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Abstract— While Bike-Sharing Systems (BSS) are going
through a period of rampant growth, users can be reluctant to
use them, especially for specific activities, that diverge from
entertainment. In this paper, we present a holistic action plan
that consists both of actions that aim to optimize the
functionality of a BSS and others that aim to promote its usage,
through promotions and awareness campaigns. The action plan
is part of the CHANGE project and it is achieved largely
through the developed i-CHANGE platform, which offers an
integrated tool to manage, analyze and optimize BSS operations
in the city of Thessaloniki, Greece. The fleet, which is managed
by the platform, is a fully dockless, electric fleet of 200 bikes. In
this respective, new services are integrated into the system and
introduced to its user. Pre-booking, that allows the user to
reserve a bike and two gamification mechanics. One that
introduces a system of levels, points, badges, and missions, that
challenges the users to engage with the BSS and another that
offers incentives to use the BSS and rewards as part of
promotional actions. One of those actions offered incentives to
commuters to know the BSS and regularly use it, and is carried
out in collaboration with two of Thessaloniki’s municipalities.
Another provided visitors of select hotels in the city with
coupons that allowed them to explore the city using the system
at a much lower cost. Furthermore, the system was rendered

inclusive to users with disabilities, as two “companion-bikes”,
that allowed for users on wheelchairs to ride with a partner,
were designed, constructed, and utilized as a part of the project.
The aforementioned actions are expected to expand the system’s
usage and shift it further from being exclusively leisure-based,
leading to a more sustainable urban landscape.

Keywords—Bike-Sharing System, Dockless Systems, System
Optimization, Promotional Actions, Gamification, Mobility
Disabilities

I. INTRODUCTION

The ongoing urbanization of recent years is becoming an
increasingly urgent problem. More than 68% of the world’s
population is expected to be concentrated in cities by 2050 [1].
This trend along with the increasingly car-centric
transportation habits, calls for the adoption of more
sustainable environmental, social, and economic practices.
The increasingly adopted shared economies and particularly
shared mobility are promising solutions to this problem.
Furthermore, increases in cycling and Bike Sharing System
(BSS) modal share has been linked with many positive effects
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such as health benefits [2], reduction in congestion [3], and
environmental benefits [4].

While BSSs are not a recent trend and their first
applications can be traced all the way back to 1965, when the
first generation of BSSs appeared in Amsterdam [5], their
popularity has skyrocketed during the last few years. In 2015
dockless BSS emerged in China, went through incredible
growth, and expanded to the rest of the world. Dockless BSSs
make the flexible distribution of bikes throughout the urban
landscape possible, without the need for stations. The users
locate, rent, and ride the bicycles using mobile applications,
thanks to the Global Positioning System (GPS) sensors that
are installed on the bikes [6].

A lot of parameters can contribute towards the
effectiveness of BSS, the position of the system stations in
docked systems [7] and bike allocation in dockless ones can
be a crucial determinant. The lack of dedicated infrastructure
can be a major deterrent of BSS usage, while BSS users often
are more environmentally and socially aware [8]. Potential
users have been found to be more willing to use a BSS for
shorter trip durations when the choice come with time or cost
gains compared to their primary mode of transport [9]. While
dockless BSSs throughout the world have known
unprecedented growth, in some cases the combination of local
pre-dispositions such as extensive car usage and the lack of a
bicycle-friendly society, make developing action plans that
promote the use of BSS necessary.

II. MATERIALS AND METHODS

A. Case Study Area

Thessaloniki, located in Northern Greece, is the country’s
second-largest city and a major city in the greater Balkans and
the Mediterranean. It has a population of more than 1,000,000
citizens in its metropolitan area and the only available mass
transit option is the bus [10]-[12].

The bicycle modal share in the city is less than 5%, while
the cycling infrastructure is limited, consisting of about 12km
of cycleways. The station-based BSS of Thessaloniki began
operating in 2013 and consists of 200 bikes and eight stations,
largely located along the city’s waterfront. In the last few
years, there was a reduction both in the number of subscribers
and the average journey time of bicycle trips [13], [14].

In 2018, a dockless BSS started operating with a pilot run.
The system’s fleet is composed of electric bikes, that can be
rented and locked/unlocked without the need for a docking
station and by using a smartphone application [15]. Promoting
bike-sharing networks has been recognized as a priority action
for the city of Thessaloniki, something that has also been
highlighted in the action guide of the “100 Resilient Cities”
network entitled “Resilient Thessaloniki: A strategy to 2030”
[10].

B. The CHANGE Project

CHANGE (enhanCing tHe bicycle-shAre ecoNomy
throuGh innovativE services & applications) is a project that
develops a multiparametric approach that aims to change the
attitude of urban trip makers towards alternative, shared
modes of transport, such as BSSs, while enhancing the
penetration of shared economies overall [16].

The project uses the dockless BSS of Thessaloniki, which
consists of a fleet of 200 electric bikes as a case study. The
most crucial tool it utilizes is the i-CHANGE management
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platform that was developed as part of the project. The
platform monitors the system’s activity and collects data, in a
fully anonymized compliant with GDPR manner. Screenshots
from the management dashboard are presented in Fig. 1,2 &
3.
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Fig.2. Screenshot from the heatmap and trip start/end service of i-
CHANGE
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Fig. 3. Screenshot from the bike status service of i-CHANGE (spread in
two rows for improved readability)

In this paper, we present a holistic approach, that was
designed as part of the project, to promote a BSS, through
actions that aim to boost specific kinds of trips, using the
system, and the system’s attractiveness as a whole. In this way
it highlights and promotes multiple facets of the ways a BSS
can reshape the urban mobility landscape, by tackling
practical issues, such as every-day commuting, recreational
activities such as enhancing the city’s touristic potential, and
social contributions such as making another mode of transport
available for users with disabilities. In the following sections,
the four main pillars of that approach are presented and
analyzed:
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e Commuting by Bike-Sharing System
e Enhancing tourism with a Bike-Sharing System
e Pre-booking and Gamification

e Opening a Bike-Sharing System to users with
disabilities
Each section offers a general overview of each of the

BSS’s aspects, that the action attempts to improve and goes
through each action’s implementation following that.

[II. COMMUTING BY BIKE-SHARING SYSTEM

A. Literature Review

Commuting trips are one of the major trip purposes BSSs
are traditionally used for [17]. The mean frequency of a
commuting BSS trip is four times greater compared to other
trip purposes [18]. Commuters with increased commuting
costs are more likely to start using a BSS for that purpose [19].

There is a wide variety of factors, found in pertinent
literature, that affect how likely it is for someone to start using
a BSS for commuting [20]-[22]:

e Their lifestyle, social upbringing, and bicycle usage for
other types of trips. Those factors are found to majorly
affect how likely someone is to start using a BSS for
commuting, on a grander scale compared to
immediately practical reasons listed below.

e Safety and comfort. The lack of either actual or
perceived safety, while cycling, is a major deterrent to
using a bicycle as a primary mode of transport. The
behavior of other road users, mainly motorists, heavily
impacts how safe cyclists feel. A BSS can contribute,
to some extent, to its users feeling safe and protected
while using it. One way towards that is by providing
adequate instructions and good practices for the users
to follow while riding. Another is by informing the
users about local intricacies of the BSS’s area of
operation, such as the behavior of motorized users and
challenges regarding the local cycling infrastructure.

e Cost, time, and effort. Those factors are highly
significant, especially when a BSS is immediately
compared to other competitive modes of transport.
More specifically, increased trip cost or duration
majorly affects the chances of choosing a BSS for
commuting.

e A potential user’s ability to ride a bicycle. Not feeling
physically and mentally ready to withstand the
physical strain and possible other challenges that come
with using a bicycle can become a prohibitive factor
towards using a Bike Sharing System.

e Health benefits. Many commuters prefer using a
bicycle as a mode of transport, as they want to make
the best of the time they would spend anyway
commuting, by combing it with physical exercise.

e Adequate infrastructure. More bicycle infrastructure
and higher density of the bicycle lane network have
been linked with an increased likelihood to use a
bicycle for commuting.

e Bicycle availability. Adequate bicycle availability in
areas that are potential bicycle commuting trip
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generators, can be a crucial factor towards a BSS’s
successful operation. The increased flexibility of
dockless BSSs can be an important factor towards
more effectively meeting demand.

Furthermore, commuting by bicycle (and by extension
using a BSS) has been linked with many potential benefits:

e Trip duration. While bicycles have relatively low
maximum speeds compared to more widely used
modes of transport, such as the private car, they can
become a faster mode of transport during peak hours.
This can be a potentially huge benefit when applied to
commuting trips since a large number of them take
place during peak hours. It is worth noting that
extended usage of BSS has been linked with
significant congestion reduction during peak hours in
many US cities [23].

e Cost reduction. Bicycles have been linked with
reduced operational costs compared to the private car.
This cost refers both to the private cost each traveler
needs to cover, as well as the grander social cost that
comes from using each vehicle. More specifically,
cost-benefit studies in Copenhagen have shown that
private cars are approximately two times as expensive
as a private bicycle regarding private costs, and six (6)
times as expensive regarding total costs (both private
and social) [24]. While BSSs are more expensive than
private bicycles, they are accompanied by quality of
life benefits that might be even more important
regarding commuting trips. Such benefits are not
having the risk of having your private bicycle stolen or
vandalized, no maintenance costs, and having access
to better quality vehicles and services (e-bikes,
automated services that quantify the user’s activity
using the BSS, etc.). At the same time, BSS cost can
be reduced when using long-term subscriptions, or
when the cost is covered collectively by organizations
(Business-to-Business BSS business plans).

e Health Benefits. Using a bicycle for commuting has
been linked with reduced chances of heart disease,
cancers, reduced body mass index, and reduced blood
pressure and triglyceride levels [25]-{29]. At the same
time, commuting by bicycle has been connected with
a wider variety of benefits that contribute to the
cyclists’ well-being, such as spending more time in
external spaces and cultivating a deeper connection
with the urban landscape [30]. Improved health of the
employees can in turn lead to increased productivity.
Using a bicycle for commuting has been linked with a
reduced number of sick days. The reduction is even
larger for commuters that commute more frequently
and for larger distances [31]. Commuting by bicycle
has also been linked with increased work productivity
[32].

B. Action Implementation

In order to maximize the expected benefits of the action, it
was decided to organize it in a way that allowed to come in
contact, in a centralized, structured manner, with a big number
of commuters that would be potentially interested in using the
BSS and had places of work that were inside or near or close
to the BSS’s area of operation. In order to achieve that we
collaborated with two (2) of Thessaloniki’s municipalities, the
municipality of Thessaloniki and the municipality of
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Kalamaria. As can be observed in the map of Fig. 4, both
municipalities have worksites that are distributed close to the
BSS’s area of operations and headquarters (that have a much
higher density of employees) that are inside or close to it.
Furthermore, municipalities have already established
communication channels, such as work e-mails and employee
unions, that would allow us to come in contact with them in a
more direct manner.
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Fig. 4. Map with the Bike-Sharing System’s area of operation and the
municipalities’ of Thessalonki and Kalamaria work locations

In order to motivate the municipalities’ employees to
partake in the action, a multi-tiered coupon plan was
developed that would offer them incentives to use the BSS in
a variety of ways:

e Introductory Incentive: A 20€ coupon is offered to
all participating employees in order to enable them to
get to know the BSS.

e Commuter of the Month: A 100€ coupon is offered
to the participating employee that traveled the largest
distance using the BSS each month.

e Commuting Incentive: A 10€ coupon is offered, each
week, to every participating employee that used the
BSS for commuting for at least three(3) out of five(5)
workday that week.

The action’s implementation consists of the following
steps:

e Establishing a channel of operations with the
municipalities’ employees. An e-mail was sent to the
employees’ work e-mails that briefly described the
project and explained the purpose of this specific
action, mentioning that by participating in it they
would have the opportunity of using the BSS for their
commuting with some benefits. The e-mail also
contained a link to an online form that the employees
had to fill, in order to participate in the action. The
form contained the following question sections:

o Questions regarding the employees’
approximate area of residence and the
municipality’s worksite at which they are
employed.

o Questions regarding their commuting

habits (frequency, mode of transport, other
activities they might take part in during
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commuting, such as dropping their children
off at school or picking them up).

Questions  regarding  their  cycling
experience and the kind of trips they plan
on making with the new BSS (all
commuting trips, some commuting trips,
other trips but not commuting trips, just
planning to try out the BSS and decide if
and how they are going to use it in the
future)

Questions regarding their socio-economic
characteristics (gender, age, education) and
their contact information (e-mail).

e Re-adjusting the BSS’s area of operation so that it
includes the largest number of employees possible,
without stretching the area and the associated
maintenance costs too much.

e Contacting the employees that are eligible to take part
in the action. At this point, they are eligible to receive
the introductory incentive coupon.

e Monitoring the participating employees’ use of the
BSS, particularly for commuting. At this point, the
“Commuter of the Month” and “Commuting
Incentive” coupons are offered to the eligible
participating employees. It should be noted, that the
quantification of the participants’ trips is done with full
anonymization of their personal data and trips.

o Asking the participants for feedback. All participants
are asked to fill in a survey that asks them for their
feedback regarding the BSS and particularly its use for
commuting. They are encouraged to share potential
difficulties they encountered and suggestions for the
future improvement of the BSS for commuting.

IV. ENHANCING TOURISM WITH A BIKE SHARING SYSTEM

A. Literature Review

Including a BSS in a city’s touristic ecosystem has been
shown to bring a lot of added value on the table, beyond
benefits in the city’s urban sustainable mobility. BSSs can
become an effective mechanism of boosting and highlighting
the city’s pre-existing attractions. Their flexible nature and the
outwardness that comes with using a bicycle offer visitors a
more immediate experience while visiting the city’s
landmarks and areas of interest. The BSSs’ effect on the
uniqueness of a tourist’s experience has been shown to be
more important than the utility they offer, as it can increase
the visitors” devotion to the specific tourist destination [33].

The following factors, explored in pertinent literature,
have been found to significantly affect the touristic potential
of a BSS [34]-[37]:

e Accessibility. Bicycle availability in locations with
increased touristic activity are integral towards
increasing their attractiveness to visitors.

e Developing synergies and collaborations with the
city’s pre-existing tourist facilities, such as hotels.

e The city’s cycling infrastructure. The lack of dedicated
cycling infrastructure, especially near the city’s points
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of interest can be a prohibitive factor that will severely
limit the BSS’s usage

e Advertising campaigns,
strengths and ease of use.

that highlight the BSS’s

e Enough available information regarding the BSS for
potential users. Lacking information on how to rent a
bicycle and make proper use of a BSS can be very
daunting to new users.

e Enough points of interest in the city that can be visited
by bicycle

e Integration of the BSS in a pre-existing bicycle-
friendly culture

B. Action Implementation

Taking into consideration the factors that were found to
affect the touristic success of a BSS in the literature review, it
was decided to work together with hotels to promote the
touristic usage of the BSS. Four (4) hotels were chosen, three
(3) of which are in the center of the city, within the BSS’s area
of operation, and in an area with established touristic activity.
The fourth is close to the city center, but in an area that is
considered easy to cycle from and to. The location of the four
hotels in relation to the BSS’s area of operation is displayed
on the map in Fig 5.

BSS Area of Operation and Partner Hotels

¥ Partner Hotels

BSS Area of Operation

Fig. 5. Map with the Bike-Sharing System’s area of operation and locations
of the partner hotels

The hotel staff was carefully trained regarding the
CHANGE project overall, the way the BSS operates, and the
specific promotional action they were taking part in.
Promotional material in the form of information signs was
posted at the hotel locations and more in the form of brochures
was given to the hotels’ staff, in order to distribute them to
interested visitors. Both contained information about the BSS,
a QR code that helped to download the BSS application,
instructions on how to use it, and locations in the city that can
be easily visited using the system’s bicycles in both Greek and
English. Fig. 6 shows the posted signs and Fig. 7&8 shows
both sides of the brochure that was distributed. Every hotel
visitor that expressed interest in using the system will be
offered a 20€ coupon, to explore the city using the BSS.

161

APISTOTEAEIO 3
4 NANEMIETHMIO Brajnﬂox
\ "7 OEIIANONIKHZ e ———

LeVer

SopBoviot AvdmtuEng

Fig. 6. Signs that were posted in partner hotels’ locations

CYCLE uu CODE CYCLE

YOUR WAY YOUR WAY

AROUND TOWN AROUND TOWN
EazYMovGr EazYMovGr

EazYMovGr

Fig. 8. Back side of the brochure that is distributed in partner hotels

V. PRE-BOOKING AND GAMIFICATION

One of the most crucial factors of a BSS’s success is
having readily available bicycles when there is demand for
them. Lack of available bicycles can become a major deterrent
to use BSSs [38], [39].

One of the measures that were developed to counter this
weakness was the integration of a pre-booking mechanic in
the BSS management platform, as well as in the smartphone
application. The pre-booking service allows users to reserve a
system bicycle up to half an hour before their trip, in order to
ensure it will be available at the time they desire or by the time
they reach it, at no extra cost, provided they go on with renting
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the bicycle. The reservation option is shown in Fig. 9, as it is
displayed in the mobile application.
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Fig. 9. Screenshot of the Bike-Sharing System’s smartphone application
that show the option to reserve a bike

Gamification is the practice of using game design elements
in non-game applications [40]. While gamification does not
have a clear definition yet, it often aims to shift the users’
behavior towards the desired direction [41]. Many
gamification applications make wuse of Information
Technology and web or smartphone applications, but the
practice itself does not have to utilize them. Furthermore,
while gamification applications can offer incentives to the
players to encourage certain behaviors, this is not a necessary
component of gamification [41]. Gamification applications
have often been utilized in a variety of transport-related
contexts, such as to promote sustainable transport mode
choice [42], to incentivize carpooling [43], to promote active
mobility [44] and safer driving behavior [45]. Gamification
has also been utilized towards promoting bike-sharing
activities. Past applications have shown that it is effective
towards increasing the users’ engagement with the system and
improving their loyalty to it [46]. Introducing a gamified,
competitive environment between users leading to social
dynamics was found to promote the use of bike-sharing for
specific trip purposes such as commuting [47].

Gamification was introduced into the action in two ways.
The first was designed to promote specific activities with the
BSS and was integrated into it in the form of incentivizing
coupons. Apart from the coupons that promoted commuting
and tourist trips that were presented in previous sections, 100€
coupons were offered to the BSS users that made the largest
total trip distance and largest total descent/ascent between
their trips with the BSS each month. The second way was a
virtual gamification system that was integrated into the BSS’s
management platform and mobile application. It allows the
system administrator to adjust the manners in which the users
can interact with the BSS, building a tailored experience that
enhances the way they wish to operate and promote the
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system. The module of the platform that was created made use
of a system of levels, points, badges, and missions that are
fully configurable by the system administrator.

More specifically, badges can be earned by the BSS’s
users when they reach certain milestones while using the
system. For example when completing a certain number of
orders, when traveling a certain total distance with the BSS
bicycles, when making long trips, using the system’s bicycles,
when using the BSS for consecutive days, etc. Fig. 10 shows
an example of the badge configuration interface.

Orders (count)
@ Active

Name (EN) Orders

Name (EL) EVOIKId0£1g

Description (EN)  Successful orders completed
Description (EL)  Emtuxnpéveg evoiacelg
Bronze 5

Silver 25

Gold 50

Fig. 10. The badges’ configuration interface, it is seen by the Bike-Sharing
System’s administrator

Missions are objectives that can be set for the users to
accomplish. There are three (3) types of missions integrated
into the system. Parking missions, that ask the users to lock
their bicycle, after using it, near a city landmark. Exploration
missions, that ask the users to ride through certain historic or
picturesque areas of the city. Both parking and exploration
missions aim to encourage the users to explore the city while
using the BSS. They are intended both for frequent users of
the BSS and city visitors. Finally, commute missions,
encourage the user to make a commuting trip using the BSS,
which is defined by traveling to a destination with a bicycle
remaining there for a pre-set amount of hours and making a
return trip with a bicycle. Fig. 11 & 12 show examples of the
parking and commute missions’ configuration interfaces.

1. Park
® ) Active RemoveXx

Description (EN) Park near White Tower
Description (EL) KAeidwoe Kovta oto Aguké ITupyo
Point Name (EN)  White Tower
Point Name (EL) AguKo6 IMTvpyo
Latitude 40.6264463
Longitude 229484257

Radius (meters) 100

Fig. 11. A park mission’s configuration interface, as it is seen by the Bike-
Sharing System’s administrator
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7. Commute
t ® Active Removex
Description (EN) Commute to work
Description (EL) Metaxivnon ya epyacia
Radius (meters) 200
Time (hours) 4

Fig. 12. A commute mission’s configuration interface, as it is seen by the
Bike-Sharing System’s administrator

Points are earned by the users when they use the BSS or
when they earn badges and complete missions. The users can
earn points for each pre-set amount of orders completed,
kilometers traveled, minutes traveled, meters of ascent or
descent made, while using the system’s bicycles. By gathering
a pre-set amount of points, the users can level-up their BSS
user profile. There are plans to implement certain advantages
higher-level users can unlock. Fig. 13 & 14 shows the point-
earning and leveling systems.

SN 5ot varisvies for potnting aysten
Lovs scale
Levell
Level2
Level 3 1000
Level 4
Level §
Level 6

Level 7

Levels points
Order
Kilometer 10
Minute f
Ascent (100m)
Descent (100m) 25
Mission =
Gold Badge
SilverBadge 15

Bronze Badge

Fig. 13. The point-earning and leveling systems’ configuration interface, as
it is seen by the Bike-Sharing System’s administrator

Fig. 14. The point-earning and leveling systems, as they are seen by the
Bike-Sharing System’s user

VI. OPENING A BIKE-SHARING SYSTEM TO USERS WITH
DISABILITIES

This action’s aim is to make a new mode of transport
available to a social group that was previously largely barred
from using it. Including users with disabilities in the use of
pedaled micromobility vehicles is about more than the
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practical benefits of offering them one more mode of
transport. It is, mainly, a step towards allowing a whole social
group to take part in a wide variety of activities that involve
those vehicles and offering them another window of
socializing with their loved ones the wider society.

Integrating pedaled vehicles, designed to cater to the needs
of users with disabilities, in an existing mobility ecosystem
involves a lot of potential challenges. Those vehicles are often
accompanied by increased construction and maintenance
costs. Furthermore, potential malfunctions during a ride could
leave the rider with disabilities stranded and unable to
continue his journey with other means, especially when the
vehicle does not allow for mobility aids to be carried along
[48]. It is also worth mentioning that disabled users of pedaled
vehicles are often undermentioned or not mentioned at all in
strategic planning guides and relevant documents [49].

The first major issue that needed to be tackled was
deciding on the type of pedal cycle that would be used for the
needs of this action. Pedal cycles for disabled users could be
divided into two major categories; one-seat and two-seat
vehicles. Types of vehicles from both categories are presented
in Table 1. One-seat vehicles use varying types of movement
transmission, depending on the user’s disability, many of
which are hand-powered and they are presented in the first
column of Table 1. Two-seat vehicles usually require the
presence of a riding partner, that contributes to the vehicle’s
movement and are presented in the second column of Table
1. [48]:

It was decided that the type of pedal cycle that best
fitted the project’s aims and scope is a tricycle that
allows for a wheelchair to be transferred with it.

A one-person vehicle would be limited to users able to
operate the vehicle. A handcycle could be operated by
many paraplegic users but would be prohibitive for
tetraplegic users. A vehicle that allows for a
wheelchair to be transferred along with the disabled
user is not only compatible with most types of
wheelchairs but also allows the user to continue
moving after the part of the trip that was made with the
pedal cycle is over.

TABLE 1. TYPES OF PEDALED VEHICLES FOR DISABLED USERS [50]-
[59]
One-Seat Two-Seat
Handcycle

(Vehicle that
is powered by
the user’s
hands)
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Recumbent
Tricycle
(Vehicle that
allows the
user to cycle
while partially
lying on his
back)

Recumbent
Handcycle
(Vehicle that
allows the

user to
partially lie on
his back while
cycling with
his hands)

Pedaled
Quadricycle
(Vehicle with
four wheels

for greater
stability)

Tricycles with
removable
wheelchair

(The
wheelchair is
part of the
vehicle but
can be
removed and
used on its
own)

Wheelchair
carrying
Tricycle

(Vehicle that
allows for a

wheelchair to -

be secured on
the vehicle

and get
carried with
it)

The vehicle was designed bottom-up and construction was
assigned to the company Elektronio, which specializes in
creating custom micromobility vehicles with certain
characteristics and specifications [60].

A wide variety of challenges were faced and solved during
the vehicle’s design process. The wheelchair carrier was
placed in the front of the vehicle, in order to give the disabled
rider the best possible view of the journey, and in order for the
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vehicle to have the minimum possible width, in order to be
able to fit in the pre-existing cycling infrastructure. The
wheelchair needed to be able to board the vehicle safely and
fast, since the process will be frequently repeated. A rotating
ramp was designed, that also acted as a safety front wall/rail
for the vehicle. The rail also helped the perceived safety of the
rider. The wheelchair is secured on the vehicle using a
combination of safety belts and non-slip flooring. Due to the
increased vehicle size and weight, the vehicle is a pedal-
assisted electric bike. The battery can be removed from the
vehicle and charged separately. Feedback on the bicycle was
taken from the Panhellenic Association of Paraplegics and
certain design aspects were tackled in tandem with the
Association [61]. Fig. 15 shows the final version of the
vehicle. Two of those vehicles will be made available to the
Thessaloniki’s users with disabilities and they will be able to
use them free of charge after booking them.

Fig. 15. The final version of the vehicle that was designed

VII. CONCLUSIONS

In this paper, a holistic approach towards promoting the
usage of a BSS in a city with overall low bicycle usage is
presented. It aims to enhance the BSS’s attractiveness and its
integration in the urban mobility ecosystem, by allowing
potential users to know its strengths and trying to mend its
weaknesses.

Commuters are offered incentives to compare the BSS’s
potential, to their previously preferred mode of transport for
commuting. By experiencing the BSS for a longer period they
are given the chance to acknowledge extended benefits,
beyond the immediately perceived, commuting by bike can
have on their lives, such as extra exercise or replacing time
they could have spent stuck in a traffic jam with recreational
activity. Furthermore, collaborating with big organizations
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such as the municipalities that were approached for this action,
creates a window of opportunity for alternative BSS business
plans, such as business-to-business operations. Organizations
can see firsthand potential benefits that can be derived by
offering to their employees zero or low-cost options for using
a BSS for their commuting, such as increased productivity and
health of their employees and contributing to a more
sustainable urban mobility.

By integrating a BSS to existing tourist operations and
making sure landmarks and attractions of the city are visited
with it and new users don’t feel daunted by using the system,
it can potentially become more than an extra mode of transport
that is made available for visitors. It is turned into an extra
attraction for the city that also promotes and highlights its pre-
existing assets. Exploring a new city with a bicycle and
visiting noteworthy locations with it makes the experience
more immediate and rewarding. Offering coupons that allow
visitors to try out the system free of charge, can highlight those
benefits to future visitors (both through current visitors’
positive reviews and through the hotels suggesting it to them
or even integrating the BSS in their operations).

Beyond attracting users to use a BSS, it is important to
offer them a positive experience using it, that will urge them
to keep using it and make it part of their mobility habits.
Towards this, the pre-booking and gamification modules were
included in the BSS. Making users feel safer about having a
readily available bike waiting for them, giving them an
interactive experience that urges them to use the system for
more activities, and offering them incentives to keep using it,
can substantially contribute to building user loyalty and
increasing satisfaction by its use.

Finally, societal equity is more than giving all members of
society equal opportunities; it extends into giving them the
means of partaking in an extensive facet of activities in which
they can interact with the rest of society. In this manner
making the BSS available to disabled users is more than
giving them an extra mode of transport or solving a practical
transportation problem. It’s a small step towards equity for a
social group that is so often left out.

While the presented methodology tackles the issue of
promoting a BSS with a holistic approach that improves a
wide variety of its operations, there are still factors, that
heavily affect BSS usage, that were not easily improved as
part of this action plan. Those factors include improving and
extending dedicated bicycle infrastructure, that will make
cycling and BSS safer and more competitive, compared to
alternative transport modes, streamlining the interoperability
between the BSS and other transport modes, and making BSS
operations, such as bicycle redistribution, more efficient.
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