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Abstract: The global spread of the COVID-19 virus has led to difficulties in many branches of the
economy, including significant effects on the urban transport industry. Thus, countries around
the world have introduced different mobility policies during the pandemic. Due to government
restrictions and the changed behaviors of transport users, companies providing modern urban
mobility solutions were forced to introduce new business practices to their services. These practices
are also apparent in the context of the electric shared mobility industry. Although many aspects and
problems of electric shared mobility have been addressed in scientific research, pandemic scenarios
have not been taken into account. Noticing this research gap, we aimed to update a previously
developed model of factors that influence the operation of electric shared mobility by incorporating
aspects related to the COVID-19 pandemic and its impact on this industry. This article aims to identify
the main factors influencing the electric shared mobility industry during the COVID-19 and post-
lockdown periods, together with their operation areas and the involved stakeholders. The research
was carried out on the basis of expert interviews, social network analysis (SNA), and the use of
the R environment. The article also presents sustainable transport management recommendations
for cities and transport service operators, which can be implemented after a lockdown caused by
an epidemic. The results in this paper can be used to support transport modeling and the creation
of new policies, business models, and sustainable development recommendations. The contents
will also be helpful to researchers worldwide in preparing literature reviews for articles related to
sustainable management in the COVID-19 pandemic reality.

Keywords: COVID-19 pandemic; electric mobility; transportation modeling

1. Introduction

The spread of the SARS-CoV-2 virus has significantly influenced users of transport
services. With the threat posed by the pandemic, the number of trips has decreased
significantly, which has reduced the demand for transport. Data published by Apple
showed that fewer individuals requested travel options and directions to a given place
between the end of March and May 2020 compared with January, with the following
average decreases [1]:

• 54% in Italy,
• 51% in the United Kingdom,
• 8% in Germany,
• 14% in the United States of America.

The implementation of restrictions on public transport has significantly reduced its
use around the world. For example, in Poland, the number of available buses, trams,
and trains decreased by 50% [2]. In the United States of America and Germany, it decreased
by 34% and 42%, respectively [2]. These restrictions and fear of contracting the virus
from public transport have meant that society is much more inclined to choose a car for
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everyday travel. Simultaneously, however, problems arose for service providers of vehicles
for shared transport, i.e., all forms of so-called shared mobility solutions (rental offices
that provide short-term rentals of different kinds of vehicles) and ride-sharing solutions
(such as Uber or Grab).

On the one hand, many residents who did not have private vehicles wanted to
use shared transport services; on the other hand, they were afraid to do so because of
sanitary and safety issues. There were also issues related to the approaches taken by
local and government authorities with respect to shared mobility vehicles. New mobility
service providers were forced to adapt their business practices to the new market situation.
Furthermore, these circumstances also had a strong impact on the shared electro-mobility
market. Some forecasts even indicated that the pandemic would end the development of
electric mobility and destroy practices in the field of sustainable urban mobility created
over the years [3,4]. As a result, there was considerable chaos worldwide in the electric
and traditional shared mobility industries.

The changing needs of society have led to the emergence of new or improved services
offered in electric shared mobility systems. All of these changes were the result of improved
business models. We identified a gap in the current research related to changes in services
offered during a pandemic. From a scientific point of view, we identified a need to update
the model describing factors that influence the development of shared mobility services
because many aspects, problems, and challenges defined before the pandemic have now
changed. This article aims to identify the main factors influencing the electric shared
mobility industry during the COVID-19 and post-lockdown periods, as well as their
operation areas and involved stakeholders. The research was carried out on the basis
of expert interviews, social network analysis (SNA), and the use of the R environment.
The article also presents sustainable transport management recommendations for cities
and transport service operators, which can be implemented after a lockdown caused by
an epidemic. The results in this paper can be used to support transport modeling and the
creation of new policies, business models, and sustainable development recommendations.
The contents will also be helpful to researchers worldwide in preparing their literature
reviews for articles about sustainable management in the COVID-19 pandemic reality.

2. Theoretical Background

Electric shared mobility services can be analyzed from many different perspectives.
This type of analysis is often used to model new services or optimize services currently
offered in urban transport systems [5–11]. These factors describe elements that are taken
into account at different stages of the electric shared mobility service life cycle [12–14].
These stages include the planning, implementation, operation, and maintenance of the
service. This type of approach is used for a variety of electric shared mobility services
available on the market, such as e-bike-sharing, e-scooter-sharing, and e-car-sharing ser-
vices. A literature analysis shows that the main factors related to electric shared mobility
services are fees, parking, fleets, costs, types of systems, and electric vehicle power supply.
However, there are more detailed subfactors depending on the kind of system [9–30].
Following a literature review, a summary of previous research is presented in Table 1.

Table 1. Factors for modeling and optimizing electric shared mobility systems.

System Type Aspects Literature

Electric bike-sharing system

Basic costs of electric bike-sharing systems
(operational, infrastructure) [9,10]

Electric bike parameters (cost of purchase, safety, range) [9,11]

Location of the station (bike, docking) [11,13]

Weather conditions [5]
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Table 1. Cont.

System Type Aspects Literature

Electric scooter and moped-sharing system

Basic costs of electric scooter- and moped-sharing systems
(operational, infrastructure) [15,16]

Weather conditions [5]

Electric bike parameters (cost of purchase, safety, range,
battery capacity) [18,19]

Charging and docking station (location, policy, battery
charging speed) [19]

Weather conditions [5]

Electric car-sharing systems

Basic costs of electric car-sharing systems
(operational, infrastructure) [6,12]

Electric bike parameters (cost of purchase, fleet size, safety,
range, battery capacity) [14,20,21]

Charging and parking locations (location, policy, battery
charging speed) [22–30]

Models of systems (rental rules, vehicle relocation time) [29,30]

From the perspective of sustainable transport development, the best services rely on
electric vehicles or encourage drivers to transition from owning a vehicle to using a shared
car. Until the coronavirus pandemic outbreak, services relied heavily on the demand for
mobility and the provision of transport alternatives within urban areas. Most improve-
ments to sustainable transport services focused on aspects such as replenishing fleets and
introducing an appropriate environmental management policy (recycling and storage of
batteries from electric vehicles, recycling of unused vehicles) or on social issues in terms of
eliminating transport barriers and social discrimination resulting from a lack of available
vehicles or lack of funds for their purchase or maintenance [31,32]. Such changes are
usually derived from appropriate transport modeling for locating or relocating vehicles,
optimizing their routes, or optimizing fleets [33–36], as these factors have emerged as the
main aspects of planning transport systems based on shared mobility services. However,
the outbreak of the epidemic led to significant and unexpected changes in the city logistics
market. For example, in [37], the authors reviewed articles on the COVID-19 epidemic
and found that issues related to rethinking and redesigning business models for sustain-
ability are still under-researched. Other authors [38–41] emphasized that an appropriate
multicriteria analysis of implemented policies (including those related to corporate social
responsibility [32]) for sustainable development is key when designing new services for
the public and ensuring appropriate resilience. In turn, transport analyses in the context of
COVID-19 have mainly focused on issues related to the social approach and the changing
transport behaviors of passengers [40,41], unprecedented changes in travel habits [42],
and technical issues related to passenger flows [42]. However, there has been a lack of
focus on holistic approaches to studying aspects associated with modeling electric shared
mobility after COVID-19; for this reason, comprehensive analyses were performed in
this study.

3. Materials and Methods

The steps of this study included conducting qualitative research (expert interviews),
performing social network analysis (to produce a network of factors analyzed in the context of
the COVID-19 pandemic), analyzing results, and providing proposals and recommendations.

The first step was to refer to a list of aspects that affect the development of electric
shared mobility services, as previously proposed by the authors in [43]. The list of factors
influencing shared mobility services resulted from an international workshop on electric
shared mobility, and it was used to develop a mathematical model for e-shared mobility
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services. The list of factors that influence electric shared mobility systems is presented
in Table 2.

Table 2. Aspects (problems) that affect electric shared mobility.

Aspects Abb. Aspect Characteristics

P1 Vehicles in the system operation zone (designation of the system operation area, vehicle fleet size)

P2 Application for system users: availability and possible functions offered to the user

P3 New user data verification process (through traditional customer service and through the application)

P4 Rules for renting vehicles: types of payments for trips made (i.e., subscription, payment after each trip,
non-cash payments via the application)

P5 Laws and regulations on the movement of individual types of vehicles available under the shared
mobility system

P6 Parking spaces: location, number of dedicated spaces for the electric shared mobility system, possible fees

P7 Technical condition of the fleet (indicators describing the vehicle’s reliability, the process of its wear)

P8 Security and monitoring of vehicles (the type of antitheft security measures used, vehicle monitoring via
GPS, vehicle equipment with recorders that enable video and sound recording)

P9
User safety: the safety level of vehicles offered in the system (i.e., according to European New Car

Assessment Program (NCAP)), maintenance of the vehicle’s appropriate technical condition by the service
operator, eco-driving bonuses

P10 Infrastructure for electric vehicles: number of chargers, number of possible simultaneous vehicles charging
via the charger, number of parking spaces under the charger

P11 User data security: user data security, payment data security, mobile application use security

P12 Weather conditions: variability in weather conditions, the possible occurrence of weather anomalies

P13 Cost of use: available subscriptions, account activation, prepayment, available discounts, possible fines
(e.g., for traffic offenses), payment method

P14 Maintaining the system’s profitability: relocation of vehicles, number of employees, required education,
employee qualifications

P15 Operators: cooperation with a local government entity

P16 Privileges for operators: possible reductions in local taxes and the elimination of some or all local
government fees

P17 Integration of electric shared mobility systems with currently available city systems, creation of a unified
system (a mobile application for all available services)

P18 Technical safety of vehicles: monitoring drivers’ driving and the control of trips made

P19 Basic data on system operation: the area of system operation, number of available vehicle types, number of
possible operation zones for the system

Source: [43].

The list presented in Table 2 was developed as a holistic set of factors for modeling
transport systems. These factors were taken into account prior to the outbreak of the
COVID-19 pandemic. The list of factors was used as an element of the questionnaire used
during expert interviews. Forty-six representatives of co-mobility service providers were
invited to participate in the research project “New mobility and the COVID-19 pandemic”.
The project included 20 meetings with representative stakeholders of the shared mobility
industry. The meetings were organized and moderated by scientists from the Faculty of
Transport and Aviation Engineering of the Silesian University of Technology. Meetings were
held in December 2020 via the Internet. Of the 46 invited guests, 20 respondents accepted
the invitation. The 20 shared mobility operators represented five e-bike suppliers, three e-
scooter suppliers, four e-moped suppliers, and eight e-car-sharing providers. The operators
who participated in the survey offer their services in the largest Polish urban centers, i.e.,
in Warsaw, Katowice, Kraków, and Gdańsk.
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This research was carried out using deliberate sampling. The use of a nonrandom
selection of respondents for the study was based on the desire to learn the opinions of
enterprises representing the shared mobility industry.

The qualitative component of the study was conducted through individual in-depth
interviews (IDIs). Interviews were conducted in face-to-face meetings with scientists
acting as moderators and interviewers, and meetings were taped. Following the research
technique, an interview scenario was developed to gain in-depth knowledge of the impact
of COVID-19 on various aspects of shared mobility services. The purpose of conducting in-
depth interviews was to eliminate the influence of group members and obtain information
that was unaffected by interactions with other people, especially because they performed
the same industry activity.

Moreover, the use of individual interviews was motivated by the significant possibility
that respondents had formed personal views on the COVID-19 pandemic. Furthermore,
individual interviews allowed for the relatively free expression of controversial issues,
especially for such a personal issue as the impact of the pandemic on the company’s
suitability and profitability. The study aimed to elicit answers regarding the specific
operation areas of shared mobility systems during the pandemic. The goal was not to
extract creative solutions or concepts from participants but to obtain answers to update the
mathematical model.

The research sample size was confirmed to be statistically representative. The mini-
mum number of respondents Rmin necessary to perform expert-based research was deter-
mined using Equation (1) [44].

Rmin = 0.5 ∗
(

3
s
+ 5

)
= min. 18 respondents (1)

where s denotes statistical compliance and has a value of 10%.
The interviews were structured according to a specific scenario with the goal of an-

swering questions about the impact of the COVID-19 pandemic on the electric shared
mobility industry. The qualitative research in this study used the method of field reconnais-
sance, which allowed the main aspects of the process to be selected, and the quantitative
part was based on the assignment of relevant aspects to the areas of system and stake-
holder operations. During the research, the LearningApps computer application was used,
which is a program for designing games. The application of supporting and projection
techniques using visual materials through games allowed for a thorough interpretation of
the respondent’s statements. Furthermore, the techniques enabled respondents to answer
questions in a more accessible and pleasant way and prevented their fatigue.

The steps of the in-depth interview process and the interview scenario are presented below.
Steps of in-depth interviews:

1. Definition of the study group (operators of electric shared mobility services);
2. Planning of the research setting (online meetings using the widely available

Zoom platform);
3. Development of an in-depth interview scenario;
4. Recruitment of participants by sending e-mails, including reminders, about the meeting;
5. Performance of interviews;
6. Transcription, transfer of notes, and information digitization;
7. Analysis of the obtained data.

The in-depth interview scenario was divided into three parts: introduction, main ques-
tions, and summary. A detailed interview scenario is included in Appendix A.

On the basis of the respondents’ answers, a list of factors influenced by the COVID-19
pandemic was compiled. Interestingly, the indicated factors were the same for all types of
electric shared mobility services. A summary of responses is presented in Table 3.
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Table 3. Electric shared mobility aspects during the COVID-19 pandemic.

Aspects COVID-19 Influence

P1. Location of vehicles
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the represented companies in response to the COVID-19 pandemic. The identified practices
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in Table 4.

Table 4. The list of business practices introduced during the COVID-19 pandemic by electric shared mobility operators.

System Type Practice Description Aspects

Electric bike-sharing systems

Offered free memberships to essential workers 13, 15

Replaced docking stations near hospitals 14, 15, 19

Implemented antibacterial handlebars and provided additional
disinfection of bicycles 7, 9

Electric scooter and moped sharing

Offered long-term rentals, for example, daily 13

Offered new locations where the vehicle can be returned 14, 19

Implemented antibacterial grips and handlebars in vehicles,
provided additional disinfection of vehicles 7, 9

Introduced additional disinfection in the form of vehicle cleaning,
ozonation, and foil coating on the steering wheel or seats 7, 9

Electric car-sharing systems

Increased the number of cars 1

Launched services in new cities 19

Offered long-term rentals, for example, weekly or monthly, for up
to 3 months 13

Offered the choice of kilometer or minute-kilometer systems 13

Strengthened cooperation with business-to-business partners 13
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After collecting all of the respondents’ answers, the social network analysis (SNA)
method, which describes an individual’s behavior at the micro and macro levels and the
interactions between them, was used [45–47]. This method enables the comprehensive anal-
ysis of interactions by assessing the relationship between different entities. This method
was invented and used by Moreno as early as the 1930s [45–47]. SNA is used in many
research disciplines (e.g., social sciences, computer science, technology forecasting, produc-
tion) [48–52]. SNA characterizes network structures in terms of nodes with connections
and indicates the direction of each relationship by arrows between nodes [47]. Relation-
ships between nodes in SNA may show linkages and indicate the influence of individual
elements or a combination thereof [48–52]. The features of network structure elements
are described by the power of the interaction between elements and the frequency and
nature of the relationship [47]. The main determinant is the place occupied by an element
in the network structure, as it reflects the status of individual units [52–55]. The strength
of the SNA method is its ability to visualize complex dependencies in the phenomenon
under consideration. SNA can be used to determine the influence of particular groups of
elements on processes taking place in the analyzed network [56]. Detailed stages of the
analysis are presented in the next chapter of the article.

According to the principles of SNA, we identified the main groups of stakeholders
who represent the electric shared mobility market. Three groups of stakeholders were
taken into account [57–59]:

• Electric shared mobility users, “U”: a group that includes all individual users of shared
mobility services, both active participants of the journey and passive participants
registered in the service provider’s data systems;

• Decision-makers, “G”: a group that includes local, regional, central, and international
authorities who have an impact on decisions made regarding the development or
recession of shared mobility services;

• Electric shared mobility service providers, “O”: a group that includes all providers
of electric shared mobility services, including operators of e-bike-sharing, e-scooter-
sharing, e-moped-sharing, and e-car-sharing services.

The three defined stakeholder groups have the greatest impact on electric shared
mobility [57–59]. Identifying the interactions between the selected stakeholder groups
can improve the current situation of the electric shared mobility market. Furthermore,
they may also have a substantial impact on the development of electro-mobility and
sustainable urban mobility plans or the development of regulations to create new mobility
services [57–59].

Following the SNA method, the next step was to define key areas that are directly
related to the electric shared mobility market, from the service development stage to their
operations on the market. According to the interview responses of experts, the following
four areas were defined [43]:

• Area 1: Development of electric shared mobility services;
• Area 2: Market introduction of electric shared mobility services;
• Area 3: Operation of the electric shared mobility services market;
• Area 4: Administration and management of electric shared mobility services.

The indicated areas are related to the life cycle of electric shared mobility services on
the market, from the concept of its planning to its operation with appropriate management
and administration or marketing of the services offered. These areas are always considered
when developing business plans or performing risk analyses for the operation of shared
mobility services.

On the basis of the list of problems that occur in electric shared mobility presented
in [43], the respondent’s task in the expert interview was to define the relationship between
problems and the stakeholders and areas under consideration. After determining the
factors influenced by the COVID-19 pandemic (Tables 2 and 3), they were summarized,
as presented in Table 5.
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Table 5. Electric shared mobility influencing factors (problems) with corresponding stakeholders
and areas.

Stakeholder Node-Aspect Number Area Number

U-P1 A3

U-P3 A3

U-P4 A3

O-P5 A4

U-P5 A4

G-P5 A4

O-P6 A4

U-P6 A4

G-P6 A4

O-P7 A1

U-P7 A1

O-P7 A2

U-P7 A2

O-P7 A3

U-P7 A3

U-P9 A4

O-P13 A1

U-P13 A1

G-P13 A1

O-P13 A3

U-P13 A3

G-P13 A3

O-P14 A3

U-P14 A3

G-P14 A3

O-P15 A4

O-P16 A4

G-P16 A4

O-P18 A3

U-P16 A3

U-P19 A1

U-P19 A2

4. Results

The results were analyzed using the R software and the igraph library. The generated
network of connections was made up of 22 nodes with 56 connections. The topography of
the created network is shown in Figure 1. The objects labeled “U”, “O”, and “G” represent
categories of stakeholders, and those marked “P” represent problems. The arrows that
connect the individual nodes indicate a relationship between a pair of stakeholders and
aspects. The direction of the arrow characterizes the relationship between a pair of nodes.
The aspects that affect a greater number of links are situated in the center of the network
under consideration. Conversely, nodes with fewer links are near the edge of the network.
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Figure 1. The structure of stakeholder-associated aspects, where P1–P19 are analyzed aspects
(see Table 3); “O” denotes electric shared mobility operators, “G” denotes decision-makers, and “U”
denotes e-shared mobility users.

The network overview allows for identifying relationships between stakeholders and
problems in the network under study and selecting the main problems in the network
topography. Problems that have many connections (Figure 1) reflect their multifactorial
nature and the multiple stakeholders that are affected by these relationships. Changing one
aspect changes the rest of the network structure, as well as stakeholder relationships.
Table 6 summarizes the number of output connections for each aspect.

Table 6. The number of output connections with related aspects.

Aspects The Number of Output Connections

“P1” 1

“P3” 1

“P4” 1

“P5” 3

“P6” 3

“P7” 6

“P9” 1

“P13” 6

“P14” 3

“P15” 1

“P16” 2

“P18” 2

“P19” 4
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The proximity centrality values of the individual network elements were successively
calculated. Centrality is a measure of the importance of nodes in the network and identifies
the most closely related nodes.

The centrality value can be used for the following purposes:

- Assessment of a node’s impact on other nodes in the network;
- Identification of the nodes that are most influenced by other nodes;
- Observation of the flow or spread of something in the network (information,

objects, phenomena);
- Analysis of the effectiveness with which phenomena spread in the network via indi-

vidual nodes;
- Identification of nodes that block or prevent the spread of phenomena.

C(x) =
1

Σyd(x, y)
= 0.339 (2)

The values for each aspect are shown in Table 7. Values greater than the calculated
value of C(x) highlight the aspects that have the greatest impact on the network under
investigation. An aspect whose value is lower than C(x) is of less significance and will not
affect the operation of the entire network. The calculated values highlight the network’s
complexity and the aspects that need to be considered first to ensure the network’s effective
operation during the COVID-19 pandemic. Aspects whose nodes are located in the center
of the network need to be considered simultaneously.

Table 7. The average node distances between aspects.

Aspects Average Node Distances

1 0.172

3 0.172

4 0.172

5 0.376

6 0.376

7 0.686

9 0.172

13 0.970

14 0.515

15 0.125

16 0.250

18 0.343

19 0.436

The values of individual aspects (see Table 7) indicate that the most important problem
is aspect 13, followed by aspects 7, 14, and 19, which obtained the next highest values.
These results identify aspects that are of particular importance when modeling an electric
shared mobility system. Problems P18, P5, and P6 obtained similar values, and they should
be considered a common group of factors that influence the network. All other issues,
the values of which are less than C(x) = 0.339, are of very little statistical importance; thus,
they can be omitted during modeling. On the basis of these research results, a new network
structure was developed, which indicates links between areas and stakeholder problems
during the SARS-CoV-2 pandemic. The network structure is shown in Figure 2.
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denotes e-shared mobility users.

Knowledge of the network topography allows for much more effective management of
individual elements in the network during the COVID-19 pandemic. The size of the circle of
an individual aspect in SNA indicates the scope of the problem associated with it (Figure 2).
Areas 3 (operation) and 4 (governance) have the greatest impact on the whole network.
Nevertheless, without area A1 (planning), areas 3 and 4 cannot appropriately manage their
activities, which is shown directly in the structure nodes. Area 2 (implementation) has a
small impact on the network’s structure. An essential observation is that only aspects 19
and 7 directly affect area 2. Figure 3 shows the number of connections of each area.
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Knowing how specific aspects are linked to areas will allow for appropriate and effec-
tive management of the electric shared mobility system during the COVID-19 pandemic.

5. Discussion

The analyses performed using the SNA method made it possible to identify the most
important aspects affecting the operation of the electric shared mobility network during
the COVID-19 pandemic. Additionally, the areas that need to be given the most attention
for the system to function optimally were determined. Table 6 details the most important
aspects, such as prices, vehicle replacement, operation area, legal requirements, location of
parking spaces, and serviceability safety.

The results obtained on the basis of the SNA method are applicable to the entire
electric shared mobility market. According to the performed analysis, it can be concluded
that, despite the use of various types of vehicles in electric shared mobility systems,
aspects related to management and functionality obtain similar values. It should be
emphasized that the research carried out was representative of the business practices
used by the entire electric shared mobility industry. The use of the R language enabled
a graphical representation of the network structure (SNA) and the visualization of the
final results.

As can be seen from the results, the aspect that has the greatest impact is aspect 13, i.e.,
price. The importance of this factor is widely understood in the market reality. The business
practices of service providers of electric shared mobility indicate that operators focused on
developing new pricing schemes during the pandemic [60]. First, they started to offer more
packaged services, for example, long-term packages (weekly or monthly). Importantly,
the ability to rent a vehicle for a longer period of time has also become available for scooter
rental services. The added scooters were only available at “per minute” rates. During the
pandemic, a 24 h or, for example, 3–5-day rental system was introduced [61]. In addition,
the price of using the “stop” function was reduced. Special discounts were also introduced
for people delivering food with shared mobility vehicles, as well as special rates for doctors
and social assistance for people infected with COVID-19 [60,61]. Interestingly, in the service
model developed before the COVID-19 pandemic [43], pricing issues were not the decisive
factor that needed to be taken into account. It is also worth noting that the price factor in the
P13 problem (price) has a much higher C(x) value relative to the others. Therefore, there is
a need to conduct research on the economic aspects of transport changes in electromobility
during the COVID-19 pandemic.

Aspect 7, which describes the technical condition of the fleet, is also important. This as-
pect is particularly important given that, in the transport models presented in the literature
thus far, only the number of vehicles, not their technical condition, was taken into account.
The fleet’s technical condition is also of particular significance for protecting against the
pandemic and other viruses. Of particular importance are all actions taken to disinfect
strategic places in vehicles, such as the protection of the steering wheel, gearshift lever,
and door handles by wrapping them [60,61].

The other two aspects are P14 (vehicle replacement) and P19 (rental area). These as-
pects are closely related not only thematically but also in terms of the value of the analysis.
From a practical point of view, it is worth mentioning that, during the COVID-19 pandemic,
the business models of electric shared mobility systems have changed. Many service
providers have incorporated new business concepts into their services, e.g., the ability to
prebook a vehicle, additional relocation, replacement of the vehicle in the door-to-door
system, and changes in system operations [60,61]. Interestingly, many service providers
have also expanded their zones of operation to include additional cities or districts that
were previously excluded from these systems. Such solutions have enabled it to become
an alternative to public transport, as well as allowed increasing social distance in the
vehicle. Notably, in the previous transport model, which does not take the pandemic
into account [43], these were not the primary determinants of the efficient operation of
the system.
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In further analysis of the results, it is worth focusing on aspects that should be regularly
updated, such as local policy (aspect 5), parking spaces (aspect 6), and the technical safety
of vehicles (aspect 18). Due to their similar values, these aspects should be considered
together. During the pandemic, many local legal restrictions had a strong impact on the
development of electromobility. After analyzing the recommendations of city authorities
regarding mobility during and after the COVID-19 pandemic, it can be concluded that all
suggestions are focused on cycling and walking [62,63]. Recommendations for bicycles
include ensuring the ability of individual users and users of shared bicycles to navigate
bicycle paths. Local authorities do not place great emphasis on car-sharing services,
and very little attention is paid to shared mobility and electromobility services in their
decisions [64,65].

Other transport services with negligible effects are taxis; however, they are strictly
a substitute for traveling in individual vehicles. In our opinion, the practices introduced
by electric shared mobility providers constitute the most comprehensive solutions imple-
mented during the pandemic in urban transport. By excluding new mobility services from
health and safety recommendations, society is losing a network of improvements that
has been built over the years in furtherance of urban resilience and sustainable transport
mobility. Moreover, strategies for the development of electromobility in different types of
urban areas are not reflected in the current mobility recommendations; such actions may
lead to a recession in the market position established by electromobility in recent years.

Aspects 1 (location of vehicles), 3 (registration process), 4 (rental process), 9 (safety of
users), 15 (privileges for operators), and 16 (surcharges for operators) identify problems
that slightly disrupt the system network, and they can be taken into account at a later stage
of further analysis. It should be noted that no studies were found that specifically dealt with
the subject of modeling transport services during a pandemic, which would be based on a
similar type of research and network analysis. The analyzed articles on transport during
the pandemic focused on various topics related to shared mobility services; for example,
in [58], the authors analyzed the movement patterns of a population in Sicily. The results
showed that the surveyed part of the population traveled via shared mobility much more
often than walking or cycling. Respondents positively assessed the operation of electric
shared mobility during the COVID-19 pandemic [66].

Hungary is another example where shared mobility was further developed during the
pandemic. Research carried out in Budapest clearly showed that bike sharing increased
significantly [67]. The author stated that this development was influenced by the fact that
users were looking for a safe means of transport to avoid the COVID-19 virus.

The results of another study indicated that bike sharing is now more likely to become
the preferred mobility option for people who have previously commuted in private cars as
passengers and those who were already registered users of bike sharing [68]. The research
results highlighted how important it is for the system to function during the COVID
pandemic to raise public awareness and promote alternative transport, such as e-bikes and
e-scooters [68].

From the transport administration perspective, during the pandemic, approaches
to restrictions varied greatly from country to country. For example, [69] showed that
there is no clear-cut approach to leadership. Many transport issues have been treated
very generally by placing limitations on all individuals and their daily lives. There is
also an ill-considered approach to energy issues, including electromobility, and disregard
for specific stakeholder groups [69]. As emphasized in [70], the shared economy sector
has been left most exposed to the COVID-19 pandemic. The author further emphasized
that the constraints on the sharing economy may be deliberate, and cities affected by the
pandemic may impose new regulations and taxes on shared mobility services to protect
public transport [70]. In turn, in [71], the authors suggested that governments gain a better
understanding of transport behavior and effective transport planning, as this would allow
for better organization of both public transport and shared mobility services. Moreover,
as discussed in [72], changes in business models after the COVID-19 crisis will be directed
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toward digital, automatic, and contactless activities. All activities in the field of shared
mobility fit perfectly into this context.

Our research had some limitations, and the results presented in this article suggest
directions for further analyses. The materials that we collected were sourced from dif-
ferent electric car-sharing service providers. Their number and opinions are statistically
representative; however, it should be emphasized that the obtained results came from
companies operating in Poland. Although these companies maintain standards in line with
foreign trends, there may be slight differences related to the operation of the system and,
for example, local legal requirements in the field of electromobility.

6. Conclusions

In summary, this article identified aspects and areas that should be considered in the
context of a pandemic when modeling and optimizing energy services for shared mobility.
The authors aimed to show differences between the classical transport models developed
before the pandemic and the situation after its occurrence. The approach proposed in the
article fills the research gap resulting from missing guidelines for electromobility transport
models during a pandemic. The article highlights the possibilities of using the SNA
method as an essential tool in the process of designing and operating an electric shared
mobility system during the COVID-19 pandemic. The SNA method is used to determine
the importance of individual nodes making up a network. As shown in Table 6, mean node
distances greater than the value of C(x) indicate problems outside the area of proximity
centrality. Aspects with values greater than the calculated range disturb the effective
operation of the network. These values indicate that the network is extensive and that the
factors are closely related. This method is a simple approach to creating and presenting the
topography of an analyzed network. The results presented in this article show that this
technique can perfectly complement the conducted research and can significantly facilitate
a multi-aspect analysis of the considered phenomenon.

The analyses showed that the most important factors in the operation of the electric
shared mobility market are prices, the condition of the fleet, the replacement of vehicles,
rental area, legal requirements, the location of parking spaces, and operational safety.
The results presented in this article can support both transport modeling and the creation
of new policies or restrictions related to the pandemic. The developed approach can also
be used by electric shared mobility service providers to update their business models and
develop new practices.

The added value of using the SNA method to model transport processes is that the results
can be taken into account during the transformation of electric shared mobility systems.

These results can be used to support scientists who need clearly defined factors as
input values when building models and conducting analyses from a scientific point of view.
The results of this article can, therefore, contribute to any sustainable transport plan.

In future research, we plan to conduct detailed analyses of electrical shared mobility
service business models following the second wave of COVID-19. The obtained data can
be compared with the implications indicated in this study. The next phase of research and
further SNA analyses will update the proposed model for the transport of electric shared
mobility services in the post-pandemic period.
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Appendix A

Appendix A.1. Introduction

• Self-introduction of the researcher.
• Open conversation (goal: relaxation of the respondent).
• Thank you for finding time (goal: positive emotions).
• Informing what we want to find out.
• Information that the answers are anonymous.
• The question of whether we can record an interview for our scientific needs.
• Asking if the participant has additional questions about the study.

Appendix A.2. Main Part

• Warming up: What electric shared mobility services does your company provide?
How long has your company been operating on the Polish market?

• Opening up: How has the COVID-19 pandemic overall affected your company’s
market situation?

• Development (from general to detail): Has the pandemic affected the following 19
aspects (presented in the Table 2)? In order to get to know the aspects better, each of
them was discussed with the respondent. Then, the element of the wheel of fortune
was used. All 19 aspects were randomly selected, and the respondent’s task was
to answer whether a given aspect of his company’s operation was affected by the
COVID-19 pandemic. After determining which aspects were affected by the pandemic,
the following questions were asked: How? What has been limited? What was
minimized, and what was maximized? A fragment of the game during the interviews
is presented in Figure A1.
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• Next, the respondents were asked to indicate which of the 19 aspects presented
in Table 2 are considered the most important for the functioning of services in the
business arena. For this purpose, the LearningApps application was used, where the
respondents sorted the problems from the most important to the least important
in their company. An exemplary view of the LearningApps application is shown
in Figure A2.

The researchers asked for a list of the most important factors so that, in the next
step, it would be easier for respondents to consider what types of electric shared mobility
services were implemented due to the COVID-19 pandemic.

• The last step was to assign the practices provided by the respondent to the list of 19
aspects of electric shared mobility systems’ functioning.

Energies 2021, 14, x FOR PEER REVIEW 17 of 19 
 

 

 
Figure A2. An exemplary view of the LearningApps application. 

Appendix A.3. Summary 
Emphasize that the researcher has no more questions. Is there anything else you 

would like to say? Would you like to highlight something before we finish? 
Thank you for your time. Your answers will greatly help us when modeling new 

mobility services during the COVID-19 pandemic. 

References 
1. Apple Incorporation Mobility Report. Available online: https://www.apple.com/covid19/mobility (accessed on 18 November 

2020). 
2. Mobility during COVID-19. Available online: https://www.gstatic.com/covid19/mobility/2020-05-02_PL_Mobility_Re-

port_en.pdf (accessed on 10 May 2020). 
3. Amblard, M. How will the Covid-19 Crisis Impact the Electrification of Mobility? The Urban Mobility Daily. Available online: 

https://urbanmobilitydaily.com/how-will-the-covid-19-crisis-impact-the-electrification-of-mobility/ (accessed on 19 January 
2021). 

4. Neil, K. The Effects of COVID-19 on Electro-Mobility. Autvista Group. Available online: https://autovistagroup.com/news-and-
insights/effects-covid-19-electromobility (accessed on 19 January 2021). 

5. Hu, Y.; Zhang, Y.; Lamb, D.; Zhang, M.; Jia, P. Examining and optimizing the BCycle bike-sharing system—A pilot study in 
Colorado, US. Appl. Energy 2019, 247, 1–12. 

6. Shaheen, S.; Martin, E.; Totte, H. Zero-emission vehicle exposure within U.S. car-sharing fleets and impacts on sentiment toward 
electric-drive vehicles. Transp. Policy 2020, 85, 23–32. 

7. Wang, J.; Lindsey, G. Do new bike share stations increase member use: A quasi-experimental study. Transp. Res. Part A Policy 
Pract. 2019, 121, 1–11. 

8. Campbell, A.; Cherry, C.; Ryerson, M.; Yang, X. Factors influencing the choice of shared bicycles and shared electric bikes in 
Beijing. Transp. Res. Part C Emerg. Technol. 2016, 86, 399–414. 

9. Pérez, V.C. Simulation of a Public E-Bike Sharing System; Universitat Politechnica Di Catalugna: Barcelona, Spain, 2016. 
10. Wu, L.; Gu, W.; Fan, W.; Cassidy, M. Optimal design of transit networks fed by shared bikes. Transp. Res. Part B Methodol. 2020, 

13, 63–83.  
11. Awad-Núñez, S.; Julio, R.; Gomez, J.; Moya-Gómez, B.; Sastre González, J. Post-COVID-19 travel behaviour patterns: impact on 

the willingness to pay of users of public transport and shared mobility services in Spain. Eur. Transp. Res. Rev. 2021, 13, 20. 
12. Feng, X.; Sun, H.; Wu, J.Z.; Lv, Y. Trip chain based usage patterns analysis of the round-trip car-sharing system: A case study 

in Beijing. Transp. Res. Part A Policy Pract. 2020, 140, 190–203. 
13. Weinert, J.; Ma, C.; Yang, X.; Cherry, C. The transition to electric bikes in china: effect on travel behavior, mode shift, and user 

safety perceptions in a medium-sized city. Transport. Res. Rec.: J. Transport. Res. Board 2007, 1938, 62–68. 
14. Huang, K.; An, K.; de Almeida Correia, G.H. Planning station capacity and fleet size of one-way electric car-sharing systems 

with continuous state of charge functions. Eur. J. Oper. Res. 2020, 287, 1075–1091. 
15. Lee, M.; Chow, J.; Yoon, G.; He, B.Y. Forecasting e-Scooter Competition with Direct and Access Trips by Mode and Distance in 

New York City. Available online: https://arxiv.org/ftp/arxiv/papers/1908/1908.08127.pdf?fbclid=IwAR0qZkxTDj-
8qYeerGpHtqnacR6ylFfgHsmYisQ1hrXxpp1qkTT0XylO5Mw (accessed on 10 September 2020). 

16. Aguilera-García, A.; Gomez, J.; Sobrino, N. Exploring the adoption of moped scooter-sharing systems in Spanish urban areas. 
Cities 2020, 96, 102424. 

Figure A2. An exemplary view of the LearningApps application.

Appendix A.3. Summary

Emphasize that the researcher has no more questions. Is there anything else you
would like to say? Would you like to highlight something before we finish?
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31. Bieliński, T.; Kwapisz, A.; Ważna, A. Bike-sharing systems in Poland. Sustainability 2019, 11, 2458. [CrossRef]
32. Wiederkehr, P.; Gilbert, R.; Crist, P.; Caïd, N. Environmentally Sustainable Transport (EST): Concept, Goal, and Strategy—The

OECD’s EST Project. Eur. J. Transp. Infrastruct. Res. 2004, 4, 11–25.
33. Elkington, J. Enter the triple bottom line. In The Triple Bottom Line; Routledge: London, UK, 2013; p. 23.
34. Bansal, P. The corporate challenges of sustainable development. Acad. Manag. Perspect. 2002, 16, 122–131. [CrossRef]
35. Nilsson, M.; Griggs, D.; Visbeck, M. Policy: Map the interactions between Sustainable Development Goals. Nat. News 2016,

534, 320–322. [CrossRef]
36. Okraszewska, R.; Romanowska, A.; Wołek, M.; Oskarbski, J.; Birr, K. Integration of a multilevel transport system model into

sustainable urban mobility planning. Sustainability 2018, 10, 479. [CrossRef]
37. Di Vaio, A.; Boccia, F.; Landriani, L.; Palladino, R. Artificial Intelligence in the Agri-Food System: Rethinking Sustainable Business

Models in the COVID-19 Scenario. Sustainability 2020, 12, 4851. [CrossRef]
38. Molina, J.A.; Giménez-Nadal, J.I.; Velilla, J. Sustainable Commuting: Results from a Social Approach and International Evidence

on Carpooling. Sustainability 2020, 12, 9587. [CrossRef]
39. Song, K.-H.; Choi, S. A Study on the Behavioral Change of Passengers on Sustainable Air Transport after COVID-19. Sustainability

2020, 12, 9207.

http://doi.org/10.1186/s12544-021-00476-4
http://doi.org/10.1016/j.tra.2020.08.017
http://doi.org/10.3141/2038-08
http://doi.org/10.1016/j.ejor.2020.05.001
https://arxiv.org/ftp/arxiv/papers/1908/1908.08127.pdf?fbclid=IwAR0qZkxTDj-8qYeerGpHtqnacR6ylFfgHsmYisQ1hrXxpp1qkTT0XylO5Mw
https://arxiv.org/ftp/arxiv/papers/1908/1908.08127.pdf?fbclid=IwAR0qZkxTDj-8qYeerGpHtqnacR6ylFfgHsmYisQ1hrXxpp1qkTT0XylO5Mw
http://doi.org/10.1016/j.cities.2019.102424
http://doi.org/10.1016/j.cstp.2020.03.001
http://doi.org/10.1016/j.asoc.2018.02.038
http://doi.org/10.1016/j.tra.2020.02.021
http://doi.org/10.1016/j.apenergy.2018.07.014
http://doi.org/10.3390/en13236240
http://doi.org/10.1016/j.trpro.2020.03.064
http://doi.org/10.1016/j.jclepro.2020.123846
http://doi.org/10.1016/j.trb.2019.10.004
http://doi.org/10.1016/j.trd.2019.02.012
http://doi.org/10.1016/j.omega.2017.11.007
http://doi.org/10.3390/su11092458
http://doi.org/10.5465/ame.2002.7173572
http://doi.org/10.1038/534320a
http://doi.org/10.3390/su10020479
http://doi.org/10.3390/su12124851
http://doi.org/10.3390/su12229587


Energies 2021, 14, 2622 18 of 19

40. Tian, H.; Liu, Y.; Li, Y.; Wu, C.H.; Chen, B.; Kraemer, M.U.; Wang, B. An investigation of transmission control measures during the
first 50 days of the COVID-19 epidemic in China. Science 2020, 368, 638–642. [CrossRef]

41. Sidorchuk, R.; Lukina, A.; Markin, I.; Korobkov, S.; Ivashkova, N.; Mkhitaryan, S.; Skorobogatykh, I. Influence of Passenger Flow
at the Station Entrances on Passenger Satisfaction Amid COVID-19. J. Open Innov. Technol. Mark. Complex. 2020, 6, 150. [CrossRef]

42. Yuan, Z.; Xiao, Z.; Dai, Z.; Huang, J.; Zhang, Z.; Chen, Y. Modelling the effects of Wuhan’s lockdown during COVID-19, China.
Bull. World Health Organ. 2020, 98, 484–494. [CrossRef] [PubMed]
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