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ABSTRACT
Cities are constantly looking for new means of transportation that can solve the urban
transportation problems such as the last mile problem. Numerous bike and scooter sharing systems
have been launched promising to solve the problems, yet only a handful of them are predicted to
succeed. What is stopping them to sustain growth? Can the status quo be changed by proposing a
new vehicle design? These are the initial questions for the research in the thesis.
The research shows that scooter and bike sharing are both used in combination with other modes
of transportation and for everyday commuting, one of the most difficult tasks for city transportation
planners. This presents great potential for bikes and scooters being able to relieve the pressure on
urban transportation. However, the research reveals the causes why these systems have not been
able to do so. Bikes are getting vandalised, privatized and disregarded which renders them litter.
This means that municipalities have to carry the costs of getting bikes off the streets and has made
them push out strict legislations for operators. It is important to understand that this problem will
grow with the number of bikes on city streets. As a result, many operators have had to shut down,
including BlueGoGo – the world’s third operator in fleet size at the time of closure. However,
scooters are able to avoid vandalism and privatizing, the biggest problem for municipalities.
Nevertheless, these vehicles are not designed for sharing and this imposes problems for scootersharing systems. For these systems the key part of the problem is the substantial cost coming from
keeping up the service. The research also shows that the biggest cost driver for the scooter
operators is battery swaps followed by maintenance and repairs. By developing a new scooter for
sharing, while service and repairs aspects are considered, the operational costs can be reduced.
Based on the thesis research a new concept for a sharing scooter is proposed. Vehicle servicing is
enhanced by making the battery removal process as convenient as possible. Relocating the battery
under the driver’s feet avoids lifting over high edges. Additionally, removing any lids that cause
additional steps to remove the battery and reconfiguring the fixation to the vehicle make the
swapping much quicker. To further reduce the need of repairs, easily switchable high impact
plastics are integrated to the vehicle. This makes the scooter to withstand drops or even slides
which can happen quite often with inexperienced users. The final aspect in reducing the operational
costs is adding a sharing specific technology layer to the vehicle. This makes the vehicle connected
to a server and fully monitorable and operable from a distance enabling to detect problems faster.
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For the users the technology layer allows for a simple keyless operation, reducing the complexity
of starting and finishing the rent. Additionally, wheel sizes are changed to improve ride quality and
increase storage space. Added storage space is necessary for a sharing vehicle since it needs to fit
at least two helmets, documentation, a spare of hairnets in addition to the regular cargo that the
user might bring with him or her.
To conclude, a design proposal that can relieve the problems of stakeholders in sharing systems is
presented, thus providing a potential solution for urban transportation. The key focus in the design
is vehicle maintainability and robustness, simplicity for the users and operators and longevity of the
service. This thesis does not present precise models, nor calculations for manufacturing of such a
vehicle. In addition, software and hardware of the connectivity box are described in the related
parts of the thesis, but the actual design of them is left for future development.
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INTRODUCTION TO URBAN TRANSPORTATION
Transportation itself is about getting people or goods from one location to another. However, if the
density of people is higher, also problem to move them and goods that they consume gets much
more complex. Cities are locations where majority of economic activities are concentrated and
accumulated. This makes them complex spatial structures which have to be supported by transport
systems and infrastructure. [1]
The problems that governments have to face when planning the city transportation planning can
be simplified into 7 main problems [2]:
1. Traffic movement and congestion
2. Public transport crowding during peak times
3. Off-peak inadequacy of public transport due to trying to maintain peak time needs
4. Safety of pedestrians (they form the largest group of traffic accident victims)
5. Parking difficulties
6. Environmental impact – traffic noise
7. Athmospheric pollution
A lot of it is caused by people being too dependent on cars. This has caused many of the problems
mentioned above to get much worse. At the same time we now see that public transportation is
not enough as well. Some problems that the public transportation generally faces are [1]:
1. Decentralization and not being able to serve low density areas (like technology parks which
are not located in the city center, but provide a job for many
2. Fixed nature of the system that can avoid congestion like trains and trams. Although they
avoid congestion they cannot change with the city
3. Construction and maintenance costs are extremely high for systems which avoid
congestion. For example, cost for subway construction in New York is $1,7bn per kilometer
4. Connectivity of different modes of transportation is difficult to achieve
5. Fare structures which are not based on distance can discourage short trips
These problems that were brought out are severe and will only worsen with the current trend of
urbanization. Inner city transit solutions like buses, trams and metros are used together to increase
region’s public transit coverage, but in order for them to be efficient they cannot stop more often
than about a kilometer [3]. Furthermore, the problem is more evident now due to land-use patterns
which have moved more jobs and people to lower density suburbs, which are not within walking
10

distance to existing public transportation stops [4]. Specific pain point has been last mile
transportation although the difference of definition between problems of commuting and the
actual last mile problem are vague to say the least. Usage of two-wheelers in city transportation is
becoming more and more popular [5]. An effective and promising way of solving the last mile
problem are bike and scooter sharing [6].
The following research will start by looking into main two-wheeler sharing options – bicycle and
scooter sharing. The research will outline the pitfalls and value points of both modes, compare the
two modes and will give an overview who are the stakeholders in the system. Goal of this is to first
understand, whether sharing systems potentially are able to solve transportation problems.
Secondly actual sharing systems are tested out and potential problems discussed with the
stakeholders to understand what the benefits and problems for both vehicle types are. All this in
order to present a concept design of a vehicle that would remove the problems found in sharing
business and help sharing systems to solve problems of urban transportation.

11

1 RESEARCH

1.1 Methodology
The thesis is structured as a double diamond. The following will give a short introduction how the
thesis has been framed inside a double diamond analogy.
Thesis will start with an issue. After stating the issue, it will follow the steps to discover as much as
possible about the topic. The goal of the first half of the research is to give a wide and diverse
overview of the issue. When a broad enough view is achieved it is time to start narrowing down to
specific problem statements. The second part of the research will focus on in depth analysis of the
discoveries and validating them by putting myself into the users shoes, conducting interviews with
the stakeholders and selecting the key problems that were discovered.
The first part of the research phase will mainly rely on quantitative research data and the second
part will more focus on qualitative data. The research phase will end with a brief which will give
insight to the design problem that would be tackled in the latter part of the thesis. The brief has to
be highly linked to the previous phases and will be the main connecting point for the product
development
First part of the product development phase will have a little bit wider view again by presenting
possibilities of what can and should be done. It will go out in search of solutions to the problem
stated in the brief. The second and final part of the product development and this thesis narrows
down on the actual design of the product finishing with concept designs of the proposed product.

1.1.1 Research part 1 and 2
The first, discovery part of the research will be based on qualitative data. In this part the focus is on
data collected on with surveys and questionnaires found when doing desktop research. The goal of
this part is to find out who are the actual users, what are the trips that they make and also find
headway here to direct the research in the second part. Mainly the qualitative data was found over
a period of one year, but additionally some insight were gathered by working in a company
operating in the same field as this thesis tries to solve.
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The second part of the research was more focused on qualitative data. The data was collected by
testing out several available systems and also conducting interviews with different stakeholders.
The goal of the second part is to find supporting or overruling data for the first part and to go in
depth with understanding the stakeholders and defining their key problems.
Great part of the data for the second part was collected during a visit to Berlin where I was able to
test out the systems on the market every day and additionally got the chance to spend 2 days with
an operator of one of the biggest scooter sharing fleets in Europe.
Another aspect of the research data came from attending Smart City EXPO 2017 in Spain. From
there main part of the data from municipalities was gathered.
The research will end with a brief in a summarized format to map the key problems and already
start moving towards solutions to the problems found.

1.1.2 Product development part 1 and 2
Product development phase will be also divided into two parts. The first part focuses on providing
and explaining the solutions to individual problems. The development in this phase is mainly based
on experience working in a company that enables operators to start their sharing fleets.
The second part of the product development will show the overall implementation and showcases
the design choices taken. This will end with proposing a concept design of a sharing scooter.

1.2 Bike sharing
Bike sharing offers short-term rental services in city centres and campuses through an automated
system. Bike sharing usually targets trips which are too long to walk, but also too short to drive,
especially in urban city centres where parking space is scarce.
Users usually use an app or a municipality card to rent out the vehicle and either they pay as they
ride, need to load credit to the said card or pay based on monthly invoices.
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1.2.1 Overview of bike sharing (and market)
Bike sharing started initially already in 1965 in England. But finally exploded in 2011 China.
Internally the bike sharing market has gone through four stages or eras. First is the white bike era
(when the bicycle manufacturing companies allowed for people to freely use the bikes that they
had manufactured). The second is the coin slot era when people were able to unlock a bike from a
dock and use it by entering coins in a meter. The third era is dealing with replacing the old coin slot
method with IT solutions ability to pay via apps. Now the fourth and current era is the era of
dockless bikes. This means that the bikes do not have designated docks anymore but users can rent
them where they see them on the streets. [7]
The last era of dockless bikes started in China and is still the biggest market for bicycle sharing.
According to policies and also promises of the operators current bike sharing schemes are expected
to contribute to a number of different objectives. First and foremost is to reduce congestion,
pollution and to improve the public health. Additionally, bicycles can be used to support flexible
mobility with multi- or intermodal transportation by connecting it with other modes of public
transportation. Mainly the focus is on commuting and improving transportation for the inhabitants
of a city, but also tourists are targeted in some locations. [8]

However, indications that the initial bubble is about to burst are coming in. These businesses are
burning money and they cannot sustain the growth. In the last quarter of 2017 two of Chinas
sharing schemes closed down. The MingBike and BlueGoGo, while the latter was the third largest
bike sharing company in China and the world with over 600 000 operational bikes. Main reason
being that they weren’t able to earn money with the service, but just burned up all their
investments and also deposits from the users [9]. And the predictions are even worse. Data shows
that about 60 start-ups have sprung in a year in 2017, however, 10 of them are expected to survive
[10].
To sum up the bike sharing market history, it has already been there for a long time. The first couple
of eras were meant as a social or marketing products to get people cycling. After the first two eras
the bike sharing died for a little bit, but it has scaled up massively in the past 5-6 years. Technology
has enabled free floating fleets that can ease the last mile problem and provide a more flexible
solution to the last or first mile problem for example. Additionally, for a tourist, if good bicycle
infrastructure exists a bicycle is a good way to explore the city – getting from one location to
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another is quick and access is more flexible than with a car or a tour bus. With the increasing
numbers of bicycle put to the streets, especially the Asian cities have become overloaded with
bicycles. Recent quick upscaling means that the operators are facing new problems that they
haven’t experienced before forcing already some of the big ones to shut their doors.

1.2.2 Bike sharing users
The goal of this chapter is to give an overview of who are bike share users. It will look into users by
gender, age and income levels in order to create a bike sharing user profile. Also, it will show what
are the possible effects of bike sharing on users. Information of users is necessary to know exactly
to whom later the vehicle is designed for. A lot of this chapter is based on a survey results that was
conducted in England about bike sharing. This survey was chosen because it had extensive
information and used data from one of the biggest cities in Europe.
The majority of users are men, but not with a staggering majority. The data shows that 58% of the
users are male and 41% female according to a Public Bike Share Users Survey carried out in London
in 2017. [11] This isn’t a surprise since in general male population uses more bikes also in private
use [12]. Although at the same time data shows that when compared with experience 55% of
women were those who started or re-started cycling. When it comes to tourists they are the
minority of users. Mostly bike sharing is used by locals for commuting. [13]
When we look at the age of the users. The span is wide, attracting all age groups with the majority
of users falling into 31-40 age group. However, if 21-30 and 31-40 age groups are combined then
they form more than half of all bike share users. At the same time, 20% of the users are in the age
group 41-50 as well. [11]

15

Figure 1.1. Graph showing the user groups of bike sharing

To understand the users their employment status and salary gives us information whether bicycle
sharing is considered a mean of transportation for the less fortunate or perhaps it is a luxury item.
Staggering 71% of users in London have a full time job and almost 50% of them earn an annual
salary of £21,000 - £40,000. [11] When compared to the London average salary of approximately
£35,000 it shows that the majority people using bike share have an average or slightly smaller
annual income. Only 10% of the bike share users were students. [14]
Bicycle sharing can have a small counteractive effect as well. Although 66% of all have started to
cycle more after using a bike share scheme, almost a fifth of the users have bought a personal
bicycle after having used bike sharing. [11]

Start or restart (after a
break of 5 years or more)

23%

Increase cycling

43%

Purchase a bike

18%
5%

10%

15%

20%

25%

30%

35%

40%

Figure 1.2: Share of bikers who have started to use more bicycle as a transportation after using bike share

To conclude, the users of bike sharing are in general young professionals with full-time jobs earning
about an average salary. Although male population is using bikes more at the moment the data
shows that the women are on the route to catch up. It is also a great way for tourists to explore the
city, but there are the definitive minority group. The reason for that could be that most cities
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provide an option to get organized tours on bikes with a guide. This would be a better alternative
for a tourist, since sharing bikes do not provide a feasible solution for solitary exploring – for
example navigation is difficult. Additionally, some operators require to input a local address or a
local payment card to use the service.

1.2.3 Bike sharing trips
This chapter will show the build-up of bike share trips. It will show how multi-modal the trips are,
what kind of trips the bike sharing is used for, which methods of travel the bike sharing has
substituted most and finally what are the average distances and durations of trips. The chapter will
extend to proving that bicycling can solve last mile problem and what is the actual profile of last
mile transportation.

Bus

26%

Train 39%
Taxi

3%

Private car (as driver) 33%
Private car (as passenger)
Car club car
Underground tram or light railway

10,5%
1,5%
7%
10%

20%

30%

40%

50%

60%

Figure 1.3 Breakdown of percentages of the multi modality of bike sharing

The trips that users do with bike sharing schemes are very multi modal. Almost 40% said they used
bikes together with train transport. A third said they had used bikes together with a car. And the
third popular choice was using a bike with buses which was done by 26%. [11]
The most popular purpose for trips is related with work. 30% of the trips during a week are related
with work. 22% of the surveyed people use the bike to travel to work at least once per week and
8% said that they also use bike for business trips during the day (meetings with customers/partners
etc.). 18% of users report using bike sharing for pleasure and fitness. Somewhat surprisingly 12%
report that they use bicycle sharing to go shopping. Sharing bicycles are not cargo bikes that are
popular in the Netherlands for family transportation, but they do have racks and baskets for cargo.
[11]
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If trip distance is in the focus then the division is following: 37% of the rides are just above 3
kilometres, 32% of the rides are 4-7 km in length and only 14% of the rides are 1,6 km in length.
[11]

Bus

23%

Train, underground or tram 14%
Taxi

4,5%

Own bicycle 16%
Private car
Walking

17%
44%

Wouldn’t have done that trip before 13%
10%

20%

30%

40%

50%

60%

Figure 1.4 Breakdown graph of modal switches

And last part of using bike sharing trips is to see from which mode the bike sharing has substituted
the most. The biggest modal shifters are people who used to walk before using bike sharing. 44%
report they used to walk the trips before they used bicycles. The benefit for the walkers is most
tangible. The benefits are direct for pedestrians. The second largest group of mode shifters used to
be bus riders with 23% of current users coming from bike sharing and the third shifters came from
cars with only 14% of people switching. [11]
To sum up, bike sharing trip profile turns out to be a commute in most cases with multiple modes
of transportation used. Most of the shifts happen from trains or buses. The cause of last mile
problem is that it is inefficient to place bus stops too closely. Multi modal use and the trip purposes
of bicycle proves that bikes are used for last mile transportation. The distance travelled on bikes is
most often between 3-7 km, revealing the real profile of last mile transportation. At the same time
bike sharing has substituted walking the most by most likely being a much more convenient and
faster mode of transportation

1.2.4 Barriers of bike sharing
As it was brought out in the overview chapter of bicycle sharing market, the bubble might burst
soon, thus, this chapter will outline and explain problems that have been caused by bike sharing.
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Biking has many benefits, although still the adoption of biking for commuting and as a tool for last
mile transportation is all things considered quite low. The key barrier in taking up bike usage inside
a city is safety. 80% in a survey conducted in London marked safety as the key deterrent in taking
up cycling [15]. The British Social Attitudes Survey found that 61% of the respondents felt that it is
too dangerous for them to cycle on the roads [16]. Key components of creating these fears are
speed difference to the motorists and lack of visibility. Improving the infrastructure with bike lanes
and paths could increase safety. Around half of the cyclist attributed poor ratings to the availability
of cycling lanes, cycle racks, bike security and safety of cycling according to the same annual report
mentioned before. [15] [17]
The second part of barriers for bicycle sharing is why initial quick growth has ended up in going out
of business are the problems of the operators and municipalities. Key problem with bike sharing is
vandalism and waste that comes with the service. For example, bike sharing operator Gobee.bike
has pulled out of Paris after 60% of their fleet has been stolen, vandalized or just people have taken
the bikes home or locked up with private locks so that nobody else cannot use it [18]. Other
operators are experiencing the same problems, however, some are more open than others. For
example, Mobike publicly is very optimistic for the future, but definitely their bikes find their way
to canals as much as everybody else’s, which can also be seen from twitter posts of some sharing
enthusiasts. [18]

Figure 1.5: A Twitter post of Agnese Perrone
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Figure 1.6: Another picture from the same post of Agneses Perrone

What causes this littering is that big operators produce their bikes by themselves and they can do
it in very large quantities, which makes the price of the single bike very cheap. According to an
article in Fortune, the Ofo bikes cost $36 to produce. This means that it is much simpler for
operators to just discard the bike instead of spending time to fix them. Basically, it would be an
additional cost to repair the vehicle and garbage hills of bikes start piling up [19]. Which in return
is a big problem for the municipality, because when the operator has disregarded the vehicle the
gathering and recycling it is the problem of the municipality. For example, this is already a massive
problem in China where the hills of broken and disregarded bikes have already driven municipalities
on their edge and there are rolling out legislations that restrict adding more bikes on the streets.
[7]
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Figure 1.7: Hill of disreagarded bicycles that the city hall needs to deal with in Xiamen [7]

Figure 1.8: Large boom lifts have to be used to add bikes to the garbage hills [7]
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Bike sharing is at a stage where the big growth has gotten a lot of companies involved. And the key
success to having a profitable business is the amount of bikes on the streets. This eventually has
caused a lot of them getting disregarded, vandalised or privatised. These have definitely caused the
cautiousness of municipalities in allowing bike sharing systems to start up in their cities.

1.3 Scooter sharing
Scooter sharing is very similar to bike sharing from the systematic approach. Users again use an app
to start a rent. Usually in most cases of scooter sharing the payment goes through credit cards and
the amount is paid right after the ride.

1.3.1 Overview of scooter sharing (and market)
The scooter sharing market is undergoing rapid development and finds itself in a state of transition.
Scooter sharing started in San Francisco in 2012. Following a slow international diffusion to just 8
cities up to 2015. [20] Today around thirty cities have a scooter sharing scheme and 79% of these
are in Europe. Of these, 7 cities host more than one operator, with Barcelona and Vienna showing
even more fierce competition among the operators. However, if the fleet size is looked at, definitely
Berlin and Paris are the leaders in sheer numbers of the scooters on the streets with more than
3,000 scooters [21]. 41% of the global scooter sharing fleet is based in these two European capitals.
Each city is home to two operators supplying a large coverage area between 90-99km2. Year 2018
already promises additional 17 city schemes emerging, but the majority of them will remain in
Europe. [20]
Like in bicycle sharing also scooter sharing saw its first closures in 2017. Although, the scale of
closures was nothing compared to what the bicycle sharing industry saw. In total there were 6
systems that closed their doors. [20]
Main reasons being:
•

lack of municipal support

•

lack of scaling capital

•

scooters which were too complex or heavy.
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In particular, the 3-wheeled Italian case of Enjoy demonstrates the last point that while threewheeled scooters might be safe, 2-wheeled light-weight scooter is the customer’s favourite choice.
The main reason for Enjoy to go out of business was the lack of usage by the customers. At the
same time another company in Italy using the same software provider was able to sale up the
service with ease. [20]
Another thing that highly differs from bicycle sharing is that 95% of scooter sharing are free floating
systems giving more freedom for the user. [20]

Figure 1.9: Graph showing the growth of scooter sharing [20]

The scooter sharing market is not as mature as the bike sharing market. But, still scooter sharing
market shows at least the same growth rate of the bicycle sharing if not even a slightly quicker rate.
The data implies that scooter sharing market can grow more sustainable, due to the predictions
that the percentage to fail in this market is slightly lower.

1.3.2 Scooter sharing users
Due to the market being a lot younger it was difficult to always find quantitative data that would
characterize the users, so in these cases qualitative data was used. The following will show
estimations of user numbers and will try to describe the key user of scooter sharing service.
InnoZ’ report that has been put together for scooter sharing estimates the total user numbers to
be around 350000. However this can not be considered as a definitive number, because not all
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operators publish their user numbers. Regardless of what the user number is a direct trend is
noticeable that the user numbers are growing rapidly in global urban centres. [20]
Another way of estimating user numbers is measuring social media activity. Within October 2017
more than 121 000 people had liked the official pages of the scooter sharing operators on Facebook.
Of course, Facebook likes are not equivalent to user numbers, but they can be an indicator for
preference development over time. [20]
The scooter sharing sector lacks a scientific description of user characteristics. Hence, let’s look at
the user side from a subjective perspective:
A friendly user from the two-operator city Berlin has given up his scooter sharing mobility data. He
is in his early thirties, is a young urban professional, commutes in a multi- and intermodal way, does
not own a private motorized vehicle and is bicycle-affine. Since 2015, he has used scooter sharing
82 times, being up to 35 times a year. At times also during colder or rainier seasons of the year. In
addition the user has accounts for bike sharing services as well. [20]
This user is a very good example for the early market: Qualitative impressions show that the
majority of users today are young. Many users can be described as young urban professionals.
Operators have stated that a slight majority of users are male. Scooters are often used for
commuting or leisure time activities. Many of them are also members of car- and bikesharing
schemes or own a public transport pass. [20]
The user of scooter sharing service is almost interchangeable with the user of the bicycle sharing,
being a young professional in their thirties. Again, male dominance can be found but just slightly.
What the data shows is that both services serve to the same people and they are using both services
hand in hand probably depending on the availability and need.

1.3.3 Scooter sharing trips
Scooter rides for shared services tend to be of short to medium distances. If compared with bicycle
trips, they are very close in distances covered. 30% of all bookings end within half a kilometre from
the trip origin and are thus examples for a round-trip usage. For all the trips, the average length is
at a good walking distance of just under three kilometres – the global average based on data
collected in 2017 is at 2,8 kilometres. [20]
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When considering rental time the average is at 34 minutes per rent, but the median is significantly
lower at just under 21 minutes. Considering these facts it can be said that scooter sharing is mainly
used for short trips around the city. [20] Additionally, what count to longer rents on the scooters is
that people can and will use the scooters more often to get groceries on their way home enabled
by the added storage space found on scooters. [22]
And finally, data about rental density shows that the scooters are quite widely used even during
the off-season times. There are 3,4 rentals per scooter per day during the whole year. The lowest
month is January when it drops down to 1. The highest season is in July where it reaches to 3,9
rents per day per scooter. [20]

Figure 1.10: Graph showing the usage of scooters per month [20]

During the day peak usage happens in early weekday evenings. Most likely the reason is
commuting. Saturday and Sunday have the lowest usage and also the usage times are much more
varied on these days. So, this clearly shows that scooter sharing is mainly used for commuting. [20]
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Figure 1.11: Graph showing weekly usage per hour [20]

To conclude, the trip profile is again very similar to bicycle sharing. A little bit surprisingly the actual
average ride distance for scooter seems to be slightly less than it was in bike sharing. At the same
time the average rental time is around 34 minutes. This shows that scooters are not only used for
one-way trips from point a to b, but also to ride to a location, park and then ride back. Finally, the
statistics show that scooter sharing is also mostly used for commuting during the weekdays with
the peak rental times in mornings and evenings, but also for leisure on the weekends. The usage
itself is only couple of per cent less on the weekend. Scooter and bicycle sharing trips are almost
interchangeable and both are ways to relieve last mile problem.

1.4 Outcome
To sum up the desktop research and comparison of bicycle sharing with scooter sharing shows that
the market size is definitely very different – scooter sharing industry being the younger and smaller
brother of bicycle sharing. Yet, what is meaningful is that both are growing at a similar rate, but
scooter sharing is doing that in a much more sustainable matter.
When we compare the trip profile of these two industries they are similar enough to be
interchanged. Both showed potential to relieve the last mile problem. The average trip distance is
almost identical with approximately 3km. Only difference shown in the trip duration which is longer
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than for bicycles. This can be caused by the fact that with a scooter the user can park the scooter,
go do the groceries and then ride back to home without ending the rent.
The user profile for scooter sharing and bicycle sharing is exactly the same with users actually using
both services in parallel. The key user group for both is a young urban professional in thirties,
working most likely full time and earning average salary. Most of the users will use the service for
commuting but also for leisure.
In general, both services can definitely be the substitute services to each other. But with bicycle
sharing there were certain concerns that have caused several headlines in the news outlets
implying to a bicycle sharing bubble that can burst. Concerns for operators and municipalities both
are related to vandalism and bikes essentially littering the streets when they are disregarded. The
author was unable to find any data during research that could show that scooters are in any way
being vandalised or misparked on the streets already suggesting that scooters can sustain more
needs of stakeholders and more suitable for solving last mile problem.
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2 FINDINGS FROM LAST MILE TRANSPORTATION EXPERIENCE
After having found information by desktop research I also went out and tested several bicycle and
scooter sharing systems. Thus, the following is based on 3 days spent in Berlin, one of the hubs of
bicycle and scooter sharing in Europe, where systems from Mobike, Limebike, Lidl, Coup and EMMY
were tested. First three are bicycle sharing operators and the last two scooter operators.
Additionally, it will also include findings from interviews with other stakeholders in the sharing
business – operators and municipalities.
Altogether, this chapter will give a better understanding of how the stakeholders interact with each
other and explain each of their problems. As an outcome, this chapter will give a descriptive
overview of how a scooter sharing system starts their system and what are the problem points in
this process. In order to solve the problems a vehicle is designed and presented in a later part of
this thesis.

2.1 Sharing in Berlin

2.1.1 Bicycle sharing
Berlin hosts several bicycle sharing schemes including the world’s largest operator Mobike.
Altogether the author was able to use the bikes from Mobike, Limebike and also sharing service
provided by Lidl. All of these were free floating systems. Goal of these systems is to be free of docks
and have always available a vehicle within one block radius so that the user can find an available
bike easily. In order to achieve that the operators relocate the bikes during the night.
First, the positive aspects found are covered. Bikes as transportation vehicles are very
approachable. Everybody has ridden a bike at least once in their life and they are very easy to
handle. There was no difficulty to navigate the city, especially since Berlin is considered to be one
of the most bicycle friendly cities in Germany. Then the bikes themselves are highly customised for
sharing. All of the sharing bikes have a step through frame in order to simplify the onboarding of
the vehicle. In the desktop research it was already mentioned that the bikes are also modified so
that they are as easy to manufacture as possible. But at the same time a lot of modifications include
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features that make them convenient for sharing use. Everything on the bikes is adjustable, starting
from how the seat height adjusting has been made as quick and easy as possible and finishing with
the possibility to adjust also the handlebar height. The operators have considered the storage needs
for sharing users with usually adding a front basket or a rear cargo rack.
For saving costs, Mobike is the company which has done the most to minimize regular maintenance.
They have gone so far to completely remove all external cabling and the chain as well. So, the bike
does not have any external moving parts. Additionally, they have replaced air filled tires with full
rubber ones and replaced the spoked wheels with full aluminium ones, because spokes have to be
tightened over time. The bike essentially is maintenance free.

Figure 2.1: Picture of a sharing bike by Mobike [23]

However, designing bikes to withstand more usage has created problems as well. By making the
bikes as low maintenance as possible the bikes in general have only one gear. This proved to be
surprisingly difficult obstacle to overcome, even in a flat city like Berlin. The second difficulty proved
to be the storage possibilities on sharing bikes. Although they give place to store items, usually they
are not very big, and they do not work well. In order for most of them to fulfil their purpose the
user has to bring a piece of string or rubber strings to fix the cargo.
One of the promises of bike sharing is that people will use the bikes based on their needed
movement patterns and the operator does not have to move the bikes to achieve the optimal
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revenue stream. However, this isn’t true. Operators move the bikes from residential areas to city
centres during the evening and night. This creates a problem for people living in the residential
areas outside of the centre. In the morning they cannot find an easy transportation method to cover
the so called first mile.
Still the key problem of bike sharing was very quickly identified. The problem of vandalism and
disregarded bikes was also mentioned as the key problem in desktop research and one of the causes
of bicycle sharing bubble bursting. After arriving to Berlin and getting off the subway within first
200 meters three separate vandalised or disregarded bikes were noticed.

Figure 2.2: Disregarded bike with the tyre off the rim
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Figure 2.3: Disregarded bike with broken and twisted fender holder

Figure 2.4: Disregarded bike with a stolen bike post
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Figure 2.5: Disregarded bike way outside the actual operating area of the bikesharing system in the outskirts of Berlin

2.1.2 Scooter sharing
Scooter sharing essentially works in the same way as free floating bicycle sharing. The user can
control the vehicle and start a rental process with an app. The vehicle is tracked with a telematics
unit that is on board. For comparison a same route was used for scooter and bicycles. The start of
the route was in the centre of the city near Berlin Zoo and the finish in the technology park just
south-west of the Tempelhofer Feld. This was meant to represent a typical commute route from
the center of the city to a technology park further away from the centre.
Scooter sharing in comparison showed certain benefits over the bicycle sharing. First, scooter on
the selected exemplary route was faster and more convenient. Second noticeable difference was
the added storage space in combination with the feature to be able to park the vehicle while
retaining the rental rights. This opened up an important possibility to the user of the scooter sharing
scheme – ability to drop by at a local supermarket to get groceries on the commute home. Also, in
general scooter storage space is larger and more well protected which adds diversity to the
potential usages of the scooter. But, since the scooters are built for regular users, not all operators
are able to make the storage space accessible for the users.
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At the same time, being a bit heavier makes the vehicle itself less manageable. Especially since
there are a lot less people who have driven scooters before. That said they are still light and easy
to handle enough to be approachable and the user does not have to learn specific two-wheeler
riding techniques in order to manage piloting a scooter. Additionally, scooters do not show this
problem that in the morning there are no scooters in the residential areas.
After spending 3 days in Berlin the situation of bike sharing seemed quite dismal. Some bikes were
disregarded in the outskirts of the city way outside of the operating area of the bike sharing. What
made it even worse was that one particular bike was noticed on the first day, but it still remained
in the same position until the last day when the author left Berlin. Furthermore, lots of bikes were
noticed being locked up with private locks, so that others would not be able to rent them when
needed.
Although bicycles are a convenient and approachable means of transport, they are directly faced
with issued when first schemes launched in large scale and these issues are not solved yet. So, to
sum up the observation about bike sharing the situation seems very upsetting with bikes being
vandalised and becoming the litter on the streets. This is not only a problem in China where there
are millions of bikes on the streets but also in Europe cities where the number of bikes is more than
100 times less.
In general, with a scooter it was a little bit more comfortable and faster to travel. The user does not
need to pedal and scooter itself allows for more diverse usage possibilities. Although, with a scooter
it is not possible to always go to the same places as with a bike. Usually scooters are off-limits in
parks. But this might be subject to a change since almost all scooter sharing scooters are electric,
which renders them silent and not so different from electric bikes. On all other aspects scooter
sharing from the user’s perspective was again very similar to bike sharing.

2.2 Problems of operators
A visit to EMMY was part of the 3-day visit to Berlin. EMMY is one of the biggest scooter operators
in Europe. The following will give deeper insight into problems of the operator.
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The biggest problem for the operators is the maintenance. The scooters used are built for private
use and are not designed for sharing and there the first goal is not maintainability and cost of
maintenance and repairs since this will be covered by the user. The maintenance itself is a multilayered issue. First part is daily maintenance just to keep the scooters operational. Second is the
unexpected maintenance or repairs that have to be done to the scooters. And finally, third is not
exactly maintenance anymore, but actions that directly are the result of having a not specific vehicle
for sharing use case. [24]
Part of daily maintenance are the battery swaps. The scooter that EMMY uses has a battery hidden
under body panels which can be removed by first removing some aesthetical screw covers and then
unscrewing 4 screws. Then additionally they have to release the battery from its harness. Removing
the battery on the street and switching it out with a new one, takes about 15 minutes. If the
technician manages to break off one of the plastic attachment points it will take even longer,
because the technician has to fix the issue usually with super glue. Most of the scooters that the
operators use are designed for home use and the batteries are not meant to come out of the
scooter easily and plastics are not meant to take the repeated abuse. They are meant to be charged
from a regular wall socket. The battery swap is biggest part of their daily maintenance, which is the
biggest cost driver for them. Although this is referenced to EMMY they report that others are having
similar problems. To give perspective to this problem, during the high season EMMY swaps around
300 batteries per day with a fleet of slightly over 1000 scooters. The amount of time and money
spent in battery swaps is massive. [24]
Repairs happen unexpectedly, and they need to be solvable as quickly as possible with least costs.
First part is the ability to detect problems quickly. Users do complain with some problems, but
certain issues the users do not bother to let the operator know. For example, in case the tyre is flat
on some scooter the user rather selects to not use the scooter but will not take the time to call to
the operator. In these cases, the operators just monitor the scooters that have not moved for a
while and then during the battery swap round can check these scooters as well. When the scooter
is already in the workshop, then most of the time is spent actually on finding out what causes the
problem. The telematics box can check many things before it will turn the scooter on. Access to this
information is crucial for the operator. Something that operators are really looking after is the
possibility to detect problems quickly and remotely. [24]
The third added work that the operator has to deal with comes from the sharing scooter being a
retrofitted solution – no part of the sharing scooter currently is designed for sharing use. The
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responsibility to make it a sharing scooter lies solely on the operator. In general, the operator has
to make two modifications to the scooter. They will add a top case to store the helmets, vehicle
documents and hair nets. Then the second part is adding the technology will make the scooter
trackable and operational via an end-user app. The top case will need modifications and also the
telematics unit is provided by companies who provide a service to long distance transportation
fleets or car rental companies. But cars are different which means that the hardware is not
optimised to consume as little battery as possible and do not always fit into the best possible places
on the scooter. [24]
For example, EMMY is facing a time consuming and costly issue because of that. The regular scooter
comes usually with keys and they are still used to start the scooter. The key itself usually has a
special holder in the top case which detects if the key is present or not. Also, a telematics box will
read the status of the key and only if the scooter rent has been started from the app and key
removed from the holder the scooter can be started. This is a security feature. Something that is
quite a big issue for EMMY is that users or thieves do not understand that the keys won’t work
unless the scooter has been activated also electronically. This results in the top cases being
vandalised – people break these open and try to start the scooter with the keys. Realizing that the
key does not work, then they won’t bother anymore to put the keys back into their designated
holder. According to EMMY they need to order at least 15 keys per week, having a fleet of a little
above 1,000 scooters. Although not all keys are lost due to that vandalism, but head of operations
from EMMY estimates that it is somewhere between 60-80%.
To sum up, the visit to Berlin showed very clearly what are the problems of the operators. The costs
and time it takes to keep the fleet operational is very high. The biggest cost driver is the battery
swapping, followed by maintenance and repairs to the vehicle. Most of the problems can be
avoided by having a specialised vehicle for sharing operations.

2.2.1 Clustered scooter sharing system
This chapter will give an additional explanation of how the scooter sharing system is clustered. It
will outline the story how a scooter sharing company usually starts their business and how this
causes problems throughout the whole operation.
In general, a starting scooter sharing operator will go through following steps:
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1. They will choose as cheap vehicle as possible, while keeping in mind the promised range of
the scooter
2. Then they turn to a technology provider who will do a proof of concept demo that the
technology can be integrated to the chosen scooter
3. The operator will start setting up other division to keep the service operational – call center,
maintenance crew, financials
4. If proof of concept is successful the technology provider will ship the modules to the
operator
5. First task for the maintenance crew is to integrate the modules to the vehicles and create
a fleet of sharing scooters
6. Operator will launch the service.
However, this process is very susceptible to flaws, due to the fact that number of entities is large
and communication becomes difficult.
Firstly, if the operator chooses the vehicle without consulting the technology provider, the money
save during the vehicle selection could all be wasted if this makes the integration more difficult for
the technology provider. Furthermore, this can also result additional costs in the later integration
to the rest of the fleet.
Secondly, the scooter manufacturer and the technology provider are at a conflict. While for the
technology provider is in need of as much information of the vehicle as possible, including
communication protocols and access to the controller and HMI of the vehicle, for the vehicle
provider it is basically a company secret. Very rarely there is a good and direct exchange of
information established between the vehicle manufacturer and the technology provider. And even
if there is a direct communication, the technology provider gets partial documentation of the
vehicle for understandable reasons. In worst case scenario, the technology provider does not have
any information of the vehicle and has to actually hack the scooter in order to receive data. In these
situations, nobody can guarantee a problem free operation of the fleet.
Point 5 reveals another problem. Since the operator has integrated the technology to their fleet by
themselves, neither the technology provider or the vehicle manufacturer can fully support the fleet.
Cases where vehicle is working, and telematics box is operational, but the whole system together
is not operational are not rare. This can turn into an endless blame game. The second part of this
problem is that the operator has to spend tremendous amount of time to finally integrate all the
rest of the modules from the technology provider into the fleet. On average integration after the
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first demo onto the same scooter takes at least 3-4 hours. The integration itself is simple, but time
consuming. Main time consumers being removing the necessary plastics and then making the
rewiring in order to connect the telematics box inside the scooter.
The way how the scooter sharing operators can set up the system now drives up the cost of the
service very quickly. This and all of the previous actually results in the fact that the operator loses
sight of their target customer. And when focus is lost the end-user could get a dissatisfying or a
non-working service.
Finally, the issue that operators do not talk to the municipalities remain. Learnings from visiting an
actual operator show that the main reason why some might be afraid is that they are shut down in
the light of the recent actions taken against bike sharing. Or also that municipality might demand
or add some cost to their service. But at the same time learning from the visit to an operator was
that actually if you go to the city hall to discuss things through beforehand, then actually you will
become an operator that in the eyes of the municipality is much more trustworthy and much more
cooperative.

Figure 2.6: Flaws of how the system is built up
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2.3 Municipality view
During the Smart City 2017 EXPO the author got the chance to discuss with numerous people who
are responsible for the transportation in governments or city hall. In general, governmental
organizations are definitely welcoming towards future sharing solutions on the streets because on
their shoulders lies a task to solve transportation and congestion problems. From the discussions
and panel forums, two key issues were deduced that the municipalities are experiencing.
The first key issue for a lot of municipalities is that operators do not let them know before starting
a service. They will scatter the vehicles around the city without letting anybody know other than
their customers. Although that is correct that right now usually this is not regulated by any
legislation since it is a vehicle and parking it correctly is by law the responsibility of the user. For
personal vehicles usually, the owner is the user of the vehicle, but for sharing the user and owner
is by definition a different entity. When the municipalities are not knowing about the starting
service this already creates misunderstandings and the operator will lose the trust and support of
the municipality that it can offer. At the same time the officials want to help. However, the
legislation is picking up on that topic and governments are working on laws how to regulate the
sharing industry. [25]
The second issue that a lot of municipality personnel mentioned is directly related to free-floating
bike sharing. One is the littering that comes with the bicycles. Users disregard laws more easily
since they do not own the bikes, so it is very easy to just park them on sidewalks where they disturb
pedestrian traffic. And when they start to disturb pedestrians they get vandalised. There are a lot
of bikes thrown into canals because they were just parked on the sidewalks so that they pissed off
some pedestrian. Especially the city hall of Amsterdam has experienced this issue very strongly.
They fish out annually 15,000 bikes from the canals, albeit, not all of them are sharing bikes [26].
At the same time problem for municipalities is that the operators do not care about it. Their
understanding is that these bikes are so cheap to manufacture so that once the bike has done 10
rides it has already earned back the cost for the operator. So, for operators it is more affordable to
disregard the bikes if they are broken than to collect them together and fix them. [27]
All this together has created mistrust between sharing operators and municipalities. Mainly it is
about lack of communication but also bike companies do not seem to care enough to keep the bikes
in order. For them it is easier to disregard the bikes. This has created a lot of fear in municipalities
about the possible future of ultra-lightweight vehicle sharing like bikes.
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2.4 Outcome
Visiting and using sharing systems has given a good understanding in what are the benefits and
problems of each system.
While bike-sharing has been on the market longer and definitely is the larger market, there are
definite signs that this with a quick growth has over-inflated the market and the bubble could burst.
The municipalities are working hard to push out new legislations that would set the ground rules
for bike sharing. At the same time nobody clearly understands what these new rules could be. This
has caused a little bit of instability in the market and it could cause some operators to pull out from
the market. Many have already tried to consolidate with other companies in the fear of new
legislations.
There doesn’t seem to be a good explanation available by any of the stakeholders in the system,
what causes vandalism and misparking the vehicles. But something that the research clearly shows
is that this does not happen with slightly bigger and heavier vehicles. For one, heavier vehicles
cannot be picked up and thrown into canals. Also, scooters are more expensive, so the operators
are more invested in repairing them rather than disregarding and leaving the responsibility to the
city officials. Surprisingly scooters are not misparked either. There was not found a good
explanation for that, but maybe the scooters have more value in the eyes of the users.
At the same time the problem in scooter sharing is that as a business, it is still younger and
clustered. The vehicles that are used are designed for personal use and need modifications to fit
the sharing needs. However, the modifications themselves are not always designed for scooter
sharing. Mainly they have been taken over from another industry. For example, the tracking
technology comes from the car rental business. Additionally, because the operator sets up the
whole system other entities cannot provide full support
Research has shown that bicycle as a vehicle has problems that will worsen with scale – the more
bikes will be put to the streets, municipalities and operator will oppose to each other’s goals even
more. However, scooter sharing does not have this phenomenon with scaling up. The amount of
vandalism doesn’t increase with larger number of vehicles and is negligible compared to bike
sharing in the first place. For this last reason the vehicle to be designed has to be similar or based
on a scooter, but it should enable the operator to scale easier and spend less finances on operations
and maintenance.
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3 BRIEF
The goal of this part of the thesis is to move from research to designing a new product. It will bridge
the gap of research and design by giving a summary of problem statements found in the research,
an overview of the needs of each stakeholder of sharing and will set up a frame for the design phase
and upcoming steps.

3.1 Defining the needs and aspects of design
In the research, both benefits and problems of bicycle and scooter sharing systems were brought
out. However, a choice was made that the vehicle to solve urban transportation through sharing
services should be based on a scooter.
In scooter sharing the key stakeholders are the municipalities, operator with their separate service
team and f course the end-user. In the following the needs of each stakeholders are brought out.
MUNICIPALITIES:
•

Avoid costs that come with cleaning disregarded vehicles off the streets

•

Get a solution in urban transport that is able to reduce traffic and congestion

OPERATOR:
•

Having a cost-effective service

•

Get rid of integrating thousands of scooters

•

Ability to switch batteries with least effort

•

If user falls over with a vehicle it should be still drivable, or the damage has to be minimised
to avoid repairs as much as possible

•

Knowing which scooters are damaged, misparked, having other errors or simply with an
empty battery

•

Ability to navigate to the faulty / empty vehicles as quickly as possible

•

Ability to find quickly the cause of a faulty scooter – quick and cheap repairs

END-USER:
•

Reliable service and vehicle
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•

Vehicles should be available and accessible at all times

•

Approachable vehicle – no additional experience or knowledge is needed to ride

•

Easy to find a parking place for the vehicle

•

Diverse use possibilities of the vehicle – sometimes the user needs to carry additional cargo,
other times the user likes to drop by a store on the way home

Based on the needs of the stakeholders I have chosen the following aspects as most important for
the design of the vehicle:
•

Battery swaps are one of the biggest part of costs for an operator

•

Scooters that have been designed for personal use are not always optimised for easy and
minimal maintenance – repairs are time consuming and costly

•

Users are usually new to scooters, so crashes can happen quite often

•

The hardware with what the sharing scooters are put together are not always meant for
scooter sharing – they have been utilised from car sharing or based on products made for
personal use

•

Sharing scooter can and should be much simpler than a regular scooter from the
operational aspect – it has to be simple to start, ride and finish the rental

Important part for the selection criteria was the stakeholder assessment. In order to select the
problems to solve a stakeholder assessment was carried out. It is visualised as a stakeholder matrix
based on the interest and power related to vehicle sharing.

Figure 3.1. Stakeholder matrix to assess importance of stakeholders
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The most important stakeholder is the operator. They have the highest combined interest and
power to actually change anything. The municipalities show usually less interest until problems
occur. Then their interest will highly increase. Finally the users have the least power, but at the
same time quite high interest, since can be a crucial flexible way of transport for them.

3.2 The Design Brief
Based on insights obtained in the previous parts of the thesis, the brief can be formed. To describe
the problem value and meaning for the stakeholders it can be stated as follows:
The sharing community appears to be lacking a good sharing vehicle in one product that can be
used in diverse use scenarios, has low cost and is easy to use for the end-user and does not become
litter.
The vehicle functions should help scale operators their sharing service in a sustainable matter,
reduce maintenance costs, time it takes to analyse problems and fix them. At the same time the
vehicle has to be able to proliferate sharing economy in order to reduce congestion and improve
urban transportation. In addition to this, the vehicle has to be robust and cheap enough to
withstand the extended abuse of sharing users.

3.2.1 5W 1H
To give a good understanding of the frame of the design the 5W 1H method is used. The method
comprises of 5 W’s – what, where, when, why and who. And of one H – how.
WHAT is the problem?
The main problem is lacking of a vehicle in sharing that is designed for sharing, has low maintenance
and can avoid vandalism.
WHERE it is a problem?
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In the large cities globally which have a problem finding ways for inhabitants to commute fast and
safely while not adding more internal combustion vehicles on the streets increasing congestion and
pollution.
WHEN it is happening?
When urbanization reaches the extent that city transportation system is too overloaded and heavy
creating restrictions to the users.
WHY people need a good sharing vehicle?
It will be a more flexible instantly available way of transport, while not putting any responsibility of
maintenance and repairs on the consumer.
WHO can use this vehicle?
Commuters, tourists and anybody who would need a quick way to navigate city metropoles. The
product will be designed for target group 21-40-year-old young professionals for commuting
mainly, but as mentioned also has to be available for people coming from another city or country.
HOW will this vehicle meet with customers?
The scooter will be available for everybody to rent. The onboarding has to be as simple as possible
and easy to handle. At the same time it has to be cost-efficient for the operator and placed in
locations which have been agreed by municipalities.

3.2.2 Description and explanation of design drivers
The design driver for the following development have been chosen based on the most critical needs
of the stakeholders which can be solved with a design proposal for a vehicle. All of the drivers are
closely tied together and intertwined and will be explained in the following.
Design drivers are following:
1. Vehicle maintainability and robustness
2. Simplicity for users and operators
3. Longevity of the service
Vehicle maintainability in this context means optimizing costs for sharing companies to keep their
fleet operational through everyday servicing and battery swapping. Also, by helping the operator
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to make decisions which vehicles need servicing now and what might have caused problems the
operator can cut down the costs spent on the maintenance. Robustness or ruggedness is necessary
to be included in design. It means that the vehicle should not break down easily, either by extend
use of what the sharing use case imposes or in cases of accidents.
The simplest things are usually the most reliable. This ties it together with the next driver –
simplicity. For operator it is simplicity to operate, to do the maintenance and to have a simple
vehicle technologically that can reduce the maintenance needed or the time needed to carry out
maintenance. Simplicity in form and manufacturing technologies will reduce the price of the
vehicle. For a user, simplicity on one level is about handling. In the first part of this thesis the
approachability of vehicle was mentioned and how easy it is for everybody to ride a bike. Although
scooters are heavier and faster and due to that they might be intimidating for some users they can
be designed to handle as easy as possible. Additionally, a whole other part is the complete user
experience and intuivity of experience. Although this chapter will not deal with developing an app
for the user still the same language has to be carried through the visual language of the scooter.
Finally, the longevity is mentioned as the third design driver. There are two aspects to keep in mind.
•

the vandalism, misparking and abusive usage

•

simply more usage / kilometers that the sharing vehicles will have to endure

For the first already a possible solution was mentioned in the research – scooter sharing systems
did not have this problem compared to bicycle sharing. For the second point the durability has to
be designed into the vehicle, so, that the vehicle can last for many years in the service.

3.2.3 The design coverage of this thesis
The practical part of this thesis will focus on designing a sharing scooter. It will take into account
the learnings from bicycle sharing and try to make the scooter as approachable and easy to handle
as possible.
More importantly, to be noted is what this thesis will not cover. It will not design the software tools
needed for the operations of the fleet. At the same time since they are an important part of
maintenance and monitoring the health of a fleet, they will be mentioned, and it will be said that
certain features need to be in these software tools, but the designing of an app or a web platform
is not covered.
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Additionally, scooter ergonomics is not part of the thesis. For that ergonomics of a known electric
scooter will be used, since the author does not have competence and time in the frame of thesis to
develop and test ergonomics out on actual scale. But still suggestions will be made to make the
scooter less intimidating for the users and easier to handle.
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4 STARTING TO DESIGN A NEW VEHICLE
Goal of this chapter is to cover the basics what could and can be done to make the vehicle more
suitable for sharing needs. The following sub chapters will give input on first how the vehicle itself
can be changed in order to make it a sharing vehicle. Then it is followed by an analysis how
technology should support the vehicle. Finally, this will be transferred to a design language based
on what the vehicle will start getting its form.

4.1 Vehicle modifications
This chapter will describe possible changes in the order of priority starting with the maintenance
and repairing aspect of the vehicle to sustain the needs of the operator. Then it will consider
solutions for storage and handling in order to be more simple and approachable vehicle for the
user.

4.1.1 Maintenance serviceability and repairs
First, for a quick sharing scooter maintenance, all crucial parts of the vehicle have to be easily
accessible, so that primary checks can be done right next to the scooter on the street. This would
maximize the possibility for the maintenance personnel to fix easy issues already on site and
minimize the necessity to transport the vehicle back to the workshop.
The maintenance personnel have to have easy access to the crucial parts of the vehicle – battery,
controller, relay and fuse box, motor leads and the telematics unit. So, placement of these should
be chosen so that most of these can be easily accessible from one point.
For the battery, it should be as easy to swap as possible. The removal movements should be 2
dimensional and consecutive, meaning that when the battery is removed the person doing it should
only raise or slide it away from the compartment and then move or lift. Batteries can be heavy,
weighing up to 24 kilograms and if the battery swapper has to lift the battery, then at the same
time tilt or move it in other directions then this can complicate the process. Especially if the battery
is located in a tight compartment.
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Second part of the maintenance is repairs, which are often the problem with sharing vehicles. They
see more usage from different people with different levels of experience. So, more accidents or
simple drops of the vehicle are bound to happen. At the same time personal vehicles are designed
to be visually good looking and definitely not designed to be crashed.
Most of the current electric scooters have fragile thermoplastic covers that when the scooter is
simply dropped the plastics will fracture or break into many pieces. However, for motorcycles
sliders have been used to spare the bike in case it is dropped or slides out even in high speeds. The
idea of these is to save the crucial parts in high speed slides, like the crankcase cover and protect
the vehicle plastics in slow speed slides. [24] They work just brilliantly and if the crash happens at
slow speed 10-20 kilometres per hour, then the slider even does not need to be switched after the
falling over. For sharing solutions easily switchable plastic protection zones can be added to the
contact areas, when the vehicle will be tipped over. So even when the scooter goes down going at
city speeds, then the damage is manageable by simply switching out these pucks (if necessary).
Manufacturing separate pucks is a simple process and they can be made to be replaceable with
ease.

Figure 4.1: Sliders on a motorcycle to protect in case of city speed crashes [24]
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It is all about time and money spent on maintenance when it comes to making a vehicle for sharing
use. This is the key cost driver for the operator. With simple changes in the design of the vehicle
like protection against sliding, giving tools to find issues quickly and giving easy access to main
problem areas will reduce the operation costs greatly.

4.1.2 Handling
Second part of the vehicle modifications are to find ways to make the vehicle easier to operate by
the end-users and more convenient for their usage needs.
One thing that when compared to bicycles are the downside of scooters is the wheel size. Bicycles
have much larger wheels, which makes them much more comfortable on streets with potholes.
Bigger wheels have also proven to make the handling of the scooter much simpler. For example,
given the Schwalbe scooters which are used by EMMY. They weigh more than 130 kilograms and
are one of the heaviest scooters on the market, but they have 16-inch wheels which makes them
still very easy to handle and the weight difference does not show while riding. Albeit, in a stand still
position still the heavier scooter is harder to keep upright. In the end selecting the tire size is always
a compromise. The following will give an overview what having bigger or smaller wheels mean.
First, having a wheel that weighs less reduces the unsprung mass which means that the suspension
does not have to work that hard to keep the wheels touching at all times. Also, less weight means
less steering inertia. This is beneficial in all cases. Weight can be reduced in two ways – either
reducing the wheel diameter or the width. [26]
Second, wheel sizes influence the gyroscopic effects greatly. For a given tyre and rim section these
are proportional to the road speed and the square of the wheel diameter. Thus, bigger wheels will
start to give their balancing effort at lower speeds. Making the vehicle easier to keep upright and
manoeuvre in slow speeds. [26]
Third, smaller wheel drops further into a pothole and at the same time it also feels bumps more
sharply, because travelling at same speeds the smaller wheel has less time to climb the bump
putting more stress on the suspension system. This means that larger wheel diameters are better
on rough surfaces. [26]
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Figure 4.2: A smaller wheel will drop further into a pothole [27]

Figure 4.3: A smaller wheel will have less time to climb the obstacle because the distance is less [27]

Fourth, for a given tyre section the contact patch touching the ground is usually bigger with larger
wheels. Although here a compromise has to be made. If thinner wheel is needed to reduce the
steering inertia and unsprung mass, then the contact patch might not be bigger in the end with a
bigger wheel. [26]

Figure 4.4: Larger wheels theoretically have larger contact patch [27]

The last thing is that smaller wheels can amplify the self-steering effects of trail and rake angles
which could result in twitchy or nervous handling. [26]
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But wheels are not the only option to make the vehicle easier to operate. Weight of the vehicle can
play an important role as well - lightweight two-wheelers are always easier to handle. First, they
will create the feeling of agility. Second what happens with heavier vehicles is that they are harder
to steer with the body of the user because the body mass of the average user relatively decreases
compared to the weight of the vehicle. Also, the moving mass is much bigger which means that the
inertia effect is much stronger. In that case actually the user cannot use the body to lean into a
corner, but instead has to use counter-steering. This is something that can be difficult to master by
new adopters. That is why the vehicle to start off has to be very light in order to try and optimise it
even more for weight.
And finally, something that could make a vehicle intimidating is the visuals. If the vehicle looks
smaller and narrower it would seem to the user more approachable and the probability that a
potential user would try it out increases. Additionally, this will make the parking easier and allow
to go to more places. For example, in Tallinn’s old town the movement of vehicles is not restricted
by their class but their width. Everything above 0,7m in width is not allowed on the pedestrian
streets and for example to the city hall square.
To conclude, using larger wheels on a sharing scooter can help in bad road situations, but what
happens even more often is that with a scooter it is sometimes necessary to ride over sidewalks to
park it. For example, in Spain, Barcelona it is mandatory for scooter to park on the sidewalks They
have separate parking areas for scooters. In these cases, with larger wheels it is much more
convenient to climb over the sidewalk. Additionally, the vehicle could be fitted with puncture proof
tires to reduce maintenance even further. Secondly making the vehicle look as lightweight and
narrow can indulge more users to try out the vehicle.

4.1.3 Storage
Another aspect that is very important for commuters, the sharing systems key users, is storage.
Bikes can have some storage with front baskets or rear racks, but in this area the scooters just excel.
What a sharing scooter needs to fit is at least 2 helmets, documents of the scooter and hair nets.
Depending on the country and legislation but sometimes it might be necessary to also add a firstaid kit and a yellow traffic vest.
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For additional storage, often the top case is used. In this way the under-seat storage is left for the
cargo needs of the user. But for example, if the under-seat storage is maximized by using a wheel
hub motor, then the top case could be removed. It would simply remove one additional item on
the scooter that could break. In this way it even helps to reduce the maintenance costs. At the same
time maximizing under-seat storage can put limitations to the wheel size. But for that inspiration
can be taken from MX bikes. Motocross bikes have a larger front wheel to handle better on rough
ground, but still use a smaller wheel in the back in order to maximize the free area above the rear
wheel. They of course do not do it to add cargo, but to have maximum suspension travel for the
rear. The standard for MX bikes is 21 inch front wheel and 17 inch rear wheel.

Figure 4.5: Motocross bike [28]
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To add simple of use to the user, the storage area should be sectioned. For example, if the helmets
and other necessary things for sharing are stored in roughly the same area as user’s stuff it can
become a hassle. If we take the use case that the user will use the scooter to get groceries on the
commute home, they will remove the helmet and put it into storage and probably will take the bag
with them to the shop. In this case it is important to have certain sections in the storage for different
items, so that the user does not have to completely empty the storage again to put the personal
items and groceries back into the storage.

4.2 Technology
The vehicle that is used in sharing situations needs some technology in order for the operator to
keep an eye on the fleet and users to manipulate the vehicle. This chapter will concentrate on first
what technology needs to be added to the vehicle and then how this can support the sharing usecase.

4.2.1 Telematics unit
In vehicles telematics box is usually called small electronics box that is able to collect data from the
vehicle and then also transmit to a central server unit where the data is filtered, manipulated and
analyzed. Then this data is displayed usually in some web platform or computer application
frontend as graphical visualizations.
Usually what this telematics unit includes is following:
•

A global positioning system (GPS)

•

An external interface for mobile communication (GSM, LTE, WiFi or any other connectivity than
enables the data to be sent to a server unit)

•

An electronic processing unit

•

A microcontroller which processes the information and acts on the interface between the GPS

•

A mobile communication unit

•

Some internal sensors

•

A memory unit that can save the data from the vehicle and sensors if the connectivity is lost
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4.2.2 Connectivity
For a telematics unit it is necessary to choose a low-cost robust connectivity solution. Additionally,
for easier scalability it has to have worldwide connectivity. For sharing Local Area Networks cannot
be used, because the vehicle is constantly moving. So, for example this means that using WiFi is
already excluded.
At the same time there are a lot of wide area networks that are currently in use and their evolution
has been rapid within past years. They can be divided in broadband and narrowband connections.
U-blox, a company manufacturing connectivity module, gives a good picture of how the
connectivity of WAN networks has evolved. With the rise of smart wearable devices also a necessity
for Low Power Wide Area Networks has risen.

Figure 4.6: Screen capture from u-blox webinar from 17.04.2018 [29]

For the speed and cost of the network 2G would be sufficient for sharing applications, but at the
same time the 2G network has already been shut down in a lot of countries and many plan to follow.
Furthermore, even 3G networks have been planned to shut down. What makes worse is that even
if the carriers do not plan to shut down the 2G completely they plan to shut down some bands for
2G in order to reuse the bands for 4G. Already now in Estonia according to Elisa they have in total
about 2700 base stations out of which only approximately 200 are still available for 2G 1800MHz.
At the same time most of the narrowband LPWAN solutions are new and they are not so robust
yet. However, manufacturers are producing modules which have CAT M1 and NB-IoT capabilities
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with a 2G roll-back feature. For the time being these modules seem to be the best option for
worldwide coverage. Countries which do not support 2G anymore have chosen the direction to
invest more into narrowband solutions, but still in most of the world the 2G is the most robust and
cost-effective data transmission option if the amount of data sent is rather small. CAT M1
specifically allows use cases where the vehicle is moving and in quite large area which usually is the
case for sharing operations.
In parallel some Personal Area Network (PAN) connections can be useful in order to improve the
user experience. For example, Bluetooth can be implemented to make sure that the user has to be
close-by in order to start the vehicle. But, at the same time this problem could be solved as well
with simpler methods like QR code or RFID tag which most of modern smartphones support.

4.2.3 Placement
Since telematics unit will have always some sort of connectivity, placement of the unit is also
important. Especially if the GPS signal is considered. GPS signal is very sensitive to its surroundings
and at the same time it is one of the most important signals in tracking the fleet status. The position
has to be chosen carefully, since the high buildings in the cities already decreases the signal
strength.
To get a good GPS signal the antenna should be pointed towards the sky and should have as less
obstructions as possible and definitely no parts that are made of metal. At the same time the
telematics unit itself should be positioned further away from possible electromagnetic interference
sources like motor or motor controller.

4.2.4 Sensor system
As was mentioned in the brief one of the most important problems or needs for the operator is the
maintenance and battery swaps. In these situations, input from sensors and direct live feedback
from the system can help greatly.
If the vehicle will have multiple electronic systems running on board then some of them are bound
to fail at some point. Most common problems in the automotive sectors are corrosion and
vibration. Connectors will become corroded or wire ends can vibrate loose. Feedback from all of
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the systems is necessary. This means the feedback from the immobilizer, the seat lock, handlebar
lock, all of the cover locks for electronics and battery, ignition, motor controller and so on. When a
scooter fails to start it can be because either one of the critical systems are faulty or it can also
happen because the firmware on the telematics unit usually checks certain systems before it allows
the scooter to turn on. For example, the module does not allow to start the vehicle when the top
case or the seat is open because of safety. So, the possibilities why the scooter will not start can be
multiple. Having this feedback from all the systems which shows which of the sensors or signals is
not coming through already reduces the time to find the issue a lot
On the telematics unit itself, there is possibility to implement other sensoric systems as well. Adding
acceleration and gyroscopic sensor will enable to implement crash detection on the software, so
that the operator will be notified and also for example the user’s emergency contact could be
notified. Additionally, more relevant for the operator is that with accelerator sensors they are able
to get information about possible thefts. The accelerator sensor is able to be triggered when the
scooter is moved without authorization.
Finally, third party sensors can give additional information about the vehicle status as well. For
example, adding tire pressure monitoring sensors can detect when the tires are empty. Right now,
the operators can just monitor when the scooter has not been moved for many days, so then they
just assume that there is a problem with the scooter and will send out a maintenance crew. Third
party sensors could detect these issues even before the tire pressure gets so low that the vehicle is
not driveable anymore. Additionally, it will give right away information about the nature of the
problem saving even more time spent on maintenance or fixing.
Adding sensoric systems to the vehicle will give more control and information to the operator and
maintenance crew. It will help with finding the causes if something fails, can increase user and
scooter safety and additionally can detect problems even before they occur. Something that has to
be kept in mind with the module development is that it needs to be future proof and able to connect
also with different third party sensors if necessary.

4.2.5 Keyless nature of the system
What is important for the operators is the keyless nature of the system. For that usually an
additional relay needs to be added to the vehicle’s ignition system in order to control it. It is
important because most current available systems use keys that have a certain place to put them
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in the top case which is able to detect whether the key is in or not. But what users think is if they
can get the key from the top case they can just use the key to start the vehicle. Unfortunately, this
is not the case and this causes unnecessary costs for the operator to replace the keys and broken
top cases. By removing the key for all the necessary parts this reduces time for the user to start the
vehicle and also the same happens for maintenance personnel. Only using an app to open the
compartment for the battery simplifies the process a lot when compared to the process described
before for EMMY.
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5 THE DESIGN OF THE VEHICLE
In this chapter the design of the scooter is revealed to the audience. It will start with explaining the
design language of the product of what it should be, then will give an overall explanation of the
process and the final look and feel and finally will explain the decisions in more detail.

5.1 Visual language of the vehicle
In this thesis once before there is mentioned that visual appearance is one part that could make
the vehicle seem more approachable and could result in more potential users trying out the vehicle.
First it is necessary to find out what a design language of sharing vehicle should be. Throughout this
thesis one of the central keyword has been ruggedness or robustness. Based on that to get more
ideas a simple moodboard was assembled.

Figure 5.1. Moodboard to start the design of the vehicle
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5.2 New product
The new product design has to create a sharing scooter for the operators and users. To remind the
brief the key design drivers were chosen as following:
1. Vehicle maintainability and robustness
2. Simplicity for users and operators
3. Longevity of the service
Keeping these in mind a quick mock-up of a potential scooter was created in order to then start
sketching on them. One of the first sketches based on this initial CAD mock-up is below:

Figure 5.2: One of the initial sketches of the scooter
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The first sketching happened already before having a certain idea of what the actual look and feel
could be. The main goal of initial sketching was to map the features or needs for the sharing scooter
visually.
After having mapped the features and having worked on the potential design language the final
concept model of the vehicle was produced. The key components seen in the renderings are the
oversized fall protectors, battery which is placed under the driver’s feet and bigger front wheel.
Additionally hidden is the changed storage compartment and the telematics unit of the sharing
scooter.

Figure 5.3. Rendering of the concept vehicle
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Figure 5.4. Render side view of the concept vehicle

Figure 5.5. Render front view of the concept vehicle
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5.3 Maintenance and repairs

5.3.1 Battery swaps
Initial designs of battery swaps started with trying to make it as quick and convenient as possible.
The first decision point was the location of the battery. On most scooters it is located under the
seat. This makes it ergonomically difficult to swap because maintenance guys have to lift the battery
up and over the underseat compartment walls. The battery itself weighs usually between 15-24
kilograms, depending on the capacity. What makes it even worse is that battery swappers have to
switch them multiple times a day – usually the whole fleet is swapped within a day during high
season. So, for that a location somewhere around the footrest area is much better for the battery.
Then for the lifting action the swapper can use his legs instead of hand muscles. Additionally, this
location frees up more space for storage and facilitates only a simple movement of lifting the
battery. No rotations needed.

Figure 5.6. Initial sketch when configuring the battery location

Second aspect of the battery swaps is the accessibility. How easy it really is to take the battery out
and insert a new one. For this problem initially, a couple designs were created to make as easily
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openable latch as possible, that can be operated with a smartphone and will open thanks to springs
automatically.

Figure 5.7. Initial battery concept with the electronics controlled hatch

However, in a later design revision the whole idea of using a latch was disregarded. The inspiration
came from different battery powered tools, for example a drill. The battery is not hidden under a
latch, but the housing itself is used to fix the battery to the tool. Similar concept was created for
the scooter. With this concept an easy way to connect the battery to the vehicle was also taken
into account and a quick connector added to the bottom of the battery compartment. A sturdy
handle to lift the battery from the vehicle and an electronically driven latching system that will lock
the battery in place on the vehicle. A sturdy handle to lift the battery from its place is also
integrated. One of the future developments could be a similar battery holding and charging system
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can be developed onto the battery swappers minivans, so that they would be securely fixed during
transportation and can be charged at the same time.

Figure 5.8. Battery in its fixed position

Figure 5.9. Isometric view of the battery
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Figure 5.10. Retractable plug to fix the battery in place

All of this together has the potential to reduce the time spent for a battery swap massively. If we
take the EMMY’s case where the battery swap took approximately around 15 minutes because
batteries were hidden behind a panel that needed to be unscrewed then swapping with this
concept can happen in under a minute.

5.3.2 In case a vehicle is dropped
In the previous chapter already, a hint was given based on what is used on the motorcycles – pucks
specifically designed to survive sliding on asphalt and spare crucial components of the bike. Here a
similar concept can be developed to protect the plastics and crucial components of the scooter.
The pucks essentially should be as cheap to manufacture and easily replacable. The easy
replaceability is covered in this thesis by simply needing to unscrew couple of bolts and the puck is
free to move. No additional plastics need to be removed. However, the cost part was not kept as
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the main goal here since this is a concept design and these parts are key components that carry the
ruggedness forward. As a concept design proposal the sliding plastics are exaggerated in order to
bring more robustness into the aesthetical design. If this was not set as a goal, the pucks could be
optimised for much cheaper manufacturing by reducing size, making them symmetrical and with
same geometry. Then they can be produced in larger quantities reducing the price.

Bolt locations to

Bolt locations to

remove the plastic

remove the plastic

pucks

pucks

Bolt locations to
remove the plastic
pucks

Figure 5.11. Bolt locations on to switch the plastic sliders

5.3.3 Storage
Sharing use case has also different needs for storage. It has to fit two helmets for the users and still
be able to fit whatever cargo the user might have. In addition since the helmets are used by multiple
people hygiene has to be considered. A compartment for hairnets and vehicle documentation are
a must in this case.
In order to facilitate the two helmets and still have adequate space for the users cargo the size of
the underseat storage comparments of existing scooters was not enough. When viewing
documentation of the scooters, something that clearly defines the size of the storage compartment
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is the rear wheel diameter and where the motor is located. A large rear wheel means that the rear
part of the storage will have to be smaller. Second is the location of the motor. If a hub motor is
not used, it is usually placed right in front or above the point where the rear fork attaches to the
frame. This uses up a lot of valuable space for the possible storage of the helmets. One good
example of bad usage of space is a scooter from Schwalbe.

Usable space for
Space used by

storage

battery

Space used by the
Space used by the

motor

rear wheel
Figure 5.12. Space usage on a Schwalbe scooter [30]

At the same time a NIU scooter shows very well how using a hub motor and smaller wheels provides
more storage area.
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Figure 5.13. See-through view of the NIU scooter [31]

In the previous chapters the benefits of large wheels where discussed. However, to increase storage
space a smaller rear wheel is used, but the front wheel was left at 16 inches for handling reasons.
In addition to helmets, a sharing vehicle storage needs to hold vehicle documents and hairnets for
hygiene reasons. Compartments for these were added.
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5.3.4 Technology
5.3.4.1

Enabling to be a sharing scooter

This part will not affect directly the design of the vehicle, and this thesis will also not go into indepth analysis of the best design for a telematics unit. However what needs to be explained is what
technology can enable the scooter to be a better sharing vehicle. Ability to control all actuators on
the scooter via a smartphone simplifies and quickens the process. Actuators that have to work
keyless are the ignition, the steering lock on the scooter, opening the seat and of course additionally
to unlock the battery from the vehicle. This will ease access to the user and the maintenance crew.
Other part is that technology can support maintenance and repairs as well. Crucial part of this is
having an overview of the vehicle. First accurate GPS based location helps find the faulty scooters
faster. Having a good overview of what the acutal status of the scooter actuators is help find faults
quicker. Additionally, tire pressure sensors can be added. To sum up, the telematics has to give
information about the battery status, status of the ignition, steering lock, battery lock and seat lock.
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Also read data from the tire pressure sensors and be able to detect crashes based on input of
acceleration sensor and gyroscope.
Where a design decision has to be made is the positioning of the unit on the vehicle. The
connectivity technology has to forward signals and statuses from the scooter to a central server as
mentioned before. However, the most important decision point is for the telematics unit is the
positioning. It has to have a good view to the sky and not be obstructed by metal object in order to
get an accurate GPS lock and good GSM signal. For that reason, the unit would be positioned in the
front part of the vehicle just under the plastic cover. This way the module is not covered by any
metal, but also makes sure that it cannot be covered by any other object. For example, an
alternative would be to place it as close as possible to the other main electronical components of
the scooter like battery, controller and motor. But unfortunately, these are usually located in the
center or the rear part of the scooter. Even if the telematics unit is only covered by plastics, it can
still be obstructed by the driver of the vehicle or whatever he or she carries.

Placing the unit here could result in reduced signal
quality if a second person is seated on the scooter

Telematics

unit

should be placed
under the plastic in
front of the scooter

Placing the telematics unit somewhere here
close to other electronical parts of the
scooter could result in reduced signal
quality when the driver is on the vehicle
Figure 5.14: Possible placement of the telematics unit
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6 FUTURE DEVELOPMENT

6.1 Hardware

6.1.1 Manufacturability
As the first next step a critical review of the model has to be made in order to move towards
production. With this strength analysis of the frame has to be conducted for example. Additionally,
materials and production methods have to be chosen. After that the design has to be changed
accordingly and cost calculations carried out and made sure that this vehicle can be produced with
low costs. This will make the scaling of systems much easier for the operators, since now they have
to initially invest a lot of resources to get to a reasonable size fleet. Otherwise this could emerge as
a new barrier to scale the business. The research could end up with proposals to a manufacturing
plant setup where these scooters could be produced.

6.1.2 Telematics unit
The design of a telematics unit can be researched and developed in-depth. Actual selection of
components has to be made with a cost analysis of the whole unit. The best connectivity network
has to be chosen and also cost and speed analysis of this conducted in order to provide a reliable,
but low-cost service. This could be a suitable topic for bachelor level thesis in the future.

6.2 Software

6.2.1 Application
The application has to give quick overview for the user in order to select the scooter appropriate
for him/her. The application is the main interface for the user. So it has to have certain features
that make the experience more pleasant to the user.
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Two key features for the usability are the vehicle availability and vehicle condition. First the vehicle
has to be available nearby and also the ability to reserve a scooter beforehand. If the user sees a
scooter and then walks there just to find it missing is terribly bad user experience. Second part is
the vehicle condition. User has to know whether the vehicle has two seats or not, are all the helmets
still in the top case, how much charge is there left in the battery and how far the scooter actually is
from the current location. Essentially the app has to be intuitive to use and as simple as possible.
Design wise all of the apps now fulfil this requirement and they are mainly based on ride sharing
apps, like Uber or Taxify. The general user flow is very similar for scooter sharing and Taxify. At the
same time something that has to be kept in mind when creating a general sharing app is that this
will be provided to many operators, so it has to be coded for flavouring.
Important for the user from the app:
•

SOC or range

•

Distance to vehicle

•

Information of the vehicle (2-seater or 1 seater)

•

Quick registration and even quicker rental process

•

Different types of payment options (differ very much from country to country)

•

Quick login possibilities (linking with social media or e-mail accounts)

6.2.2 Web platform
With the web platform its main goal is not to be as simple as possible which is the case of the enduser application. On the contrary this has to be a complex tool which allows the operator, callcenter and maintenance guys to fulfil their daily tasks.
The operator has to have a live overview of the operations of the fleet. But since every operator
wants to define different KPIs for themselves, this part of the web platform has to be customisable.
Technology provider can supply modules that the operator can select, but this final selection ability
has to be left with the operator. The operator would act as the admin of the web platform and
should have access and rights to all parts of the platform available to the user levels mentioned
below
The call-centre has to be able to fix everyday issues and also has to have the operational overview
of the fleet. A map view is sufficient for that, which shows, which scooters are in use, which are
free to rent and which have a low battery. Also additionally it should show scooters that have not
had a rent for a long time, because there might be issues with these scooters.
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The maintenance guys first necessity is to detect which scooters are faulty. For them the map view
is not best. A table form with tasks to do set by the call center or the operator is much better for
them. Then based on the prioritization they could get an automated quickest route to fix the
problems if the scooters are on the streets. Another important part for them is that they have to
have possibility to debug some problems over the platform. Detailed information about the vehicle
usage and data history has to be available. Additionally tools for debugging issues – quick access to
turn on and off the attachments on the scooter including the ignition etc. Also this system for the
maintenance personell has to fufill a MRP system. They would get tasks from others, which they
need to fix and after fixing this information needs to be available to others – what was done and
what is the outcome (for example when the problem is not easy to fix)
•

Overview of the fleet on map

•

Ability to manipulate vehicles

•

Detailed historical data of the vehicles
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SUMMARY
Urban transportation planning is a problem for a lot of cities. This thesis set out to find a potential
solution that can relieve these issues based on two potential modes of transport – bike and scooter
sharing. In the research section serious problems with the bicycle sharing were found – vandalism
and littering. These issues were so severe that they were not solvable by developing a vehicle,
especially since they scale with the business. At the same time scooter sharing showed a clear
problem that could be solved by creating a customised sharing scooter.
From there a brief was formed. The scooter had to solve the operational issues for the operator.
These mainly being the time and resources wasted on battery swaps and the maintainability and
cost of repairs on the scooter. At the same time, sharing vehicle has to be simple to use for the
users. However, operators have added a separate layer to register rides, which complicates the
rental process. Furthermore, the longevity of the service had to be guaranteed that the vehicles do
not come in conflict with the municipal law or regulations and that they do not become obsolete
and vandalised. These were also considered as the main design drivers for the concept
development.
As part of the development, potential solutions were explored and in the final part implemented –
a concept design of a sharing scooter was proposed. The scooter features a battery locking system
that keeps the battery attached to the vehicle, but at the same time is very easy to remove and
insert a new fully charged battery. Inspiration was taken from systems used on power tools with
batteries. To reduce the workload of repairs needed on the scooters, protective plastics were added
which can withstand several drops or even slides. When they finally wear out they can be easily
replaced. Additionally, a larger front wheel was selected to increase the ride comfort and make the
handling of the vehicle slightly easier. The rear wheel was not increased in diameter in order to
provide more storage space, which for a sharing scooter has to fit two helmets, documents and
other items necessary for a sharing scooter. Separate compartments for these items were created.
For the scooter to be a sharing scooter it has to have a technology layer in order to connect the
scooter to a user-operator system. The technology was not designed as part of this thesis, but the
best placement on the vehicle and selection of potential technologies and sensoric systems were
presented. As the technology layer was not discussed in-depth in this thesis including the software
layer of the user-operator system, they were briefly touched as future developments to lay out the
potential development directions.
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