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Abstract: In a wider understanding, shared mobility can be defined as trip alternatives that
aim to maximize the utilization of the mobility resources that a society can pragmatically afford,
disconnecting their usage from ownership. Then, shared mobility is the short-term access to shared
vehicles according to the user’s needs and convenience. The contributions and added value of this
paper are to provide an up-to-date and well-structured review on the area of shared mobility to
researchers and practitioners of the transport sector. Hence, this paper presents a bibliographical
review of shared mobility and its diverse modalities, as an alternative to individual transportation,
especially in cases of individual automobiles or short trips restricted to an urban city. The present
literature review on shared modes of transportation has discovered that the introduction of these
modes alone will not solve transportation problems in large cities, with elevated and growing
motorization rates. However, it can among the strategies employed to help alleviate the problems
caused by traffic jams and pollution by reducing the number of vehicles in circulation, congestions,
and the urban emission of polluting gases. Thus, the implementation of shared mobility schemes
offers the potential to enhance the efficiency, competitiveness, social equity, and quality of life in
cities. This paper covers the fundamental aspects of vehicle and/or ride sharing in urban centers,
and provides an overview of current shared mobility systems.

Keywords: shared mobility; carsharing; personal vehicle sharing; bikesharing; ridesharing;
on-demand ride services

1. Introduction

The 21st century is increasingly concerned with the environment and with the social problems
caused by the indiscriminate use of natural resources, the absence of urban planning, and the
deteriorating quality of life for inhabitants of large cities. It is thus time to rethink the issue of urban
mobility. Nowadays, an alternative stance is concerned with services, which can be observed in
the growing popularity of short-term rental systems (based on hours, days or weeks) of vehicles
(e.g., cars-Zipcar and Car2Go, bikes-Motivate), lodging and housing (cohousing–e.g., Airbnb),
work spaces (coworking–e.g., Impact Hub), etc. In this context, the concept of a sharing economy
emerges as a new paradigm that enables access to goods and services beyond ownership. Though the
concept of “sharing” is nothing new, the sharing of services, products, personal skills, and time between
strangers is seen as the essential feature of the development of sharing economy, whose popularity
has grown rapidly in recent years, leading to the success of digital platforms such as Uber and
Airbnb. Sharing economies have the potential to encourage the distribution and use of underutilized
assets and to promote a more sustainable consumption, with economic, social, and environmental
consequences [1]. Shared mobility is one of the segments of sharing economy, with the greatest
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disruptive potential over urban transportation systems, which are facing significant challenges due
to a rapid increase in motorization rates and the number of private vehicles [2–4]. According to the
World Bank [5], by 2050, the equivalent of 2/3rds of the projected global population (about 5.4 billion
people) will live in urban areas, and the number of vehicles on the road will double, to reach 2 billion.
While these changes have benefitted many individuals, they have also created difficulties such as
increased traffic jams and the environmental deterioration of urban areas, and have led to dispersed
patterns of development in suburban and rural areas, making them increasingly difficult to serve via
public transportation. According to Pojani and Stead [6], some trends in many cities around the world
are: extensive urban sprawl, rapidly-growing motorization, inadequate public transport systems,
chaotic traffic patterns with high use of cars and motorcycles, high environmental pollution, and poor
infrastructure for pedestrians and cyclists. Thus, more people prefer to own and use private vehicles,
further aggravating the problems [7]. This cycle sheds light on why the transportation sector is one
of the most problematic sectors for public policy today, especially with regards to negative transport
externalities (congestion, pollution, and traffic accidents) and the economic, social, and environmental
repercussions of these factors. Experts on urban mobility agree that we are living in an era of shared
mobility due to the advent of alternative transportation services which offer the possibility of major
changes [8–10]. In this paper, the definition of shared mobility provided by Shaheen et al. [11] is
adopted, which affirms that it is the short-term access to shared vehicles according to the user’s
needs and convenience, instead of requiring vehicle ownership. This phenomenon is occurring due to
demographic and cultural shifts, new social attitudes on the ownership of goods (mainly in developed
countries), and advances in mobile technology. The concept of sharing is developing rapidly and
becoming more common around the world. It is enabling the number of private vehicles per family
to decrease, and creating a new mentality in which users renounce ownership of a vehicle and use
shared transportation services according to their convenience. Research shows that the global market
for shared modes of transportation is expected to grow from US$ 1.1 billion in 2015 to US$ 6.5 billion
by 2024 [12].

In the last few decades, the importance of shared mobility has grown, as well as the need to
understand how to integrate it into urban transportation systems, and make it more efficient from
a social, environmental, and economic perspective. However, in most studies, shared mobility has
been considered as an isolated system, disregarding the complexity of its interactions with other
transportation modes, which makes it extremely difficult to estimate its impact on the transportation
system [13]. For this reason, this paper discusses the main aspects of manifold forms of shared mobility
solutions, in order to provide a revision of them and to give a theoretical background that can be useful
to promote this integration.

The objective of this paper is (1) to contribute to filling the gap of the lack of comprehensive
literature reviews in structuring the theme “shared mobility” and its diverse modalities, providing
to researchers an up-to-date and well-structured overview; (2) to address innovative shared mobility
services, present concepts and characteristics of each one of them, and also about their users; and (3) to
present a review about some modes of shared mobility that enabled users to obtain short-term access
to transportation as needed, rather than requiring ownership.

After the introduction addressed in this section, the structure of the paper is given as follow.
In Section 2 the research methodology adopted in this work is presented; Section 3 addresses some of
the reasons why shared mobility services are spreading around the world; Section 4 presents the main
outcomes obtained from a comprehensive literature review. Finally, Section 5 gives a discussion of the
findings and draws some conclusions.
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2. Methodology

The methodological strategy adopted was snowball research, which consists of identifying
scientific papers that explore the theme “shared mobility”, its variations, and related issues. Thereafter,
one paper leads to another, which in turn provides a third article, and so on. In this study, the most
relevant works were used to find significant papers through their citations, which show additional
research also through citations, and the process continues.

This bibliographic study reviewed shared mobility systems that are present in urban centers,
along with user profiles and their adaptation to new perspectives on transportation. A literature review
was undertaken in academic and scientific databases, such as Web of Science, EBSCO Discovery Service
(EDS), CAPES/MEC, Google Scholar, etc. Scientific sources, including the most relevant published
articles in the literature over the last two decades. This, collectively, was used to compile research
on shared mobility. The literature review included consultations of academic books and journals,
and an online search on technical information of initiatives is currently underway across the world

3. The Spreading of Shared Mobility

The transportation sector is currently responsible for about one-third of the total energy
consumption in European countries and the United States. However, the amount of travel in private
cars with one occupant (Single-Occupancy Vehicle–SOV) is also high in these countries [14]. There are
still many obstacles for reducing pollution (atmospheric and noise) and traffic jams, and for lowering
the personal, social, and environmental costs of switching to more sustainable models. Several
strategies have been proposed to promote sustainable urban mobility and more efficient modes of
transportation [15–20]. These proposals focus on convincing transportation users to adopt more
conscious and sustainable behavior.

Litman [21] affirms that an efficient transportation system requires a significant reduction in the
use and circulation of cars, and migration towards more efficient modes of transportation such as public
transit, cycling, walking, and innovative shared modes (transportation modes that share vehicles
and/or rides). However, the private car presents a clear advantage over other transport options
in three key attributes for its selection as mode of choice: flexibility, comfort, and availability [22].
Also, some trips will always be car-dependent due to their nature or their spatio-temporal location [23].
Hence, it is possible to affirm that shared modes could contribute to a solution because they can offer
the key attributes mentioned above [24].

According to the UN Habitat III [25], private vehicles remain parked about 95% of the time,
and when they are moving, their average occupancy rate is well below 2 persons per car, despite
the fact that private cars in general have 4 seats for passengers and the driver. In 2007, the average
occupancy rate was 1.8 persons per car in Eastern European countries and 1.54 in Western countries [26].
In 2017, in the USA the average occupancy rate was about 1.5 person per car [27].

Shared modes have the potential to reduce traffic congestion and the need for parking spaces,
giving rise to a decrease in the total number of vehicles. They are intermediate modes between private
modes and mass transit, and can be considered as significant components of a comprehensive and
efficient transportation system in urban areas. In France, shared modes help reduce traffic congestion
through higher vehicle occupancy rates. The shared mode average occupancy rate for short distance
trips is 2.5 persons per car, and for long distance trips is 3.5 persons per car. This means that fewer
vehicles are needed to move the same number of users [24]. According to Martinez and Viegas [22],
the same happened in Lisbon, Portugal. Shared modes increase the average occupancy rate per vehicle,
and decrease congestion levels and greenhouse gas emissions. Similarly, Sun [28] describes how shared
mobility increases traffic efficiency and reduces unnecessary external costs, mainly caused by low
average occupancy rates that leads to high congestion and pollution levels.

In most cities in China, 90% of car journeys to work have no passenger, and the average
occupancy rate is around 1.4 persons per car on weekday business trips and 2.0 on weekend social
trips. To overcome the low average occupancy rate, shared mobility certainly should be investigated,
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because it can combine multiple similar rides to one [29]. Cruz et al. [30] claim that in Brazil there is
lot of underused space in cars, and to prove this affirmation, in 2015, they applied a questionnaire to
determine private vehicle occupancy rates; the results showed that 33% of the respondents use their
car with no passenger, 48% with only one passenger, 10% with 2 passengers, and 9% with more than
2 passengers. So, they believe that in Brazil, mainly in large urban centers, there is a great potential for
the introduction of shared modes.

In urban areas with elevated and growing motorization rates, shared modes are normally used
to complement existing public transportation modes; it is not viewed as a panacea to all of society’s
transportation problems [31], but it can be considered to be one of the strategies that can help mitigate
the effects of traffic jams and pollution by reducing the number of vehicles in circulation. Therefore,
the implementation of shared mobility schemes offers the potential to enhance cities’ efficiencies,
competitiveness, social equity, and quality of life [32].

Shared mobility solutions have the potential to offer environmental gains and address social
aspects, such as fewer trips, modal shift, distance reduction, less need for parking spaces, etc.
Thus, the impact of shared mobility on transportation planning, from a sustainability perspective and
urban governance, need to be properly investigated. Shared mobility has gained significant popularity
and support in recent years, and there is a common understanding that shared modes can address
several sustainability challenges, including atmospheric pollution, by encouraging the use of newer
and cleaner vehicles, and the wider use of sustainable means of transport [2,33,34].

Innovations in mobility, such as shared modes, can be contextualized within wider socio-technical
transitions, driven by the mass use of the Internet, and the emergence of smartphones, which have
transformed several aspects of everyday life in less than a generation, leading to dramatic changes
in the way people communicate, socialize, work, shop, travel, and so on. This behavior change has
implications on economy, culture, ecology, environment, etc. Besides that, the shift from “ownership”
to “usership” is a critical shared mobility innovation that impacts on how the transportation system
(mass transit, individual/motorized/non-motorized modes, etc.) has to be ruled by regulatory
agencies. Some important decisions have to be made by the local authorities in order to properly
define the public good that shared modes, which are essentially rentier models, can provide. Examples
of these decisions are: economic regulation and taxation, assurance of an appropriate degree of social
equity and non-discrimination in service access, cover area regulation, and safety issues regulation [35].

Shared mobility schemes have involved a series of negotiations between public and private sectors,
with implications for the decision-making process that remain unclear. The role of private companies in
the mobility industry brings concerns over feasibility and acceptability of transport policies associated
with shared modes. One aspect that still needs to be properly investigated is the implication of
integrating shared mobility services, essentially provided by private firms, into current public transport
networks, characterized by strong government regulation. It is important to identify synergies between
established public transport networks and emerging shared mobility schemes, to make these services
complementary, and to achieve the common objective of sustainable mobility [2,33,34].

Therefore, the future of urban mobility is the integration of on-demand multimodal services that
may be enabled and accessed through digital platforms that suppress the need for multiple tickets and
payments, optimize transport mode choices, and provide access to real-time journey information and
weather conditions. Innovative mobility initiatives such as electromobility, autonomous and connected
vehicles, and shared modes can transform the transport sector, supply the foundations for sustainable
growth, and become urban travel controlled, resilient, and convenient [36].

Most of the shared mobility services are provided by private companies, some of them by
community-based initiatives, and a very small number are purely public shared modes. In general,
public initiatives of shared mobility fail because individuals tend to act in their own self-interest to the
detriment of society and the environment [2].

Another important issue to be addressed is that, in general, to access shared mobility services,
users need to have a smartphone with Internet access and a valid credit card. This may exclude a
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portion of the population with low income, that can’t afford this. Besides that, as the majority of the
shared mobility modes operate in central zones, citizens who live in peripheral regions face difficulties
to access these services. So, to ensure an effective scheme of shared mobility, the service has to be
inclusive (provides access to the whole population from all socio-economic backgrounds), accessible
(provides access to everybody regardless levels of ability), safe (ensures the safety of the citizens),
innovative (accepts, promotes and encourages the use of new and disruptive technologies), sustainable
(minimize negative environmental impacts), efficient (in terms of time and cost travel), livable (supports
healthy, active and prosperous human communities), equitable (ensures that all users pay a fair share
of its cost), citizen-oriented (meets the users’ needs), and non-exploitative (offers and supports decent
work conditions for transportation sector workers). Nevertheless, developing a transportation service
that embodies all of these characteristics of effectiveness is an immense challenge, which requires
building up a more forward looking and responsive regulatory framework which is able to adapt to
continuous scenario changes in which technological advances are always increasing [37].

4. Shared Mobility and Its Modalities

According to Shaheen et al. [38], the market for personal mobility is being changed quickly due
to structural modifications of the social and cultural trends, as well as technological advances such as
smartphones, Internet of Things (IoT) [39,40], Big Data [41,42], Cloud Computing [43,44], information
processing, and widespread data connectivity. Shared mobility is an innovative transportation concept,
which can be considered as a set of disruptive mobility services [45,46] that enable urban trip planning
and booking, real-time information, and fare payment into a single-user interface.

In terms of urban mobility, the shift from ownership to service use, often promoted in concepts
of sustainability, is available in most cities around the world through the shared mobility systems.
Although substantial psychological forces, rooted in the Western culture, support ownership of
a vehicle, the area of individual mobility is among the first that organizations have developed that
enables the shift from ownership to service use through the concept of shared mobility and the advent
of vehicle-sharing organizations [47].

Shared mobility is the shared use of a vehicle (car, bicycle, scooter, van, etc.). It is an innovative
transportation strategy that enables users to have short-term access to a mode of transportation when
required, and can increase multimodality, reduce vehicle ownership, vehicle miles/kilometers traveled
(VMT/VKT) (in some circumstances), and can provide new ways to access goods and services [10,48].

In a wider understanding, shared mobility can be defined as trip alternatives that aim to maximize
the usage of mobility resources that a society can pragmatically afford, disconnecting their usage
from the ownership. This concept refers to innovative initiatives based on the “access to” instead of
the “ownership of”, in which individuals share each other’s material assets (vehicles, money, etc.),
and intangible resources (personal skills, time availability, etc.) in order to provide mobility services to
access places. The objective is to supply a broad set of mobility choices, increasing multimodality and
reducing transportation costs [49].

The recent popularity experienced by shared mobility services is due to advances in technology
(mainly smartphones, positioning systems, and mobile payment), economic changes, and social and
environmental concerns related to vehicle ownership and urban living [50].

According to Shaheen et al. [50], shared mobility is an “umbrella” term that refers a broad array
of innovative transportation modes with different use cases, business models, and travel behavior
impacts. Figure 1 shows a scheme of shared mobility and some of its modalities, which will be
addressed in this article as follows.
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4.1. Carsharing

According to Shaheen et al. [11], carsharing is a mode of shared transportation in which several
people use the same vehicle. It is popular for its environmental and social role. Moreover, individuals
enjoy the benefits of a vehicle without the responsibilities and costs of owning one. Users typically
access vehicles by joining an organization that maintains a fleet of vehicles deployed in lots located
within neighborhoods and at public transit stations, employment centers, colleges and universities,
and sometimes also using on-street parking. Normally, the carsharing operator provides fuel, parking,
and maintenance, and participants pay a fee each time they use a vehicle [10].

Some benefits of carsharing are reduction in the frequency of car use, overall reduction in
VMT/VKT, and cancellation or delay in car ownership [51]. Another advantage of carsharing is
that it minimizes the total number of vehicles needed. It is estimated that a shared car can replace
between 1 and 6.5 personal vehicles. It also tends to decrease the frequency of trips carried out on
impulse i.e., carsharing not only makes people more aware of the cost per trip, but also demands that
each trip be previously planned [52]. Namazu et al. [51] complemented this point of view by stating
that the availability of a variety of vehicles, which are often newer (shared cars have much higher
utilization rates, which reduces the lifecycle environmental impacts of cars) and more fuel-efficient
(eventually with clean propulsion technology, in the case of electric or hybrid vehicles) when compared
to typical private vehicles, can motivate the optimization of the size and characteristics of the vehicle
depending on the purposes of the trip.

Carsharing programs began in Europe in the mid-20th century. The first program was introduced
in 1948 in Zurich, Switzerland, and expanded over the following decades to other European
countries, including France, Netherlands, Sweden, Germany, the UK, and others [53]. The earliest
carsharing services were cooperatives (including the first program in Zurich that operated for
50 years 1948–1998) with collective ownership of a fleet of vehicles (run by volunteers and were
non-profit making). Later, for-profit companies offered their vehicles for rent by users for short
periods of time [54,55]. The USA experience with carsharing began with two projects in the 1980s:
Mobility Enterprise conducted by Purdue University, and the Short-Term Auto Rental (STAR) in San
Francisco, California [55].

The first carsharing systems in Asia and Australia started in the 1990s and 2003 respectively [55].
According to Yoon et al. [56], there is a rising interest in carsharing programs in Asia (particularly in
China, Japan, Malaysia, and Singapore), which contains many of the fastest developing and most
densely-populated cities in the world. Presently, carsharing systems are available in more than
30 countries across five continents [53,54].
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According to studies conducted by Shaheen and Cohen [57–59], and Shaheen et al. [60], since the
last decade, carsharing services have increased in many countries in North and South America (mainly
USA, Canada, Mexico, and Brazil), Europe, and largely in Asia.

4.1.1. Carsharing Business Models

According to its type, function, and target audience, carsharing can be divided into two categories:
station-based (round-trip and one-way) and free-floating (one-way).

Station-Based Round-Trip Carsharing

It is a two-way service where customers pick up a vehicle at a designated station and return it
to the same place, while normally paying on an hourly basis. It can include free miles/kilometers or
come with a per-mile/kilometer charge [11]. In this mode, the available vehicles are parked in pick-up
stations, which are pre-defined parking spaces owned by the service provider or reserved by the local
authority. This operational mode does not consider the intermediate stops that the customer may plan
for personal needs. Thus, this includes both the travel to and from a destination(s), and the time spent
whilst there. In general, customers need to reserve their cars in advance, though it can be possible to
find an available vehicle on short notice when utilization is low [61,62]).

From the users’ perspective, round-trip services may not be financially attractive if a journey
requires the vehicle to spend a long time parked at a place other than its home (for e.g., while
commuting). Therefore, this kind of carsharing is mostly used for short journeys when vehicles remain
parked for a short duration, usually for leisure, shopping, and occasional trips [63]. Figure 2 illustrates
the station-based round-trip scheme.
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Station-Based One-Way Carsharing

This is similar to the round-trip mode, but the individual has no obligation to return the vehicle to
the same place, and can park in designated places, which may be scattered across a city or region [11].
This mode is more flexible and adaptable to customers’ needs. Users typically pay by the minute
(versus the hour as in the round-trip model), the trips are shorter, and do not require a reservation.
Even though one-way carsharing provides a flexible service, its operational management is more
complex because the operators have to guarantee a level of vehicle availability. This, coupled with an
imbalance between stations, could lead to an oversized fleet and underused vehicles [65].

A study conducted in the USA, Canada, Mexico, and Brazil showed that almost 70% of round-trip
carsharing operators believe that one-way sharing is a complement or evolution of the round-trip.
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However, due to unequal travel demand between service stations, unidirectional vehicle-sharing
systems present an operational problem of imbalances in vehicle availability across a network of
stations [66]. Hence, it’s necessary to develop maintenance algorithms to balance vehicles and local
parking spaces at individual stations [67]. Figure 3 illustrates the station-based one-way scheme.
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Free-Floating One Way Carsharing

This type of carsharing enables shared-use vehicles to be picked up and dropped off anywhere
within a designated operating area. There are no specific stations, and while users can drive outside the
operating zone, they still have to drop off cars inside the service area, often using specific carsharing
roadside parking spaces provided by local authorities. In free-floating one-way carsharing services,
users are able to check the real-time availability and locations of shared vehicles, and book them online
(via their smartphone or computer). It is possible unlock and lock the car using a smartphone to begin
and end the rental. The information of the termination of the trip is automatically sent to the operator,
and the car is available again to other users.

Free-floating one-way carsharing services are expanding, largely due to advancement in
technology (for instance: vehicle access technologies, smartcards, mobile applications, positioning
systems such as GPS (Global Positioning System) and public policies that enable private firms to reserve
on-street parking. The introduction of these services has removed some of the restrictions faced by
users in conventional round-trip services. Hence, it is gradually replacing round-trip systems because
of the freedom that this system offers [54,65,68]. Figure 4 illustrates the free-floating one-way scheme.

Heilig et al. [61] state that the number of carsharing users and the number of cars offered in
sharing systems has increased throughout the last few years, and forecasts show that this is an ongoing
trend. In Germany in 2016, for example, station-based carsharing had an 18.8% increase in customers,
whereas free-floating carsharing saw a 51.0% increase.

Currently, the world’s largest carsharing companies include Zipcar, founded in 2000 in the United
States, with over one million members and more than 12,000 vehicles. Zipcar operates in Belgium,
Canada, Costa Rica, France, Iceland, Spain, Taiwan, Turkey, the United Kingdom, and the United
States [69]. Alongside Zipcar is Car2Go, which was founded in 2008 in Germany, with more than
3 million members worldwide, 14,000 vehicles, and operating in 8 countries in Europe, North America
and Asia (China) [70,71]. Zipcar and Car2Go operate with their own fleet and have infrastructures that
are consolidated and supported by public authorities via, for example, the allocation of public spaces
for parking and vehicle reloading. Presently, 21 carsharing companies across 11 countries have formed
the Car Sharing Association (CSA), which includes the company Zazcar that operates in Brazil.
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4.2. Personal Vehicle Sharing: Peer-to-Peer Carsharing and Fractional Ownership

Personal Vehicle Sharing (PVS) is a system in which car owners convert their personal vehicles
into shared cars and rent them to other drivers on a short-term basis [72]. Generally, PVS companies
broker transactions between car owners and renters by providing the resources necessary to make the
exchange possible, such as online platforms, customer support, auto insurance, and technology [73].
In this paper, two modalities of PVS are presented and described below.

4.2.1. Peer-to-Peer (P2P) Carsharing

Peer-to-peer (P2P) carsharing employs privately-owned vehicles that are temporarily made
available for shared use by an individual or members of a P2P carsharing company (operator service).
The operator intermediates the rental procedure, typically by defining schedules for when the vehicle
is available, and confirming or denying member requests for access. In this modality, the pickup
and drop-off locations are agreed on between the two parties (car owner and lessee), normally in
a station-based round-trip scheme. Expenses, such as insurance, are generally covered by the P2P
operator during the rental period. In exchange for providing the service, operators keep a portion of
the usage fee. Unlike traditional carsharing companies, the vehicles constituting shared fleets within
a P2P platform are generally older. On the other hand, P2P carsharing offers a greater selection of
locations, vehicle types, and daily and hourly rental prices when compared to the classic carsharing
model [60,74,75].

One characteristic of the P2P carsharing program is that the operator directly connects the parties
involved in the negotiation (car owners and would-be renters), implying that it is a more direct
manifestation of collaborative consumption than traditional carsharing systems. Apart from this, it
also promotes the sharing of already owned, underused assets, in contrast to a company-maintained
vehicle fleet. In addition to facilitating the sharing of existing resources, the P2P model can reduce
costs (for the renter) and promote profits (for the owner), and significantly reduce operating costs for
the companies, since the vehicle capital comprises almost 70% of total operating expenses for classic
carsharing companies [75].

According to Shaheen et al. [75], in January 2017 in North America, there were over
2,900,000 individuals participating in P2P carsharing programs, and a shared fleet of 131,336 P2P
vehicles distributed among six operators.
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4.2.2. Fractional Ownership

Fractional vehicle ownership is a model of sharing the ownership of a vehicle among a small
group of people, with each of these individuals taking up a portion of the expenses for access to the
shared service. This share is accompanied with usage “rights” or “terms” that can vary depending
on the consumer’s needs and the operator’s priorities or focus. This scheme can enable individuals
to access vehicles that they might otherwise be unable to afford, e.g., sophisticated models, electric
vehicles, etc. It can also result in income sharing when vehicles are used by non-owners [75–77].

It can be deployed in a variety of ways, for example, through a dealership and a partnership
with a carsharing operator, where the car is purchased and managed by the carsharing operator that
provides the vehicle to a group of people for a flat lease rate. This rate would cover fixed costs such
as maintenance, depreciation, insurance, taxes, and other fixed costs. The group of people using
the car would generally be restricted to a much smaller size than typically found in a carsharing
system (say 10 or less). It can be thought of as a single carsharing vehicle within a closed, pre-defined
user group [75,77].

This system is less flexible than other carsharing schemes because if a member of the group exits
the agreement, the operator or the remaining lessees are required to pick up the remaining costs. As the
shared vehicle must be located close to the collective homes of the lessees, the population available
to replace the departed member is limited. On the other hand, one potential benefit of fractional
ownership is that the network of vehicles expands to fit the size of demand, because the model avoids
the risk faced by carsharing classic operators entering a new market, where a vehicle is placed earlier
and members come later, since vehicles and members are simultaneously established [75].

According to Shaheen et al. [75], in February 2016, in Austin (TX, USA), Ford started a fractional
ownership pilot program; in Stockholm (Sweden), Audi Unite is testing a fractional ownership model
that allows up to five people to co-own a vehicle. Orto, a startup in London is also testing this model.

4.3. Bikesharing

The Bikesharing system is very similar to carsharing models. Users are able to access bicycles
for use when required. Bikesharing stations are typically unattended, concentrated in urban settings,
and offer station-based one-way access (bicycles can be returned to any station) or station-based
round-trip access (bicycles must be returned to same station where they were picked-up). Free-floating
one-way bikesharing offers users the ability to check-out a bicycle and return it to any location within
a predefined operational area. Bikesharing provides a variety of pick-up and drop-off locations.
The majority of bikesharing operators cover the costs of maintenance, storage, and parking. In general,
trips of less than 30 min are included within the membership fees. Users join the bikesharing
organization on an annual, monthly, daily, or per-trip basis [10].

Studies show that the benefits of bikesharing systems are numerous, such as avoiding parking and
maintenance troubles with private bicycles, offering more convenient connection to public transport,
reducing travel time and costs in city centers, improving body health, and opening up opportunities
for more social and leisure experiences [78].

Li and Kamargianni [78] have identified some factors affecting choosing bikesharing. These
factors can be classified into three categories:

X Natural and built environmental conditions: These include the weather (e.g., sunny, rain or snow),
temperature, and air-pollution. Usually, adverse weather conditions and colder temperature
would significantly discourage travelers from cycling. The topography also affects the choice of
bikesharing. Steeper roads, in particular, would significantly discourage the choice of a bicycle,
although the impact of hills on the choice of cycling route heavily depends on the fitness of
the cyclist. Air pollution can also decrease the number of cycling commuters on the road.
With regards to environmental and land use impacts, cycling-related infrastructure is an important
factor that can impact bikesharing systems. An increase in the number of cycle’s lanes and
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bikesharing stations can promote the use of this non-motorized mode of transportation by
reducing travel time and increasing safety and convenience. Some other relevant factors such as
population density in the community, the existence of university campuses, and number of parks
also affect this modal choice [78].

X Trip and mode attributes: Trip characteristics are also important factors that determine choices
of mode of transport. Cycling is associated with recreational trips, but currently, there are also
a great number of cycling trips that are undertaken during peak hours for commuting, and during
noon and evening for meal purposes. Non-motorized modes have a negative relationship with
trip distance, so this factor will have the largest influence on modal choice when compared with
other variables such as travel time, travel cost, and comfort level [78].

X Socio-economic characteristics: Age and gender are among the biggest influencing factors for
bikesharing choice. Younger generations and males are usually more keen to cycle, whilst
occupation and economic status may also play important roles in determining cycling choice.
Users with lower income cycled more because those with higher incomes valued their time more
highly, and chose faster modes. Other socio-economic factors related to cycling choice include
health status and level of education [78].

Bikesharing schemes in urban areas have sprawled across the world at an accelerated pace over
the last few years, and could lead to unprecedented transformations in contemporary mobility and
urban lives [79]. Following the success in Europe and North America, bikesharing schemes have been
introduced in many cities in developing countries as well [78]. As of November 2017, 2075 bikesharing
programs are in operation around the world [80].

4.4. Ridesharing

According to Chen et al. [8], Di et al. [81], and Fagnant and Kockelman [82], ridesharing pools
multiple travelers with similar or overlapping paths (origins/destinations) and departure times in
the same vehicle (generally a car or a van). It has become a powerful strategy to reduce congestion,
since it has the potential to diminish the total number of vehicles on roads by encouraging travelers to
share rides.

In recent years, the ease of ridesharing operations brought about by communications technologies,
such as Internet, smartphone applications, and connected vehicles, has enabled people to manage
their individual car use better, for example, through drivers sharing real-time traffic information.
This new generation of ride matching platforms has seen a massive increase in ridesharing drivers
and passengers. It is a new kind of point-to-point transportation network service based on a dynamic
platform in which drivers offer their own vehicles to matched passengers who are looking for a similar
destination [8,81].

Shaheen et al. [10] affirm that empirical evidence indicates that ridesharing systems can provide
transportation, infrastructure, and environmental benefits, although the exact magnitude of these
impacts is not fully understood. Individually, ridesharing participants benefit from shared travel
costs, savings in travel-time from high occupancy vehicle lanes, reduced commute stress, and often
preferential parking and other incentives. The classic ridesharing systems are carpooling and
vanpooling, as discussed below.

4.4.1. Carpooling

Carpooling is an informal type of commuter ridesharing, which is comprised of at least three
commuters per car. It is linked to travel sharing i.e., two or more individuals not belonging to the same
family group share a trip, or part of one, and passengers contribute to the driver’s expenses [83,84].
Some informal carpooling programs are community-based initiatives (cooperatives) that expand the
frame of the shared mobility beyond commercial models, with non-profit mobility schemes [2].
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Among carpoolers, the driver makes his/her vehicle available to other users going to the same
place or whose destinations are on the same route. This mode is usually used by individuals travelling
to school, university, or work, and it is often practiced informally (casual carpooling or slugging)
without centralizing the market [84–86]. Incentives for this mode of transportation are plentiful,
especially in the USA; for example, cities like Houston, Texas, have exclusive lanes for carpool vehicles
(see details in Burris and Winn [87]). Other incentives provided by municipalities and businesses to
encourage pooling are reserved parking spots and dedicated curb space for pickups and drop offs [88],
tool discount, and short waits at the tool plaza [89].

One example of carpooling schemes is the Waze Carpool application, which is available in USA
(California and Texas), Israel, and since August/2018, also in São Paulo, Brazil, which aims to centralize
the carpool market by enabling contact between people who take similar routes in their daily lives on
the same day of the week. More importantly, the application allows drivers to either drive for free,
or to be algorithmically compensated based on miles/kilometers driven by GPS and the government
reimbursement rate [90]. The Waze Carpool application also limits the number of rides an individual
can offer or receive in one day [91]. Another example is BlaBlaCar, a form of money-based carpooling
which functions as a marketplace where drivers post their routes with prices, and passengers may
buy seats [90].

4.4.2. Vanpooling

Vanpools are typically composed of 7 to 15 people commuting on a regular basis using a van
or similarly-sized vehicle who share the cost of the van and operating expenses, and may share the
responsibility of driving. Vanpools usually have a coordinator and an alternative coordinator [10].

Ferguson et al. [92] list the benefits of vanpooling programs: reliability, social interaction, stress
reduction, financial, ecological and environmental, and parking/productivity. Acquaintanceship
is also an important aspect for the success of vanpooling agreements. Vanpools are comprised of
relatively large numbers of customers (7 to 15) confined within small spaces for long periods of time on
a regular basis. Knowing who the other vanpoolers are can increase reliability in vanpool operations,
and generate a comfortable convivial social atmosphere within the van during commuting. Household
connections to vanpooling are limited because of incompatible work schedules, different employment
destinations, and other factors.

Another service very similar to vanpooling are collective taxis that use vans or minibuses in
an on-demand service that picks up customers and drop them off where they want, maximizing
the vehicle occupancy. The difference for vanpooling services is that customers can change in every
journey. In general, there is no acquaintanceship among them [93].

4.5. On-Demand Ride Services

On-demand ride services are innovative means for people to access transportation options using
their smartphones readily and when required, and primarily focus on the minimization of travel time
and cost. The main reason behind their popularity is the convenience of a door-to-door service (ease of
booking, automatic destination information, and online payment) and cost-effectiveness [94].

The largest on-demand ride services segments are the ridesourcing and ridesplitting schemes
described below.

4.5.1. Ridesourcing

Ridesourcing, sometimes referred to as Transportation Network Companies (TNC) or Flexible
Mobility on Demand (FMoD), is part of a new proposal for personal mobility. It is an effective solution
for interactive and shared mobility systems through paid travel-sharing services, which uses private
vehicles for paid on-demand rides. In such systems, a service charge covers fuel costs and vehicle
depreciation, the driver’s fee, remuneration for the company that linked the service provider and final
consumer, and any taxes associated with the regulation of the service [10,95,96].
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In ridesourcing systems, a fleet of private vehicles offers users transportation services that are
uninterrupted, personalized, and highly flexible, covering individual requests from place of origin to
destination, and providing door-to-door service [96–98].

For Miller and How [98], ridesourcing schemes have the potential to revolutionize transportation
systems in urban environments by giving users access to vehicles without requiring private ownership.
Furthermore, Carranza et al. [99] note that the great advantage of this mode of transportation is that it
saves the costs of buying, operating, and maintaining a vehicle. In addition, ridesourcing schemes
allow users to spend their travel time on activities apart from driving, such as reading, talking
on the phone, and sending emails and messages. According to Atasoy et al. [96], Alemi et al. [95],
and Speranza [100], young adults are most likely to use these new transportation options, leading
them to postpone buying a car and getting a driver’s license. For Alemi et al. [95], an increase in mixed
land use and location centrality (geographical proximity to several activity hubs) is associated with
a greater adoption of these services.

However, as Calvert and Chatterjee [101] have warned, this shared mode of transportation is
extremely dependent on information and communication technologies. The management of supply
and demand is performed via virtual platforms hosted primarily on smartphone applications. It is
worth noting that, according to Davidson et al. [102], smartphones have become an essential tool
for people to produce or achieve mobility, because they provide contextual information on routes,
and enable new shared mobility services, such as ridesourcing applications.

According to Andersen et al. [103], ridesourcing has grown rapidly in recent years due to the
emergence and rapid expansion of companies that operate this mode of interactive and shared
transportation. Some examples are Uber, founded in 2009 in San Francisco, California, USA, Cabify,
founded in 2011 in Spain, Lyft, founded in 2012 in San Francisco, California, USA; and the Brazilian 99,
that was founded in São Paulo in 2012, and in January 2018 was acquired by the Chinese transportation
company Didi Chuxing.

In general, ridesourcing companies, such as those mentioned above, implement a dynamic pricing
mechanism in which fares increase when demand is high and then efficiently adjust to the fluctuating
transportation demand throughout the day. These companies also significantly reduce transaction
costs by lowering the costs of searching for a ride, since passengers can reserve a car from indoors
instead of calling a dispatcher or standing in the street to hail a taxi. With regards to safety, ridesourcing
increases trust between drivers and passengers (due to the drivers and passengers being required to
register their information in advance), but insufficient driver training and uninsured or underinsured
vehicles are still a problem [104].

Nevertheless, these companies are facing resistance from long-established modes of transportation,
such as taxis, which has generated controversy about the legitimacy of paid ridesourcing services.
For Wallsten [105], the rapid growth of travel-sharing services on ridesourcing systems has shaken
the traditional taxi industry, which has generally been publicly regulated around the world.
The development of these modes of transportation, which did not exist until recently, has increased
users’ options. As such, ridesourcing systems offer a benefit to society, which is amplified by the
fact that existing transportation modes, such as taxis (a direct competitor of individual modes of
sharing), must respond to this new competition by improving their services and/or reducing their
prices. However, the reduction of prices is not a reliable countermeasure, because taxi companies
cannot reduce prices by themselves due to strong regulations within the sector. They require the
authorization of administrative bodies. Additionally, Carranza et al. [99] clarify that the goal of shared
transportation is not to decrease the use of taxis, but to encourage users of individual and private
transportation modes to switch to shared modes. Such a shift would lower the number of vehicles in
circulation, especially during peak hours, and thus, reduce traffic jams and pollution in urban centers.
However, even with the support of the technical and academic community of transportation studies,
the controversy remains, and is not close to a resolution.
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4.5.2. Ridesplitting

Ridesplitting is a variation of the ridesourcing model, in which passengers with similar or
overlapping routes split a fare and ride in a ridesourcing vehicle. This product can facilitate shared
rides, higher vehicle occupancies, reduce travel costs, and provide first-mile and last-mile connectivity
to public transit along the routes [10,104].

Many TNCs operate both ridesourcing and ridesplitting. For example, Uber operates UberPOOL,
and Lyft operates Lyft Line. These shared services allow for dynamic altering of routes as passengers
request pickups in real time. Largely, these services leverage sophisticated mathematical algorithms
and smartphone technology to ameliorate the operational efficiency of flexible routes and on-demand
ride services [10,88].

5. Users of Shared Mobility

Currently, environmental concerns and the need for more socially- and financially-efficient modes
of transportation are guiding the new generation of transportation users. In this context, shared
transportation modes are improving the indicators of population mobility by complementing public
transportation and by reducing the number of vehicles per capita, parking spaces, and fixed costs [106].

In general, there is no clear profile for shared transportation users. This group includes public
transportation users who do not have the purchasing power to buy, operate, and maintain a vehicle,
and thus, use shared mobility systems sporadically to reduce transportation costs and improve travel
efficiency. Two features that seem to span all users are environmental concerns and familiarity with
technological devices. According to a study by Fleury et al. [52], most trips are short, with users having
an average age of 30 to 39 years, medium to high income, and a high level of education. Arcidiacono
and Pais [107] affirm that the majority of shared mobility users live in single- or two-person households,
and Signorile et al. [108] state that they are more inclined to experience a multimodal mobility style.
In general, the trip purposes of shared transportation modes are work (e.g., one-way carsharing),
leisure (e.g., ridesourcing or ridesplitting), and shopping (e.g., round-trip carsharing) [109].

Le Vine and Polack [110] conducted a survey in London to identify a user profile for shared
mobility. The authors interviewed users of shared transportation modes and found that 37% of the
sample indicated that vehicle sharing impacted their decision to own a private vehicle. Of these 37%,
the vast majority (83%) indicated that the impact resulted in a decision not to purchase a vehicle that
would otherwise have been purchased. In addition, 11% sold their private vehicles within a maximum
of 3 months after starting shared transportation, and 6% said they intended to sell their vehicles in the
next 3 months. The research also showed that the average income and education level of the users is
higher than those of the general population.

Schaefers [111] lists the main reasons for users adopting shared mobility schemes, as given below:

• Financial reasons: The shared mobility service is more economical for users because it is less
expensive than acquiring and maintaining a vehicle. Using shared transportation modes allows
one to save money for other activities due to fair prices and, usually, free parking.

• Convenience: Ease of use and convenient access to the service. Services aim to facilitate daily
routines and offer increased parking spaces, flexible vehicle use, reduced liability, and simplified
fare models.

• Lifestyle: This service associates the inherent pleasure of using a private vehicle with the feeling
of being engaged in a community with other users. Easy-to-understand symbols associated with
shared modes, such as a uniform fleet of vehicles (preferably electric) identified by special paints
or adhesive, can generate a sense of belonging. Thus, users want to have contact with others
while simultaneously differentiating themselves.

• Sustainability: Environmental concerns (eco-friendly service) are considered to be important for
improving quality of life.
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According to Krueger et al. [109] little is known about potential user groups of shared mobility.
Depending on the shared mode, it could attract user groups who don’t have access to private vehicles
(e.g., carsharing, bikesharing), and also who are unwilling or unable to drive a private vehicle
(e.g., Uber, carpooling). In general, on-demand ride services and ridesharing schemes are seen
as an attractive mobility option by the elderly, people who are too young to drive, people who work
and/or live in central areas that are congested and parking restrictive, and people who avoid driving
under the influence of alcohol.

In addition, to meet the desires of users, shared vehicles should reflect environmental and social
awareness, which explains why electric and hybrid vehicles are gaining momentum in shared mobility
systems. The electric vehicle is considered fundamental to sustainable development in urban mobility
due to its low CO2 emissions. However, these vehicles are not widely used by the general population
because of reduced autonomy or the high cost of acquiring and maintaining an electric car, which is
twice as much as that of a combustion engine vehicle on average. To change this scenario, two measures
can be adopted: the use of electric vehicles in shared mobility systems and the integration of these
systems into urban and interurban public transportation [112].

6. Final Considerations

This bibliographic study reviewed the shared mobility systems present in urban centers, along
with user profiles and their adaptation to new perspectives on transportation. Scientific sources,
including the most relevant published articles in the literature over the last two decades, were used
to compile the research on shared mobility. Contemporary shifts in approaches to transportation are
spreading service sharing as a viable alternative to private vehicle ownership that will lower personal,
social, and environmental costs, and maximize travel efficiency in large cities.

Shared mobility is changing the traditional transportation industry, as it has the disruptive
potential to create a shift towards social, environmental, and economic efficiency through the
use of technology. This scenario has pressured conventional transport companies (bus operators,
taxi companies, etc.) to improve and modernize their services to not lose their customers, as well as
local authorities to provide a proper regulation, licensing, and taxation.

In recent years, much controversy has been generated in terms of regulating technologies and
services related to shared mobility modes, in particular about transportation network companies
(or on-demand ride services) that operate ridesourcing and/or ridesplitting services. Such issues
emerge due to an increasing time gap between innovation development and regulatory responses,
which pressure policy-makers and local authorities to find a breakeven point among the administration,
regulation, and control that enable disruptive innovations in urban mobility to be integrated into
transportation systems.

In turn, transportation users are increasingly demanding in terms of reliability, flexibility,
availability, comfort, and cost of their transport mode choices. Besides that, environmental concerns
are gaining more and more importance among the urban population, and the advent of innovative
mobility solutions can meet these aspirations. The current transportation sector has to be resilient
to develop the ability to reinvent its business strategies, adapt to the new circumstances, adopt new
technologies, and find a way to satisfy its customers’ current and future needs. Then, shared mobility
services can be seen by policy-makers, transport industry, and users as a challenge as well as an
opportunity to change urban life in an unprecedented way.

Despite the fact that on-demand ride services are the modality of shared mobility that generate
most of the media attention, it doesn’t mean that other shared modes are irrelevant. On the contrary,
in large urban centers there is space for many mobility options, which can operate in a complementary
way rather than as competitors, improving the transportation supply and expanding the range of
users’ choice.

As for future research, it would be interesting to develop some indicators to assess the effectiveness
of shared modes in reducing traffic jams and air pollution levels. Also, a survey with shared mobility
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users can be conducted to find spatial-temporal patterns of shared trips/rides, travel behavior
patterns, and how the integration of shared modes with traditional transport options can be achieved.
Finally, the contribution (added value) of this literature review paper, as mentioned in Van Wee and
Banister [113], was to provide an up-to-date and well-structured overview of the field of shared
mobility to researchers and practitioners of the transport sector, contributing to the overall body
of knowledge.
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