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Abstract: Car-sharing systems, i.e., short-term car rentals, are one of the solutions that can be an
alternative to individual motorization in cities. However, these services must adapt well to customers’
needs to develop appropriately. Currently, there have been attempts in scientific research to make
numerous optimizations of car-sharing systems, but little emphasis was placed on the type of car fleet
used in the systems, which is particularly important at the stage of transformation of the automotive
industry towards electric mobility. In response to this research gap, this article was dedicated to the
selection of vehicles for car-sharing systems. The work focuses on users of Polish car-sharing systems
who use the services of short-term vehicle rental occasionally, i.e., up to five times a year. The research
made it possible to determine the types of vehicles (cars with electric, hybrid and internal combustion
engines) that the users are interested in and to indicate the specific features that the cars should
have. Interestingly, large family vehicles with hybrid engines turned out to be the leading ones. In
turn, small city cars, so far dominant in car-sharing, turned out to be the worst choice from the point
of view of occasional users. This showed that the current systems are not properly adapted to the
needs of society. The results support car-sharing operators who want to upgrade their vehicle fleet
accordingly to encourage the public to use car-sharing more often. It is also a guide to identifying a
vehicle for fleet modernization towards hybrid and electric vehicles.

Keywords: car-sharing systems; electric car-sharing systems; e-car-sharing; electric mobility; electromobility;
shared mobility; sustainable transport systems; transportation engineering; civil engineering and transport;
multi-criteria data analysis; mobility management

1. Introduction

The use of various solutions to reduce the negative impact of transport on the envi-
ronment is a standard that has become part of the behavior of cities and countries around
the world. Among the full range of solutions that offer new mobility, car-sharing services
are one of the travel options that replace individual motorization. Car-sharing services are
systems that allow for automated car rental “by the minute”. Services are usually offered in
urban areas. To use them, the operator’s application, installed on a smartphone, is required.
Unlike classic car rentals, car-sharing provides much more freedom of movement [1]. It also
allows users to have the system available 24 h a day, provides the possibility of returning
the vehicle at a convenient time without the need to contact the customer service office,
and offers additional profits in the form of, for example, paid parking spaces within the
operator’s zone or moving along lanes intended for buses [1,2]. Due to numerous superla-
tives, car-sharing systems are described as the most convenient form of new mobility for
users compared to sharing scooters or bicycles [3]. Due to their wide availability and the
possibility of eliminating numerous social and economic barriers related to, for example,
the lack of funds for the purchase of one’s car [4] or the lack of access to other forms of
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transport [5,6], car-sharing services began to be increasingly promoted by city authorities
as forms of travel in cities, which resulted in service operators’ boom in the market [7-9].
This interest translated into numerical values. Current statistics show that worldwide
car-sharing systems are provided in 59 countries by 236 operators [10]. This means that
380,000 cars are available to end-users under the schemes, and this number continues to
grow [10]. Forecasts indicate, however, that in 2025 the number of cars that will be available
in car-sharing systems will amount to over 7.5 million vehicles, which will translate into a
market value of over 11 billion dollars [11]. The idea seems to be a promising transport
alternative. However, to achieve the system’s full development, apart from the high interest
on the part of business and city authorities, the most important is the interest of the public.
Analyzing the world literature in the field of public interest in car-sharing systems, one can
find many studies trying to identify the main reasons for the failure of system development.
The main research areas related to the car-sharing fleet are presented in Figure 1.
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Figure 1. Car-sharing fleet research topics and indicated research gap.

In the literature, among the research devoted to car-sharing, it is possible to identify
the reasons for the failure of car-sharing related to [12-17]:

- mismatch between the systems and the lifestyle of potential users,

- too high travel costs,

- having insufficient knowledge about the principles of system operation,

- making too few rentals for it to become a habit,

- insufficient promotion of car-sharing systems in the city,

- insufficient vehicles in cities or systems malfunctioning due to inadequate vehicle
relocation.

The indicated problems are mainly related to improper management of systems,
incorrect optimization, or inadequate promotion, and are widely discussed and solved in
the literature.

However, in the search for opportunities to improve car-sharing performances, the
issue of cars is insufficiently emphasized in the studies. While there are works on the
implementation of electric vehicles and their infrastructure [18-20], the impact of the fleet
on environmental factors [20,21], and the location or relocation of cars [22,23], the issues
related to detailed analyses of the fleet of cars used in the systems and specific preferences
of society towards vehicles are ignored. At this point, it is worth emphasizing that it is cars
that are the main element of car-sharing. Without cars, the systems would not function
properly. Car-sharing vehicles’ technical conditions and availability will determine whether
the service will be provided and how it will be assessed. And what is more, in a broader
perspective, the cars are responsible for the quality of the trip and relate to the decision
process of whether users will want to use the car-sharing service again. Noticing this
research gap, the author dedicated a research cycle to the selection of a fleet of cars for
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car-sharing systems and the preferences of various system customers. This study aims
to present the preferences regarding the selection of vehicles and their features by people
who occasionally (one to five times a year) use car-sharing systems. The research was
carried out for the Polish market. The article is intended to encourage the public to use
car-sharing services and to support car-sharing service operators in completing a new fleet
or modernizing the current fleet of vehicles.

The article is divided into five chapters. The first one presents an introduction and
a general outline of the concept of car-sharing, and the second chapter is devoted to the
presentation of the research methodology. The third chapter presents the results of the
research, which are discussed in the fourth chapter. The last chapter presents conclusions,
as well as research limitations and further research plans for the presented subject.

2. Methodology

Choosing a car that will suit the needs of society is a very complex matter, both
in the case of selecting a car to suit one’s own needs as well as car-sharing systems. It
requires considering many possible variants (car models) and their attributes (individual
features, technical data, performance, equipment level, etc.). These attributes, depending
on their preferences, will play a greater or lesser role for decision-makers. Therefore, it
is important to achieve a proper societal assessment of them. These assessments serve as
weights that constitute input data to the analytical process when deciding based on a multi-
factor examination of a given problem, which uses Multiple-Criteria Decision Analysis
(MCDA) methods. MCDA methods allow access to decision variants and create their final
sequence [24-26]. Among the many MCDA methods that are used to solve real transport
problems [27], it is a commonly used tool in the case of comparing individual attributes,
isolating the relationships between analyzed variants, and obtaining the final sequence
of variants [28]. Its main advantage is the direct participation of the decision-maker in
the decision-making process [28]. The method enables the decision-maker to analyze
both qualitative and quantitative criteria at different levels of ambiguity [28], therefore the
method was used in these analyses.

The research was carried out for a case study of the Polish car-sharing services market.
The Polish car-sharing market is considered one of the most dynamically developing shared
mobility markets in Europe [29,30]. At the peak of interest in car-sharing services of the
business community in 2017, the services were provided by 17 operators in more than
250 Polish cities [30]. This translated into monetary results at the level of annual revenues
of 50 million PLN in 2019 and 100 million PLN in 2021 [30]. However, the streak ended
with many unexpected shutdowns and restrictions on their operations. Currently, there are
5 car-sharing system operators available in Poland [31]. Due to numerous limitations in the
functioning of the systems, there is a real need to conduct research on all kinds of system
improvements, including the modernization of the vehicle fleet.

To answer the question of which vehicles will best meet society’s expectations, this
study was proposed according to the following scheme:

(1) Identification of variants or models of vehicles that can be implemented in car-sharing
services. Specifying the attributes describing each of the variants with an indication
of the numerical values of individual attributes, e.g., performance or technical data.

(2) Conducting social research aimed at making comparisons by the society in pairs of
individual attributes (without knowing what vehicle model the attributes apply to, to
avoid possible selection suggestions) to evaluate them by assigning appropriate values
to Saaty’s scale from 1 to 9 [32]. The scale determines the importance level of one
attribute concerning the other according to the level that both attributes considered are
of equal importance to the respondent (value 1), to the overall and extreme advantage
of one attribute over the other in the analyzed pair (value 9) [32]. The average value
of the weights of the individual criteria is prepared from the obtained scores.

(8) Carrying out mathematical analysis using the ELECTRE III method along with the
definition of its basic parameters, including the difference, A, between the maximum
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and minimum values of a given attribute, equivalence threshold Q, preference thresh-
old p, and veto threshold V, thus creating a difference matrix and determining the
ascend and descend distillation (appropriate ordering of variants in the ranking).

(4) Obtaining an ordered ranking of vehicle models and indicating the importance of
individual attributes.

The detailed research process is presented in the form of the scheme in Figure 2.

RESEARCH PROCESS

Defining analyzed

car variants (CV)
with the attributes (ATT)
that define them and will serve

as input for the respondents’ . .
assessment Evaluating the importance
of individual attributes
—]
for respondents
(pairwise comparison)
Calculations according
to the steps of the ELECTRE Il *—
Multi Criteria Data
Analysis method Presentation of the
ranking of car

variants best suited to
the needs of the
respondents and the
presentation of the
classification of
attributesy

Figure 2. Research process.

Based on the above scheme, the research was carried out, the results of which are
presented in Section 3.

3. Results

The research was commissioned by one of the car-sharing system operators operating
in the Polish market, who wanted to know whether the currently offered vehicle fleet fully
meets the expectations of its customers. The operator currently has a fleet of 2000 cars,
which includes small city cars from the B segment, referred to as sub-compact cars. Cur-
rently, the vehicles on offer are equipped mainly with internal combustion engines. In line
with the guidance received from the operator, he also wished to consult on the possible
implementation of more electric vehicles and their adoption by users.

For the analysis of vehicles that can be covered by the implementation of car-sharing
systems, 12 different car models were selected, representing different car brands and vehicle
sizes, and belonging to different segments, price ranges, and engine types. The models
that were the most popular, and at the same time had the most ecological solutions, were
considered. Both combustion engine vehicles as well as electric and hybrid vehicles were
included. When identifying the list of vehicles that can be implemented in the systems, the
focus was on new, popular, and most environmentally friendly cars. The latest automotive
reports, “The best-selling cars in Europe in 2022” [33] and “The best low-emission green
cars 2022” [34] were used. What is more, efforts were made to consider vehicle models that
are now successfully used in foreign car-sharing systems. The models considered, together
with the indicated engine type, are presented in Table 1.
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Table 1. Considered decision variants.

Analyzed Car Variants

Power Type

CVv_1
Cv_2
CV_3
CV_4
CV_5
CV_6
Cv_7
CVv_8
CV_9
CV_10
cv_1
Cv_12

Internal Combustion Engine
Internal Combustion Engine
Internal Combustion Engine
Internal Combustion Engine
Hybrid Engine
Hybrid Engine
Hybrid Engine
Hybrid Engine
Electric Engine
Electric Engine
Electric Engine
Electric Engine

Successively, following the research plan scheme, the attributes that were considered
in the analysis of individual vehicles were determined. Thirteen attributes presented and
characterized in Table 2 were indicated. The factors were partly selected based on the
literature [35-37], supplemented by arbitrary indications of the author.

Table 2. Factors characterizing decision variants.

Factor No.

Factors Describing
Vehicle Models

Characteristics of Factors

ATT_1

Vehicle length [mm)]

Distance from the front to the rear of
the vehicle in millimeters.

ATT 2

Maximum speed [km/h]

The maximum rate of change in the
position of the body concerning the
frame of reference.

ATT_3

Acceleration [s]

Physical quantity informs about how
quickly the vehicle speed changes from
0 [km/h] to 100 [km/h].

ATT 4

Luggage compartment capacity
(seats up) [1]

The size of the luggage space expressed
in the number of liters it can
accommodate, considering the
folded-up seats.

ATT_5

Engine power [kW]

Engine power is the amount of work an
engine can do in a given time.

ATT_6

Energy consumption [kwh /100 km]

The average value of fuel consumption
in the combined cycle (city and
highway driving).

ATT_7

Time of battery charging/time of
refueling [min]

Minimum charging time with DC fast
charger in the case of electric car or
minimum amount of time to refuel an
internal combustion engine car’s
fuel tank.

ATT_8

Maximum range [km]

Maximum route distance to be traveled
with a full tank of fuel/fully
charged battery.

ATT_9

Rental fee [€]

The average cost of 1 min of travel and
1 km of travel, including a minute
stop-over fee.
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Table 2. Cont.

Factors Describing

Factor No. Vehicle Models

Characteristics of Factors

Five-star safety rating system to help
consumers identify the safest choice for
their needs. The safety rating is
determined from a series of vehicle
tests designed and carried out by the
Euro NCAP organization.

ATT_10 Euro NCAP rating [-]

The number of seats the car model is

ATT_11 Number of seats in the car [-] fitted with

The number of doors the car model is

ATT_12 Number of doors in the car [-] fitted with

The amount of carbon dioxide
ATT_13 CO; emission [g/km] produced by the vehicle’s engine per
kilometer of traveled route.

Successively, individual attributes were assigned values corresponding to the perfor-
mance and technical data of individual vehicle models, which are presented in Table 3.

Table 3. The values of the attributes describing the analyzed variants of cars.

Time Of Battery Charging/Time Of Refueling [Min]

= El
- ~
‘g S _ T
P ] i L =
& 2 5 3
—_ Q @)
= - =) —_ ) £
g g g £ 0 < = —_
g = £ 2 £ v £ = @ =
— ° —_ « 4 g &0 = ] 2 o0
= v ) = = = = — S ] 2 =
&0 & - g ) 2 S ) ~ ) = 3
i g S S 2 5 ~ - - =
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= = 5 < v A~ ) 5 = @) = = =
ER e £ 2 @ 5 e = =z £ & E
5 5 E ¢ 5 s p E £ g g g )
o > = < = iz = p [~ = z z O
ATT 1 ATT 2 ATT 3 ATT 4 ATT 5 ATT 6 ATT 7 ATT. 8 ATT 9 ATT_10 ATT_11 ATT_12 ATT_13
Cv_1 3600 196 8.8 251 85 2417 3 729 041 3 5 5 110
Cv_2 4154 210 8.2 400 110 30.02 3 625 0.44 5 5 5 112
CVv_3 4060 188 9.9 309 74 31.48 3 672 0.44 4 5 5 130.7
Cv_4 4869 238 7.7 625 140 31.99 3 1065 0.58 5 5 5 139
CV_5 4689 230 8.5 600 110 29.93 60 948 0.48 5 5 5 30
CV_6 4050 180 9.9 301 103 26.32 60 765 0.44 5 5 5 87
Cv_7 4515 193 7.7 591 169 36.12 55 915 0.48 5 5 5 135
CV_8 4500 193 8 616 169 30.44 55 881 0.48 5 5 5 140
CV_9 3632 150 9 185 87 14.3 50 470 041 4 4 3 0
CV_10 4490 144 79 435 110 16.6 60 285 0.48 5 5 5 0
Ccv_11 4261 160 8.9 370 110 14.9 52 351 0.48 5 5 5 0
CV_12 4584 160 9 543 125 16.9 60 343 0.58 5 5 5 0

Vehicle performance values based on technical data provided by vehicle manufacturers.
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Then, the importance of individual attributes describing the vehicles was determined.
For this purpose, a social survey was carried out with the participation of respondents who
were users of the operator’s system who use the services occasionally, i.e., up to five times a
year. The survey was conducted anonymously online via the operator’s application in June
2022. A total of 404 people took part in the study. For the tested sample, the confidence
level was 96% (o = 0.96). The fraction size was 0.6 and the maximum error was estimated at
5%. The respondents were presented with a pairwise comparison questionnaire. Their job
was to compare each pair of attributes and assign them appropriate weight values from one
to nine on Saaty’s scale. It is worth noting that when comparing in pairs, the respondents
compared individual attributes and not the values that describe them. As a result, they
were not aware of which car models the data related to, which allowed them to achieve
impartiality. The research questionnaire is presented in Figure 3.

Maximum speed [km/h]

Luggage compartment capacity (seats up) [I]
Time of battery charging/time of refuelling

Vehicle length [mm]

\Acceleration [s]

Energy consumption [kwh/100km]
Maximum range [km]

Rental fee [€]

Euro NCAP rating [-]

Number of seats in the car [-]
Number of doors in the car [-]
ICO2 emission [g/km]

[min]

Vehicle length [mm]

Maximum speed [km/h]

Acceleration [s]

Luggage compartment capacity (seats up) [l]

Energy consumption [kwh/100km]

Time of battery charging/time of refuelling [min]

Maximum range [km]

Rental fee [€]

Euro NCAP rating [-]

Number of seats in the car [-]

Number of doors in the car [-]

CO2emission [g/km]

Figure 3. Pairwise matrix research questionnaire.

The obtained averaged weights of the individual attributes are presented in Table 4.
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Table 4. Attribute weights.

ATT_1 ATT 2 ATT._3 ATT 4 ATT_5 ATT_6 ATT_7 ATT_8 ATT_ 9 ATT_10 ATT_11 ATT_12 ATT_13
Average
attributes 0.054 0.07 0.113 0.1 0.088 0.101 0.04 0.094 0.07 0.09 0.06 0.03 0.09
weights
The next step following the ELECTRE III methodology was to determine the pa-
rameters characterizing the relationships between the studied factors, i.e., the maximum
difference of criteria values, equivalence threshold, preference threshold, and veto thresh-
old. Detailed data are presented in Table 5.
Table 5. The set of equivalence, preference, and veto thresholds.
ATT_1 ATT 2 ATT 3 ATT 4 ATT 5 ATT 6 ATT 7 ATT 8 ATT 9 ATT 10 ATT 11 ATT 12 ATT 13
Maximum
Difference 4869 238 9.9 625 169 3612 60 1065 058 5 5 5 140
of Attributes
Values
Fquivalence 121725 595 2475 15625 4225 9.3 15 26625 0145 125 125 125 35
Threshold
Preference 24345 119 495 3125 845  18.06 30 5325 0.9 25 25 25 70
Threshold
Veto 4869 238 9.9 625 169 36.12 60 1065 0.58 5 5 5 140
Threshold : : :
The next step according to the ELECTRE III methodology was to create the concor-
dance matrix. The matrix is presented in the form of Table 6.
Table 6. Concordance matrix values.
Car Ccv_1 CV2 CV3 CV4 CV5 CV.é Ccv_7 CvV_8 CV9 CV.10 CV.11 CV.12
Variants
CV_1 - 0.946 1.0 0.7855 0.798 0.892 0.6784 0.711 0.946 0.8753 0.892 0.7983
CvV_2 1.0 - 1.0 0.8934 0.8984 0.946 0.8813 0.8752 0.946 0.946 0.946 0.946
CV_3 1.0 1.0 - 0.8089 0.8613 0.946 0.7823 0.7673 0.946 0.946 0.946 0.881
CV_4 1.0 1.0 1.0 - 0.946 0.946 0.946 0.946 0.946 0.946 0.946 0.946
CV_5 0.97 0.97 0.97 0.97 - 0.9811 0.9351 0.9351 1.0 1.0 1.0 1.0
CV_6 1.0 1.0 0.9925 0.8788 0.9141 - 0.8503 0.8411 1.0 1.0 1.0 0.9484
CvV_7 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 1.0
CV_8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0
CV_9 0.9186 0.8171 0.8368 0.5589 0.6796 0.8838 0.5831 0.6173 - 0.9016 0.9407 0.8519
CV_10 0.9032 0.8834 0.8592 0.7264 0.8066 0.882 0.7341 0.7664 1.0 - 1.0 1.0
CV_11 0.9253 0.899 0.865 0.6925 0.7726 0.8878 0.6952 0.7092 1.0 1.0 - 0.9899
CV_12 0.925 0.9183 0.8844 0.7742 0.8394 0.9071 0.7654 0.8159 1.0 1.0 1.0 -

The next stage in the ELECTRE III method was to perform the ascend and descend
distillation against each of the variants, and, in the final step, to create the dominance
matrix. The dominance matrix is presented in Table 7.

The last step was to prepare the final ranking, presenting the ranking of variants in
terms of the preferences of experts and the adopted factors. The final ranking is presented
in Table 8.
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Table 7. Dominance matrix values.

Car cv.1 cv2 Ccv.3 Ccv 4 Ccv.s CV 6 cv_7 cv.s Ccv.9 CV_10 cv 11 Ccv. 12
Variants

Cv_1 - P- P— P— P— P- P— P- P- P— P— P—
Cv_2 P+ - R P— P- R P— P- P+ R P+ R
CV_3 P+ R - P— P— P— P— P— P+ I P+ 1

Cv_4 P+ P+ P+ - I P+ I P— P+ P+ P+ P+
CV_5 P+ P+ P+ 1 - P+ 1 P— P+ P+ P+ P+
CV_6 P+ R P+ P— P— - P— P— P+ P+ P+ P+
Cv_7 P+ P+ P+ I 1 P+ - P— P+ P+ P+ P+
Cv_8 P+ P+ P+ P+ P+ P+ P+ - P+ P+ P+ P+
CvV_9 P+ P— P— P— P— P— P— P— - P— P— P—
CV_10 P+ R I P— P— P— P— P— P+ - P+ 1

Cv_11 P+ P- P— P— P- P— P— P- P+ P— - P—
Cv_12 P+ R I P— P— P— P— P— P+ I P+ -

Where: (I)—a pair of car variants are equivalent; (P+)—the first car variant is better than the second car variant;
(P—)—the first car variant is worse than the second car variant; (R)—car variants are incomparable.

Table 8. Final ranking.

Dominance Ascend Descend Average Podium
Matrix Distillation Distillation 8 Classification
CV_1 5.0 4.0 45
Cv_3 3.0 3.0 3.0
CV_4 1.0 20 15 ex aequo 2nd
place
CV_5 1.0 20 15 ex aequo 2nd
place
CvV_7 1.0 20 15 ex aequo 2nd
place
CV_8 1.0 1.0 1.0 1st place
CV_9 4.0 4.0 4.0
Cv_10 3.0 3.0 3.0
CV_11 3.0 4.0 35
Cv_12 3.0 3.0 3.0

4. Discussion

Based on the research, it can be concluded that by using the multi-criteria decision
support method, ELECTRE Il is suitable for solving the problem of selecting vehicles for
car-sharing systems. In the analyzed case study, the use of the ELECTRE Il method allowed
indication of which car models best meet the expectations of Polish users occasionally using
car-sharing systems.

Based on the obtained results, it should be stated that the best solution to be used
in car-sharing systems turned out to be the CV_8 variant, which is a large family car
representing the D-vehicle segment longer routes. Interestingly, ex aequo, the models CV_4,
CV_5, and CV_7 took the second position. In the case of the CV_4, it is also a large family
vehicle, representing a D-vehicle segment, similar to the winning model. In the case of the
CV_5 and CV_7 models, these are cars representing the so-called “lower average” class C,
which are vehicles characterized by a compact design that provide relative driving comfort
for four adults and a moderately large space for luggage. The third place in the ranking ex
aequo was taken by the CV_2 and CV_6 cars, i.e., city vehicles from segment B. These are
vehicles intended mainly for city driving, allowing a moderately comfortable ride for four
people on the road. However, they are usually characterized by a small luggage space and
dimensions. Interestingly, the last and penultimate place in the ranking was taken by the
CV_1and CV_9 models, i.e., cars representing the smallest possible class of cars, segment A,
which includes small cars intended for city driving, characterized by small dimensions and



Energies 2022, 15, 9027

10 0f 13

small luggage space. An important conclusion is the fact that large-size cars turned out to
be the leading vehicle. Interestingly, small vehicles, ideologically dedicated to car-sharing
systems, were not of interest to users.

When analyzing vehicle models from the point of view of the importance of individual
attributes, it should be stated that the leading features turned out to be acceleration, luggage
compartment capacity, and maximum range. Such results indicate that users want to use
cars that will provide them with agile acceleration in urban conditions, as well as the ability
to cover the longest possible distance, which is important especially in the case of electric
vehicles. It is also worth pointing to the importance of the size of the luggage space, which
turned out to be crucial for users. On the other hand, the number of seats in the car, number
of doors, and rental fee turned out to be the least important. These conclusions are very
interesting because they show that the users, although they would be willing to rent large
vehicles, would not use them for more than four people. What is more, an important
conclusion is also the approach to the rental fee, which showed little importance among
the attributes. This proves that if the operators’ offer would include vehicles that meet the
expectations of users, they would be willing to pay more to be able to make a journey in a
car compatible with their preferences.

The users” approach to the issue of ecology is also important. A vehicle equipped with
a hybrid engine took the leading position. Moreover, hybrid vehicles also came second.
This may indicate the fact that users are aware of the need for environmentally friendly
transport, but due to the desire to travel as long as possible with cars, electric cars did not
manage to win over hybrid cars. It is also worth emphasizing that the aspect of carbon
dioxide emissions was not indifferent to users.

Comparing the obtained results with the research on other groups of users using
car-sharing systems in Poland, i.e., frequent and regular users, it should be mentioned
that the preferences of occasional users are very similar to them [35-37]. This is a very
valuable tip for both the operator for whom the tests were performed and the entire Polish
car-sharing market, as it indicates that the vehicles that would be most interesting for users
are large family cars with high engine performance and a large trunk. Interestingly, such
preferences differ from those currently used in car-sharing systems in Poland. It is worth
mentioning that the systems are dominated by small and city cars of B and C classes, which,
as research shows, do not fully meet the expectations of society. It is also an important
conclusion from the point of view of car-sharing research because so far it was believed
that small and city cars of A and B classes are vehicles that should consist of a car-sharing
fleet [38].

5. Conclusions

Summarizing, the conducted research allowed the achievement of the goal of indi-
cating the type of vehicles that meet the expectations of customers who occasionally use
car-sharing systems. Research has shown that the best solution is to use large and family
vehicles with the best possible engine performance and the largest possible cargo space
in fleets. It is important that they are hybrid cars that will allow covering the greatest
possible distances ecologically. The research showed that ecological issues are important for
occasional users, which was confirmed by the fact that cars with combustion engines were
placed in the leading positions. The results indicate, however, that due to the importance
of the ability to cover the longest distances, electric cars did not take the main places in
the ranking. However, this is an important tip, because along with the development of
technology used in electric cars and the extension of their travel distances, it will be possible
to successfully replace hybrid cars with electric ones, which will also meet the expectations
of users.

Moreover, the conducted research showed little interest in users of small vehicles,
which are commonly dedicated to car-sharing services. This can answer the question of
why users use car-sharing systems occasionally, because currently in Poland car-sharing
systems are based on this type of small and city vehicles. This is an important conclusion
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for operators wishing to modernize their vehicle fleets. It is also worth mentioning that the
results obtained for the analyzed group of occasional users coincide with the expectations
of frequent and regular car-sharing users. From the point of view of mobility management,
it is therefore worth optimizing car-sharing fleets and deciding whether replacing the
current small cars with even a smaller number of large vehicles that meet the expectations
of users would not make much sense, for example, from the point of view of “freeing”
public space that is occupied by unused cars. It is also worth considering whether, in the
case of customers who want to rent large vehicles, it would not be better to use classic
daily rental instead of car-sharing. Considering the high costs of replacing the car fleet,
it is worth considering the change of business models and finding a group of recipients
who would be interested in the current fleet of small cars. The currently obtained results
allow us to assume that these would be customers not currently using car-sharing services,
because the remaining groups of customers, from occasional, though rare, frequent, and
regular, are interested in large vehicles.

This article, like any other research work, has its limitations. The main limitation is
the research conducted in terms of the area of the Polish market. The second limitation
is a strictly defined group of users for which the research was carried out. Due to this, in
the next work the author plans to expand the group of analyzed users to obtain the full
range of the fleet tailored to the needs of each of them. What is more, the author also plans
to carry out this type of research for other countries to show differences in the approach
to the vehicle fleet, especially in countries with a highly developed approach to using
car-sharing systems.

The main limitation is that the research was conducted in terms of the area of the
Polish market. The second limitation is the method of pairwise comparisons used in the
work. According to its assumptions, the respondents assessed attributes on the Saaty scale,
which limits the possibility of expressing opinions in numerical form (weights from one to
nine). For the researcher, this is a convenient form due to numerical standardization, but it
limits the respondents’ ability to express their own opinions, for example, in a qualitative
rather than quantitative form. Another limitation is the lack of similar studies in other
geographical areas in the literature. The lack of such publications makes it impossible
to conduct an extensive discussion of the results concerning studies by other authors.
Another of the limitations can be considered to be the narrowing of the research only to
a specific group of respondents. It is also impossible to determine the detailed market
value of the analyzed group of respondents in relation to the entire car-sharing market in
Poland. Therefore, the author’s research plans include the development of an article where
a coherent summary of the expectations of various social groups will be presented, which
will be important for car-sharing operators who want to know the results for the full range
of system customers in Poland. The author also plans to conduct similar research for other
geographical areas, especially those where car-sharing systems are highly developed. The
author also plans to study the value of individual user segments for the Polish car-sharing
services market.

Funding: The publication received no external funding.

Institutional Review Board Statement: According to our University Ethical Statement, the following
shall be regarded as research requiring a favorable opinion from the Ethic Commission in the
case of human research (based on document in Polish: https://prawo.polsl.pl/Lists/Monitor/
Attachments/7291/M.2021.501.Z.107.pdf, accessed on 22 November 2022): research in which persons
with limited capacity to give informed or research on persons whose capacity to give informed or
free consent to participate in research and who have a limited ability to refuse research before or
during their implementation. In particular, this includes children and adolescents under 12 years of
age, persons with intellectual disabilities, persons whose consent to participate in the research may
not be fully voluntary, prisoners, soldiers, police officers, employees of companies (when the survey
is conducted at their workplace), persons who agree to participate in the research on the basis of false
information about the purpose and course of the research (masking instruction. i.e., deception) or do
not know at all that they are subjects (in so-called natural experiments), research in which persons
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particularly susceptible to psychological trauma and mental health disorders are to participate (in
particular: mentally ill persons, victims of disasters, war trauma, etc.), patients receiving treatment
for psychotic disorders, family members of terminally or chronically ill patients, research involving
active interference with human behavior aimed at changing it, research involving active intervention
in human behavior aimed at changing that behavior without direct intervention in the functioning
of the brain (e.g., cognitive training, psychotherapy, psychocorrection, etc., (this also applies if the
intervention is intended to benefit the subject, e.g., to improve his/her memory), research concerning
controversial issues (e.g., abortion, in vitro fertilization, death penalty) or requiring particular delicacy
and caution (e.g., concerning religious beliefs or attitudes towards minority groups), and research
that is prolonged, tiring, and physically or mentally exhausting. Our research is not done on people
meeting the mentioned conditions. None of the researched people had limited capacity to be informed,
and none of them had been susceptible to psychological trauma and mental health disorders. The
research did not concern the above-mentioned controversial issues. The research was not prolonged,
tiring, or physically or mentally exhausting.

Data Availability Statement: The data presented in this study are available on request from the author.
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