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Abstract: Smart Mobility and the introduction of innovation in the complex and dynamic actor
ecosystem of urban transport is faced with the need to manage change in order to secure sustainability
and protect against negative externalities. The present contribution provides decision-makers with
a tool to assess innovation strategies and monitor change over time. The proposed EcoSystem
Innovation Framework (ESIF) is applied to a flagship innovation: Mobility as a Service (MaaS).
The application concerns the City of Budapest, a location with highly-utilized resources and low
car ownership, in contrast to other locations where MaaS is implemented. The ESIF is constructed
through qualitative research (stakeholder workshops, interviews, document collection and analysis)
for three (3) points in time: Summer 2018; Summer 2019 and end of 2020 (first year of the COVID-19
pandemic). The ESIF analysis was able to guide decision-makers and highlight potential future trends
demonstrating the potential of the ESIF framework. For the City of Budapest, the ESIF highlighted the
delicate balance in the promotion of MaaS, as the dichotomy between public and private on-demand
mobility may trigger a negative modal shift. The COVID-19 pandemic has enhanced this potential.
Despite public sector efforts, market opportunity has surfaced leading to contrasting interests in
the ecosystem.

Keywords: innovation ecosystem; Systems of Innovation; ecosystem screening; assessment tools;
Mobility as a Service

1. Introduction

While some aspects of Smart Mobility are already present, the transition to its full
establishment remains a challenge with a pluralism of potential pathways and realization
conditions [1]. Promoters highlight its contribution to sustainability, especially for its flag-
ship application of Mobility-as-a-Service (MaaS). MaaS reflects on all four pillars of Smart
Transportation Systems, namely: Shared mobility; Automated mobility; Electric Mobility;
and Integrated mobility [2]. These are also considered disruptions of the (urban) transport
system, as the changes and innovations are introduced by new actors to the sector [2,3]
supporting the Smart (Information and Communication Technology) component. Another
disruption comes from the institutional, private nature of the actors promoting MaaS, who
promise the sustainability not achieved by the public sector.

Obviously, there are many ambiguities related to MaaS, as it is both a new concept and
an evolving Smart Mobility application in the domain of the Sharing Economy. Jittrapirom
et al. [4] after reviewing configurations established in various cities concluded that MaaS
includes a platform that integrates double-sided (demand and supply) access to information
as a one-stop-shop for transport services. This is in line with the findings of Muñoz and
Cohen [5] concerning the Sharing Economy business models who identified platforms and
peer-to-peer interaction as two of the four factors bearing a strong causal relationship to
the outcome, the other two being under-utilized resources and the absence of collaborative
governance. However, in its rhetoric, MaaS is mostly emphasized for its user-centric
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character. UNECE [6] (p. 10) proposes “MaaS as a user-centric transportation management
system, using intelligent mobility distribution systems and IoT applications, in which all
transport modes service operators and infrastructure providers are connected under a
single platform, which supplies mobility options to travelers providing real time traffic
information, service conditions and operator arrangements, and delivering on-line ticketing
and payment options”.

This definition highlights both the value proposed by the MaaS concept and, also,
the potential limitations and downsides. For example, including all transport mode
operators and infrastructure providers suggests integration, which has been a stated
transport policy since the Gothenburg European Council [7], which advocated in favor of
the efficient use of resources and, therefore, sustainability. Moreover, MaaS becomes more
beneficial as more operators and mobility service providers are included in the platform [8].
However, bringing actors together under an alliance or some form of collaboration is not
straightforward, as the wide range of stakeholders forming the MaaS Ecosystem could be
driven by diverging or contrasting interests. Shared objectives, limiting risks, trust and
public sector support seem important, even though, in current configurations, most are
involved in MaaS efforts as a learning process [9]. The same applies for the public sector.
For example, according to Audouin and Finger [2], horizontal governance development
of the MaaS network may have played a role in the emergence of the solution, but strong
visions from public authorities are needed to move forward. In other words, the presence
of collaborative governance is important, as also pointed out in Muñoz and Cohen [5]. The
question is “where forward to”? [10].

There are concerns that the same notions that make MaaS attractive, such as transport
network resilience, flexibility, innovation, and sustainability, are those at stake should
technology lock-ins prevail in the urban transport system [1,3]. In other words, there
is a danger of severe negative externalities. Simultaneously, MaaS intensifies existing
governance issues with the introduction of disruptive actors into the transport system since
the boundaries of “what counts as public transport” are not clear and acceptable to all [10].
Notably, many scholars have identified the need to “govern” the transition in the short and
long term, when the majority rather than the minority will be relying on MaaS [1–3,9,10].
However, what decision-makers are missing are tools to guide them.

The present contribution reverts to Systems’ Innovation to propose a Framework tool
to analyze potential strategies and foresee future outcomes within the MaaS Ecosystem. The
Systems’ Innovation Approach in studying innovation uptake has its roots in evolutionary
theory [11]. Consideration is given to both the “actors” involved—the ecosystem- and
the “conditions or institutions or mechanisms”, which define the “rules of the game” or
“code of conduct” [12,13]. Different ecosystems and/or different conditions form different
“Ecosystems of Innovation”. Within these ecosystems, species-actors compete [14]. An
ecosystem is a complex, dynamic system which constantly adapts, producing different
outcomes under different conditions [15]. An urban transport ecosystem is even more so,
due to the number and variety of stakeholders as well as the influence citizens’ behavior
may have on policies.

MaaS configurations have mostly been developed in agglomerations with under-
utilized resources (i.e., low public transport ridership, high car-ownership and low usage),
which is a factor recognized as causal in the Sharing Economy [5]. The proposed tool is
demonstrated for a MaaS application in the city of Budapest with highly utilized resources
(high public transport ridership and low car ownership) demonstrating a significant level
of integration in the transit system. Notably, there are multiple efforts to initiate and
experiment with MaaS in Budapest. However, in a city with all public transport operating
under one entity, what are the social benefits to be achieved? The situation is typical
of many cities and urban locations where public transport is highly embedded in the
transit system.

In this context, the presented research has a dual contribution and objective: First, to
demonstrate an innovation uptake framework to be used by decision-makers to analyze
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strategies within the MaaS and other “Ecosystems of Innovation” and, secondly, through
its demonstration to point out the potential outcomes in regions where the common
MaaS justification does not apply, as there is, for example, no need for a modal shift to
public transport.

2. Materials and Methods

The Systems’ Innovation Approach studies the innovation evolution process within
a system. Similar is the background of the commonly referenced multi-level perspec-
tive framework [16] focusing on technological transitions. These are defined as “major,
long-term technological changes in the way societal functions are fulfilled including user
practices, regulation, industrial networks, infrastructure and culture”. However, while
MaaS may be considered to reflect the definition of a technological transition, its ecosystem
is dynamic with interchangeable roles, especially those of user and provider. Hence, the
focus is on the ecosystem, as in the present contribution.

2.1. The Assessment Process

The EcoSystem Innovation Framework (ESIF) combines conditions and actors active
in the ecosystem to which the innovation is introduced. Figure 1 presents the overall
approach of this paper, illustrating the steps followed to construct and analyze the MaaS
ESIF in Budapest. It also depicts the methodology to be followed in any other future
assessment of an innovation process.
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• Step 1: The proposed ESIF for MaaS is constructed based on reported research and
practice findings. Hence, literature review is used to set the background for the MaaS
ESIF, as the ESIF could be used as a framework tool for any innovation process. In the
present paper, this step has been incorporated in the description of the framework for
economy (see Section 2.2).

• Steps 2 and 3: Qualitative data are collected to populate the framework with the
conditions and actors for the specific case studied. The Budapest case included
observations of the city context (conditions and actors) by the researchers as well
as interviews and workshops with selected stakeholders. More specifically, one
stakeholder workshop was conducted in Budapest in November 2017, while in-depth
interviews with key stakeholders in the study area were conducted in July 2018,
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to collect stakeholder views and opinions and complete the ESIF for Budapest [17].
The workshop gathered 39 stakeholders representing public and private transport
operators (39%), researchers (26%), transport consulting companies (9%), government
and local authorities (6%), IT and data companies (6%) and other companies and
associations (14%). The participating stakeholders were initially presented with the
MaaS concept, while the discussions were later organized in round tables, where the
participants were asked to answer and discuss a structured open-ended questionnaire.
The workshop covered several business and governance topics regarding MaaS, such
the role of the different actors in MaaS, the potential governance and operational
models, stakeholders’ motivation to join a MaaS scheme and perceived benefits from
MaaS implementation. The in-depth interviews were conducted with two stakeholders
in Budapest; the public transport authority and one MaaS provider who, at that time,
was willing to trial MaaS in Budapest. The aim was to derive opinions about critical
aspects, challenges and opportunities to be faced when developing MaaS following a
grounded theory approach and eliciting issues identified in the stakeholder workshops.
This information is used to construct the baseline ESIF for MaaS in Budapest as
presented in Section 3.1 and illustrated in Table A1 of the Appendix A.

• Step 4. Actions are normally generated by the decision-maker following the analysis,
including the “do nothing” strategy option. Reactions and changes are anticipated in
the ecosystem.

• Step 5. The impact of decision-maker’s actions as well as other activities, actors’
reactions to changing conditions and the dynamics in the ecosystem are monitored.
This information is collected through document analysis. This concerns the sys-
tematic reviewing and evaluating of printed and electronic documents, including
advertisements; event programs; newspapers articles; press releases; organizational or
institutional reports; survey data; and various public records [18].

Steps 4 and 5 are used to update/construct the ESIF for future times (Tn). The analysis
of the ESIF in a following point in time may also generate new “actions” by the decision-
maker (Step 4), which will, then, also be monitored through step 5.

2.2. The EcoSystems Innovation Framework (ESIF)

Woolthuis et al. [19] considered the importance of the existing conditions in a system
and attributed innovation failure to problems related to these conditions (see Section 2.2.1
below). They proposed an innovation failure framework by which to analyze the innovation
system and identify causes of potential failure. Roumboutsos et al. [20] added to this
framework by introducing: (i) additional conditions, (ii) a time dimension by recognizing
that the framework represents a snapshot in time, and (iii) a qualitative assessment [−3, +3]
of the relations within the system as depicted in the framework, which could be both
positive and negative. Hence, the framework (ESIF) is positioned to predict both barriers
and facilitators of the innovation process.

The present contribution to the framework concerns the focus on the innovation
ecosystem and the roles required for the innovation to evolve. Both conditions and
ecosystem roles and actors are discussed with background stemming from MaaS in the
following subsections.

2.2.1. Conditions

Systemic conditions [12,19–21] influencing innovation uptake are presented in Figure 2.
When considering MaaS, Infrastructure corresponds, primarily, to the platform appli-

cation requiring open application programming interfaces (API) feeds [22] and ticketless
travel [23], two factors not always achieved.

The sharing mobility market is very dynamic but regulative reaction (Hard institu-
tions) is slow, posing problems in the development of the concept [10]. This also concerns
standardization [24].
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The potential of MaaS is based on the ability for cultural (Soft Institutions) change on
many levels. Sharing information between operators [24] apart from possible regulatory
protection requires trust. The shift from car ownership to usership presents one of the
biggest hurdles for the transition to MaaS as it implies a change in choice of lifestyle. There
are studies predicting a favorable evolution of younger generations, environmentally sensi-
tive users, and people who choose to live in cities rather than the traditionally suburban
areas and combine public transit with the many new transport service provisions that have
entered the market, such as bicycle sharing, car sharing and ride sharing [25].

The Union Internationale des Transports Publics’ (UITP), the public transport operator
association, position paper 2011 [26] as well as the MaaS Alliance (http://maas-alliance.eu
accessed on 10 February 2018) are supportive of the MaaS endeavor. However, associations
are, by default, weak networks and cannot oblige their members to abide by a certain
strategy. As MaaS gains ground, more public transport operators are expected to buy
into the concept (see [27]). Stronger networks are expected amongst operators, taking
advantage of gaps in public transportation services. Bike-sharing, car-sharing, car-pooling,
parking, on-demand bus rides, ride-hailing, are services with interest in promoting the
MaaS concept [22].

MaaS also requires a relevant investment (Capabilities). This is relatively small com-
pared to investments in public transport infrastructure. Hence, public authorities and
public transport companies are now considering the use of services of new enterprises
and new platforms in order to reduce the need for costly investments in new transport
infrastructure, equipment and operation systems [23].

As MaaS builds on existing technologies and business models, lock-in effects are
not expected to manifest, albeit by existing third-party travel planning services (see
competition below).

Market demand is at the heart of the MaaS potential success. The future of urban
mobility has been intensely debated over the past few years and various forms of foresight
approaches have emerged in the field. Spickermann et al. [28] argue that the integration of
individual and public passenger transport is highly desirable and expected to be essential
for future urban mobility. They also found that users expect increasing freedom of choice
and continue to require individual locomotion and high autonomy.

http://maas-alliance.eu
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This need for autonomy could also trigger negative externalities. Various models of
MaaS may prevail. Holmberg et al. [29] and Transport Systems Catapult [30] list potential
models. Those combining public transport with more individual transport options such as
taxis and car-sharing, might even facilitate the shift from public transport to more flexible
journey options.

Finally, while the previously mentioned risk remains, transportation agencies are
driven to introduce new modes of travel, such as bike-sharing, or to join up with comple-
mentary modes, such as car-sharing in order to respond to demands to extend networks.
For transport providers, MaaS can offer new sales channels, access to untapped customer
demand, simplified user account and payment management, as well as richer data on
travel demand patterns and dynamics [31].

As all components of the MaaS concept exist, third-party aggregators move (Market
Push) to address the business opportunity and fill the respective gap [22]. However, this
integration is not straightforward and only a handful of applications are currently available.

Advances in technology and changes in personal mobility markets have presented
opportunities to new actors such as travel brokers/advisors (Competition). While facing
similar problems to those identified above for MaaS, they are also able to adjust their
business models to the specific “conditions” encountered. For example, travel brokers have
developed smartphone-based apps to integrate available transport modes and to enable
seamless multi-modal travel. These apps offer users one-stop access to a wide range of
travel services: information on various options and using the same account to pay for the
chosen service [23].

2.2.2. Actors and Roles in the Ecosystem

The concept of an innovation ecosystem and its actors has only recently been ad-
dressed [8] in the transport literature. Notably, the transport ecosystem is difficult to
describe due to its dynamic nature and the fact that it evolves differently in the various
locations as different conditions prevail. Moreover, actors interact through micro and
macro behaviors, especially concerning cooperation, competition or coopetition [32–34]
leading to different system equilibrium. The present description of actors and roles within
the transport ecosystem borrows from other sectors, prevailing literature and practice
observations, especially with respect to the Innovation Champion/Leader.

Valkokari [33] considers that the innovation ecosystem overlaps with the business and
knowledge ecosystems, as:

• the business ecosystem includes the main actor who operates a platform sharing
resources (or other common resource), assets and benefits or aggregates other actors
together in the networked business operations;

• the knowledge ecosystem includes a large number of actors that are grouped around
knowledge exchange or a central non-proprietary resource for the benefit of all actors;
while, finally,

• the innovation ecosystem includes (geographically) proximate actors interacting
around hubs facilitated by intermediating actors.

In the present (urban transport) innovation ecosystem description:

• The main actor is not necessarily the one operating the platform;
• Actors are not limited by geographical proximity, especially since platforms are digi-

tal [35]; and finally,
• public sector bodies related to the innovation are included and play an important role

as opposed to the common criticism (see [36]) that the term “innovation ecosystems”
refers to market actors only.

A number of MaaS schemes have been developed internationally. Some are listed
in Table 1 along with the characterization of the MaaS operator as public (PU) or private
(PR). The modes included in the service are also noted. While incorporating urban public
transport is considered important from a social welfare point of view, not all schemes
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provide this service. Therefore, various models emerge, based on the MaaS concept, by
exploiting business opportunities, user mobility needs and gaps in urban public transport.

Table 1. Mobility as a Service (MaaS) Schemes (Adjusted from [6]).

MaaS Schemes Coverage Area
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STIB + Cambio Brussels Y PU BG X X X
Qixxit Germany Y PR BR X X X
Moovel Germany Y PR BR X X X X X
Switchh Hamburg Y PR HB X X X X
Hannovermobil Hannover Y PU HB X X X X
Mobility Mixx Netherlands Y PR BR X X X X X X X
NS-Business Card Netherlands Y PR BR X X X X X X X
Radiuz Total Mobility Netherlands Y PR BR X X X X X X

TransitApp US, Canada, Europe,
Australia Y PR BR X X X X

Tuup Finland (Turku region) Y PR BR X X X X X X

Whim Helsinki, Birmingham,
Antwerp Y PR BR X X X X X X

SHIFT Las Vegas N PR BR X X X X
UbiGo Gothenburg N PR HB X X X X

* PR = Private; PU = Public; BG = Bridge; BR = Broker; HB = Hub.

For example, the STIB + Cambio Scheme in Brussels extends public transport with
car-sharing services. This service attribute of MaaS, i.e., the extension of Public Transport
services, was appreciated in the case study amongst residents in the Netherlands [37].
Qixxit, in Germany, is an example of extending a flight booking service. NS-Business
Card in the Netherlands focuses on young entrepreneurs and their need for flexible and
ad hoc travel. What is noticeable, however, is the inclusion of car-sharing, car rental and
parking services. The feasibility of these schemes is also questionable. SHIFT, in Las Vegas,
following a promising introduction, which also included the potential of autonomous
vehicles closed down, while UBIGO stopped providing services in Gothenburg to move
to Stockholm in 2019. Finally, while the incorporation of many (all) urban travel modes is
important [23], few MaaS applications include them.

Considering actor roles, the central actor is the MaaS provider, who could be:

• a single entity taking the role of MaaS Champion/Leader and operating as a “broker”
as it buys services from the (other) transport operators and resells in MaaS packages,
or

• a partnership of members of the MaaS ecosystem, not necessarily all. The partner-
ship can include varying levels of independence. In an “Alliance”, mobility service
operators/providers formulate a loose partnership supporting and promoting each
others’ services (“bridge”). Each mobility operator/provider remains a fully indepen-
dent entity and assumes minimum, if any, risk. More complexity is found when the
governance model is characterized by a MaaS operator functioning as “coordinator”
(“hub”).

These formulations are included in the description of existing cases in Table 1. Notably,
the role an actor would be willing or able to undertake within the ecosystem also describes
the potential business model to be applied. This is also related to a key challenge of MaaS
adoption and concerns the engagement within the MaaS innovation system of operational
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stakeholders who “have the mandate and discretion to govern MaaS within and beyond
their own public/private sector organisations” [38].

Within MaaS, researchers have identified the critical role the Public Authority needs to
play [1–3,9,10,39]. However, this role is not always a leading one (see Table 1). Hirschhorn
et al. [40] drawing from case studies identified six approaches followed: analyzer, architect,
convener, experimenter, lawmaker, and provider.

Furthermore, de Vasconcelos Gomes et al. [41] in their review identified three ecosys-
tem strategies: keystone, dominators and niche players. From a functional perspective, an
actor could be an “initiator” (platform builder); a “specialist” (adding value to the platform)
and/or an “adopter” (developing new products and services). Finally, as in all ecosystems,
all actors are both suppliers and “users” representing supply and demand with respect to
their market function.

Actor categorisations are summarised in Figure 3 and characterised when applying
the ESIF (see Tables A1–A3 in the Appendix A).
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3. Results and Discussion

The MaaS ESIF for Budapest is constructed for three (3) points in time (snapshots):
Summer 2018; Summer 2019 and End of Year 2020. The first snapshot is described in
greater detail illustrating the methodology. The latter includes the impact of the COVID-19
pandemic. The dynamic nature of the ecosystem and the influence it exercises on the
conditions is highlighted, depicting the evolution over time. The ESIF is constructed from
the viewpoint of the observer as part of the MaaS4EU Horizon 2020 EC funded project.

3.1. Budapest MaaS ESIF Summer 2018-Baseline ESIF
3.1.1. Potential MaaS Operators

The mobility market in Budapest comprises several actors. Public transport in Bu-
dapest is the ultimate responsibility of the Municipality, while transport policy and op-
erations are affected through two organizations: BKK (Centre for Budapest Transport)
and BKV Zrt (Budapest Transport Privately Held Corporation). The first contributes to
the enhancement of the integrated public transport management model, while the latter
operates Budapest’s extended public transport network including: metro, tramway, bus,
suburban rail and trolleybus, as well as the cogwheel railway, the funicular and the boat
service as an integrated service, with unified tickets, travel passes of various durations
and trip planning application. In addition, under the auspices of BKK, the bike-sharing
scheme MOL Bubi is operated with 30 min free riding time. The above reveal that the BKK
“dominates” the Budapest urban transport market and has also picked up a number of
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“niche market” activities such as the trip planner and the bike sharing service (Mol Bubi),
while BKV plays a “keystone” role by operating all public transport services.

The transport market of Budapest is also complemented by a number of traditional
and innovative mobility services, such as carsharing, carpooling, taxi and car/coach rentals.
At the time of data collection, two companies (GreenGo and Mol Limo) were offering
car-sharing services in Budapest and one company (BeeRides) was offering car-sharing
services to and from the airport. It is worth noting that car-sharing is considered to be
on the rise in Budapest. In addition, MOL Bubi is offering bike-sharing services, while
carpooling (e.g., Bla Bla Car and Motar) also exists. These are niche market players in
the Budapest innovation ecosystem. Completing personalized road transport, numerous
taxi companies operate in Budapest, with ordered taxis being less expensive than ones
hailed on the street. A dedicated airport taxi service is also available. Private parking
lots/companies supplement car travel in Budapest, again as niche market players.

MÁV-START, a subsidiary exclusively owned by MÁV ZRt, concentrates on passenger
rail travel and offers e-booking, e-ticketing and scheduling. Furthermore, Volánbusz, a
public coach company providing interurban transport services as well as connections to
neighbouring country airports, offers on-line booking and e-ticketing. In many ways, both
MÁV-START and Volánbusz can be regarded as actors who could carry an “adopter” role in
the innovation ecosystem, as they both demonstrate their ability to develop new products
and services. Finally, a number of coach rental companies complete the transport operators’
ecosystem of Budapest.

All identified actors are presented in the ESIF of Table A1 (in Appendix A) under
their affiliations and are characterized as public (PU), private (PR) or public interest (PUI)
companies. End users are identified as key actors in the MaaS ESIF. Finally, in the Budapest
innovation ecosystem, the MaaS4EU project team is introduced. The team’s functional role
in the ecosystem is that of “initiator”, which also manifests through the MaaS4EU project
obligation to develop the MaaS platform and support a pilot application.

However, the issue of concern with respect to the Budapest innovation ecosystem and
the MaaS innovation is the fact that amongst the actors already identified there were none
that had the required capacity to pick up the role of a Bridge, a Hub or a Broker, in other
words “leadership roles”. These roles are important in order to carry forward a business
model. Amongst the existing players, BKK could play the role of “Bridge” but this role
cannot be inclusive of many actors (see the STIB + Cambio example). On-demand mobility
service suppliers could set up broker type business models, which is the predominant
business model (see Table 1).

3.1.2. MaaS ESIF Conditions in Budapest

The conditions vis-à-vis the ecosystem actors are assessed in the range [−3, +3] based
on their contribution positive, [+1, +3], neutral [0], or negative [−3, −1] to the MaaS
innovation realization. The assessment is qualitative based on information collected and
carried out by the research team in Steps 1 and 2.

Infrastructure: MaaS is dependent on two infrastructure conditions: Accessibility
and openness of API feeds and ticketless travel. In 2018, despite efforts, public transport
(BKK and BKV) relied on paper tickets (score [−3] for BKK and BKV). On the contrary, all
other transport operators, including public ones (such as the coach and rail service) offer
e-booking and e-ticketing services ([+3] for all other operators).

APIs were open regarding journey planning. However, booking, ticketing and pricing
data were not open for public transport ([−1] is assigned for BKK and BKV-related services).
Regarding the other mobility operators in Budapest, they have developed the required
APIs to implement a MaaS scheme, [+1].

Hard Institutions: Pricing for public transport is regulated and thus, MaaS pricing would
mean discussions and negotiations between the public authorities and the MaaS operators. In
Budapest, a MaaS operator could be able to purchase tickets for its potential customers, but
due to the prevailing legal framework, the pass/ticket would be more expensive compared to
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the one sold to an individual person. This reduces the potential of a MaaS operator to offer
competitive prices for its bundled services, [−3]. This does not apply for car sharing, taxis and
coach rental services, which are able to offer available capacity, [+1].

In addition, API feeds are not all available in compatible data formats and some level
of standardization is required, [−2].

Soft Institutions: Over one billion trips are conducted using public transportation
in Budapest. However, the noticeable rise in car-sharing in the city signifies the risk of
shifting from public transport to more personalized transportation options. The usage
level of public transport is due to low car ownership and high fuel prices [42]. The ESIF
assessment is even ([0]) for the users and negative ([−1]) for the policy-maker.

The in-depth interviews and workshop in Budapest indicated a relatively good level
of trust between the involved actors. However, most operators in Budapest are under the
auspices of BKK or the public sector in general, hence the assessment is positive ([+1]) for
public or public arm’s-length operators and negative [−1] for the private ones.

Strong Networks and Weak Networks: Many transport services in Budapest are directly
or indirectly related to the public sector and, more specifically, the Municipality of Budapest,
which subsidizes operation. The metro, tram, bus, trolleybus, suburban rail, cogwheel railway,
the funicular and the boat service are operated by BVK; bike-sharing is under the auspices of
BKK, while the coach and rail operator are public sector companies. These relations constitute
a strong network and follow on the decision of the leading bodies. Within this network, an
integrated service is offered. Willingness to join the MaaS initiative enables the entire endeavor.
Reluctance to lead and pick up a leadership role leaves the condition in the balance, [0], for
all actors.

Car-sharing companies, car-rentals, taxi companies, and car parking formulate a weak
network of competing actors. The endorsement of the MaaS concept could be based on their
recognition of potential benefits in cooperating, suggesting the potential of coopetition [43].
The potential provides the basis for a somewhat positive assessment ([+1]), which might
also extend to the public operators offering services outside the BKV responsibility.

Capabilities: The implementation of the MaaS concept requires a relevant investment
in human resources and financing. Such resources are not always available for small private
operators or public entities focused on their core business, although it is acknowledged that
MaaS could enhance their market and increase their revenues, [−1]. However, when con-
sidering future transport needs, the policy maker might identify the merits of cooperation
with alternative travel modes in the city, [0].

Lock-in Effect: The fact that the Budapest public transport already provides integrated
services presents a lock-in effect, [−2].

Market Demand: Despite the fact that 45% of trips are realized using public transport
in Budapest [42], there are still 35% realized by car, and positive indications related to car-
sharing. This suggests the need for more personalized travel. The estimation is supported
by the suburban development witnessed in Budapest and other eastern European cities [44].
In addition, even though the economic crisis has hindered car ownership in Hungary and
Budapest in particular [42], owning a car remains a symbol for young adults in Budapest [45].
As the economic crisis continues to impact the country, car-sharing/car-pooling schemes might
be seen as the closest alternative combined with public transport, [+1].

Market Push: Newly arrived, third party aggregators are present in Budapest, includ-
ing the MaaS4EU Project team and also the Cities-4-People Team, [+1].

Competition: Each transport operator in the city has developed the respective trip
planner and, when available, booking and e-ticketing service. The prominent trip planner
is the one related to the public transport system. Hence, the assessment is negative for
public transport ([−1]) and even for the other operators ([0]).

3.1.3. Baseline MaaS ESIF Assessment and Actions

The baseline (T0) ESIF identifies a strong dichotomy amongst public transport and
the mobility service providers in Budapest which is enhanced by the strong innovation
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barriers identified related to infrastructure, hard institutions, negative strong networks and
even the impact of competitive behavior between actors.

However, the relative potential for MaaS exists between private operators as well as
coach and rail public operators. For this group of actors, barriers are less, and prevailing
enablers support the key components of MaaS with respect to infrastructure and soft
institutions. The hindrance is on whether operators in this group recognize the benefits
of cooperation over pure competition, including the number of operators offering similar
services (for example taxi companies). However, most importantly, amongst this group
of actors with potential positive “conditions”, there were no actors who would assume a
“hub” or “broker” role and, therefore, demonstrate willingness to govern MaaS and initiate
a respective business model. Ecosystem actors were identified as “niche market players”
and “adopters”. Amongst the actors identified with potential to join a MaaS, none present
clear advantages. The most promising would seem to be the BKK, who presents “specialist”
qualities and could pick up the platform from the initiator (the MaaS4EU project) and
include at an arms’-length BKV who plays a keystone role in the urban transport system,
albeit restricted by numerous barriers in system conditions.

However, while typically outside their core business, the public transport authorities
of Budapest are presented with a unique opportunity to leap-frog the commonly experienced
evolution (increase in vehicle ownership to be addressed by road building and then by traffic
management measures [46] and avoid any negative impacts. Through MaaS, Budapest authorities
can resurface following the economic crisis by promoting and supporting sustainable mobility
solutions early enough, through evolutionary policy interventions ensuring sustainability [47].
More specifically, while a MaaS configured among on-demand private service providers is not
unique (see examples in Table 1), it presents considerable risk from a social welfare point of
view. A MaaS not based on public transport runs the risk of accelerating car usage, potentially
leading to the prevalence of car ownership, especially as young adults still view car ownership
as a status symbol (see [45]). In the short term, however, there is the opportunity to reduce
congestion, as suburban commuters might choose on-demand travel within the city rather
than private car use. A third party might identify this gap/business opportunity and enter
the market as a pure innovation disruptor. This third party would require bringing into the
ESIF capabilities with respect to human resources/knowledge transfer as well as make the
respective financing investments. The third party would also provide the necessary market
push, taking advantage of the infrastructure readiness amongst the actors manifesting a weak
network (car-sharing, rail and coach). This latter characteristic allows the third-party grounds
to attract actors to join MaaS. Integration to the public transport system would ultimately be
secured through crowdsourcing of information. Such a MaaS configuration could be extended
to cover other cities in the country and the wider region and present a direct threat to BKK
strategy and policy.

Hence, key limitations for the uptake of MaaS based on the baseline ESIF were: (i) the
need to identify the leader (MaaS provider) and (ii) the need for the Public Transport Authority
to relax regulation especially with respect to ticket sales, allowing public transport services
to be included in the MaaS business. However, the opportunity for a third-party innovation
disrupter existed.

More specifically, the ESIF (snapshot Summer 2018) concluded on two scenarios for
public authorities:

i. The “do nothing” scenario, which provides the opportunity for a third-party disruptor
to enter the market with the MaaS innovation and reap the opportunity provided
by the rise in alternative city mobility modes (such as car-sharing, car-pooling etc.)
related to both suburban commuters and the prevailing car-usage culture amongst
young adults.

ii. The “endorsing MaaS” scenario, which requires significant political interventions
and sets MaaS as a policy initiative rather than a commercial innovation.
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3.2. Budapest MaaS ESIF Summer 2019 Assessment and Discussion

One year later (Summer 2019), it is clear that the public transport authorities (BKK)
seriously considered the ESIF Baseline conclusions, as they recognized that the innovation
might bring disruptive changes to urban mobility and they would “need to be managed or
orchestrated rather than simply left to market forces” [48]. Highly regulated urban transport
systems have the possibility to address this challenge. To this end, BKK actively searched for
the “Broker” actor, who was able to also “create” mobility packages at reduced rates giving
a serious “push” to MaaS in Budapest and actively introduced this “New Entrant” to the
ecosystem (positive for Strong/Weak networks). The “New Entrant” is yet another public
arm’s-length company with toll collecting as its core business.

Further changes in the Ecosystem and its conditions were witnessed:

• Electronic tickets/passes were introduced by BKK (positive trend for Infrastructure)
despite the failed launch of the electronic ticketing system [49]

• APIs are being aligned for a MaaS pilot under MaaS4EU (positive trend for Infrastructure)
• BKK was able to provide the “New Entrant” public transport tickets at a reduced price

(positive trend for Hard Institutions)
• The supply of on-demand mobility services in the city of Budapest has grown with

two more car-sharing companies entering the market as well as private bike sharing
providers, all with respective web and smartphone applications and variable pickup
and return points.

• Based on our observations of the city context and the MaaS4EU demonstration, it was
concluded that the introduction of a specialist to act as the MaaS operator increased
the trust between the involved actors (positive trends in the assessments of all actors
for Soft institutions).

• New third-parties, in addition to MaaS4EU team, enter the market as aggregators
moved forward to implement the business opportunity of MaaS in Budapest. These
are mostly related to BKK through research implementation projects (positive trend
for Market Push).

These changes are reflected in Table A2 of the Appendix A. What is noticeable is the
effort of the public transport authorities of Budapest to align with the needs of MaaS. The
system governance role to be undertaken by the public authority is still rather unclear as it
lies between convener and experimenter [40]: convener as the public authority identifies
solutions to proceed with the MaaS pilot (see MaaS4EU); experimenter as it is experiment-
ing through various smart mobility projects. These experiments introduce new ecosystem
entrants, who are expected to introduce further dynamics in the direction of smart and
on-demand mobility. New entrants also include new car-sharing initiatives, who see the
business opportunity in users’ interest [50]. Finally, in this “snapshot” the dichotomy
between public transport and on-demand services is blurred.

3.3. Budapest MaaS ESIF End Year 2020 Assessment and Discussion

In the year 2020, the entire transport system, worldwide, experienced the impact and
consequences of the COVID-19 pandemic, the lockdowns—especially in major cities—and
the social distancing protocols, which ultimately impacted transportation choices and
behavior even when lockdowns were relaxed. Budapest experienced a significant modal
shift [51]: car usage increase from 43% to 65%; cycling increased, while public transport
experienced the greatest decrease. Notably, these figures describe the spring lockdown
and are not representative of the entire period. For example, the COVID-19 Community
Mobility reports issued by Google [52] show mobility around public transport hubs to
have dropped by about 50% during the spring lockdown; increased in the summer 2020 by
120%, and then dropped around 30% in the autumn compared to the baseline. This is also
a very negative trend for user soft institutions, [−3].

The pandemic found the Budapest transport ecosystem in a dynamic phase, with
MaaS4EU project pilots running (Wave 3), Mobility labs being initiated [53], in addition to many
investments in support of public and green mobility by the BKK on their way. Furthermore:
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• Improvement of the BKK travel planner with record views [54] (positive trend for
Infrastructure for BKK and Soft institutions for users)

• Further support to mobile ticket sales, which were also advertised amongst the COVID-
19 protection measures [54] (positive trend for Infrastructure)

• Buses were to get a special anti-COVID-19 coating [55] (positive trend for Soft Institu-
tions for users)

• Testing of new electric buses (Sept. 2020) [54] (new market entrant)
• The introduction of online bookable Telebusz demand-responsive mobility service [54]

(new market entrant)
• An addition of 20 km of cycling paths (positive trend in soft institutions).
• Reduction in monthly rates on the public shared mobility plan (positive trend in soft

institutions).
• MOL Bubi bike sharing service suspended in Dec 2020 to be relaunched in 2021

(negative trend for the actor)

In addition, a number of anti-COVID-19 measures were employed including frequent
cleaning, distribution of face masks, vehicle frequency etc.

Furthermore, while in most regions the COVID-19 pandemic obliged many firms
offering on-demand and shared services to scale down, this has not been the case in
Budapest, as there are announcements of increases in fleets and collaborations with other
service offerings as well as breaking demand targets (see for example [56]).

These changes are illustrated in Table A3 in Appendix A. Studying Table A3, it is
evident that conditions are ripe but there is no strong tendency to collaborate, even though
2020 has been a year with a need to secure capacity in order to address demands for
social distancing. On the contrary, what has been witnessed is an increase in personalized
transportation and stand-alone operations. In this snapshot, no specific governance role
could be identified for the public authority. Typically, the public authority continues to play
a convener or experimenter role, but in a year of turmoil the emphasis has been on securing
social distancing conditions, also expressed by securing maximum availability through
greater frequency in schedules. Simultaneously, on-demand mobility operators move to
take advantage of the modal shift to personalized mobility. Notably, the increase in the num-
ber of ecosystem actors, along with the arising market opportunities, surface the conflicting
interests of stakeholders, thus leading to a reluctancy to cooperate towards integrated
(public transport and private on-demand mobility) and socially desirable solutions.

4. Conclusions

Globalization of activities and digitization are factors supporting the need for co-
innovation in the transport sector [57]. In practice, it requires the study of the evolution of
the innovation ecosystem.

The present research introduces an innovation assessment tool, the EcoSystem Innovation
Framework (ESIF), and demonstrates its applicability to the MaaS adoption problem in the
city of Budapest. The ESIF is an enhancement of the Systems of Innovation Framework [19]
with emphasis placed on the actor characteristics and their roles in the innovation ecosystem.
The ESIF was generated for MaaS, which is a technological innovation requiring cultural,
operational and managerial change; and is expected to cross localities, city boundaries and
country borders as its preprocessors have (e.g., Uber). MaaS is addressed as an innovation
introduced to an ecosystem. The key factors influencing the “rules of the game” (conditions)
were identified through the review of reported research and practice findings. Actors and their
potential role in the ecosystem were also considered. The MaaS ESIF was constructed based
on data collected from desk research and stakeholder workshops and interviews conducted
within the MaaS4EU H2020 project for the city of Budapest and followed by document analysis
to construct the ESIF in consequent points in time i.e., Summer 2018 (Baseline), Summer 2019
and End of Year 2020. Thus, it succeeds in presenting a timeline of the evolution of the mobility
ecosystem dynamics in Budapest.
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The baseline ESIF highlighted barriers and enablers and the absence of important actors
in the ecosystem leading to a potentially less than favorable outcome for the city. A dichotomy
could be witnessed between public and on-demand transport. Based on this information, the
Public Transport Authority was able to act and address the ecosystem limitations and infuse it
with a “Broker” (New Entrant) while addressing limitations in hard institutions, ultimately
managing the innovation process.

An extremely rich and dynamic ecosystem was evolving (Summer 2019) within which the
Budapest public authority was taking a role of convener or experimenter. Its collaboration in
various mobility research and implementation projects introduced yet new aggregators in the
mobility ecosystem. A push for new mobility modes is evident and the dichotomy identified
the year before is blurred.

At the end of 2020, the year with lockdowns and social distancing imposed by the COVID-
19 pandemic was a difficult year for public transport. Ridership decreased and a modal shift
to personalized transport was witnessed. Car-sharing and on-demand services are favored.
Hence, issues identified in the baseline ESIF resurface. The public authority does not pick up a
specific role. The emphasis is on promoting its own services.

In addressing the issue of MaaS in a city where public transport is highly embedded, the
analysis showed that there is high probability of having a modal shift to more personalized
modes of transport including car usage through MaaS. This tendency has been intensified due
to the need for social distancing exercised in the pandemic, but on-demand operators (e.g.,
car-sharing service providers) are more interested in exploiting the market opportunity. While
this provides relief in the short term, in the long term it could have negative ramifications.
These are lessons to be considered by other locations with similar characteristics: highly utilized
resources, positive car ownership status models, and great concentrations of niche market
mobility operators.

The ESIF application, as presented herein, may be applied to any other system innova-
tion. In addition, it should be noted that the qualitative nature of assessments should be
cautiously interpreted, since they are not comparable as absolute ratings figures, especially
when made by different teams. However, as the assessment needs to be carried out by a
team in a workshop or similar setting in order to avoid bias, the process by default brings
together a wide range of stakeholders and sets the grounds for their collaboration.
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Appendix A

Table A1. Budapest MaaS EcoSystem of Innovation Framework Snapshot—Summer 2018.

Conditions

Actors BKK BKK BKV

Volán-Busz
(Coach)

MÁV-Start
(Rail)

Car-Sharing Taxis

C
oa

ch
R

en
ta

l

U
se

rs

M
aa

S4
EU

Centre for Budapest
Transport—Policy Maker Trip Planner Mol Bubi

(Bike-Sharing)

Bus, Metro, Tram, Trolleybus,
Suburban Rail, Cogwheel

Railway, the Funicular, Boat
Service

Mol-Limo
GoGreen
Bee Rides

Many

Actor Institutional Type PU PU PU PUI PU PU PR PR PR

Ecosystem Strategy Role DM NM NM KS NM NM NM

Actor Governance Role BG?

Functional Role SP ADP ADP INI
Infrastructure

Open API feeds −3 −3 −3 +1 +1 +1 +1 +1

E-tickets −3 −1 −3 +3 +3 +3 +3
Hard Institutions

Integrated fares 0 3 0 0 0 0 0

Regulated transport fares −3 −3 −3 −3 −3 0 0 0

Standardized APIs −2 −2 −2 −2 −2 −2 −2 −2
Soft Institutions

Car ownership culture −1 +1

Virtual service use +2

Trust between operators +1 +1 +1 +1 +1 +1 −1 −1 −1
Strong Networks 0 0 0 0 0 0
Weak Networks +1 +1 +1 +1 +1
Lock-in effects −2 −2 −2 −2
Capabilities

Need for public transport
investments 0 −1 −1 −1

Market Demand
Need for more mobility +1

Need to extend public transport
services +1

Market Push 0 0 0 0 0 0 0 0 0 +1
Competition −1 −1 −1 −1 0 0 0 0 0

Legend: PR = Private; PU = Public; PUI = Public Interest Company; BG = Bridge; DM = Dominator; NM = Niche Market; KS = Keystone; SP = Specialist; ADP = Adopter; INI = Initiator; dark line = Dichotomous.
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Table A2. Budapest MaaS EcoSystem of Innovation Framework Snapshot—Summer 2019.

BKK BKK BKV Car-Sharing Taxis

Conditions

Actors
Centre for
Budapest

Transport—
Policy
Maker

Trip
Planner

Mol Bubi
(Bike-Sharing)

Bus, Metro, Tram,
Trolleybus, Suburban

Rail, Cogwheel
Railway, the Funicular,

Boat Service

Volán-
Busz

(Coach)

MÁV-
Start
(Rail)

Mol-Limo
GoGreen
Bee Rides

+ New Entrants

Many

C
oa

ch
R

en
ta

l

U
se

rs

MaaS4EU
+ New Entrants

(e.g., SMACKER project,

Cities-4-People Project)

New Entrant
(Toll Service)

Actor Institutional Type PU PU PU PUI PU PU PR PR PR PR
Ecosystem Strategy Role DM NM NM KS NM NM NM

Actor Governance Role CN/EXP BR
Functional Role SP ADP ADP INI SP

Infrastructure
Open API feeds 0 0 0 +3 +3 +3 +3 +3 +3

E-tickets +2 +2 +2 +3 +3 +3 +3 +3 +3
Hard Institutions

Integrated fares 0 3 0 0 0 0 0 +3
Regulated transport fares −1 −1 −1 −3 −3 0 0 0 +3

Standardized APIs 0 0 0 0 0 −2 −2 −2 +3
Soft Institutions

Car ownership culture −1 +1
Virtual service use +2 +3

Trust between operators +2 +2 +2 +2 +2 +2 +1 +1 +1 +3
Strong Networks +3 +3 +3 +3 +3 +3 +3
Weak Networks +2 +2 +2 +2 +2
Lock-in effects −2 −2 −2 −2 −1
Capabilities +3
Need for public transport investments 0 −1 −1 −1

Market Demand
Need for more mobility +1

Need to extend publictransport services +1
Market Push 0 0 0 0 0 0 0 0 0 +3

Competition −1 −1 −1 −1 0 0 0 0 0

Legend: PR = Private; PU = Public; PUI = Public Interest Company; BG = Bridge; DM = Dominator; NM = Niche Market; KS = Keystone; SP = Specialist; ADP = Adopter; INI = Initiator; CN/EXP =
Convener/Experimenter; Blue Cells: New assessment values (Summer 2019).
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Table A3. Budapest MaaS EcoSystem of Innovation Framework Snapshot—End Year 2020.

BKK BKK BKV Car-Sharing Taxis

Conditions

Actors
Centre for
Budapest

Transport—
Policy
Maker

Trip
Planner

Mol Bubi
(Bike-

Sharing)

Bus, Metro, Tram,
Trolleybus, Suburban

Rail, Cogwheel
Railway, the Funicular,

Boat Service

Tele-
Busz

Volán-
Busz

(Coach)

MÁV-
Start
(Rail)

Mol-Limo
GoGreen Bee
Rides + New

Entrants

Many

C
oa

ch
R

en
ta

l

U
se

rs

MaaS4EU + New Entrants

(e.g., SMACKER project,

Cities-4-People Project)

New Entrant
(Toll Service)

Actor Institutional Type PU PU PU PUI PUI PU PU PR PR PR PR
Ecosystem Strategy Role DM NM NM KS NM NM NM NM

Actor Governance Role BR
Functional Role SP ADP ADP ADP INI SP

Infrastructure
Open API feeds 0 0 0 0 +3 +3 +3 +3 +3 +3

E-tickets +2 +2 +2 +3 +3 +3 +3 +3 +3 +3
Hard Institutions

Integrated fares 0 3 0 0 0 0 0 0 +3
Regulated transport fares −1 −1 −1 −1 −3 −3 0 0 0 +3

Standardized APIs −0 −0 0 0 0 −2 −2 −2 +3
Soft Institutions

User centric 3 +3 3 3 3
Car ownership culture −1 −3

Virtual service use +2 +3
Trust between operators +2 +2 +2 +2 +2 +2 +2 +1 +1 +1 +2 +3

Strong Networks +3 +3 +3 +3 +3 +3 +3
Weak Networks +2 +2 +2 +2 +2
Lock-in effects −2 −2 −2 −2 −1
Capabilities +3

Need for public transport
investments 0 −1 −1 −1

Market Demand
Need for more mobility 1 +1

Need to extend public transport
services 2 +1

Market Push 0 0 0 0 0 0 0 0 0 0 0 +3
Competition −1 −1 −1 0 0 0 0 0 0 0

Legend: PR = Private; PU = Public; PUI = Public Interest Company; BG = Bridge; DM = Dominator; NM = Niche Market; KS = Keystone; SP = Specialist; ADP = Adopter; INI = Initiator; CN/EXP =
Convener/Experimenter; Blue Cells: New assessment values (Summer 2019); Yellow Cells: New assessment values (End 2020).
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