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Abstract: The current quantitative and qualitative development of bike-sharing systems worldwide
involves particular implications regarding the level of sustainability of urban development and city
residents’ quality of life. To make these implications as large as possible as well as the most positive,
it is essential that the people who use municipal bikes on a regular basis to the largest extent possible
abandon car travel at the same time. Thanks to their operational characteristics, electric bikes should
enable meeting the transport needs of a wider group of city residents compared with traditional
bicycles. The main aim of this study was therefore to check whether the municipal electric bike
system (MEVO) in Gdańsk-Gdynia-Sopot metropolitan area of Poland lived up to the hopes placed
upon it by policymakers. Therefore, the article tests the hypothesis indicating that the municipal
electric bike systems constitute a substitutable form of transportation against passenger cars to
a larger extent than against collective urban transport and walking trips. The analysis was performed
based on the results of primary studies conducted among the users of MEVO. The data show that
the MEVO was a substitutable form of transportation against collective transport and walking trips
to a larger extent than against passenger cars. Through logistic regression analysis, the variables
concerning the probability of replacing car trips by MEVO bicycles were determined. Among the
analyzed variables, the following turned out to be statistically significant: age, the number of people
in the household, the number of cars in the household, the distance from work, and gender. The
results therefore indicate that substituting in favor of electro bikes was more probable for younger
people with fewer people in the household and a distance to travel below 3 km, whereas it was
less probable for people with more cars in the household or traveling a distance longer than 10 km.
Additionally, females were more likely to choose the bike system.

Keywords: municipal electric bike system; electric bike-sharing; sustainable urban transport;
travel behavior

1. Introduction

The current urban transport policies focus mostly on the external costs of transport,
such as the ones related to air pollution, noise, road congestion, and road accidents. These
costs are, to a large extent, a consequence of the dominant share of individual transport,
mostly car transport, in the city residents’ municipal travels. The political decisions that
are made indicate the intention to reduce the share of passenger cars in daily travels.
However, it requires providing city residents with an attractive alternative. Fulfilling the
city residents’ transport needs with the use of bicycles matches the concept of sustainable
urban development, since travel by bicycle, apart from walking trips, constitutes the most
environmentally friendly mode of transportation of the city residents. To increase the share
of bike travels in the modal split of particular cities worldwide, bike-sharing systems have
been introduced.
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In the Gdańsk-Gdynia-Sopot metropolitan area, the bike-sharing system (called
MEVO) was introduced in 2019. In 2019, there were 96 shared bike systems in opera-
tion in Poland. Access to bike-sharing services operating in 108 cities had 2.6 million
registered users [1]. MEVO was the first bike-sharing system in Poland using only electrical
bicycles (with electric power-assisted steering). The main reason for the use of electric
bicycles in the MEVO system rather than traditional bicycles was the large differences in
the ground levels in the Gdańsk-Gdynia-Sopot metropolitan area. Electric bicycles were
therefore intended to enable almost everyone to use the bike-sharing system.

The introduction of the MEVO system into operation was accompanied by the hope of
reduced car trips and an increased share of public transport [2]. The increase in the share
of public transport was to result from the use of city bikes by residents for the first and last
mile of their journeys. Furthermore, the reference literature indicates numerous advantages
to fulfilling transport needs with the use of bikes, and consequently, bike-sharing systems,
the advantages of which include the following [3–11]:

– Reduced consumption of fuel necessary for meeting the city residents’ transport needs;
– Reduced congestion;
– Reduced level of noise and pollution emitted by fuel-powered vehicles;
– Complementing the offer of an urban transport system;
– Supporting park-and-ride systems;
– Offering the “last mile” solution while traveling to places where transportation is

limited or prohibited;
– Improved transport availability;
– Increased tourist attractiveness of the city;
– Improved physical and psychological health of the city residents;
– Increased possibilities to meet the city residents’ transport needs;
– Increased social acceptance for the introduction of rigorous transport policy toward

passenger cars (e.g., reduced number of parking places).

To make it possible for bike-sharing systems to have a positive effect to the largest
extent possible through their advantages on the city residents’ quality of life, it is preferable
for the users of bike-sharing systems to abandon using passenger cars for urban travels.
Therefore, it is preferable for municipal bikes to become the substitute for passenger cars to
the largest extent possible (particularly owned cars). To make this possible, it is necessary
to facilitate not only the bike renting process itself but also traveling by bike. One of the
feasible solutions involves using electric bicycles in the bike-sharing systems. Thanks to
such a solution, bike travel requires less physical effort, and consequently, it is possible
for a larger group of potential users. Definitely less favorable is a situation where the
municipal bike users abandon walking trips or traveling by public transport in favor of
municipal bikes.

The main objective of this study is to verify whether municipal electric bike systems
constitute a substitutable form of transportation against passenger cars. If that is not the
case and they substitute public transport instead, then they do not contribute to sustainable
urban development to a large extent. Given the foregoing, this article verifies the following
hypothesis: municipal electric bike systems constitute a substitutable form of transportation
against passenger cars to a larger extent than against collective public transport and walking
trips. This study thus shows the real effects of implementing an electric bike-sharing system
in the largest metropolitan area in northern Poland and analyzes whether the effects of the
implementation of the MEVO system are consistent with the expectations of policymakers.
Based on the obtained data, the factors affecting the residents’ willingness to substitute car
travel with municipal bike travel were analyzed as well.

2. Literature Review
2.1. History of Bike Sharing—From “White” to Electric Bikes

Bike-sharing systems are based on the idea of sharing economy. Since the concept of
sharing economy is only a recent concept in the economic sciences (one of the first persons
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who used this term in 2008 was Prof. L. Lessig of Harvard Law School [12]), we have not
yet observed one commonly applied definition of this term. The sharing economy is most
frequently defined from the angle of its usability, as providing consumers with temporary
access to unused physical resources is usually performed in return for financial means [13].

The concept of municipal bikes was introduced for the first time in the 1960s [14].
Over the years, the concept evolved from the so-called “white bicycles” into the currently
introduced fourth generation municipal bikes. The first attempts to introduce bike sharing
should be considered a failure [15]. Even though the bike’s gratuitousness and availability
was supposed to be its best advantage, quickly (i.e., only within several days), the bikes
operating within these systems were damaged by vandals, stolen by thieves, or confiscated
by the police [8,16]. In response to the observed problems with the first-generation mu-
nicipal bike systems, attempts were made to introduce second-generation systems. These
attempts were first made in the first half of the 1990s, mainly in Denmark [16]. These
bikes were specially adjusted for intensive use, and as a result, they were less prone to
accidental damage resulting from normal use. The greatest breakthrough involved ap-
plying docking stations, which enabled renting a bike against a deposit [8]. The problem
affecting the second-generation systems included the still too significant anonymity of the
bike users. This anonymity led to acts of vandalism and bike theft incidents. The third-
generation municipal bike systems were successful mainly thanks to the development of
technology, which was observed in the second half of the 1990s and later. The drawback
of the third-generation municipal bike systems compared with subsequent generations
is their dependence on docking stations. This means that the user of a third-generation
municipal bike is forced to rent it from and return it to one of the docking stations located
in a particular city. The possibility to start and finish the ride outside the docking station in
any location (within the area of system operation) is provided by fourth-generation bike-
sharing systems. Moreover, they still feature all the advantages of the previous generations’
systems. The drawback of the fourth-generation systems refers to the need to reposition
the bikes, which was more broadly presented in [17–20].

Each subsequent generation contributed to changing the operational scheme of the
municipal bike system. In the case of bike-sharing systems with stations, their success
depends on the solution of three optimization problems: the number and locations of
stations, the capacity of the stations, and the bicycle distribution [21]. The operational
schemes of subsequent generations of municipal bikes from the user perspective are
presented in Figure 1. This shows that the subsequent generations of bike-sharing systems
not only reduced the bike renting process but also added more elements into the system.
Nevertheless, thanks to the application of IT solutions (that allow, for example, to find the
accurate location of a vacant bike, pay automatically, and register in the system online), the
service of fourth-generation municipal bikes should create no barriers to their use, whereas
people who do not have a smartphone are partially excluded from using fourth-generation
municipal bikes. In Poland in 2018, 63% of people had a smartphone (the median for the
developed countries totaled 76%) [22]. Fourth-generation municipal bike systems are the
first to use not only conventional but also electric bikes.
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Figure 1. Operational schemes of municipal bikes of different generations from the user perspective. Source: own
elaboration. Explanatory note: gray elements refer to stages the user is required to perform only once.

2.2. Place of Bike Sharing in the Urban Transport System

Between the systems of municipal bikes and other forms of urban transport, we can
observe one of the three relations. Municipal bikes may be complementary, substitutable,
or unrelated to the other forms of transportation [23]. Some researchers studying this
issue analyzed the relations within the municipal bike systems from the angle of their
complementarity and substitutability against passenger cars and public transport [24,25].
The relations between municipal bike systems and public transport are particularly com-
plicated since, in such case, we may observe both substitutability and complementarity
against public transport.

The complementarity between municipal bike systems and public transport results
from the possibility to access the public transport station (first mile) by bike and travel the
“last mile” by bike from the station to the destination [26]. Since public transport terminals
constitute significant traffic generators, we can observe located in their vicinity the stations
of bike-sharing systems [8,27]. Studies show that variables related to public transport
(e.g., the distance between the municipal bike stations and public transport terminals or
the number of passengers of a particular public transport terminal) affect, in a statistically
significant manner, the level of demand for bike-sharing system services [28,29]. Therefore,
they constitute a good predictor of the volume of demand for the services of particular
stations of municipal bike systems.

On the other hand, municipal bike systems constitute the substitutable means of
transportation against public transport, particularly for people who do not own passenger
cars. Studies have proven that the substitutability of bicycles against public transport is
particularly high in the case of short travels with distances of up to 5 km [30–33]. The
use of electric bikes in municipal bike systems extends the average travel distance, which
involves the substitution of public transport [34]. Numerous studies have proven that the
average distance of electric bike travel is longer by roughly 50% than travel by traditional
bikes [35,36].
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The situation where the municipal bike system substitutes public transport, namely the
situation where the city residents abandon using public transport services in favor of bike-
sharing services, involves two consequences. First, the decrease in the number of public
transport users will result in a decrease in the public transport fee rate. The public transport
service fee rate shows to what extent the total costs of services are covered by the revenue
from ticket sales. Therefore, a decrease in the public transport service fee rate means that
public transport must be subsidized to a larger extent from the local authority resources.
At present, within the area where the MEVO municipal bike system was operational, there
are two main public transport operators: ZKM in Gdynia and ZTM Gdańsk. In the case of
these two operators, the value of the fee rate does not exceed 50% (ZKM in Gdynia: 43.8%;
ZTM Gdańsk: 48%). This means that more than half of the public transport operational
costs within the network managed by the above-mentioned operators is subsidized from
the local authority budgets. Further outflow of public transport passengers and a decrease
in the fee rate may lead to a situation where it is necessary to reduce the public transport
offered. Such a situation may lead to a decrease in the attractiveness of the offered public
transport and consequently to a further decrease in the number of public transport users.
Therefore, fulfilling transport needs with the use of municipal bikes and abandoning the
fulfilment of those needs through public transport may lead to increasing the phenomenon
defined in the reference literature as “the public transport vicious circle”. Despite the fact
that “the public transport vicious circle” most frequently occurs during the debate on the
place and importance of passenger cars in the municipal transport system, substituting
public transport with municipal bikes may lead to increasing this phenomenon, since
a decrease in the number of public transport passengers resulting in a decrease in the
quality of public transport offered or an increase in ticket prices may lead to the situation
where people using public transport services up to this point to meet their transport needs
abandon these services and swap for passenger cars (referring in particular to people
disinterested in meeting their transport needs with the use of municipal bike systems).
Such a situation is currently observed, inter alia, in Latin American cities [37]. It is worth
noting that due to the car being a generally less sustainable mode of transport than public
transport, if a bike-sharing system substitutes public transport rather than the car, then
the overall positive effect in terms of sustainability might be far less significant than if it
substitutes the car.

2.3. Differences between Conventional and Electric Bikes in the Context of Bike-Sharing Services

Studies have proven that there are certain factors affecting the intention to make use
of bicycles by the city residents. The frequency of using municipal bike systems is affected,
for example, by age, BMI (body mass index, one of the main health-related indicators),
and the users’ physical fitness [38–44]. In this context, it should be noted that the analyzed
MEVO municipal bike system included only bicycles equipped with electric power-assisted
steering (pedelec models, or pedal electric cycles). In these bikes, in order to activate the
power-assisting system, the user must push on the pedals. Since the bicycles were equipped
with electric power-assisted steering, it is likely that the users of the system also included
people who would not decide to use the traditional city bikes (those without the electric
power-assisted steering). The people who considered electric power-assisted steering as
particularly important included the obese, the elderly, and people with poor physical
fitness or health problems (e.g., knee problems, arthritis, asthma, and back pain) [45–47].
These are people who prefer using passenger cars to meet their transport needs. Taking
into account the specificity of the MEVO municipal bike system, it can be assumed that the
system substitutes, to a larger extent, travel by passenger car compared with the traditional
municipal bike systems (with no electric power-assisted steering). It is important in so far
as under the review of a conducted survey, it can be concluded that the municipal bike
systems using traditional bikes (with no electric power-assisted steering) substitute the
sustainable forms of transportation (e.g., public transport, walking trips, and travel by
private bicycle) to a larger extent than travel by passenger car [15,23,48–50]. However, it
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must be emphasized that some analyses (in particular these related to mid-sized cities)
indicate the reverse dependency [51]. The fact that electric bikes can replace passenger
cars in urban travels to a larger extent than public transport is confirmed by the results of
studies conducted among the bike owners [35,52,53]. It should be noted that these studies
included people who owned electric bikes and therefore consciously made the decision
to change their transport behavior. In his work, J. Arendsen emphasizes that there are
particular (often significant) barriers to changing city residents’ behavior and transport
preferences [54]. These barriers are usually overcome as a result of serious life changes
(e.g., change of work, place of residence, or health condition). Regarding the city residents’
strong habits of fulfilling their transport needs, and in particular strong attachment to
owning passenger cars, it is justifiable to conclude that the shift from passenger cars to
bicycles in daily urban travel should be easier in the case of electric bikes. Thanks to the
electric power-assisted steering, such travel is easier, more convenient, and faster, which
reduces the discrepancy in the perceived difficulty between traveling by bike and passenger
car [55,56].

3. Methodology and Data Source

In order to verify the above hypothesis and achieve the main goal of the article, the
transport behavior of MEVO municipal bike system users was analyzed. The analysis was
conducted based on the method of individual, direct interviews with the use of an original
questionnaire. The interviews were conducted at the turn of August and September 2019
(i.e., in the months when the weather in Poland does not hinder the use of bicycles to meet
transport needs and also pre-COVID-19). The survey sample included 500 respondents.
Before the survey was taken, there had been a pilotage of the questionnaire, which included
12 local experts discussing the questionnaire. The experts included 6 researchers, 2 bike
activists, and 4 employees of the town halls specializing in the public transport domain.
The questionnaire consisted of 18 questions, including one screening question. The given
screening question allowed for the omission of respondents who did not live in the area
served by the MEVO system (e.g., tourists). The pool of the final respondents included
the municipal bike system’s actual users who left or rented municipal bikes at one of six
stations located in the three main cities (Gdynia, Gdańsk, and Sopot) where the MEVO
municipal bike system subject to analysis was operational. The stations where the survey
was conducted included six stations which were all relatively close to public station stops
(bus, trolley, or municipal rail):

– Galeria Bałtycka (station No. 11365);
– Olivia Business Centre (station No. 11358);
– Gdynia Główna (station No. 12000);
– Gdynia City Museum (station No. 12053);
– Skwer Kuracyjny Sopot (station No. 10100);
– Bohaterów Monte Cassino (station No. 10124).

It should be emphasized that MEVO functioned as a point-area system (i.e., the return
of the bicycle can take place at the station but also by leaving the bike anywhere in the
designated area after paying an additional fee). The stations surveyed were selected so that
their operational scope covered some of the main traffic generators located within the area
covered by the MEVO system of various specificity (e.g., traffic generators related to work,
recreation, or shopping). Thereby, the survey covered people who used the municipal
bike system to differentiate the goals (meeting the transport needs related to diversified
destinations). According to the data of the system operator, these stations were the most
popular stations of the MEVO system in individual cities [57]. It should also be noted that
an equal number of interviews were conducted at each station.

Upon conducting the survey, the MEVO system comprised 1224 bicycles equipped
with electric power-assisted steering. Ultimately, the system was supposed to include
4080 electric bicycles, which would make it the largest bike-sharing system of this type
in Poland and Europe [58]. The lack of experience in the exploitation of electric bikes
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by the system operator (Nextbike, the European bike-sharing market leader) resulted in
the suspension of the whole system after seven months of operation. A particularly big
problem for the system operator was the charging of the batteries in the bicycles and the
redistribution of the charged vehicles. Despite the attempts made, the system was not
brought back into operation due to an ongoing legal dispute.

Table 1 presents the most important characteristics of the survey sample. The respon-
dents comprised a similar number of women and men. The gender parity with slightly
more women among the MEVO municipal bike users complied with the gender structure
of the inhabitants of Poland and was similar to the parity among cyclists in the European
conditions [59]. The majority of respondents had a driver’s license and a passenger car in
their household. Therefore, they could make a decision to fulfil their transport needs by
municipal bike, urban transport, the passenger car they owned, or a car rented based on
the car-sharing system. The data show that the majority of MEVO municipal bike users
subjected to the survey included regular users who used municipal bikes to meet their
transport needs at least several times a week.

Table 1. Characteristics of the survey sample (n = 500).

Respondent Characteristics Mean SD Min Max

Age (in years) 28 5.7 16 59

Household size (persons) 2.9 1.5 1 7

Household bicycle ownership 1.2 1.4 0 7

Respondent Characteristics Characteristic Value (%)

Gender (Male—48.21%; female—51.56%)

Education (Higher (bachelor’s or master’s degree)—64.73%; middle school—18.08%; in the course of
bachelor or master studies—13.61%; primary education only—3.23%)

Social and professional status * (Working on a contract—78.79%; student—13.83%; pensioner—2.45%; freelancing—6%;
unemployed—4%)

Driver’s license (Yes—84.38%; No—15.62%)

Car ownership (Yes—65.4%; No—34.6%)

Disposable income per month
per capita in household

(Below 250 EUR—7.14%; 251–500 EUR—6.02%; 501–750 EUR—26.79%; 751–1000 EUR—25.45%;
1001–1500 EUR—15.63%; above 1500 EUR—18.75%)

Main purpose of using MEVO (Traveling to work—63.84%; traveling to the place of study—9.60%; sport or recreation—6.03%;
shopping—14.29%; visiting friends or family—3.79%; other—2.23%)

Distance between place of
residence and place of work or
study

(Below 2 km—11.38%; 2–3 km—30.13%; 4–6 km—22.32%; 7–9 km—16.52%; 10–13 km—6.47%;
14–20 km—8.04%; above 20 km—4.91%)

How often do you travel by
MEVO bike?

(Every day—10%; several times a week—51%; once a week—6%; several times a month—21%;
once a month—3%; less than once a month—9%; first time—0.4%)

* Multiple answers possible. Source: own elaboration based on the data obtained in the study.

4. Results
4.1. Substitutability of MEVO Municipal Electric Bike Systems against the Other Forms of
Urban Transport

To verify the hypothesis formulated in this article, the respondents’ answers to the
three following questions were absolutely essential:

–What form of transportation do you replace most frequently with the MEVO municipal
bike system?
–If for some reason you would not be able to travel by MEVO bike today (e.g., no bike at
the start station or system failure), how would you travel to your destination?
–How did your previous transport behavior change after the launch of the MEVO municipal
bike system?
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The data presented in Table 2 shows that based on the respondents’ answers, travel
with the use of municipal electric bikes replaced, to a large extent, the sustainable forms
of transportation. In the case of over 50% of the respondents, the municipal bike replaced
their travels by public transport. Over 30% of the following respondents abandoned
non-motorized forms of transportation (walking and travel by private bicycle) in favor of
the municipal bikes. Only 14% of the respondents declared that, for them, the municipal
electric bike most frequently replaced the passenger car (including private passenger car,
taxi services, car-sharing, and carpooling services). It should also be noted that every fifth
surveyed MEVO system user declared that the municipal bike was used instead of walking.
In their case, the change in transport behavior, namely walking being partially replaced
by travel with the use of municipal electric bikes, should be considered unfavorable for
sustainable urban development.

Table 2. What does the metropolitan bike replace for you most often? (n = 500).

Mode of Transportation Percentage
of Cases Mode of Transportation Percentage

of Cases
Mode of

Transportation
Percentage

of Cases

passenger car (incl. taxi,
car-sharing, and
carpooling)

14.1
passenger car (incl. taxi,
car-sharing, and
carpooling)

14.1
passenger car (incl.
taxi, car-sharing, and
carpooling)

14.1

public railway transport 18.1 total public transport 52.4 sustainable forms of
transportation 85.9

public transport (bus,
trolleybus, and tram) 34.3

private bicycle 12.5 non-motorized forms of
transportation 33.5walking trips 21.0

Source: own elaboration based on the data obtained in the study.

Moreover, Table 3 presents data on the respondents’ declarations regarding the form
of transportation most frequently replaced by municipal electric bikes in their urban travels.
However, in this case, the survey covered only the respondents who had a driver’s license
and a passenger car in their household at the time of the survey. Therefore, the data
presented in the table include only those respondents who may truly be in a dilemma over
traveling by private passenger car or using other forms of transportation. This is very
specific, because people who carry out the significant investment of purchasing a car are
then naturally more inclined to use it as the vast part of the costs had already been spent.
The results related to people with a driver’s license and access to a passenger car were
similar to the results obtained for the entire population. Therefore, only for every fifth
surveyed respondent who had a real possibility to travel by passenger car was travel by
a municipal bike involved in the reduction in car travel.

Table 3. What does the metropolitan bike replace for you most often? Answers are from people who have a private
passenger car in the household and a driver’s license (n = 275).

Mode of Transportation Percentage
of Cases Mode of Transportation Percentage

of Cases
Mode of

Transportation
Percentage

of Cases

passenger car (incl. taxi,
car-sharing, and

carpooling)
21.8

passenger car (incl. taxi,
car-sharing, and

carpooling)
21.8

passenger car (incl.
taxi, car-sharing, and

carpooling)
21.8

public railway transport 17.1 total public transport 40.7 sustainable forms of
transportation 78.2

public transport (bus,
trolleybus, and tram) 23.6

private bicycle 14.2 non-motorized forms of
transportation 37.5walking trips 23.3

Source: own elaboration based on the data obtained in the study.
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The fact that MEVO municipal electric bikes substituted the sustainable forms of
transportation to the largest extent is confirmed by the data presented in Table 4. The data
prove that over 80% of the respondents declared that if for some reason they were not able
to make their planned travel by the municipal electric bike, they would travel by one of
the sustainable forms of transportation. If for some reason travel by municipal bike was
impossible, nearly 50% of the respondents would travel by public transport. Less than 20%
of the respondents declared that if travel by MEVO municipal bike was impossible, they
would travel by passenger car.

Table 4. If for some reason you would not be able to travel by a MEVO municipal bike today (e.g., no
bike at the start station or system failure), how would you travel to your destination? (n = 500).

Mode of Transportation Percentage of
Cases

Mode of
Transportation

Percentage of
Cases

by passenger car 17.4 by passenger car 17.4
by public transport 48.5

sustainable forms of
transportation 81.0

by private bicycle 10.4
on foot 21.4

in another way 0.7

I would abandon traveling 1.6 I would abandon
traveling 1.6

Source: own elaboration based on the data obtained in the study.

As concluded above, with regard to the transport policies of cities and their sustainable
development and maximization of positive effects resulting from the implementation of
municipal bike systems, the people who should travel by municipal bikes most often
should be those who substitute the passenger car with the municipal bike most often in
their urban travels. Table 5 shows that in the analyzed municipal electric bike system, such
a relation was not observed. The largest number of regular users was observed in a group
of people for whom the municipal bikes substituted public transport to the largest extent.

Table 5. What does the metropolitan bike replace for you most often? This regards the frequency of travel by municipal bikes.

How Often Do You Travel by MEVO
Bike?

What Does the MEVO Metropolitan Bike Replace for You Most Often?

Total Public
Transport (%)

Passenger Car (Incl. Taxi,
Car-Sharing, and
Carpooling) (%)

Non-Motorized Forms of
Transportation (%)

every day
regular users

12.8
75.4

9.5
66.7

6.7
53.0several times a week 58.3 42.9 42.3

once a week 4.3 14.3 4.0

once a month
occasional

users

4.3

24.7

0.0

33.3

3.4

47.0
several times a month 14.9 23.8 29.5
less than once a month 5.1 9.5 14.1
first time 0.4 0.0 0.0

Source: own elaboration based on the data obtained in the study.

One of the factors that should positively affect the city residents’ willingness to change
their mode of urban transportation, swapping a passenger car for a municipal bike, was
a low fee for using a bike-sharing system. The data presented in Table 6 show that the
monthly cost incurred by the system user who traveled using the system for no longer than
90 min per day totalled EUR 2.3. The running costs of a municipal electric bike system are
presented in Table 7.



Appl. Sci. 2021, 11, 6702 10 of 17

Table 6. Prices of particular tariffs of the MEVO system.

Tariff Monthly Annual Annual Plus Minute Fee 2-Day 2-Day Plus 5-Day 5-Day Plus

Subscription (EUR) 2.3 23.3 35 0.023 per 1 min 4.7 9.3 9.3 18.7
Initial fee (one-off)
(EUR) 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3

Tariff time (days) 30 365 365 unlimited 2 2 5 5
Daily time in
subscription (min) 90 90 120 - 300 700 300 700

Rate after exceeding the
daily time of rental
(EUR per 1 min)

0.012 0.012 0.012 0.023 0.012 0.012 0.012 0.012

Source: own elaboration based on [60].

Table 7. Monthly costs of urban trips made by particular forms of transportation within the analyzed
area (EUR per month).

Form of Transportation 30 min/Day 60 min/Day 90 min/Day 120 min/Day

MEVO (bike left at the station) 2.3 2.3 2.3 9.9
MEVO (bike left outside the
station) 13.8 13.8 13.8 21.4

Public transport (ticket of one
organizer) 35.3 35.3 35.3 35.3

Public transport (rail and
municipal metropolitan ticket
of all organizers)

54.1 54.1 54.1 54.1

Passenger car 43.2 86.4 129.6 172.8
Car sharing 126.5 253.0 379.5 506.0

Source: own elaboration based on [60–62].

The data presented in Table 7 show the monthly costs of urban trips within the
operational area of the MEVO municipal bike scheme by various forms of transport. The
analysis covered the costs of travel by MEVO bikes, public transport (within the area
managed by one public transport operator and within the entire metropolitan area), owned
passenger cars, and passenger cars within a car-sharing scheme. During the analysis, the
following assumptions were applied: a city resident travels 21 days per month (this is
the monthly average number of working days in Poland) and makes 2 trips per day. In
the case of individual motorized forms of transportation, it was assumed that the trip
would be characterized by an average speed of 20 km/h. The data presented in the table
show that fulfilling the transport needs with the use of municipal bikes was definitely the
least expensive alternative. The fact that municipal bikes, as proven above, substituted
passenger cars only to a small extent, even though fulfilling urban transport needs with the
use of municipal bikes even involved dozens of times lower costs compared with passenger
cars, proved that the cost of travel was not the main factor affecting the change of city
residents’ transport behavior. This conclusion is confirmed by the data presented in Table 8,
presenting the mode of using municipal bikes by the respondents. The data show that most
of the respondents used municipal bikes for direct trips to their destinations. Therefore,
they left the bikes outside the stations of the MEVO system, which involved the need
to incur an additional fee to the amount of EUR 0.5. Furthermore, the article presented
analyses related to non-cost factors affecting the substitutability of municipal electric bikes
against passenger cars.

Table 8. In what circumstances do you use MEVO municipal bikes most often? (n = 500).

Manner of Using Municipal Electric Bike Percentage of Cases

“I travel directly to my destination, leaving the bike outside a docking
station” 66.2

“I travel to a docking station closest to my destination” 21.8
“I travel to public transport terminals” 11.9

Source: own elaboration based on the data obtained in the study.
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4.2. Complementarity of MEVO Municipal Electric Bike Systems against Other Forms of
Urban Transportation

As indicated above in the literature review, municipal bike schemes aim, for example,
to make it easier for passengers to travel to and from public transport terminals or stations
(the so-called first and last mile). Therefore, municipal bike schemes should stimulate
the demand for public transport services through increasing their time-based availability,
since the total urban travel time in regard to door-to-door systems, thanks to the municipal
bikes, should be reduced (referring to people who walked the first and the last mile before
introducing the municipal bike scheme). The reduced total travel time in regard to the door-
to-door system resulted from the higher average speed of electric bike travel compared with
walking trips or trips by traditional bicycles. The average speed of walking trips totaled
roughly 4.5 km/h [63], whereas the trips by traditional bicycles amounted to 18.8 km/h.
Meanwhile, bikes with electric power-assisted steering (Pedelec) reached 21.9 km/h, and
electric bikes (S-pedelec) reached 27.9 km/h [64]. The data show that traveling by a bike
equipped with electric power-assisted steering was nearly, on average, five times faster
than walking. In order to increase the time-based availability of public transport through
offering intermodal travels combined with municipal bikes, it is necessary to ensure proper
quality of the bike-sharing systems. In this context, the particularly important features of
bike-sharing systems include the number of municipal bikes per city resident or system
user (which affects their availability) and the mode of bike relocation in systems with no
docking stations (which affects the distance between the user and the closest vacant bike).

The data presented in Table 8 indicate that only every ninth surveyed respondent
used a MEVO municipal bike most frequently for travel combined with public transport.
The majority of the surveyed respondents used the municipal bike for direct trips to their
destinations. Therefore, a MEVO municipal bike was used only to a small extent as a means
of transportation complementary to public transport.

4.3. Variables Determining the Probability of Replacing Car Journeys with the MEVO Bicycle

The logistic regression models were then constructed to verify the effect of indepen-
dent variables on the distribution of users substituting commuting by car with the MEVO
bicycle. A sequence of two hundred models were assessed in Statistica 13.1. software with
all the possible different combinations of independent variables. The Wald Chi-square test
was used to assess the significance of these models. The pseudo R-squared values were
calculated to determine the explanatory power of the models, and the Akaike information
criterion (AIC) was used to compare the relative quality of the models and to help us
investigate if any variables which were omitted could have been included in the model,
providing further added value. Logistic regression has been widely used to analyze the
determinants of transport behavior and is the generally accepted method in similar research
(e.g., [65–68]).

A binary variable showing whether someone substituted a car or sustainable means
of transport was chosen as the dependent variable. The respondents declaring that they
substituted public transport (road or rail), their private bike, or commuting on foot with
the MEVO bike system were aggregated together. Thus, a value of one for the dependent
variable indicated that the trip made substituted a car trip. A value of zero meant that it
did not or that it substituted another type of trip, including public transport trips. The
independent variables were divided into two groups: factors and covariates. The factors
included the following:

– Reason behind traveling;
– Distance between the place of residence and the place of work;
– Most common use of the MEVO system;
– Gender;
– Education;
– Socioeconomic status;
– Owning a driver’s license;
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– Disposable income.

The covariates included the following:

– Year of birth;
– Number of people in the household;
– Number of cars in the household;
– Number of bikes in the household.

The results of logistic regression are presented in Table 9. Only the best model with all
the significant variables is presented.

Table 9. Logistic regression model (n = 500).

Variable Odds Ratios

Year of birth −0.071 (0.034) **
Number of people in the household −0.451 (0.143) ***
Number of cars in the household 0.344 (0.146) ***
Distance from home to work (less than 3 km) −0.891 (0.338) ***
Distance from home to work (more than 10 km) 1.430 (0.595) **
Gender (female) −0.278 (0.126) *
Wald Chi-square test (p-value) 0.028
Pseudo R-squared 0.323
AIC 289.492

Note: logistic regression coefficients with standard errors are in parentheses (*** p < 0.01; ** p < 0.05; * p < 0.1).
The dependent variable is the transport choice flag (1 = car, 0 = sustainable means of transport). Source: own
computation in Statistica.

Only a few of all the variables turned out to be statistically significant. These included
the age, number of people in the household, number of cars in the household, distance from
work, and gender. The results prove that for the analyzed group, the younger participants
substituted their cars with MEVO rather than substituting public transport. With each
year of age, people were relatively 7% more likely to opt for the substitution of transport
modes. Moreover, a higher number of people in a household were correlated with a 45%
chance (c.p.) of someone substituting a car with MEVO, possibly due to the lower relative
availability of cars within the household as perceived by the respondent. On the other
hand, a higher number of cars was correlated with a statistical increase of substituting
public transport with MEVO, indicating the well-known fact that car owners tend to use
their cars, and the bike-sharing system played a mostly recreational role for them. Each
additional car in the household was correlated with a decrease in likelihood by a further
34%. Moreover, people living far away from their places of work more often substituted
public transport with MEVO rather than people living within a 3-km radius of their place
of work who, in comparison with the average respondent, commonly substituted a car. In
this case, they probably were not that dependent on cars in their commutes and thus could
allow themselves to choose MEVO despite its initial problems with availability. Finally,
women substituted cars with MEVO 28% more often than men.

Interestingly enough, the reason behind the choice of MEVO systems as a mode of
transport was not correlated with the willingness to swap the car for a bike. This might
result from the fact that at the time of the survey, the MEVO system was in its early stages,
and it was very unlikely to have become someone’s main mode of transport in everyday
commuting. The willingness to substitute cars was not correlated with the respondent’s
education, socioeconomic status, or disposable income. This stands in contradiction with
the international consensus but goes in line with the fact that the passenger car in Poland is
not a luxury in any way. It also plays a key role as some social symbol, crossing the borders
of socioeconomic divisions. Further studies should probably include the ages of the owned
cars so as to mediate for this effect. Interestingly enough, holding a driver’s license was not
correlated with the choice, perhaps due to a very small number of people being without
a driver’s license within the analyzed group.
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5. Discussion and Conclusions

The analysis presented in the article provides several important implications and
conclusions that can be used when planning the implementation of similar electric bike-
sharing systems in other metropolitan areas. The survey presented in the article showed
that the MEVO municipal electric bike scheme constituted the substitutable form of trans-
portation against collective urban transport to a larger extent than against passenger cars.
This means that the operation of a MEVO scheme only limited the use of passenger cars
in the city residents’ daily trips within the scheme’s operational area to a small extent.
Consequently, a small degree of car travel was substituted with municipal bike travel,
meaning that the MEVO system contributed to a small extent to reducing the external costs
generated as a result of fulfilling the city residents’ transport needs, therefore contributing
only to a small extent to improving the sustainability of cities where the system operated.
Moreover, the survey presented in the article proves that the MEVO municipal electric
bike system constituted a substitutable form of transportation against walking to a larger
extent than against passenger cars. Therefore, as a result of using electric bikes, the system
contributed to the increase in external costs of the transport system. Additional costs arose
mainly from the need to charge batteries used in the bikes and the redistribution of bikes
between stations (with the use of conventional vehicles). The above results mean that the
effects of the implementation of the MEVO system met the expectations of policymakers to
a very limited extent. This shows that despite the significant advantages that electric bikes
have over conventional bikes, this study did not prove that electric bikes could replace
more private car trips than conventional bikes. This is particularly important given the
significant differences between the cost of implementing and maintaining traditional and
electric bike-sharing systems. These differences were so significant that they contributed
to the temporary suspension of the MEVO system’s operation. The findings of the study
partially confirm research being carried out in the already existing body of literature on
the subject. More specifically, the results are in line with the results obtained in previous
similar studies regarding the strength and direction of substitution between bike-sharing
systems and public transport as well as personal cars [2,69,70]. However, there are also
studies that show the opposite result, specifically that there is a high or even total rate of
substitution of car trips by bike-sharing systems. These studies have been mostly carried
out within countries with an already strong culture of active commuting (e.g., Sweden),
and the results of our study might be partially contradictory due to general social and
cultural factors [71,72].

Moreover, the factors affecting the residents’ willingness to substitute car travel with
municipal bike travel were analyzed, too. It turned out that the factors increasing the
probability to swap the car for a municipal electric bike included gender (women were
more willing to abandon car travel), young age, living in a multi-person household (which
potentially may adversely affect the possibility to use a passenger car), and living within
a small distance (less than 3 km) from the place of work or study.

Taking into account all the results mentioned above, it should be noted that 6 months
passed since the launch of the MEVO system when the survey was conducted. Due to the
organizational difficulties on the part of the system operator, slightly more than 1200 bikes
were used on a regular basis out of the scheduled 4080 municipal electric bikes. This means
that the system did not reach its full capacity, which would contribute to the increased
availability of bikes and consequently to the increased reliability of this mode of transport
perceived by the city residents in urban travel within the system’s operational area. It
can be assumed that if the number of available municipal bikes increased, the willingness
to abandon car travel in favor of bike travel would also increase. It is also possible that
the long-term effects of introducing an electric bike-sharing system are different from the
short-term effects presented in this article. Another limitation of this study results from
its nature as a case study (the sample of participants was not representative and should
therefore not be generalized to the wider population). Therefore, it cannot be ruled out
that a city’s electric bike system operating in different conditions will be characterized by
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a different degree of substitutability and complementarity against other forms of urban
transport. An additional limitation of this study is the fact that only the declarations of
the MEVO system users were examined and not their actual behavior. Furthermore, the
very nature of the topic indicates that the results might change if the study is carried out in
different weather conditions, during different seasons, and also during different days of the
week, because mobility patterns, especially regarding various types of active commuting
including cycling, change depending on these factors. In the long run, the results might
also change based on different transport policies as well as sociocultural aspects, such as
the social perception of a personal car.

Recent studies show that most respondents stated that COVID-19 would not affect
their intention to use bike-sharing systems [73–75]. Moreover, during the pandemic, many
countries promoted the use of bicycles as a safe way to meet transportation needs [76].
This means that despite the collapse in demand for bike-sharing services, there is a good
chance that these systems will not lose their relevance [77,78]. It also means that as electric
vehicles become more popular, more bike-sharing systems using only electric bikes will be
introduced in Poland and Europe. Thus, new opportunities will arise to study the role of
electric bike-sharing in urban mobility. Future research may use big data analysis and real
behavioral data instead of declarative data. There is also still a need for research into the
elements of the urban transport system, the change or improvement of which may lead to
a greater shift from car trips to electric city bikes. This is confirmed by the contradictory
results of studies of individual conventional and electric bike-sharing systems. We are
currently unable to determine to what extent the COVID-19 pandemic will delay the restart
of the MEVO system.
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1. Jędrzejewski, A. Ostre Hamowanie Roweru Miejskiego Raport; Bikesharing 2019/2020; Mobilne Miasto: Warsaw, Poland, 2020.
2. Bieliński, T.; Dopierała, Ł.; Tarkowski, M.; Ważna, A. Lessons from Implementing a Metropolitan Electric Bike Sharing System.

Energies 2020, 13, 6240. [CrossRef]
3. Midgley, P. Bicycle-Sharing Schemes: Enhancing Sustainable Mobility in Urban Areas. Commun. Sustain. Dev. 2011, 8, 24.
4. Andersen, L.B.; Lawlor, D.A.; Cooper, A.R.; Froberg, K.; Anderssen, S.A. Physical fitness in relation to transport to school in

adolescents: The Danish Youth and Sports Study. Scand. J. Med. Sci. Sports 2008, 19, 406–411. [CrossRef]
5. Eriksson, M.; Uddén, J.; Hemmingsson, E.; Agewall, S. Impact of physical activity and body composition on heart function and

morphology in middle-aged, abdominally obese women. Clin. Physiol. Funct. Imaging 2010, 30, 354–359. [CrossRef] [PubMed]
6. Xu, Y.; Chen, D.; Zhang, X.; Tu, W.; Chen, Y.; Shen, Y.; Ratti, C. Unravel the landscape and pulses of cycling activities from a

dockless bike-sharing system. Comput. Environ. Urban Syst. 2019, 75, 184–203. [CrossRef]
7. Mátrai, T.; Tóth, J. Comparative Assessment of Public Bike Sharing Systems. Transp. Res. Procedia 2016, 14, 2344–2351. [CrossRef]
8. Shaheen, S.; Guzman, S.; Zhang, H. UC Davis Recent Work Title Bikesharing in Europe, the Americas, and Asia: Past, Present,

and Future. Transp. Res. Rec. J. Transp. Res. Board 2010, 2143, 159–167. [CrossRef]

https://ekonom.ug.edu.pl/pp/download.php?OpenFile=34895
https://ekonom.ug.edu.pl/pp/download.php?OpenFile=34895
http://doi.org/10.3390/en13236240
http://doi.org/10.1111/j.1600-0838.2008.00803.x
http://doi.org/10.1111/j.1475-097X.2010.00952.x
http://www.ncbi.nlm.nih.gov/pubmed/20646010
http://doi.org/10.1016/j.compenvurbsys.2019.02.002
http://doi.org/10.1016/j.trpro.2016.05.261
http://doi.org/10.3141/2143-20


Appl. Sci. 2021, 11, 6702 15 of 17

9. Shaheen, S.A.; Martin, E.W.; Chan, N.D.; Cohen, A.P.; Pogofzinski, M. Public Bikesharing in North America: Understanding Impacts,
Business Models, and Equity Effects of Bikesharing Systems During Rapid Industry Expansion|MTI Research in Progress; Mineta
Transportation Institute: San Jose, CA, USA, 2014; p. 218.

10. Ricci, M. Bike sharing: A review of evidence on impacts and processes of implementation and operation. Res. Transp. Bus. Manag.
2015, 15, 28–38. [CrossRef]

11. Qiu, L.Y.; He, L.Y. Bike sharing and the economy, the environment, and health-related externalities. Sustainability 2018, 10, 1145.
[CrossRef]

12. Kim, J.; Yoon, Y.; Zo, H. Why people participate in the sharing economy: A social exchange perspective. In Proceedings of the
19th Pacific Asia Conference on Information Systems, PACIS, Singapore, 5–9 July 2015; Volume 76, p. 3.

13. Frenken, K.; Schor, J. Putting the sharing economy into perspective. Environ. Innov. Soc. Transit. 2017, 23, 3–10. [CrossRef]
14. Cerutti, P.S.; Martins, R.D.; Macke, J.; Sarate, J.A.R. “Green, but not as green as that”: An analysis of a Brazilian bike-sharing

system. J. Clean. Prod. 2019, 217, 185–193. [CrossRef]
15. Fishman, E. Bikeshare: A Review of Recent Literature. Transp. Rev. 2016, 36, 92–113. [CrossRef]
16. DeMaio, P. Bike-sharing: History, Impacts, Models of Provision, and Future. J. Public Transp. 2009, 12, 41–56. [CrossRef]
17. Berbeglia, G.; Cordeau, J.-F.; Gribkovskaia, I.; Laporte, G. Static pickup and delivery problems: A classification scheme and

survey. TOP 2007, 15, 1–31. [CrossRef]
18. Ghosh, S.; Varakantham, P.; Adulyasak, Y.; Jaillet, P. Dynamic Repositioning to Reduce Lost Demand in Bike Sharing Systems. J.

Artif. Intell. Res. 2017, 58, 387–430. [CrossRef]
19. Ho, S.C.; Szeto, W.Y. Solving a static repositioning problem in bike-sharing systems using iterated tabu search. Transp. Res. Part E

Logist. Transp. Rev. 2014, 69, 180–198. [CrossRef]
20. Forma, I.A.; Raviv, T.; Tzur, M. A 3-step math heuristic for the static repositioning problem in bike-sharing systems. Transp. Res.

Part B Methodol. 2015, 71, 230–247. [CrossRef]
21. Boufidis, N.; Nikiforiadis, A.; Chrysostomou, K.; Aifadopoulou, G. Development of a station-level demand prediction and

visualization tool to support bike-sharing systems’ operators. Transp. Res. Procedia 2020, 47, 51–58. [CrossRef]
22. Silver, L.; Cornibert, S. Smartphone Ownership Is Growing Rapidly Around the World, But Not Always Equally; Pew Research Center:

Washington, DC, USA, 2019.
23. Campbell, K.B.; Brakewood, C. Sharing riders: How bikesharing impacts bus ridership in New York City. Transp. Res. Part A

Policy Pract. 2017, 100, 264–282. [CrossRef]
24. Suchanek, M.; Wołek, M. The relations between the bikesharing systems systems and public expenditures. Cluster analysis of the

Polish bikesharing. In New Research Trends in Transport Sustainability and Innovation: TranSopot 2017 Conference; Suchanek, M., Ed.;
Springer Proceedings in Business and Economics; Springer International Publishing: Cham, Switzerland, 2018; pp. 37–45.

25. Sato, H.; Miwa, T.; Morikawa, T. A study on use and location of community cycle stations. Res. Transp. Econ. 2015, 53, 13–19.
[CrossRef]

26. Poliaková, B.; Kubasáková, I. Public passenger transport and integration with cycling. Tech. Transp. Szyn. 2014, 21, 34–36.
27. Shaheen, S.; Guzman, S. Worldwide Bikesharing. Access Mag. 2011, 39, 22–27.
28. Fishman, E.; Washington, S.; Haworth, N.; Mazzei, A. Barriers to bikesharing: An analysis from Melbourne and Brisbane. J.

Transp. Geogr. 2014, 41, 325–337. [CrossRef]
29. Zhang, Y.; Zhang, Y. Associations between public transit usage and bikesharing behaviors in the United States. Sustainability

2018, 10, 1868. [CrossRef]
30. Pucher, J.; Buehler, R. City Cycling; Pucher, J., Buehler, R., Eds.; The MIT Press: London, UK, 2012.
31. Dekoster, J.; Schollaert, U. Cycling: The way ahead for towns and cities. Eur. Commun. 2004, 11, 309–317.
32. Volinski, J. Implementation and Outcomes of Fare-Free Transit Systems; The National Academies Press: Washington, DC, USA, 2012.
33. ECMT. Implementing Sustainable Urban Travel Policies: Moving Ahead: National Policies to Promote Cycling; European Conference of

Ministers of Transport: Paris, France, 2004; ISBN 9789282103296.
34. Campbell, A.A.; Cherry, C.R.; Ryerson, M.S.; Yang, X. Factors influencing the choice of shared bicycles and shared electric bikes in

Beijing. Transp. Res. Part C Emerg. Technol. 2016, 67, 399–414. [CrossRef]
35. Helms, H.; Kämper, C.; Lienhop, M. Pedelction Mobilitätsmuster, Nutzungsmotive und Verlagerungseffekte; Institute for Energy and

Environmental Research: Heidelberg, Germany, 2015.
36. Engelmoer, W. The E-Bike: Opportunities for Commuter Traffic. The Potentials of Using Electric Bicycles and Scooters in

Commuting Traffic in Relation to the Accessibility and Quality of the Local Environment of a Compact Dutch City. Master’s
Thesis, University of Groningen, Groningen, The Netherlands, 2012.

37. Rivas, M.E.; Suarez-Aleman, A.; Serebrisky, T. Stylized Urban Transportation Facts in Latin America and the Caribbean; Inter-American
Development Bank: Washington, DC, USA, 2019.

38. Barbour, N.; Zhang, Y.; Mannering, F. A statistical analysis of bike sharing usage and its potential as an auto-trip substitute. J.
Transp. Heath 2019, 12, 253–262. [CrossRef]

39. Menghini, G.; Carrasco, N.; Schüssler, N.; Axhausen, K.W. Route choice of cyclists in Zurich. Transp. Res. Part A Policy Pract. 2010,
44, 754–765. [CrossRef]

40. Efthymiou, D.; Antoniou, C.; Waddell, P. Factors affecting the adoption of vehicle sharing systems by young drivers. Transp.
Policy 2013, 29, 64–73. [CrossRef]

http://doi.org/10.1016/j.rtbm.2015.03.003
http://doi.org/10.3390/su10041145
http://doi.org/10.1016/j.eist.2017.01.003
http://doi.org/10.1016/j.jclepro.2019.01.240
http://doi.org/10.1080/01441647.2015.1033036
http://doi.org/10.5038/2375-0901.12.4.3
http://doi.org/10.1007/s11750-007-0009-0
http://doi.org/10.1613/jair.5308
http://doi.org/10.1016/j.tre.2014.05.017
http://doi.org/10.1016/j.trb.2014.10.003
http://doi.org/10.1016/j.trpro.2020.03.072
http://doi.org/10.1016/j.tra.2017.04.017
http://doi.org/10.1016/j.retrec.2015.10.015
http://doi.org/10.1016/j.jtrangeo.2014.08.005
http://doi.org/10.3390/su10061868
http://doi.org/10.1016/j.trc.2016.03.004
http://doi.org/10.1016/j.jth.2019.02.004
http://doi.org/10.1016/j.tra.2010.07.008
http://doi.org/10.1016/j.tranpol.2013.04.009


Appl. Sci. 2021, 11, 6702 16 of 17

41. Bachand-Marleau, J.; Lee, B.; El-Geneidy, A. Better understanding of factors influencing likelihood of using shared bicycle systems
and frequency of use. Transp. Res. Rec. 2012, 2314, 66–71. [CrossRef]

42. Fishman, E.; Washington, S.; Haworth, N.; Watson, A. Factors influencing bike share membership: An analysis of Melbourne and
Brisbane. Transp. Res. Part A Policy Pract. 2015, 71, 17–30. [CrossRef]

43. Wang, K.; Akar, G.; Chen, Y.J. Bike sharing differences among Millennials, Gen Xers, and Baby Boomers: Lessons learnt from
New York City’s bike share. Transp. Res. Part A Policy Pract. 2018, 116, 1–14. [CrossRef]

44. Ji, Y.; Fan, Y.; Ermagun, A.; Cao, X.; Wang, W.; Das, K. Public bicycle as a feeder mode to rail transit in China: The role of gender,
age, income, trip purpose, and bicycle theft experience. Int. J. Sustain. Transp. 2017, 11, 308–317. [CrossRef]

45. Dill, J.; Rose, G. Electric bikes and transportation policy: Insights from early adopters. Transp. Res. Rec. 2012, 2314, 1–6. [CrossRef]
46. MacArthur, J.; Dill, J.; Person, M. Electric bikes in North America: Results of an online survey. Transp. Res. Rec. 2014, 2468,

123–130. [CrossRef]
47. Johnson, M.; Rose, G. Extending life on the bike: Electric bike use by older Australians. J. Transp. Health 2015, 2, 276–283.

[CrossRef]
48. Fishman, E. Bike Share; Routledge: London, UK, 2020; ISBN 978-1138682498.
49. Shaheen, S.; Chan, N. Mobility and the Sharing Economy: Potential to Overcome First- and Last-Mile Public Transit Connections;

Transportation Sustainability Research Center: Berkeley, CA, USA, 2016; pp. 573–588.
50. Cherry, C.R.; Yang, H.; Jones, L.R.; He, M. Dynamics of electric bike ownership and use in Kunming, China. Transp. Policy 2016,

45, 127–135. [CrossRef]
51. Veeneman, W. Public transport in a sharing environment. In The Sharing Economy and the Relevance for Transport, 1st ed.; Elsevier:

Amsterdam, The Netherlands, 2019; Volume 4, p. 50. ISBN 9780128162118.
52. Wolf, A.; Seebauer, S. Technology adoption of electric bicycles: A survey among early adopters. Transp. Res. Part A Policy Pract.

2014, 69, 196–211. [CrossRef]
53. Hiselius, L.W.; Svenssona, Å. Could the increased use of e-bikes (pedelecs) in Sweden contribute to a more sustainable transport

system? In Proceedings of the 9th International Conference on Environmental Engineering, Vilnius, Lithuania, 22–24 May 2014.
54. Arendsen, J. Shared Mobility for the First and Last Mile: Exploring the Willingness to Share; Delft University of Technology: Delft, The

Netherlands, 2019.
55. Langford, B.C.; Cherry, C.R.; Bassett, D.R.; Fitzhugh, E.C.; Dhakal, N. Comparing physical activity of pedal-assist electric bikes

with walking and conventional bicycles. J. Transp. Health 2017, 6, 463–473. [CrossRef]
56. Dozza, M.; Werneke, J.; Mackenzie, M. e-BikeSAFE: A Naturalistic Cycling Study to understand how electrical bicycles change

cycling behaviour and influence safety. In Proceedings of the International Cycling Safety Conference, Helmond, The Netherlands,
20–21 November 2013; pp. 1–10.

57. Szymczewski, A. Najpopularniejsze Trasy Przejazdów i Stacje Mevo. Available online: https://www.trojmiasto.pl/wiadomosci/
Mevo-najpopularniejsze-stacje-i-trasy-przejazdow-n135077.html (accessed on 1 June 2021).

58. Galatoulas, N.F.; Genikomsakis, K.N.; Ioakimidis, C.S. Spatio-temporal trends of e-bike sharing system deployment: A review in
Europe, North America and Asia. Sustainability 2020, 12, 4611. [CrossRef]

59. Garrard, J.; Crawford, S.; Hakman, N. Revolutions for Women: Increasing Women’s Participation in Cycling; School of Health and
Social Development, Deakin University: Geelong, Australia, 2006.
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70. Bieliński, T.; Kwapisz, A.; Ważna, A. Electric bike-sharing services mode substitution for driving, public transit, and cycling.
Transp. Res. Part D Transp. Environ. 2021, 96, 102883. [CrossRef]

http://doi.org/10.3141/2314-09
http://doi.org/10.1016/j.tra.2014.10.021
http://doi.org/10.1016/j.tra.2018.06.001
http://doi.org/10.1080/15568318.2016.1253802
http://doi.org/10.3141/2314-01
http://doi.org/10.3141/2468-14
http://doi.org/10.1016/j.jth.2015.03.001
http://doi.org/10.1016/j.tranpol.2015.09.007
http://doi.org/10.1016/j.tra.2014.08.007
http://doi.org/10.1016/j.jth.2017.06.002
https://www.trojmiasto.pl/wiadomosci/Mevo-najpopularniejsze-stacje-i-trasy-przejazdow-n135077.html
https://www.trojmiasto.pl/wiadomosci/Mevo-najpopularniejsze-stacje-i-trasy-przejazdow-n135077.html
http://doi.org/10.3390/su12114611
https://www.trojmiasto.pl/wiadomosci/Mevo-oficjalnie-wystartowalo-Test-aplikacji-n132966.html
https://www.trojmiasto.pl/wiadomosci/Mevo-oficjalnie-wystartowalo-Test-aplikacji-n132966.html
https://mzkzg.org/bilety-okresowe
http://doi.org/10.1016/j.physio.2010.12.004
http://doi.org/10.1016/j.ssci.2015.07.027
http://doi.org/10.1177/2399808319845006
http://doi.org/10.1016/j.jth.2017.07.007
http://doi.org/10.1186/1479-5868-10-87
http://doi.org/10.18517/ijaseit.1.6.124
http://doi.org/10.1016/j.trd.2020.102412
http://doi.org/10.1016/j.trd.2021.102883


Appl. Sci. 2021, 11, 6702 17 of 17

71. Söderberg, F.K.A.; Andersson, A.; Adell, E.; Winslott Hiselius, L. What is the substitution effect of e-bikes? A randomised
controlled trial. Transp. Res. Part D Transp. Environ. 2021, 90, 102648. [CrossRef]

72. Winslott Hiselius, L.; Svensson, Å. E-bike use in Sweden—CO2 effects due to modal change and municipal promotion strategies.
J. Clean. Prod. 2017, 141, 818–824. [CrossRef]

73. Nikiforiadis, A.; Ayfantopoulou, G.; Afroditi, S. Assessing the impact of COVID-19 on bike-sharing usage: The case of thessaloniki,
Greece. Sustainability 2020, 12, 8215. [CrossRef]

74. Jobe, J.; Griffin, G.P. Bike share responses to COVID-19. Transp. Res. Interdiscip. Perspect. 2021, 10, 100353.
75. Hua, M.; Chen, X.; Cheng, L.; Chen, J. Should bike sharing continue operating during the COVID-19 pandemic? Empirical

findings from Nanjing, China. arXiv 2020, arXiv:2012.02946.
76. Torrisi, V.; Ignaccolo, M.; Inturri, G.; Tesoriere, G.; Campisi, T. Exploring the factors affecting bike-sharing demand: Evidence

from student perceptions, usage patterns and adoption barriers. Transp. Res. Procedia 2021, 52, 573–580. [CrossRef]
77. Shang, W.; Chen, J.; Bi, H.; Sui, Y.; Chen, Y.; Yu, H. Since January 2020 Elsevier has Created a COVID-19 Resource Centre with Free

Information in English and Mandarin on the Novel Coronavirus COVID-19. The COVID-19 Resource Centre Is Hosted on Elsevier Connect,
the Company’s Public News and Information; Elsevier: Amsterdam, The Netherlands, 2020.

78. Bergantino, A.S.; Intini, M.; Tangari, L. Influencing factors for potential bike-sharing users: An empirical analysis during the
COVID-19 pandemic. Res. Transp. Econ. 2021, 86, 101028. [CrossRef]

http://doi.org/10.1016/j.trd.2020.102648
http://doi.org/10.1016/j.jclepro.2016.09.141
http://doi.org/10.3390/su12198215
http://doi.org/10.1016/j.trpro.2021.01.068
http://doi.org/10.1016/j.retrec.2020.101028

	Introduction 
	Literature Review 
	History of Bike Sharing—From “White” to Electric Bikes 
	Place of Bike Sharing in the Urban Transport System 
	Differences between Conventional and Electric Bikes in the Context of Bike-Sharing Services 

	Methodology and Data Source 
	Results 
	Substitutability of MEVO Municipal Electric Bike Systems against the Other Forms of Urban Transport 
	Complementarity of MEVO Municipal Electric Bike Systems against Other Forms of Urban Transportation 
	Variables Determining the Probability of Replacing Car Journeys with the MEVO Bicycle 

	Discussion and Conclusions 
	References

