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Abstract: Although researchers have increasingly examined how business models promote
sustainable urban mobility through innovation, the literature has focused less attention on what
constitutes a sustainable and innovative business model in the context of urban mobility. To fill this
research gap, this article aims to answer the following research question: what elements characterize
sustainable and innovative business models in the field of urban mobility? To identify whether and
to what extent the existing intersection between business models and sustainable urban mobility
literature contributes to the development of this concept, a systematic review and analysis of
the literature was conducted. The results indicate that the following aspects contribute to the
sustainability of an urban mobility business model: favoring the use of clean energy; maximizing
the use of transport resources and capabilities; encouraging substitution using sustainable modes;
offering service orientation and functionality; articulating initiatives that address the needs of a wide
range of stakeholders in transport systems; reducing travel demands; extending benefits to society
and the environment in a systemic perspective; and developing scale-up mobility solutions.

Keywords: sustainable urban mobility; business model; business model innovation; sustainable
business models; literature review

1. Introduction

Urban mobility has a central role in developing more sustainable cities, especially considering
that the production and consumption of goods and services in major urban centers requires sustainable
solutions that enable large masses of people to travel [1,2].

Transportation, especially based on internal combustion engines, is linked to high levels of CO,
emission, energy consumption, and negative impacts on people’s health and climate change [3].
The challenge of providing alternatives that promote sustainable urban mobility while reducing the
dependence on private car use (without compromising the convenience of this model) has been
established as a key issue in studies on this topic because the use of the previous mode has produced
significant reductions in people’s travel quality standards and has directly affected the economic,
environmental, and social functions of cities. There is a growing awareness of the need for a transition
to more sustainable mobility systems in cities [2,4-6].

Thus, the challenges of sustainable urban mobility require approaches that extend beyond the
optimization of resources used in transport planning and avoid dealing with issues in isolation, a
recurrent feature in the seminal literature on mobility and transport. These needs for new approaches
in urban mobility, which increase quality in transport, while reducing environmental and economic
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impacts, generate demand for innovation in urban mobility and attract the interest of various actors in
society, thus enabling opportunities to generate new business models, in order to allow the diffusion
of those innovations in the market [1].

Although the literature has increasingly indicated the key role of business models in promoting
sustainable urban mobility through innovation in the field, less attention has been focused on what
constitutes a sustainable and innovative business model in the context of urban mobility. There is a
considerable amount of knowledge on what makes innovation sustainable at the firm level, but less
is known about how sustainable innovations can be implemented and how both economic feasible
and sustainable business situations can be created for those involved while actually enabling those
innovations to be diffused successfully in markets. The research on business models recognizes
that this concept reflects the essential elements for understanding, developing, and commercializing
innovations considered sustainable; however, the models do not necessarily incorporate sustainability
during their design process (value proposition) or during the execution of these models (delivery and
value capture) thus limiting the clarity of the features that characterize innovative and sustainable
business models, especially in the field of urban mobility [7-9].

This article, therefore, attempts to fill this gap in the literature by answering the following
research question: What are the aspects of a sustainable and innovative business model in the field of
urban mobility?

A literature review was conducted to enable the following: (1) a discussion on the role and
relevance of sustainable and innovative business models in relation to aspects that characterize
sustainable urban mobility, (2) an investigation into the intersection between business models
and sustainable urban mobility to identify elements that should be considered by such models as
sustainable and innovative in this field, and (3) an investigation into how these elements synthesize
research and guide future investigations.

Although this article focuses on advances in theory, its contribution is directed not only toward the
literature on the subject but also toward public policy decision makers and practitioners. The research
seeks to promote a closer approximation between sustainable management literature and mobility and
transport literature. For practitioners, the research discuss opportunities for organizing new businesses
focused on sustainable urban mobility. For public policy makers, the findings discuss alternatives to
encourage business models aimed at promoting sustainable mobility.

The first part of the article explains and justifies the research methodology adopted. The second
and third sections provide a literature review on sustainable urban mobility and business models,
respectively, and the next section discusses the results. In the conclusion, the contributions, limitations,
and prospects for future research are presented.

Basic Concepts and Terminology

To establish the assumptions underlying this research, basic concepts and terminology are first
defined. In this research, the term urban mobility is applied to refer to the spatial dimension of mobility,
which is composed of various terms and conditions of temporary relocations of people in the context of
urban space [10]. Urban mobility refers not only to the aspects that allow people to get around but also
to people’s ability to reach their destinations by using the infrastructure available in the urban space.

According to the United Nations World Commission on Environment and Development
report [11] (p. 16), sustainable development refers to “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”. The definition
contains two key concepts in the term “needs”: (1) the notion of priority in relation to the essential
needs of people and (2) the idea that the state of technology and social organization has imposed
limitations on the environment’s ability to meet present and future needs [11]. Thus, sustainable urban
mobility is essential to the broader challenges of sustainable development [12].
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2. Materials and Methods

2.1. Rationale for Literature Review, Analysis, and Definition of Characteristics

No other literature reviews have clearly and systematically articulated the concepts required to
respond to the research question, therefore limiting an essentially empirical research theme. Thus, a
literature review was conducted to focus on the qualitative aspects of the articles analyzed through
content analysis.

The function of the literature review is to clearly delineate what research must be conducted in
an area of study and why it is important, as well as to articulate the practical significance of research,
to synthesize previous research to provide a new perspective, and to critically analyze the research
methods used in previous investigations [13].

Moreover, the role of a literature review is to seek new research avenues, identify relevant variables
for the theme, relate practical ideas, or place research in a historical context to show familiarity with
what has been developed [14].

Certain variables must be controlled to ensure accuracy when conducting literature reviews.
To guide the use of techniques for this type of research, six characteristics may be applied: focus, goal,
perspective, coverage, organization, and audience [14]. Table 1 summarizes these variables and the
ways in which they are monitored in this study.

Table 1. Ways of using and controlling qualitative variables during a literature review.

Ways of Using and Controlling Variables in

Variable Definition This Research

Concepts that have a central discussion on
aspects that characterize (1) sustainable urban
What aspects are focused on in the review, ~ mobility and (2) business models, including those

Focus avoiding simple bibliographic citation that intrinsically incorporate the issue of
innovation and those that discuss aspects that
make them more sustainable

Whether it allows the integration or Integrating findings across the existing literature

Goal generalization of findings to resolve a to contribute to the development of the research

debate within a study field on a theme.

Neutrality is pursued through detailed
Perspective Researcher neutrality description and use of scientific rigor regarding
the employed research techniques.

Literature analysis is essentially qualitative

Coverage Limits considered in the review .
(content analysis).

Findings summarizing for each reviewed article
Organization Text organization and structure Analysis and discussion of intersection points in
the literature.

Researchers interested in the development of
Knowledge and consideration of the scientific knowledge on sustainable and
research target audience. innovative business initiatives in the field of
urban mobility.

Audience

2.2. Article Search and Selection

The search for reference articles was performed in three main steps: searching research terms and
filters in the databases through several iterations, reading titles and abstracts carefully to find relevant
articles, besides selecting and fully reading central articles to enable the coding process described in
next section. These steps were guided by the following delimitation and criteria:

e  English-only, blind refereed scientific articles published in peer-review journals, indexed in the
Scopus database, and preferably published after 2005 were considered, aiming to have more
up-to-date and state-of-the-art literature, besides assuming that the publications on the themes
analyzed have grown considerably in the past decade;
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e The terms searched in the articles’ titles, abstracts, and keywords were: “sustainable urban
mobility” or “sustainable mobility” or “sustainable and transport” with “business model”;
“sustainable urban mobility” or “sustainable mobility” or “sustainable” with “transport”;
“business model” and “innovation” and “review” and “sustainable business model”;

e Articles in the following sub-areas were not considered: health, mathematics, neuroscience,
chemistry, biology, agricultural and medicine.

e  Only articles in which the central discussion aimed at the characterization of the searched-for
concepts were considered. Therefore, articles that addressed the themes but did not add to the
characterization of the concepts were not prioritized in the analysis;

e  For articles related to urban mobility and sustainable transport, quantitative and essentially
technical studies on modeling and transport simulations as well as on ticketing and pricing were
excluded because they did not contribute to the focus of the discussion. The research prioritized
studies that aimed to understand which are the relevant dimensions and aspects to delimit and to
characterize sustainable urban mobility;

e  For articles related to sustainable business model, many of the articles found were included,
since it is a recent literature and with fewer references, although it has grown considerably in
recent years. The research prioritized studies that aimed to understand which are the relevant
dimensions and aspects to delimit and to characterize sustainable business models; and

e  For the terms whose results had a high volume of items and for which other isolated revisions had
been conducted and extensively discussed—such as business model innovation literature—articles
that already contemplated these revisions were prioritized.

Taking the established delimitation into account, 57 papers were selected to comprise the literature
review. A detailed search and selection process is described in Appendix A.

2.3. Content Analysis

Once the reference articles to support the research were selected, a model was adopted to analyze
their content [15]. In this model, five steps were taken:

1. Starting point—the question and objective of research that guides all the decisions and criteria
used in subsequent steps;

2. Definition of aspects of main categories and subcategories based on theory—determines, from
existing theory, in which categories and subcategories the collected material is placed;

3. Establishing definitions and coding rules for the analyzed material—reference articles are then
classified according to the categories and subcategories defined;

4.  Interpretation of results—results found in the literature that contribute to the research objective
are discussed and interrelated; and

5. Review of categories, subcategories, and coding rules—if needed, these elements are reviewed
from the results.

In this research, we began with certain dimensions and categories based on the initial concepts
presented, and reviewed them during the initial analysis of the papers. Internal validity was established
and the results were discussed among the authors, especially in steps 3 and 4, because it might be
necessary to redo them several times, aiming to reduce the risk of divergent decisions on how paper
articles were understood and classified. Coding rules were defined to ensure that final content analysis
decisions support a clear relation with the existing literature. This method described establishes the
background for the literature review presented herein. Content analysis codes tree is described in
Appendix B.



Sustainability 2019, 11, 1761 50f 18

2.4. Analysis of Collected Material and Intersction between Sustainable Urban Mobility and Business Model
Literature Categorization

The analysis model defined—that is, the final categories and subcategories organized from the
literature review—is separated into three parts: sustainable urban mobility, sustainable business
models, and business model innovation. The latter two were divided in this way because the literature
on business models does not necessarily incorporate aspects related to innovation or sustainability
with business models concurrently. Therefore, this subdivision is indispensable in ensuring that these
constructs are contemplated. For each of the parts, the focus was to identify which elements in the
literature allow for characterizing these concepts to later delimit their intersection and, thus, build an
integrated concept regarding the aspects that constitute innovative and sustainable business models of
urban mobility.

The results described in Section 3 are organized according to the analytic categories and
subcategories proposed and represent the results of the individual analysis for each literature, as
shown in Figure 1. The categories and subcategories were defined applying a mix of deductive
approach based on the theoretical background—specially for the subcategory “dimensions and key
activities” [16] present in business model innovation and sustainable business models review—and a
inductive approach from the content analysis—for all other subcategories (see Appendix B).

Sustainable urban mobility
literature

Category

* Sustainable urban mobility challenges

* Sustainable urban mobility indicators

* Management of transitions to sustainable
mobility systems

* Role of individual behavior in mobility
systems

Aspects of sustainable and innovative
business models in urban mobility

Subcategories

Business model innovation
literature

Sustainable business model
literature

Category
Category

* Business models functions
+ Dimensions and key activities

* Business models functions
* Dimensions and key activities
* Hinder factors

Subcategories
Subcategories

Figure 1. Conceptual analysis model proposed for the literature review.

Then, in order to identify which elements should be considered by business models to be both
sustainable and innovative in the field of urban mobility, we explored the intersection literature results
in Section 4, applying the sustainable business models archetypes described by Bocken et al. [17] as a
starting point to describe in the context of urban mobility which elements constitute a sustainable and
innovative business model. The whole research flow is presented in Figure 2.
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Starting point:
questionand
research objective

i —

Define terms for
searchingin
titles, abstracts
and keywords

Article search
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I - Analysis of collected material according to analytic categories | II - Intersection between
I | sustainable urban mobility and
. . . business model literature
Inclusionand Sustainable | categorization
exclusion criteria urban mobility { 8
definition review and

analysis

Defineand use Sustainable
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content analysis analysis
x
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Does the article
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discussionthe
esearch focus?

i| Verify intersectionaspects between

and analyzed literaturesapplying
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abstractreading
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Business model
innovation

Discard the
article review and

analysis

Figure 2. Research flow applied for the literature review.

3. Analysis of Collected Material According to Analytic Categories

3.1. Sustainable Urban Mobility

Broad research agendas on sustainable urban mobility characterize the study on this field, which
prevents applying only one or a few lines of research in a separated manner [6]. Thus, to identify
the elements that delimit sustainable urban mobility, the reference articles selected were placed into
four subcategories that are not mutually exclusive: (1) articles that discuss the challenges of urban
mobility becoming more sustainable; (2) articles that analyze which indicators can be applied to assess
the sustainability of mobility systems; (3) articles that articulate sustainable urban mobility from a
socio-technical approach to transitions; and (4) articles that discuss the essential role of individuals in
achieving sustainable urban mobility.

3.1.1. Sustainable Urban Mobility Challenges

Authors interested in defining sustainable urban mobility challenges usually refer to integrated
actions that should be conducted in the following areas: demand management, modal shifts towards
sustainable alternatives, technological innovation, along with actions of public institutions and the
government. The main ideas discussed by authors are briefly listed throughout this section.

Several authors suggest that sustainable urban mobility should be promoted through solutions
that reduce the need to travel, that is, the relocation demands [2,3,10]. These solutions include the
promotion of non-travel activities such as telecommuting, teleshopping, and other services [6].

Moreover, authors also encourage the substitution of certain transport modes, especially regarding
private cars. The importance of intermodal integration is part of this context [18]. This includes the
availability of integrated and customized transportation in specific situations; the encouraged use
of vehicles that use clean energy, such as electric cars and cycling; and other sustainable alternatives
complementary to the traditional public transport [1,2,10,19-21].

Regarding technology, the discussion relates to the search for greater efficiency in existing
transport systems, in which technological innovation and changes in user behavior have a primary
role. Furthermore, intelligent transport systems can develop mechanisms that restrict traffic in central
metropolitan areas, maximize public transport service efficiency, rapidly provide information for users
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to make decisions by using mobile technologies, and strengthen laws related to traffic management,
which are crucial points of technological integration [1-3,5,6]. Regarding this aspect, the role of business
models in promoting competitive alternatives to private cars through the dissemination of travel
information, fare integration, vehicle-and bicycle-sharing models, incentives to reduce automobile
ownership, and new integrated services for transport solutions are also emphasized [5,22].

From a public policy perspective, some authors advocate the favorable role of holistic forms
of implementation and the inter-sectorial policies relevance, including the private sector, which
ensure sustainable transport infrastructure, seeking the integration of local needs and values that affect
policymaking at an institutional level [23-25]. Other research highlights the challenge of understanding
what incentives are needed to accommodate the full range of actors involved in shared mobility
contexts [26]. Additionally, for public policy design, it is also important to contemplate the challenge of
integrating transportation planning with social needs—through accessibility, allocation, and planning
of public space, and opportunities for social engagement—because the logic of transport planning that
has prevailed in the majority of cities favors a model of car dependence, with limited opportunities to
develop sustainable initiatives [3,5]. However, other authors consider that even though the government
has an important role in building systems that provide better sustainable urban mobility, this transition
is intrinsically linked to a social learning process involving multiple stakeholders, focusing on the
following elements: the system as a whole; its spatial characteristics, infrastructure, and technology
options; the individual needs of mobility and access; cultural norms and institutions; and their mutual
interdependence [27].

3.1.2. Sustainable Urban Mobility Indicators

A number of reference articles address the development and application of indicators related to
sustainable mobility (see [28]). In this sense, the construction of indicators to assess the sustainability
of mobility systems requires their impacts to be considered in a balanced way, in all the dimensions of
sustainable development—economic, environmental, and social—because it is not possible to assess
sustainable transport without considering the integration of these dimensions [29].

In a comparative study on sustainable mobility indicators in European cities [30], some aspects
are reinforced, such as: the relevance of metrics related to the presence of multimodal services; lift
and vehicle sharing; the definition of urban areas with controlled access to private car to manage the
transport demand; the introduction of clean vehicles and fuels; the encouraged use of bicycles; and
transport system information provisions for users, developing polycentric urban systems instead of a
single-center one [31], as well as addressing the issues involved in sustainable mobility reviewed in
the previous section.

Another relevant point is that large urban centers generally pose greater challenges for achieving
sustainability in their mobility systems as compared to smaller cities. This validation reinforces the
importance of adopting measures that relate to the management of urban transport demand, as well as
the application of sustainable solutions to these contexts [29,32].

3.1.3. Management of Transitions to Sustainable Mobility Systems

Anchored in the socio-technical systems approach to transitions, especially given the reasons
elaborated by many authors (see [33-35]), several articles on sustainable mobility suggest that answers
to the challenges that ensure transition to sustainable urban mobility systems require more than
changes from the point of view of technological development. Notably, they should instead be
addressed from a systemic point of view and consider aspects that influence current mobility regimes,
such as user preferences, policies, existing technologies, market rules, cultural, and scientific aspects,
and regulatory mechanisms, to address current and potential future challenges [1,33,36-38].

In this sense, a socio-technical approach to transitions should address policies oriented toward the
construction of sustainable mobility models and must be more concerned with long-term results than
with short-term ones [39,40]. This approach should be understood not only as an instrument but also
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as a management model for sustainable development, concerned with addressing persistent problems
in socio-technical systems. Sustainable mobility requires knowledge from learning and expertise other
than that currently applied to increase reflection on the management systems [41].

Notably, according to a study on the implementation of a socio-technical approach in Brazilian
cases, this approach rarely considers the aspects of local realities involved in the socio-technical
regime, such as different trajectories and the operational and institutional contexts of actors involved
in sustainable urban mobility innovation processes, which are also relevant when analyzing influences
on existing regimes [42].

3.1.4. Role of Individual Behavior in Mobility Systems

The latter aspect observed in the literature review concerns research aimed at analyzing the role
of individual behavior in sustainable urban mobility, beginning with the premise that travel needs
and individual behavior direct the aspects that characterize mobility systems. Individuals, in turn,
prioritize options considered unsustainable—particularly regarding private car use—which directly
affects the development of sustainable mobility. Addressing individuals’ internal decision-making
processes in relation to travel patterns is recommended, as individual choices can be influenced by
numerous variables, including travel needs, standard of living, and access to information, among
others [43,44]. However, transportation service quality is also an essential factor that influences
individuals” decision-making and should thus also be considered [4].

3.2. Business Model Innovation

Organizations recognize the emergence of dynamic markets in which competitiveness must be
based on variables in addition to price: intangible customer solutions, complementary to products that
are able to meet their needs; and demand, because customers operate in markets that are undeveloped.
Due to this context, business models have recently received more attention [45].

3.2.1. Business Model Functions

Business models have been widely accepted and used in the literature; however, they are often
applied in completely distinct ways and contexts. Business model can be defined as a conceptual
tool that contains a number of interrelated elements. These allow for expressing an organization’s
business logic—how an organization “does business”—by describing the mechanisms through which
organizations create and sustain value [46]. Business models help organizations add value, attract
customers to pay for this value, and manage profit from this relationship [45].

Thus, business models are not strategies themselves but rather guidelines that reflect strategy.
They are the main key to decode, understand, and effectively communicate strategy both within
an organization and throughout its business ecosystem; that is, business models should reflect an
organization’s strategic choices and operational implications [47].

3.2.2. Dimensions and Key Activities

Numerous authors have sought to represent business model dimensions and key activities.
In attempting to establish an integrated model to represent these elements, an author defined three
key business model aspects: (1) value proposition—what an organization intends to deliver to its
customers and the reasons why they would pay for it; (2) value creation—how an organization
articulates resources, capabilities, processes, and networks of customers and suppliers to create and
deliver the value intended; and (3) value capture—how an organization generates revenue and profit
from activities [16].

Developing a successful business model is not sufficient to guarantee competitive advantage [45].
In this context, business model innovation arises. Business model innovation emerged because models
could no longer be seen as static by their managers, requiring continuous reinvention in response to
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turbulent and dynamic environments. Thus, business models assume the role of innovation facilitators,
even as units of analysis or starting points to define innovation strategies [48-51].

3.3. Sustainable Business Models

Incorporating aspects of sustainability, business models play a fundamental role in understanding
and developing sustainable innovation beyond an organizational level by integrating consumption and
production systems [8]. Nevertheless, business models do not necessarily incorporate sustainability
issues; consequently, it is essential to understand the aspects that should be taken into account for
them to be characterized as sustainable [7].

3.3.1. Business Model Functions

The literature examining sustainable business models has grown substantially in recent
years, particularly because of their association with the performance of key functions in
organizations—although there are still many opportunities for applying and experimenting with
the logic of sustainable business models—[52,53], including the following: (1) the commercialization
and introduction of sustainable innovations in the market [7]; (2) the assurance of a better
balance of objectives for all stakeholders—including the environment and society, not only for
customers—to eliminate conflicts or negative outcomes and to enable better sustainability at an
organizational level [9,54-58]; and (3) the direction and implementation of corporate innovations
towards sustainability, which contribute to its incorporation in organizational processes and purpose,
serving as a key factor that generates competitive advantage [17]

3.3.2. Dimensions and Key Activities

Therefore, for business models to be considered sustainable, the literature indicates that
models should incorporate specific aspects in their dimensions and key activities and consider the
interrelation of these aspects with the social, environmental, and economic dimensions of sustainable
development. Table 2 summarizes the characteristics of sustainable business models according to their
dimensions [16].

Some authors advance the discussion on sustainable business models by noting that there
is no broad approach on how and why organizations have incorporated sustainability into their
business models, although researchers have recently examined this topic [59]. A research defined eight
archetypes or categorizations by which an organization can develop a sustainable business model
from an approximation of standards and attributes in several categories: maximizing material and
energy efficiency; creating value from “waste”; using renewable sources; delivering functionality and
services, rather than ownership; adopting a management and leadership role along with stakeholders;
encouraging sufficiency in consumption and production relations; re-purposing the business for
society /environment; and developing scale-up solutions [17].



Sustainability 2019, 11, 1761

10 of 18

Table 2. Characteristics of sustainable business models according to their dimensions and key activities.

Value Proposition

Value Creation

Value Capture

Characteristics of
sustainable business models

Measurable environmental or social values aligned
with economic values [7].

It helps to describe, analyze, manage, and
communicate a sustainable value proposition to all
customers and other firm stakeholders [58].

It delivers services and functionality rather than
ownership [17]

Sustainability strategies are adopted in participation
with a diverse number of local groups, which
provides better opportunities for learning and
creating innovative solutions [57,60]

Value proposition reflects the triple bottom line
approach. It encompasses a systemic perspective
beyond the firm [7]

Customers and other stakeholders are encouraged to take
responsibility for their consumption practices [7].

The increase in firm profitability is provided through the efficient use
of resources (human, financial, and raw materials); projects; effective
enterprises; and good management, planning, and control [56].

It demands responses to societal needs, including all stakeholders [56].

Learning and development of capabilities are part of the stakeholder
relationship process, which is a way to deal with challenges of
coordination and collaboration [57].

Suppliers adapt, engage, and get actively involved in the activities and
principles related to management of the sustainable supply chain [7].
It proactively engages with all stakeholders by ensuring social
involvement through supplier accreditation programs, community
development, and other aspects that can be incorporated into
intangible product value [17].

Relationships with customer are organized around the shared
recognition of challenges to sustainability at various stages of the
development of markets [7].

Focus on technological innovation, consumption reduction,
prioritization of renewable resources, demand-oriented models, and
closed-loop systems [61].

It finds mechanisms that convince stakeholders to change from

“single” to “multiple objectives” [57].

Harmful and irreversible changes to the environment are avoided
through the efficient use of natural resources, promoting renewable
resources, soil and water protection, and the skillful management of
residues [56].

It captures economic value while maintaining or
regenerating social, environmental, and
economic capital beyond the firm [58].

It enhances the role played by the government
at all levels, including incentive mechanisms
and exemptions [57]

It reflects an appropriate distribution of costs
and benefits among stakeholders as well as
social and environmental impacts generated by
firms [7].

It uses the triple bottom line approach to
measure business model performance [61,62].
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3.3.3. Hindering Factors

Other authors discuss the factors that might hinder sustainable business models, such as the
non-involvement of stakeholders and shareholders in the process of value proposition and creation [58],
the excessive systems of tax [61], resistance to the introduction of technology and new business
models [7], gap skills and incentives [63], and specific forms of value uncaptured [64].

4. Intersection between Sustainable Urban Mobility and Business Model Literature
Categorization

As we presented in Section 3.3.2, our research identified the main dimensions and key activities
that should be taken into account when defining a business model as sustainable. The article published
by Bocken et al. in 2014 [17] emerged as result of our research. This article is highly cited (it is the most
cited and downloaded article from the Journal of Cleaner Production), being used since its publication
by many authors to categorize and explain sustainable business models in different cases and contexts.

In this section, we departed from the dimensions presented by Bocken et al. [17] and applied those
dimensions to analyze our sample of intersection articles about sustainable and innovative business
models in urban mobility.

As a result, we contributed to understand how each archetype can be applied to the specific
aspects that characterize sustainable and innovative business models in urban mobility, as we explain
in Table 3.

Table 3. Model for analysis of intersection between analyzed literature.

Sustainable Business Model =~ Sample of Articles That Contribute to Discuss Aspects of Sustainable and Innovative
Archetypes [17] Intersection between Analyzed Literature Business Model in Urban Mobility
1. Maximize material and Jablonski, A. [56] Favoring the use of clean ener
energy efficiency Stubbs, W.; Cockling, C. [61] voring u gy
Boons, F,; Liideke-Freund, F. [7] Maximizing the use of transport resources

2. Create value from waste Bocken, N.M.P,; Short, S.W.; Rana, P.; Evans, S. [17] and capabilities

Jablonsnki, A. [56]
Stubbs, W.; Cocklin, C. [61]
Banister, D. [2]

3. Substitute with renewable
and natural process

Encouraging substitution using
sustainable modes

Offering service orientation and
functionality

4. Deliver functionality rather

. Bocken, N.M.P,; Short, S.}W.; Rana, P,; Evans, S. [17]
than ownership

Articulating initiatives that address the
needs of a wide range of stakeholders in
transport systems

Hull, A. [25]

5. Adopt a stewardship role Stubbs, W.; Cocklin, C. [61]

6. Encourage sufficiency Stead, D. [6] Reducing travel demands

Boons, F,; Liideke-Freund, F. [7]
Schaltegger, S.; Hansen, E.G.; Liideke-freund, F. [58]
Kemp, R.; Avelino, E,; Bressers, N. [40]

Zito, P; Salvo, G. [29]

Rodrigues da Silva, A.N.; Azevedo Filho, M.A.N.de;
Macédo, M.H.; Sorratini, J.A.; da Silva, A.E; Lima, J.P;
Pinheiro, AM.G.S [32]

Extending benefits to society and to the
environment in a systemic perspective

7. Repurpose for
society /environment

8. Develop scale-up solutions Developing scale-up mobility solutions

4.1. Favoring the Use of Clean Energy

Energy efficiency maximization is directly related to reducing demand for energy and resources
employed in mobility systems—vehicles that are more energy efficient and that consume clean fuels
such as electricity—which meet with the aspects already discussed in other studies (see [56,61]).
In addition, part of this archetype is the development of business models that enable users to adopt
sustainable alternatives integrated with other modes through actions that restrict the use of internal
combustion engine private vehicles, consequently improving travel conditions and reducing emissions
that pollute the environment.
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4.2. Maximizing the Use of Transport Resources and Capabilities

In this archetype, there are business models oriented towards urban mobility systems that may
address the reuse of resources that are typically seen as waste. These include models aimed at
collaborative consumption and sharing practices, because one way to recapture wasted value is by
maximizing under-utilized assets and resource capabilities [17]. Moreover, these models encourage
users to take responsibility for their own consumption practices and recognize sustainable value in
sharing practices; car-sharing, lift-sharing, and bicycle-sharing models can be examples of creating
value from waste [7].

4.3. Encouraging Substitution Using Sustainable Modes

Business models that favor limiting the production of non-renewable resources by seeking other
alternatives are part of this archetype. Models that guarantee the commercialization of technological
innovations related to substitution through renewable energy sources are important [56,61]. There are
also business models that, from a value proposition perspective, encourage sustainable alternatives and
reduce car dependence [2], because substitution can be achieved not only through technological aspects
but also via user behavior. Customized mobility services according to the user needs and providing
real time information are also examples that encourage substitution and make public transportation
solutions more competitive and integrated through technological innovations.

4.4. Offering Service Orientation and Functionality

The business models included in this archetype aim to satisfy user demands without the
ownership of physical goods. This approach fundamentally involves changing the conditions under
which materials are produced and transferred, reducing resource consumption and increasing rates of
reuse and product durability [17]. Models that are oriented towards service provision and discourage
ownership, such as sharing solutions, are also part of this category because they can contribute to
changes in consumption and behavior patterns through the use of more sustainable alternatives.

4.5. Articulating Initiatives that Address the Needs of a Wide Range of Stakeholders in Transport Systems

Using activities related to value creation, the models represented in this category should articulate
the needs of various stakeholders such as users and the government involved in the management
of transport systems, seeking the integration of local social needs with institutional policies [25].
Therefore, it is essential to consider the needs of all stakeholders in a business model definition as
much as possible, and its success is linked to meeting the expectations of all stakeholders [61]. Thus,
business models should address the challenges and needs of one or more local groups, take into
account the urban mobility conditions available to these groups, and articulate other actors needed to
enable solutions to address these challenges.

4.6. Reducing Travel Demands

This archetype includes business models that aim to reduce the demand for travel by delivering
alternatives that reduce consumption and contribute to the condition of mobility as a whole.
Technological innovations in the field of urban mobility have traditionally simulated increased
transport consumption due to a number of structural and economic factors [6]. More recently,
technological innovations have allowed the development of solutions that may reduce this
consumption demand. For example, people make fewer trips if their work activities can be performed
remotely or if they can access services that do not require travel (e.g., telebanking, telemedicine).
Moreover, other types of travel can be better served by technological innovation, such as trips involving
leisure and large distances, which also have less impact on mobility in large urban centers.
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However, information and communication technologies alone cannot modify travel patterns,
indicating that there are opportunities for developing complementary approaches that may be related
to travel demand reduction [6].

4.7. Extending Benefits to Society and to the Environment in a Systemic Perspective

This archetype contains business models that explicitly deliver social and environmental benefits
in their logic of value creation as firms integrate various groups of stakeholders [7,58]. In relation to
sustainable urban mobility, solutions are needed that benefit not only the users of mobility systems
themselves—that is, customers—but also the environment as a whole. Thus, these solutions are
articulated not only from the point of view of technological development associated with products and
services but also in terms of other institutional, social, and political elements needed for transitions to
sustainable mobility systems. The solutions also contribute to meeting an immediate need without
losing sight of a long-term vision, which is a necessary condition for transitions [40].

4.8. Developing Scale-up Mobility Solutions

Scale-up solutions for urban mobility involve those that have significant potential to maximize
benefits by reaching a wide range of users without costs for this extension to grow proportionally.
This archetype includes business models that contribute to the conditions for urban mobility by
reaching a large number of people, i.e., through technological applications. These include corporate
ride-sharing solutions, mobile applications for instant information that support users in making better
transportation decisions, and intelligent transport systems. The potential gains from scale-up solutions
are fundamental in the context of sustainable urban mobility since its challenges are much more
prevalent in large urban centers with high population density [29,32]. In addition, business models
with scale-up potential can contribute to changes in consumption patterns and influence production
models, which are closely linked to sustainable urban mobility challenges, since the adoption of highly
scalable business ideas by users could encourage many other users to adopt them as well [17].

5. Conclusions

The authors initiated an interdisciplinary discussion on the integration of existing concepts within
two main research fields—sustainable urban mobility and business models—to identify the elements
that should be considered for creating innovative and sustainable business models in urban mobility.
This work therefore contributes to delineating hypotheses that can be subsequently tested in future
studies on this theme, that is, validating whether sustainable and innovative business models in urban
mobility should address the aspects discussed in each of the intersection aspects analyzed.

Before recognizing current and future challenges, the literature on sustainable urban mobility
to some extent legitimizes the importance of articulating business models to ensure the successful
introduction and diffusion of sustainable innovations in the field.

However, in relation to guaranteeing the incorporation of a sustainability aspect, there has been
little progress in defining which characteristics define these models as actually sustainable, since
innovative business models in urban mobility (even with declared sustainable purposes) could lead to
negative environmental or social impacts, as to some extent happens to car sharing schemes, which are
being criticized by many as an incentive for using private cars instead of public transportation, raising
congestion rates in cities, for example.

Although the literature on business models has attempted to define the key terms that can
characterize a sustainable business model, in a broader context, little evidence exists regarding how
these terms are used in distinct situations, such as urban mobility.

The discussion in this article allows the authors to conclude that the intersection of these fields of
research appears to be evident and to define the following aspects by which business models can be
directed to incorporate sustainability in urban mobility: favoring the use of clean energy; maximizing
the use of transport resources and capabilities; encouraging substitution using sustainable modes;
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emphasizing service orientation and functionality; articulating initiatives that address the needs of
a wide range of stakeholders; reducing travel demands; extending benefits to society and to the
environment in a systemic perspective; and developing scale-up mobility solutions.

The discussion towards a conceptual intersection between sustainable urban mobility and
business models ultimately helps to explain patterns that direct and support the achievement of
sustainable urban mobility through business models, contributing to theory, management practice, the
development of public policies and, finally, the promotion of sustainable development.

As our main theoretical contribution, we presented a framework from the analysis of the
intersection of the literature related to sustainable urban mobility and business models, identifying
which aspects should be considered to create sustainable and innovative business models for urban
mobility, advancing in proposed model by other research and bringing it closer to the context of
sustainable mobility. Part of our contribution was to integrate existing perspectives and building cases
and new possibilities for sustainability through sustainable business models approach, as suggested
by Bocken et al. as future research agenda opportunities [17].

This framework could also help innovators to develop sustainable innovations in urban mobility,
using the characteristics presented in Figure 2 as a guideline to assess sustainability in new business
models. Additionally, for policy makers, the aspects for sustainable business models in urban mobility
presented above could be a source of guidance to develop incentives and regulations in urban mobility.

However, this study has two notable limitations: only one database (Scopus) was researched,
and the practical examples referenced are only illustrative. Future research with empirical data could
enrich the aspects that define innovative and sustainable business models for urban mobility and
could further examine the factors that favor the incorporation of these aspects throughout the process
of proposing, creating, and capturing value, supporting the validation of the theoretical framework
presented in this study:.
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the paper.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A
Table Al. Detailed search and selection process.
Search Terms in Titles, Abstracts, . . Number of Papers  Number of Papers
Category and Kevwords Filters Applied in Search Results Selected after
W after Filters Selection Criteria

“sustainable urban mobility” or
“sustainable mobility” or “sustainable
Sustainable and transport” with “business
urban mobility = model”; “sustainable urban mobility”
or “sustainable mobility” or
“sustainable” with “transport”;

- English-only articles
- Blind scientific articles 497 33
published in

peer-review journals

- Following sub-areas were

Business model  “business model” and “innovation” not considered: health, 104 8
innovation and “review” mathematics, neuroscience,
Sustainable chemistry, biology,
“sustainable business model” agricultural and medicine 95 16

business model
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Appendix B
Table A2. Content analysis codes tree !.
Research Definitions to Answer . .
Question the Research Question Category Subcategory Applied Technique
Sustainable urban
mobility challenges
Sustainable urban mobility Analytic categories and
Aspects that characterize Sustainable indicators subcategories obtained from a
sustainable urban mobility  urban mobility Management of transitions to inductive appr.oach during
sustainable mobility systems content analysis
Role of individual behavior in
mobility systems
Analytic categories and
Business models functions subcategories obtained from a
A hat ch . inductive approach during
£ spects.t at characterize Business model content analysis
innovative . .
business models mnovation Analytic categories and
What are the Di . dk fiviti subcategories obtained from a
aspects ofa mensions and Xey activities - geductive approach from
sustainable and literature background. See [16].
innovative 3 .
business model in Analytic categories and
the field of urban Business models functions 'subcat'egorles obtained from a
mobility? inductive approach during
content analysis
Aspects that characterize o .o Analytic categories and
sustainable business . . . N subcategories obtained from a
models business model ~Dimensions and key activities deductive approach from
literature background. See [16].
Analytic categories and
Hinder factors §ubcat§gor1es obtained from a
inductive approach during
content analysis
Intersection between :
. . Adaptation of the framework of
sustainable urban mobility . .
. . . . typologies of sustainable
and innovative and Not applicable  Not applicable .
. business models to the context
sustainable f urban mobility [17]
business models ° ObHty
! Prepared by the authors. Process of content analysis based on a previous work (see [65]).
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