked/assigned” vehicle to make it free for use.

In the next chapter we conduct our research on urban mobility through the lit-
erature review. We present our findings that lead us to the first part of our solution,
the convergence of EVs and car sharing systems. Then we focus on the methodol-
ogy we followed and the design, implementation and testing of our software pack-
age, which is the second part of our solution. We evaluate the web and mobile
applications and in the last chapter we summarize the most important ideas. This
concludes a thorough exploration on both theoretical and practical aspects of an

urban mobility upgrade.
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The research of this report is focused on three major subjects and how they influ-
ence urban mobility. First, we examine the increasing urban development and the
need for transport. As cities get crowded, the need for transport is necessary as it
adds value to the everyday life of the residents. This leads to the demand for more
journeys, which in turn creates a rapid growth of motorized vehicles. We will con-
centrate on the effects of the increased motorization in the environment, the city
traffic and its financial activities.

Next, we will explore ways for sustainable urban development. Cities need to
provide a high quality of life to its residents that should also be eco-friendly. Re-
newable energy sources and electric-drive technology seem promising enough.

Our main interest is the electric vehicle itself, the types of electric vehicles and



their impacts in urban mobility, the society and the environment. How can we
improve electric vehicles and what challenges await? The third subject of our re-
search is car sharing. Mobility systems that make use of sharing a vehicle between
many drivers, have distinct characteristics. We review the benefits they offer and

their convergence with electric vehicle technology.
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Nowadays, more and more people live in the cities as they have access to essential
resources that help them make their lives better. Cities offer various events, en-
tertainment, more jobs and commuting experiences to their residents (Milgram,
1970). The attraction of more residents lead to urban growth so cities and towns
are able to support them. In fact, more that 3 billion people spend their lives in
cities, which is about half of the world’s population and this number constantly
increases (Banister, 2005 ).

Increasing urban development translates into a greater number of passengers
and transported goods within the cities (Rodrigue et al, 2006). Rodrigue et al
also claim that travelling on regular basis is realized with faster transport modes,
so journeys cover longer distances in the same time. Transport is essential for a
healthy economy, so both individuals and businesses can enjoy the benefits of em-
ployment and economic growth (Banister, 2005). It is often the only way for resi-
dents to access jobs, health and education services that are vital to their well-being
(Gwilliam, 2002).

The rapid increase of urban population inevitably boosts the total number of
journeys residents make. Urban mobility systems have to satisfy this exploding de-
mand and as Van Audenhove et al (2014) point out, new challenges are presented:
“planet-related” like air pollution, noise and ecological footprint, “people-related”
like traffic jam and its consequences, and “profit-related” like insufficient transport
capacities, increasing motorization and limited parking spaces (Fig. 2.2.1). In-
deed, the road transport industry is accountable for 74% of global carbon dioxide

emissions, contributing to more greenhouse gases (GHG) and eventually to global
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warming (Rodrigue et al, 2006). This proportion is still rising in the developing
countries as the number of vehicles is growing (Gwilliam, 2002). Additionally,
particulate emissions are associated with health problems and transport noise af-
fects the quality of life by disturbing or even traumatizing our ears.

If we look closely at traffic, transport safety and security, some troubling findings
are waiting for us. Almost 500,000 people die and up to 15 million are hurtin urban
road accidents every year in developing countries. Road accidents are the gth cause
of deaths worldwide and this figure is believed to climb to 6th by 2020 (Gwilliam,
2002). It appears that urban mobility systems were implemented fast enough to
satisfy the demand, while there was no time for safety procedures to be developed.

Examining the transport system from a financial point of view, we will see that
the wealth and well-being of the residents increasingly rely upon efficient road
transportation. A road infrastructure that is blocked and choked leads to devas-
tating consequences to the city economy and harms its low income inhabitants by
slowing public transport. As Gwilliam (2002) puts it, a strategy for an efficient
urban road system should be based on the mobility of people rather than the mo-

bility of vehicles. Motorization rates are also climbing in advanced countries (Fig.
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2.2.2). High salaries fuel the vehicle ownership and modernization promotes a
higher number of automobiles (Suzuki et al, 2013). This has some troubling im-
plications such as more GHG emissions, which should be cut by at least 50% by
2050 for the climate to be stabilized (Sperling et al, 2009). Furthermore, Sperling
et al also suggest that the more vehicles people own, the more quantity of oil we
have to consume. It is expected that the demand will reach 120 million barrels of
oil by 2030.

Unfortunately, more cars mean more journeys and more traffic in the cities.
Road construction can not stay at the same level with the growing mobility de-
mands. When the demand for transport is greater than the transport supply in a
specific area, congestion occurs. In this situation, every vehicle hinders the mobil-
ity of others (Rodrigue et al, 2006). Congestion levels are so harsh in many large

cities that they eventually harm the financial and social activities of its residents



(Sperling et al, 2009). Schrank et al (2007) in their mobility report, point out the
main congestion problems: a lot of time, fuel and money are used just because
people have to wait longer or take alternative routes. This leads to uncertain de-
livery times and missed meetings or relocations. Secondly, congestion affects the
ones who make trips during the peak period. And thirdly, the congestion costs are
increasing, estimated up to $78 billion in 2005. The same results were confirmed
in the mobility report of the same authors, five years later.

Moreover, congestion influences both personal trips and freight shipments in a
negative way. Traffic congestion is disturbing to the people who experience it be-
cause of the time lost in traffic jams and the frustration due to extremelylow driving
speeds, causing psychological stress (Downs, 2004). Following the conclusion of
Buchanan et al (2015), if we do not deal with the increasing motorization prob-
lems, either the residents will stop using vehicles in urban areas, or the enjoyment
and safety of surroundings will disintegrate.

At this point, we will focus on the automobile itself as it is the most important
element on the chain of transportation. Today most of the vehicles use internal
combustion engines, as a large scale infrastructure is already built supporting this
technology. Internal Combustion Engine or ICE vehicles use fossil fuels to gener-
ate mechanical energy but they are not effective, providing a low fuel conversion
rate of about 30-35% (Mitchell et al, 2010). Additionally, ICE vehicles produce
local air pollution and carbon dioxide emissions. Carbon dioxide concentrations
that rise from burning fossil fuel, will lead to greater greenhouse effects and average
global temperatures (McKay, 2008).

Another disadvantage of ICE vehicles is that fossil fuels are not renewable. There
is only a finite quantity of oil and while we continue to consume it, the cost of find-
ing, extracting and utilizing it, increases (Mitchell et al, 2010). Moreover, petroleum
sources can be found only in a few geographiclocations and this creates important
security concerns for nations that import petroleum.

Itis obvious that urban mobility today, serves all of us but with some crucial neg-
ative impacts in our everyday lives. More people in the cities have more transport

needs and more vehicles. Increased motorization causes congestion, maximizing



the disadvantages of ICE vehicles. The GHG emissions in the year 2000 were
about 34 billion tons of carbon dioxide equivalent per year (McKay, 2008). The
consequences of climate change are global and they last for a long period of time,
with irreversible changes waiting to occur (King, 2008). Congestion causes frus-
tration, unreliable travel times and accidents. Time, fuel and money are wasted.
The poor may encounter social and financial exclusion because of restricted per-
sonal mobility. The ICE vehicles are not even effective, providing a very low con-
version rate. The demand in finite fossil fuels like oil, is rising like never before.
How can we break the chains and create a better and more reliable personal mo-

bility system?
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Keeping in mind how urban mobility influences our lives and while recognizing
the negative effects mentioned previously, we stand before a new global challenge.
We need to accommodate motorization growth while conveying greater mobil-
ity and economic growth using sustainable approaches (King, 2008). But what
does sustainable mean? Hopwood et al (2005) defines sustainable development
as the outcome of the growing awareness of how environmental, social and finan-
cial problems affect our future.

In order to empower a sustainable mobility system, we need to take into ac-
count the transport infrastructure, the technological development of vehicles and
the energy system that fuels them (Holden, 2007). Jenks et al (2005) point out
that in order for the residents of a city to reach a high quality of life with ecologi-
cal characteristics, they have to use renewable energy. This is an essential step to
increase energy efficiency. The next logical step is the automobile itself. It is an in-
tegral component of the modern city life, so creating a new, effective automobile
with a high conversion rate, is necessary for the sustainable development of cities
(Kennedy et al, 2005).

Renewable energy sources seem to be the key in unlocking a new era of urban

mobility. These are the energy sources that are not finite and will still be avail-
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able even in continuous supply, like solar power, wind power, geothermics, hy-
dropower and biomass (Herzog et al, 2001). The advantages they offer are that
they do not pollute the atmosphere with GHG, they are freely available and their
conversion and realization costs are decreasing over time (Droege, 2008). How-
ever, the difficulty in using these sources lies in collecting the actual energy, as the
devices used for this purpose are not efficient enough (Mitchell et al, 2010).

Over the last years, more and more industries turn to renewable energy. In
2007, the share of renewable energy production globally has been estimated to
be about 19%. However, 16% is produced by hydroelectric energy, while photo-
voltaic and wind remain some of the most promising sources (Liserre et al, 2010).
Volkswagen Academy (2013 ) in its study, revealed that renewable energy was the
17% of the total energy mixture in Germany in 2010 (Fig. 2.3.1). Moving towards
that direction will allow cities to benefit from renewable energy sources and make
them ready to welcome the next generation of automobiles.

The solution will be greatly enhanced by moving towards a new personal mo-
bility system powered by electric-drive technology (Sperling et al, 2009). De-

spite the fact that 97% of all the vehicles today use combustion engines and burn
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petroleum fuel, the next generation of automobiles will be propelled by electric
motors. Electric-drive technologies include battery electric, hybrid electric, plug-
in hybrids and fuel cell vehicles, which we will discuss later.

Now let us look at the main parts of an Electric Vehicle (EV). By studying the
report Basics of Electric Vehicles from the Volkswagen Academy (2013), we recog-
nize the following systems: a high voltage battery with a unit for regulation and
charging, one or more electric motors and their cooling system, and a regenera-
tive brake system. Reading further in this report, we acknowledge that the heart of
the EV is the battery. It supplies voltage to the electric motors and they generate
the mechanical energy needed to move the vehicle. By-wire systems transmit the
electrical energy to the motors. In case of fuel cell vehicles, a fuel cell stack and
hydrogen tanks are also parts of an EV (Fig. 2.3.2).

One of the most important advantages of EVs, is that electric motors are not
only eco friendly with very low to none harmful emissions and noise, but they also
provide good acceleration with a high level of efficiency (Volkswagen Academy,
2013). They effectively utilize more than 9o% of the supplied energy, in contrast to
the ICE vehicles where this proportion is no more than 37% (Sperling et al, 2009).
Moreover, no energy is wasted when the car is at rest or when braking, instead the
battery is recharged. If we use renewable energy sources to charge the battery, an
EV can run emission-free in its lifecycle.

On the other hand, there are some important disadvantages as well. EVs offer a
limited mobility range due to their battery size, charging can take up to 10 hours,
and the charging infrastructure is sparse (Volkswagen Academy, 2013). This can
create "range anxiety” and the driver will be influenced in a negative way, keeping
in mind that he has to charge the vehicle before reaching its maximum range. So,
fuel distribution systems is one of the biggest challenges for incorporating EVs in
our urban mobility lifestyle (Sperling et al, 2009).

By upgrading our EVs with the necessary connectivity features, we can add sub-
stantially to its positive impacts. We can combine GPS and wireless communica-

tions to provide real time navigation, traffic information, remote diagnostics and
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automatic crash notifications to authorities (Mitchell et al, 2010). The combina-
tion of EVs and connectivity improves traffic flow, reduces the number of crashes
and it also reduces air pollution and energy consumption. With vehicle-to-vehicle
communications, each car can broadcast its position and velocity, resulting in greater
knowledge of the external environment while driving. Timely traffic information
will make the trips of drivers shorter, predictable and less stressful (Mitchell et al,
2010). If the vehicle can operate autonomously, the “driver” can relax, work or do
some social networking. So, apart form the obvious advantages of a lighter vehi-
cle, adding connectivity to EVs offers a smoother travel with improved knowledge
of road conditions and parking availability, and better driver performance with a
more efficient vehicle operation (Fig. 2.3.3).

From the above, we reach to the same conclusion that Helmers et al (2012 state
at the end of their article: the electric car is an essential ingredient for a more sus-
tainable mobility future, although it has some drawbacks. Electrification provides
higher efficiency, lower energy costs for personal mobility and enables energy di-
versity. Mitchell et al (2010) characterize EVs as clean, compact vehicles with a
pleasurable driving experience where their cost becomes high only when they are
required to provide a range of 100 miles or more at high speeds. This is not a dis-

advantage at all, as trips in the cities tend to be shorter and in low speeds.
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Electric-drive technology includes many types of vehicles. We will now present
them along with their basic features as they are stated in the report Electric Vehicles
in Europe by the European Environment Agency (2016). Battery Electric Vehicles
(BEVs) are powered only by an electric motor that uses electricity stored in a bat-
tery. The battery should be charged regularly by plugging in to a charging point.
BEVs provide the highest energy efficiency with zero emissions, but they have a
limited driving range and they need a long time to recharge.

Hybrid Electric Vehicles (HEVs) use both an internal combustion engine and
an electric motor that assists the engine during driving. In those vehicles the bat-
tery can not be charged from the grid, it is charged only when the car is coasting,
or during regenerative braking. HEVs have lower fuel consumption and emissions
than ICE vehicles but they still rely on fossil fuels. Plugin Hybrid Electric Vehi-
cles (PHEVs) share the same characteristics as HEVs with the difference that the
battery can be charged from the grid, so they provide a longer driving range.

Fuel Cell Electric Vehicles (FCEVs) are powered only by electricity generated
by fuel cells that combine hydrogen from tanks and oxygen from the air. FCEVs
have significantly longer driving range and are faster in refuelling. However, fuel
cells technology is in an early stage of development and FCEVs commercial avail-
ability is limited.

In this report, we consider the BEVs that use energy from renewable sources
as the next step to our urban mobility upgrade. They have excellent room for
progress, we can design lithium-ion batteries with ranges up to 240km and they
present a satisfactory acceleration performance (Burke, 2007). Mitchelletal (2010)
and McKinsey (2014) show that those vehicles can be recharged in less than 3
hours (fast charging) with a 240V outlet or in about 8 hours (slow charging) with
a standard 110V outlet. Mitchell et al also add that with zero emissions, BEVs are

the most affordable solution for limited range urban applications.
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8F XJMM OPX UBLFBDMPTFS MPPLBU #&7T BOE UIFJS DIBM
EVDFEUIF()(FNJTTJPOTSFMBUJWFUP *$& WFIJDMFTCVU U
JNQBDUTBTUIFNBOVGBDUVSJOH QSPDFTT GPS #&7T DSFE
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BCMFTPVSDFT BEEJOHVQUPUIFJSFOWJSPONFOUBMCFO
#SFOOBOFUBM EEET JOUIFJSBTTFTTNFOUSFQPSUBSH!
FSTIJQ GPS B #&7JT NVDIHSFBUFSUIBOUIFDPTUPGBO *$.
XFSF NPSFFYQFOTJWF UP NBOVGBDUVSF NBJOMZ CFDBVT
DPTU FEFWFMPQNFOUPGCB(FSZUFDIOPMPHZJTDSVDJ
UFSZJTUIFNBJODPODFSOGPSUIFQFPQMF XIPBSFJOUFS
BMBSHFDPTUJOUIFMJGFDZDMFPGUIFWFIJDMFBTJUIBT
UIFPSJHJOBM QVSDIBTF "TNBMM #&7 JT TUJMM EE» NPSF
MFOU *$& WFIJDMF $POTFRVFOUMZ BTCPUI.JMMBSE #BM
EEEI QPJOUPVUJOUIFJS SFQPSUT #&7TIBWFCFFO VTFE
QSPHSBNTXIFSFGVOEJOHXBTBWBJMBCMFFYQMJDJUMZC
BDLOPXMFEHFTUIBUUIFNBJODIBMMFOHF GPS #&7T JT UP
MJGF CB(FSJFT XJUIMPXDPTU (PPEQFSGPSNBODF &7T XJ
MFWFSBHJOHUIFJOJUJBMJOWFTUNFOUBOEB(SBDUJOH O
FSFBSFUISFFXBZTUIBUBWFIJDMFDBOCFDIBSHFE TXB
.D,JOTFZEEEI #B(FSZTXBQQJOHXBTJODPSQPSBUFEJO
DMF CVUMPTUJUTBQQFBM CFDBVTFJUXBTUPPDPTUMZ
USJDJUZJTUSBOTGFSSFE XJSFMFTTMZ BMMPXFEPOMZ G
NFOUBUJPO XBTBMTP RVJUF FYQFOTJWF .JUDIFMM FU BM
VTFEPQUJPOJTXJSFEPSQMVH JODIBSHJOHXIFSFUIFWF
UISPVHIBDIBSHJOHQPJOU .D,JOTFZ EEEI
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