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Abstract

Decarbonization within the maritime sector advances slowly, especially the adoption of zero-
carbon technologies, despite increasing regulatory pressure and mounting climate change
awareness. Ro-Pax ferry shipping, where vessels operate at high frequencies along designated
routes with fixed schedules, functions as a key factor in regional European transport and
produces significant greenhouse gas emissions, thus making it an essential area to study for
maritime sustainability transitions. In this thesis, it is studied why Ro-Pax ferry incumbents in
the Baltic and Mediterranean have adopted zero-carbon technologies at varying rates. To answer
this, this study aims to identify the pressures that drive or prevent adoption in both regions, to
analyze how incumbents react to these pressures and to conduct a cross-regional comparison
of the pressures and reactions. For this, the study combines the Multi-Level Perspective (MLP)
and van Mossel et al.’s (2018) typology of incumbent behavior in transitions to conduct a
qualitative comparative case study that includes 9 semi-structured interviews and document
analysis. The study’s findings demonstrate that even though incumbents in both regions are
open to zero-carbon technologies, they face strong hindrances to adopting them, especially from
a lack in customer demand and high price competition. However, differences in current and
historical infrastructure availability and regulatory histories have led to Baltic incumbents having
a higher adoption rate of zero-carbon technologies. Incumbent progress in the Mediterranean
is further hampered by felt uncertainties around policies and fuel availability together with
insufficient infrastructure development. Furthermore, the findings indicate that firm size can
affect behavioral modes, as small companies tend to adopt proactive, differentiation-oriented
behavior regarding sustainability and zero-carbon technologies. This study demonstrates that
regional conditions instead of differences in incumbent willingness determine adoption rates,
concluding that policies with a regional focus, infrastructure development and customer
demand stimulation are required to speed up decarbonization of the Ro-Pax ferry sector. Future
research should investigate the role of small incumbents in transitions and help develop better
strategies to aid them.

Keywords: Ro-Pax sector, zero-carbon technologies, sustainability transition, multi-level
perspective, mediterranean sea region, baltic sea region
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Executive Summary

The maritime sector and its different segments including intercontinental as well as continental
and national shipping, play a pivotal role in worldwide and regional transportation systems,
while also contributing a significant amount to global greenhouse gas emissions. Their
decarbonization is moving forward slowly, as they heavily rely on fossil fuels and established
infrastructure. The adoption of zero-carbon technologies, such as battery-electric propulsion
and hydrogen and ammonia-based propulsion systems remains limited and fragmented. This
current rate of progress is concerning as zero-carbon technologies represent the only realistic
path for the sector to meet its long-term climate targets. Based on this issue, the author of this
thesis examines the adoption patterns of zero-carbon technologies in the EU Ro-Pax (Roll-
on/Roll-off Passenger) ferry segment — a part of the maritime sector of short sea shipping (SSS)
and a significant generator of intra-European transport emissions.

The Ro-Pax ferry segment was chosen as the focus of this thesis as Ro-Pax vessels play a vital
role in the EU in transporting both passengers and goods while their regular, short and
predictable routes make them especially suitable for testing initial decarbonization efforts. This
sector is heavily influenced by its incumbent ferry operators who hold significant control and
thus significantly influence the pace and direction of the technological transition. However,
progress towards the adoption of zero-carbon technologies among these incumbents is uneven
across regions, especially between the Baltic Sea region and the Mediterranean Sea region, with
Baltic incumbents having adopted more zero-carbon technologies. The observed differences
between regions lead to essential questions about what pressures drive or hinder technology
adoption in the Ro-Pax sector and how incumbents react to these pressures.

Based on this, the main goal for this thesis was to find out why such differences in adoption
exist and to identify the pressures and reactions that drive these outcomes. Two research
questions were used to guide the study:

RO 1. What pressures influence the adoption of zero-carbon technologies by incumbent Ro-Pax ferry operators
in the Baltic and Mediterranean regions, and how do the pressures differ between the two regions?

RQ 2. How do different of incumbents react to these pressures, what explains the different reactions and how do
the reactions differ between the two regions?

To answer these questions, a comparative qualitative case study research design was used. The
empirical data for this was gathered through 9 semi-structured interviews of 7 incumbents and
2 experts from both regions. Additionally, a review of grey literature and policy documents was
used in support of the interview data. The analytical framework of this thesis consisted of the
Multi-Level Perspective (MLP) framework, which maps transition pressures across landscape,
regime, and niche levels and van Mossel et al.’s (2018) typology of incumbent behavioral modes,
which groups incumbents into four different modes of behavior that they can adopt with
regards to socio-technical transitions (e.g., First to enter niches, Follow into niches, Remain
inert, and Delay the transition).

The findings showed that both regions’ incumbents face similar regulatory pressures from EU
and IMO regulation, including the EU ETS, Fuel EU Maritime, and IMO climate targets, which
they criticized for being unclear and unfair in their implementation, especially regarding ETS
exemptions for other transport sectors that they compete with. They also both face negative
pressures to the adoption of zero-carbon technologies from high competition with other
transport sectors and their customers, who are not willing to pay for sustainable ferry transport.
These negative pressures have combined to create an environment where it is hard for
incumbents in both regions to raise their prices to fund the transition to zero-carbon
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technologies. However, in contrast to Mediterranean incumbents, the Baltic region’s
incumbents were historically confronted with slightly more positive societal pressure to
transition and eatrlier strict regulations including Sulphur and Nitrogen Emission Control Areas
while also being aided in the adoption of zero-carbon technologies by early infrastructure
investments in onshore power supply. The Mediterranean region’s incumbents are specifically
hampered by felt uncertainties around policies and fuel availability together with insufficient
infrastructure development.

The research also revealed that while both regions' incumbents shate a positive attitude toward
decarbonization and the adoption of zero-carbon technologies, they demonstrate slightly
different behavioral patterns. While most Baltic incumbents demonstrated some form of
proactive reactions to pressures, Mediterranean incumbents reacted more cautiously. Small
incumbents in the Baltic especially demonstrated a higher tendency to first enter niches and adopt
zero-carbon technologies, hoping they could establish a market advantage through sustainability
differentiation. In contrast, larger incumbents in both regions often adopted a follow into niches
mode in reaction to pressures of high costs, uncertain demand, and regulatory confusion,
stressing that the lack of market and customer pressure to transition is a key issue that
complicates investments into zero-carbon technologies.

In conclusion, the findings of this thesis indicate that external pressures rather than inherent
differences in incumbent behavior explain the varying adoption rates of zero-carbon
technologies between the Baltic and Mediterranean regions. The interviewed incumbents all
demonstrated willingness to transition to zero-carbon technologies, but their actual actions
remained contingent upon infrastructure readiness to supply zero-carbon technologies,
customer demand and regulatory clarity, which in most cases are still lacking.

With this, this thesis adds to the existing literature on sustainability transitions by identifying a
strong unwillingness of customers to pay for sustainable ferry transport alternatives, which
severely hinders zero-carbon technology adoption in both regions but remains unexplored in
academic literature. As a further new finding, the study revealed that the Baltic region’s
establishment of onshore shore power infrastructure in some ports for local air quality and noise
issues eventually became useful for their Ro-Pax incumbents’ decarbonization initiatives,
showing that infrastructure path dependencies can function as both obstacles and facilitators of
zero-carbon technology adoption based on whether initial investments established a foundation
for them. Generally, this thesis provides new insights about maritime sector decarbonization
through its analysis of external pressures and incumbent characteristics in different regional
contexts in the Ro-Pax ferry sector. The understanding and continued research of these
dynamics represents a crucial necessity for speeding up zero-carbon technology adoption and
developing sustainable intermodal transport systems across Europe.

Based on the findings and conclusions of this thesis, recommendations to policy makers and
industry actors can be made. For regulators, the findings indicate that they must improve policy
coordination for regions and consider the state of regional progress while investing more in
zero-carbon infrastructure and implementing incentives to lower transition costs of incumbents
through EU ETS revenue redistribution. Industry actors, especially large incumbents, should
try to adopt green differentiation strategies and invest in enabling infrastructure, as this
approach could create competitive advantages as well as long-term resilience for them. For the
academic community, this study suggests to further investigate how firm size influences
transition behavior, what can be done to further incentivize first mover behavior and if the
findings this in this thesis can be replicated in other transport sectors.
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1 Introduction

Climate change is a significant challenge, necessitating prompt action to swiftly decarbonize all
economic sectors. The Paris Agreement of 2015 underscored the imperative to restrict the rise
in global temperature to below 2°C by the year 2100, with a target of 1.5°C compared to pre-
industrial levels to reduce the negative impact of climate change on humans and ecosystems.
Achieving these targets necessitates a substantial transformation in energy consumption and
emission patterns across numerous sectors, notably transportation. The transport sector is
estimated to be the source of approximately 15% of global greenhouse gas (GHG) emissions,
underscoring its critical role in facilitating the realization of international climate objectives
(International Energy Agency, n.d.). Within this sector, maritime shipping and its different
segments including intercontinental as well as continental and national shipping, play a pivotal
role, facilitating the transportation of approximately 80% of the world's goods, while
contributing to almost 3% of the total worldwide GHG emissions (United Nations Conference
on Trade and Development, 2019; International Energy Agency, n.d.). Projections indicate that,
in the absence of significant intervention and measures, with an expected steady increase in
global maritime trade, emissions from shipping are likely to increase by 50% to 250% by the
year 2050 (International Maritime Organization, n.d.-a; International Energy Agency, n.d.).

In recognition of the sector's impact and the clear imperative to act and prevent a further
increase of emissions while the sector grows, the International Maritime Organization IMO), a
specialized United Nations agency responsible for regulating international waters as well as
global shipping by legally binding conventions, and the European Union (EU) have both set
ambitious decarbonization objectives. Specifically, the IMO has set a target of reducing GHG
emissions from shipping by a minimum of 50% by the year 2050 compared to the year 2008
(International Maritime Organization, n.d.-b). In a subsequent program in 2023, the IMO
established a new objective to reduce the average carbon intensity (CO, emissions per transport
work) of shipping by 40% by 2030 compared to the year 2008 (International Maritime
Organization, n.d.-c). Furthermore, the UN agency set a target for adopting technologies that
emit zero or nearly no greenhouse gases, aiming for them to account for at least 5% of the total
energy utilized in international shipping (International Maritime Organization, n.d.-c). In
addition to the UN agencies’ targets, the EU's Fit for 55 package and the FuelEU Maritime
Initiative encompass regulatory measures aimed at accelerating these reductions, with even more
stringent carbon intensity reduction targets (Laribi & Guy, 2020; Stalmokaité et al., 2023).

1.1 Problem Definition

While these reduction targets reflect a growing momentum, achieving them remains a complex
endeavor for the shipping sectors’ incumbents, as their operations, including their vessels and
the infrastructure that supports them, are heavily reliant on fossil fuels (Bach et al., 2020, 2021).
Although there has been a gradual, albeit slow, uptake of low-carbon technologies by
incumbents such as methanol and liquefied natural gas (LNG)—which help reduce pollutants
like sulfur and nitrogen—the adoption of near-zero or zero-carbon technologies, such as
hydrogen, ammonia, and battery-electric propulsion, has been significantly slower and remains
fragmented (Mander, 2017; Newman, 2020; Stalmokaité et al., 2023). This slow progress is
particularly worrying because zero-carbon technologies are essential for meeting the
decarbonization targets as low-carbon options like LNG are still fossil fuel based and their
effectiveness in combating climate change is debated, as their use does not significantly decrease
CO; emissions (Bengtsson et al., 2011). Furthermore, low-carbon technologies rely on current
fossil fuel-based infrastructure, which contributes to a lock-in effect that reinforces dependence
on conventional fossil fuel energy sources (Gilbert, 2014). Thus, it is important to comprehend
the causes of the slow shift to zero-carbon technologies by incumbents in order for the maritime
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sector to achieve decarbonization. Given the complexity and diversity of the maritime sector,
an analysis of incumbents in one specific shipping segment is of interest in this regard.

Within the maritime sector, the short sea shipping (SSS) segment, which refers to the national
or international seaborn transport of goods and passengers over short distances around the
coast, is a relevant area to study maritime decarbonization by incumbents and to understand
what is impeding its progress (Zis et al., 2020). In contrast to deep sea shipping, which consists
of the intercontinental transport of cargo, SSS is focused on the intra- and interregional
connection within regions. It is prevalent in densely populated and economically integrated
regions such as the EU, playing a crucial role in regional trade and transport (Zis et al., 2020).

Within SSS, vessel types such as container feeders, bulk carriers, tankers, Ro-Ro vessels, and
Ro-Pax ferries operate. Ro-Ro vessels specialize in the transport of wheeled goods which
include trucks and trailers while Ro-Pax ferties combine freight Roll-on/Roll-off cargo with
passenger (Pax) transport. The latter subsequently play a pivotal role in regional transportation
networks, facilitating regular connections between primary economic hubs.

This is especially the case in the EU, where ferries were responsible for transporting almost 400
million passengers between EU countries in 2023 (Eurostat, 2024). In conjunction with Ro-Ro
vessels, Ro-Pax ferries transported a total of 432 million tons of goods within the same time
frame in the EU (Eurostat, 2024). However, they are also a significant contributor of GHG
emissions, accounting for over 10% of the approximately 124 million tons of maritime CO,
emissions within the EU in 2021, which makes their decarbonization more important
(European Commission, 2023a). Unlike other ships, Ro-Pax ferries operate at high frequencies
along designated routes with fixed schedules. This, in connection with their high emissions,
renders them suitable candidates for the assessment and promotion of novel energy solutions
as the high predictability of their operation makes it easier to plan the testing, integration and
adoption of new technologies (Stalmokaité & Yliskyld-Peuralahti, 2019; Zis et al., 2020). Ro-Pax
routes and ferries can thus be seen as a suitable test bed for emerging new maritime
technologies. Additionally, their decarbonization not only helps reduce emissions in the
maritime sector but also could have a positive ripple effect by enabling cleaner intermodal
transport solutions. By shifting transport away from roads to Ro-Pax ferries with little to no
emissions, overall transportation emissions in the EU could decrease by reducing reliance on
higher-emission road vehicles, showing that Ro-Pax shipping is of high relevance for the
sustainability transition of regional transportation systems as a whole (Psaraftis & Zis, 2020).

In this context, it is important to examine the role of incumbent Ro-Pax ferry shipping firms,
which are referred to as incumbents in this thesis, as they wield significant market shares and
exert substantial influence over the whole sector (Geels, 2010; Smith et al., 2010). Despite the
potential of significantly reducing emissions by adopting zero-carbon technologies, the
integration of these technologies by the segments’ incumbents remains low (Bach et al., 2020).
While certain incumbents have adopted new technologies, others have exhibited passive or even
resistant behavior toward change (Stalmokaité & Yliskyld-Peuralahti, 2019).

In this regard, the Baltic and Mediterranean regions are significant as the Baltic has been a
forward-looking region in terms of regulation and adoption of new technologies, while the
Mediterranean has been comparatively deficient (Shippax, n.d.; see more in Chapter 2).
Specifically, the Baltic has a higher number of Ro-Pax ferries with zero emissions according to
the newest DNV Alternative Fuels Insight (DNV, n.d.; Stalmokait¢ & Yliskyld-Peuralahti,
2019). The disparity between the regions is evidenced by the fact that, while a stringent sulfur
emission control area (SECA) that incentivizes the adoption of low and zero-carbon
technologies has existed in the Baltic since 2015, a Mediterranean SECA has only taken effect
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in the middle of 2025 (European Maritime Safety Agency & European Environment Agency,
2025). These discrepancies in adoption give rise to questions concerning the causes of this
variation of technological progress among incumbents in different regions and their
ramifications for maritime decarbonization. Given the pivotal role of incumbent firms in
shaping technological and market developments in the Ro-Pax ferry shipping segment, it is
imperative to understand how they respond to the sustainability transition in varied contexts.
This is crucial for comprehending the discrepancies in adoption by incumbents and for
accelerating the transition to zero-carbon technologies in shipping.

While there are some studies that study the adoption of new technologies in shipping by
incumbents, there is a clear lack of studies comparing the progress in different regions. Most
existing studies focus on one region and are mainly geographically constrained to Norway,
which may be related to this regions’ regulations that incentivize the adoption of low- and zero-
carbon technologies (Bach et al.,, 2020). This showcases a notable gap in the availability of
studies that can be readily transferred and applied to a broader range of European SSS areas,
leading to a lack of knowledge regarding the pressures faced by incumbents surrounding the
transition to zero-carbon technologies and their reactions to them. Furthermore, most studies
prioritize low-carbon technologies, also termed "transition technologies," while zero-carbon
technologies receive disproportionately less attention. Additionally, studies often focus on firms
that are proactively adopting new technologies. Also considering the roles of firms resistant to
change could add to the literature and help provide a broader picture of the transition.

1.2 Aim and Research Questions

The aim of this thesis is to study if, how and why Ro-Pax shipping incumbents react differently
to pressures surrounding the transition to zero-carbon technologies across different
geographical contexts. To achieve this, this study conducts a comparative analysis of Ro-Pax
incumbents operating within the Baltic and Mediterranean regions. The pressures are of
different regulatory, economic, societal, market, infrastructural, geopolitical and operational
nature. In this thesis, pressures that drive the transition are called positive pressures, while
pressures barring the transition are called negative pressures. The negative pressures could also
describe a certain lacking pressure that would be needed for a transition but doesn’t exist, thus
exerting negative influence on the transition. These pressures or lack thereof and the reaction
of the incumbents to them are assumed to influence the transition to zero-carbon technologies
positively or negatively. Consequently, a thorough investigation into how Ro-Pax ferry shipping
incumbents react to a variety of pressures in the transition to zero-carbon technologies may
help explain why there is a diffuse and slow transition while also facilitating the identification of
policies, actions and contexts that promote or impede adoption. The findings of this
investigation may also generate insights that are pertinent to other maritime regions, thereby
facilitating cross-regional learning and providing transferable lessons that may help the entire
European SSS sector more effectively and expeditiously transition towards decarbonization.

Based on the overarching objective, the following two research questions have been formulated:

RO 1. What pressures influence the adoption of zero-carbon technologies by incumbent Ro-Pax: ferry operators
in the Baltic and Mediterranean regions, and how do the pressures differ between the two regions?

RQ 2. How do different of incumbents react to these pressures, what explains the different reactions and how do
the reactions differ between the two regions?

By addressing the research questions outlined above, this study contributes to the ongoing
discourse on sustainability transitions by providing empirical evidence of the different pressures
facing maritime incumbents and their reactions to them. The findings will assist policymakers

3



Markus Ehrenberg, IIEE, Lund University

in designing more effective regulatory frameworks and aid industry incumbents in accelerating
the transition to zero-carbon technologies.

Methodologically, this study relies on qualitative data collection methods, including semi-
structured interviews and document analysis, to answer these research questions. The latter will
include policy documents, company press releases and reports as well as industry white papers.
The interviews will elicit insights from incumbents and other relevant actors, such as
associations that represent the interests of incumbents. This methodological approach will
facilitate a more in-depth examination of the reaction and attitudes of incumbents towards the
pressures influencing the adoption of zero-carbon technologies.

1.3 Scope and Delimitations

To clarify what this thesis will cover, this section will explain the research's scope in empirical,
geographical, and temporal dimensions. It will also elaborate on the methodological choices
made in the study. Additionally, it will identify the delimitations, that is, the boundaries of the
research and the rationale behind their selection for the study given considerations of feasibility,
relevance, and expected contributions.

This thesis adopts a comparative case study approach, with a focus on the reaction of incumbent
Ro-Pax ferry shipping firms to pressures. The rationale behind this focus is twofold: first,
incumbents are the dominant players in Ro-Pax ferry shipping; therefore, they possess
significant market power in shaping the industry's transition. Their strategic decisions,
investments, and responses to pressures can not only influence their own operations but also
the broader technological and market environment of the maritime sector (Geels, 2010; Smith
et al., 2010; Stalmokaite, 2021). Within the incumbents, this study will not only focus on those
that have already adopted zero-carbon technologies but also those that plan to and those that
so far have chosen not to. This will help discern all pressures facing incumbents in these regions
and understand why some incumbents are not adopting zero-carbon technologies.

By comparing two different regions, this thesis aims to identify the influence of pressures, based
in regulatory, economic, societal, market, infrastructural, geopolitical and operational aspects,
on the adoption of zero-carbon technologies by incumbents. The Baltic region is examined as
a contrast to the Mediterranean region. This will help determine what factors lead to more
proactive firm strategies. In this study, the two regions that are to be compared are defined as
parts of the European Union (EU) maritime sector. Consequently, this thesis includes countries
that are subject to EU regulations. With the EU as a common regulatory backdrop for both
regions, the existing regional pressures and reactions of incumbents are quite comparable.

The empirical scope of this research includes data from a number of incumbent Ro-Pax ferry
shipping firms that operate in the Baltic or the Mediterranean region and data on their
surrounding contexts. The number of firms analyzed is dependent on the availability of data
and the ease of access to incumbents. Because the study is of an exploratory nature, a qualitative
study approach will be used to examine firms' reactions and related perceptions.

The temporal scope of this study encompasses the recent past, with a primary emphasis on the
period between 2015 and the present. This time frame has been selected because it encompasses
significant policy milestones, including the European Union's Fit for 55 package (2021) and the
follow up IMO GHG strategy (2023). While historical factors may exert influence on firm
strategies, the present and emerging transition dynamics are the primary focus of this study.

The selection of this scope is important in ensuring that the study does not become excessively
extensive to the point of losing the necessary level of detail. By concentrating the research on
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specific firms, geographical areas, and time periods, the study can offer specific and meaningful
findings rather than generalizations. This enables the study to generate results that can help
advance the knowledge in both the academic and practical aspects of maritime decarbonization.

The present study is subject to several limitations. First, it does not attempt to quantify emission
reductions or to conduct life-cycle assessments of specific technologies nor does it attempt to
conduct a policy analysis. Instead, its objective is to understand decision-making processes of
Ro-Pax ferry shipping incumbents and conditions of sustainability transitions leading to
differing rates of technological adoption. It does not have policy as a focus, only categorizing it
as a specific type of pressure influencing the adoption of zero carbon technologies. Second,
while recognizing the role of new niche actors, such as start-ups and fuel technology developers,
the primary focus is on incumbent firms because of their dominant role in determining the
direction of industry change. Thirdly, while the study provides a comparative analysis between
the Ro-Pax ferry shipping segments of the Baltic and Mediterranean regions, it does not expand
its analysis to global shipping trends that encompass other vessel types, as the former might
have different implications than the latter. Furthermore, because of its qualitative and
explorative nature, this study will also not be able to provide results that are representative for
the whole Baltic and Mediterranean Ro-Pax ferry shipping segments, as not all incumbents and
other relevant actors can be considered.

1.4 Ethical Considerations

The subsequent section will provide a comprehensive overview of the ethical considerations
associated with the conducted research. This thesis is guided by the principles of research
integrity, including those that pertain to the confidentiality of study participants and the
appropriate management of research data. Generally it can be stated that the research design of
this thesis has been reviewed against the criteria for research requiring an ethics board review at
Lund University and has been found to not require a statement from the ethics committee. This
thesis has not received funding from any agency or organization; therefore, the research process
is entirely independent and without external influence. While the author of this thesis has
engaged in collaborative work with companies operating within the Baltic Ro-Pax ferry shipping
market before, the author has never been employed by these firms. Consequently, these firms
have no authority over the research, analysis, and conclusions of the study.

Participation in this study was entirely voluntary, and all interview respondents were informed
of the study's purpose, methods, and the right to discontinue participation at any time without
providing a reason. The principle of informed consent was adhered to, with participants being
informed of how their contributions would be utilized within the study's context and, more
broadly, in relation to the broader agenda of sustainable transitions in the maritime sector. This
information was formally documented in a consent form, which was provided to the
participants and subsequently signed prior to of each interview (see Appendix A: Consent form).

To ensure data accuracy, confidentiality and privacy of the respondents, all interviews were
recorded and subsequently anonymized. The respondents were identified by their professional
roles and not by their names to ensure that the identity of the respondents was well protected.
The study did not entail the collection of sensitive personal data, nor did it entail any information
that could potentially compromise the reputation, dignity, or privacy of the participants.

The interview data was stored on a password-protected laptop and only the researcher had
access to it to ensure confidentiality. The decision was made to refrain from sharing the raw
data publicly, and all results will be presented in aggregate form, ensuring the anonymity of the
participants. This level of confidentiality is designed to ensure that participants, especially
incumbents, feel safe to openly reflect upon aspects that might be sensitive to their company.
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1.5 Audience

This thesis is intended for the consideration of policymakers and regulatory bodies involved in
maritime transport and environmental policy. The rationale for this is that the study's findings
may support the development of both regional and specific as well as international and broad
policies that encourage the adoption of zero-carbon technologies by incumbent Ro-Pax ferry
shipping firms. This, in turn, would facilitate the establishment of favorable regulatory
frameworks for the comprehensive and sustainable transition of the maritime sector as a whole.

Furthermore, the results of this study will be of use to industry participants, including incumbent
Ro-Pax ferry shipping companies and industry associations that may use the information to
develop their strategies considering the regional pressures on sustainability transitions.
Consequently, this thesis can offer practical advice on navigating the decarbonization process
by studying the impact of varying regulatory and market conditions on firm actions.

Additionally, this thesis contributes to the advancement of academic research in sustainability
transitions and maritime studies by providing research on the role of incumbents in influencing
technological and market developments. The comparative framework and methodological
approach employed in this study may appeal to scholars interested in transition studies and
maritime sustainability, as frameworks are used and adopted in a novel way and in new contexts.

1.6 Disposition

In Chapter 1 of this thesis, the research topic including its wider context and significance were
described. Moreover, the research aim and questions, as well as the scope and delimitations of
this thesis, were introduced. The chapter also addressed ethical considerations relevant to the
research and its intended audience.

Chapter 2 provides a comprehensive survey of the extant knowledge on sustainability transitions
in the maritime sector, with a particular emphasis on Ro-Pax ferry shipping and zero-carbon
technologies. The chapter identifies significant gaps in the existing literature concerning the role
of incumbents in different regional contexts. It then explains the adoption of the multi-level
perspective in combination with the four behavioral modes (van Mossel et al., 2018) as a
conceptual framework to guide the research and interpret the findings.

In Chapter 3, the methodological approach is detailed, and the research design is outlined. It
describes the method by which data is collected from incumbent Ro-Pax ferry shipping firms
and industry associations in the Baltic and Mediterranean regions. The chapter also explains
how the analysis of the collected data was conducted, along with a discussion of the limitations
and potential biases inherent in the chosen methodological framework.

Chapter 4 then presents the findings in the context of key themes that emerged from the analysis
and interprets them in relation to the research questions and the analytical framework. It
comparatively examines how incumbents in the two regions are affected by and how they react
to the pressures surrounding the transition to zero-carbon technologies.

In Chapter 5, the findings are compared with existing literature, and the relevance of the study's
insights is reflected upon.

In Chapter 6, the main findings are summarized, and recommendations are given to
policymakers. The chapter then goes on to outline implications for incumbent Ro-Pax ferry
shipping companies and to identify areas for future research.
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2 Literature Review

In the following chapter, a review of grey literature, information from the biggest Ro-Pax ferry
database Shippax, relevant policy documents and academic literature is conducted. Google
Scholar, ScienceDirect and Scopus were used to retrieve academic literature, with key words
being “Ro-Pax decarbonization”, “zero-carbon technologies” and more, while grey literature

and policy documents were found based on references in academic works and through simple
google searches regarding maritime policy. Only English works were considered.

More specifically, to study the zero-carbon transition and the behavior of incumbents in the
Baltic and Mediterranean Ro-Pax ferry segments, an understanding of each segment is
necessary. Thus, this chapter first covers the size of Ro-Pax operations, the number of active
routes, the number of passengers, the major incumbents and emissions in each region. Then it
covers the global IMO), EU- and regional policy context and the types of low- and zero-carbon
technologies in use by main incumbents. After that, current academic literature and what it says
about the reasons for the slow and diffuse transition is discussed.

Even though this paper explicitly focuses on zero-carbon technologies in Ro-Pax ferries,
shedding light on all kinds of alternative technologies in use in the sector is crucial to
understanding the environment of the transition in the sector. Because of this, the review names
multiple types of existing and coming low- and zero-carbon technology adoptions. After this,
theories and frameworks used in the literature to study similar topics are explained.

2.1 Introduction to the Ro-Pax Ferry Segments

2.1.1 Baltic Ro-Pax Segment

Ro-Pax ferry services in the Baltic are an important part of the regional transport system
(Stalmokaité & Yliskyld-Peuralahti, 2019). They play a crucial role in northern European freight
corridors, where several ferries transport substantial amounts of cargo and act as a maritime
extension of the road and rail networks (European Parliament, 2016). Baltic Ro-Pax ferry
services connect the main economic regions of Sweden, Finland, the Baltics, Germany, Poland
and Denmark and are a vital transport link for passengers and cargo, with more than 80 million
passengers being transported in 2023 (Eurostat, 2024). The region has 76 active Ro-Pax ferries
which provide regular, highly frequent and scheduled services (European Maritime Safety
Agency, n.d.; Shippax, n.d.). In major corridors including the Stockholm-Helsinki and Tallinn-
Helsinki routes several departures in a day are common (Shippax, n.d.).

The market in this area is led by several large Ro-Pax ferry incumbents that have created
extensive fleets and routes. Tallink Silja, Viking Line, Stena Line, Finnlines and Wasaline are
responsible for most Ro-Pax operations in the area, connecting almost all countries in the Baltic
region (Shippax, n.d.). Their fleets, which include large, high-capacity ferries designed to
transport passengers and cargo, and well-known brands have created a competitive market
structure. Baltic Ro-Pax operators have invested substantial amounts of money on building new,
more efficient vessels in recent years (Shippax, n.d.). Despite this, Ro-Pax ferries in the Baltic
are a major source of emissions, totaling more than five million tons of CO, in 2023 (Jalkanen
et al., 2024).

2.1.2 Mediterranean Ro-Pax Segment

In contrast, the Mediterranean Ro-Pax ferry segment, while similar in function, differs from the
Baltic in market structure and geographical size. It includes a larger and more dispersed Ro-Pax
network, with 164 ferries operating between mainland Italy, Spain, France, and Greece and
island destinations including Sicily, Sardinia, the Balearic Islands, the Greek islands and more
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(European Maritime Safety Agency, n.d.; Shippax, n.d.). While ferry traffic in the Baltic is
concentrated within a comparatively confined area, operations in the Mediterranean include
both short distance high frequency services and long-distance international ferries. For instance,
some of the most used short sea routes including Piracus — Mykonos and Naples — Palermo
have multiple departures in a day while international routes, mostly to African countries, operate
weekly or biweekly (Shippax, n.d.). Nonetheless, a large share of operations within the
Mediterranean, mainly those within or between EU member states, are similar to that of the
Baltic, with only the long-range international ferry routes operating between EU and non-EU
countries being the exception (European Parliament, 2016). Thus, the intra-EU Ro-Pax
operations within the Mediterranean, while being larger in number, are comparable, in the length
of their routes and operational demands, to those in the Baltic.

While operations are rather similar, more passengers use the Mediterranean Ro-Pax sector than
the Baltic, with passenger numbers being almost 140 million in 2023 (Eurostat, 2024). In Italy
alone 48 million passengers used Ro-Pax ferries in 2023, making it the biggest market for Ro-
Pax transport in Europe that year. Greece, transporting over 37 million passengers, came in a
close second (Eurostat, 2024). The high passenger volume can be attributed to Ro-Pax ferry
transport being a geographical necessity in the Mediterranean, where many island communities
have no other alternative to ferries due to a lack of fixed links like bridges or tunnels. Because
of this, some ferry routes, including those that serve smaller islands, are subsidized through
public service obligations to maintain year-round connectivity on routes that may not be
commercially viable (XRTC, 2023; Shippax, n.d.). Thus, while Baltic Ro-Pax ferries commonly
are used for both freight and passenger transport, Mediterranean Ro-Pax ferries are more
passenger focused with less emphasis on cargo operations (European Parliament, 2016).

The Mediterranean market is marked by large Ro-Pax ferry incumbents that operate in a stable,
but competitive landscape. While few dominant firms control most of the Baltic market and
often compete on similar routes, several Mediterranean incumbents are strong in specific
national markets in the Mediterranean (Shippax, n.d.). Among these incumbents, the largest are
Grimaldi Lines, Balearia, Attica Group, Minoan Lines and Carnetone & Tourist, which each
operate on extensive networks of routes throughout several countries (Shippax, n.d.).

A notable difference between the Baltic and Mediterranean segments is the age of the vessels,
with the Mediterranean Ro-Pax fleet having a higher age on average, while the Baltic has a
relatively younger and more technically advanced fleet of ferries (Shippax, n.d.). For example,
more than 60% of the Greek domestic ferries are over 20 years old (XRTC, 2023). The age of
Mediterranean vessels impacts efficiency and emissions since older ferries consume more fuel
mile and emit more. Although recent emission data is not readily available, an examination of
Ro-Pax CO, emission data from the EU’s monitoring, reporting and verification system showed
the impact of this, with the Mediterranean Ro-Pax segment alone being responsible for 6.9
million tons of CO, emissions, nearly matching the carbon emissions of all other European seas
put together (7.1 million tons of CO») in 2018 (Mannarini, Carelli, & Salhi, 2020).

2.1.3 Existing Regulation relating to Ro-Pax Ferries

Incumbents in both the Baltic and Mediterranean must follow common and differing
regulations. In the following, the main global, EU and regional regulations mentioned in
literature that impact fuel related operations of these incumbents are introduced and tabulated
in Table 2-1. It not merely focuses on zero-carbon technology regulations; it encompasses all
regulations that influence an incumbent's technology choices, whether by encouraging,
restricting, or incentivizing the use and development of specific technologies. This is necessary
as only focusing on regulation of zero-carbon technologies does not present the full regulatory
context within which incumbents make technology related choices.
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Table 2-1. Main Regulation Overview

Category Regulation Geographic Scope Impact on Incumbents Year
Binding Regulation EU Sulphur Directive EU-wide (all EU ports) Ships in EU ports must use 2010
(2005/33/EC) — At-Berth marine fuel with < 0.10%
Fuel Sulphur Limit Sulphur
Binding Regulation Baltic Sea Sulphur Emission Baltic Sea (International Limit Sulphur content in 2015
Control Area (SECA) Maritime Organization marine fuel: 0.10%
(MARPOL Annex VI) (IMO) & EU)
Binding Regulation MARPOL Annex VI Global Global (IMO) Max Sulphur in fuel: 0.50% 2020
Sulphur Cap (3.50% previously)
Binding Regulation Baltic Sea NOy Emission Baltic Sea (IMO & EU) NOy reduction of 80% on 2021
Control Area NECA) newbuild ships operating in
(MARPOL Annex VI) Baltic
Binding Regulation IMO EEXI and CIT Global (IMO) Ships must comply with 2023
Regulations (MARPOL efficiency level + annually
Annex VI Amendments) report Carbon Intensity
Indicator (CII). Those with
poor CII must implement
cotrective plans
Binding Regulation Energy Taxation Directive EU-wide Exempts bunker fuel for 2003
(2003/96/EC) —Fuel Tax commercial shipping from
Exemption taxes.
Binding Regulation EU Emissions Trading EU/EEA Waters & ports EU carbon pricing for 2024
System (Shipping) (Directive maritime transport. 40% of
(EU) 2023/959) emissions covered in 2024,
70% in 2025, and 100% from
2026.
Binding Regulation Mediterranean Sea Sulphur Mediterranean Sea (IMO & From 1 May 2025, 2025
Emission Control Area EU) Mediterranean become a
(MARPOL Annex VI, SECA, capping Sulphur in
adopted 2022) fuel at 0.10%
Upcoming Regulation FuelEU Maritime Regulation EU-wide (EU ports & Decrease well-to-wake GHG 2025
(EU 2023/1805) voyages) emissions/unit energy by 2%
in 2025, 14.5% in 2035, 80%
by 2050 (2020 baseline).
Operators allowed to use any
technology/fuel. Ro-Pax
ships must use shore power
of zero emission energy
when at berth from 2030 in
main ports.
Upcoming Regulation EU Alternative Fuels EU (major ports) Member states must develop 2025
Infrastructure Regulation plans for deployment of alt
(AFIR) (EU 2023/2178) fuel supply by 2025, major
EU ports must install
onshore power supply for
passenger ships and ensure
LNG bunkering, or other
low carbon fuel refueling is
available by 2030.

Sources: (Enropean Commission, 2023b); (European Commission, 2023c); (European Parliament & Council, 2003); (European Parliament & Conncil, 2005);
(Eurgpean Parliament & Council, 2023); (International Maritime Organization, 2014); (International Maritime Organization, 2017); (International Maritine

Organization, 2018); (International Maritime Organization, 2021a); (International Maritime Organization, 2021b).

While Ro-Pax ferry segments in the Baltic and Mediterranean are subject to a set of common
EU-wide and IMO regulations, there are and have been crucial regional differences. Aside from
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global, EU-wide and national emissions reduction targets, both regions have to specifically
adhere to the EU Sulphur Directive (Directive 2005/33/EC), the IMO 2020 global Sulphur cap
and the EU ETS (Ditective (EU) 2023/959) that gradually includes the EU maritime sector in
emissions trading, requiring incumbents to purchase CO, allowances for their emissions
(European Parliament & Council, 2005; International Maritime Organization, 2018; European
Commission, 2023b). Both regions will also be influenced by the upcoming FuelEU Maritime
Regulation (Regulation (EU) 2023/1805), which aims to progtessively decrease the GHG
intensity of maritime fuel and thereby the whole sector from 2025, and the EU Alternative Fuels
Infrastructure Regulation (AFIR) (Regulation (EU) 2023/2178), which dictates potts to
guarantee onshore power supply and refueling facilities for low-carbon fuels by 2030 (European
Commission, 2023¢; European Parliament & Council, 2023).

The common regulations are meant to place pressure on ferry incumbents in both regions to
cut emissions and incentivize investments into alternative fuels by creating better conditions for
their adoption. However, these existing regulations mainly encourage incumbents to transition
to low-carbon fuels like LNG and do not directly advocate for the adoption of zero-carbon
options like battery-electric, hydrogen or ammonia. AFIR, for example, requires main EU ports
to ensure LNG bunkering possibilities, which according to Gilbert (2014) can lead to a lock-in
effect that further increases incumbents’ dependence on fossil fuel infrastructure (European
Parliament & Council, 2023). Only the upcoming FuelEU Maritime Regulation incentivizes the
use of zero-carbon fuels directly, as it requires passenger Ro-Pax ships to use shore power or
zero emission energy to run their ferries when at berth by 2030 (European Commission, 2023c).
Important to consider as context is also that since 2003 an EU Energy Taxation Directive
(Council Directive (EU) 2003/96/EC) has excluded marine bunker fuel from taxation in the
EU, effectively subsidizing fossil fuels in the EU maritime sector (European Parliament &
Council, 2003).

As a further upcoming regulation, the IMO approved a set of draft regulations in April 2025
which targets the goal of net-zero emissions from international shipping by 2050 more
specifically (International Maritime Organization, 2025). Because these regulations are drafts,
they are not taken up in Table 2-1. The package establishes a Global Fuel Standard (GFS) to
lower maritime fuel greenhouse gas intensity while ships must buy Remedial Units when their
emissions surpass established limits under a carbon pricing mechanism that will be established.
Revenues from this will support decarbonization projects through an IMO Net-Zero Fund. The
new regulation is expected to be enter into force in 2027 and apply starting in 2028, representing
the first global carbon pricing scheme for maritime shipping (International Maritime
Organization, 2025).

Aside these common regulations, the reviewed policy regulations showed that the Baltic region
has historically been subjected to more stringent environmental regulations, incentivizing
technology uptake and fleet replacement. This can be observed in the fact that the Baltic Sulphur
Emission Control Area (SECA), established in 2015, restricted the Sulphur content of marine
fuel to 0.10% half a decade before the IMO’s global mandate of 0.50% (International Maritime
Organization, 2018; Stalmokait¢ & Yliskyld-Peuralahti, 2019). By contrast, a Mediterranean
SECA similar to that of the Baltic only came into effect in May of 2025, meaning that Baltic Ro-
Pax incumbents felt regulatory pressure to switch to low-Sulphur fuels sooner (International
Maritime Organization, 2021a).

Furthermore, the Baltic Sea is also a Nitrogen Emission Control Area (NECA) for new ships
delivered from 2021, requiring the use of scrubbers or cleaner fuels such as LNG (International
Maritime Organization, 2017). The Mediterranean, however, does not have a NECA, meaning
that new Ro-Pax ferries in the area do not face the same stringent requirements for NOy
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reduction. While scholars found that SECA and NECA regulations in the Baltic might have lead
incumbents to a comparatively early shift towards more environmentally friendly, low-carbon
solutions like LNG and Methanol (Stalmokaité¢ & Yliskyld-Peuralahti, 2019), the effect of the
absence of these regulations in the Mediterranean until 2025 is not studied. Even though it
allowed the Mediterranean region's ferries to run on higher-sulfur fuels for longer, it is not
studied in the literature if it deferred investment in alternative fuels in the region. However, it
can generally be stated that Baltic and Mediterranean Ro-Pax incumbents, while both facing the
same EU regulation, have not faced the same regional IMO regulation relating to their
technology use until 2025.

Aside regional differences, there are also differences in national policies between both regions.
In the Baltic, Sweden, Finland and Denmark have exempted shore power and biogas from
taxation and have decreased port fees for ships with lower emissions, encouraging the use of
alternative fuels (European Commission, 2020, 2021a; Vierth & Johansson, 2020). Furthermore,
Finland and Germany have provided public funding for the construction of LNG bunkering
infrastructure as well as for zero-carbon technology projects (Riviera Maritime Media, 2014;
Scandlines, n.d.-a). On the other hand, Mediterranean policies cannot be observed to go beyond
EU directives like the Baltic.

Between the regions, the review of grey literature showed a variation in the level of maturity of
segment initiatives and voluntary agreements, such as green shipping corridors. In the Baltic,
there are already defined zero-emission corridors going into effect in the next decade, including
the Stockholm—Turku corridor, while the Mediterranean has just seen the start of strategy
development for such initiatives, like the Marseille—Corsica corridor, which are based on LNG
and battery-electric technologies (Hakirevic Prevljak, 2025; Ovcina Mandra, 2023).

These variations in regional and national regulations as well as voluntary agreements and
initiatives showcase that Baltic Ro-Pax ferry incumbents have been subject to stronger and more
widespread regulatory pressure to move away from established fossil fuels at an earlier stage
than their Mediterranean counterparts. In both regions, however, there is widespread EU and
national-level support of LNG as a transition fuel, while there is less regulation promoting the
adoption of zero-carbon alternatives. The effect of these regionally different regulations on the
adoption of zero-carbon technologies as well as how incumbents in both regions have reacted
to their specific reactions remains unstudied.

2.1.4 Technology Innovations

In light of the Ro-Pax sector's role as a prominent source of GHG emissions and its obligation
to adhere to the previously discussed regulations, incumbents are intensifying their pursuit of
decarbonization technologies and strategies (Laribi & Guy, 2020; Serra & Fancello, 2020).
Possible alternative technologies and strategies include low-carbon technologies like LNG
(Liquid natural gas), methanol, and zero-carbon technologies like hydrogen, ammonia, LBG
(Liquified biogas) and battery-electric propulsion. In contrast to zero-carbon technologies, low-
carbon technologies mainly only reduce the exhaust of pollutants like SOx and NOx while only
slightly reducing CO, emissions compared to conventional fuels (Bengtsson et al., 2011;
Stalmokaité & Yliskyld-Peuralahti, 2019).

Additionally, there are hybrid solutions that combine conventional fuels and batteries, as well
as wind propulsion technologies and innovative operational strategies like slow steaming, which
reduces emissions through reducing vessel speeds (Lee et al., 2024; Bach et al., 2021). But the
emissions reduction potential of the latter two is constrained in the absence of the integration
with other novel technologies (Mander, 2017; Newman, 2020).
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The rate and extent of adoption of these low- and zero-carbon technologies vary between the
Baltic and Mediterranean regions based on the found literature. In the following, first grey and
then academic literature are studied to provide an overview of the state of technological
adoption and academic explanations for it.

Currently, LNG seems to be the most commonly adopted alternative fuel in both regions
(Shippax, n.d.). While LNG fueled ferries were introduced in the Baltic as early as 2013, with
Viking Line's Viking Grace being among the first LNG fueled ferries in the world, the first
newbuild-LNG Ro-Pax in the Mediterranean, E/io, was only delivered to Caronte & Tourist in
2018 with financial and coordination support of the EU and Italian government (Viking Line,
n.d.; WCN Editorial, 2018). More recently, some Baltic incumbents have started to implement
bio-LNG to further decrease their emissions (The Maritime Executive, 2024; Wasaline, n.d).
Incumbents in the Mediterranean, however, have not applied bio-LNG as they seem to still be
increasing their conventional LNG fleet (Shippax, n.d.).

In addition to LNG, the Baltic has been an early adopter of battery-electric and hybrid ferries.
FotSea's Tycho Brahe and Aurora emerged as one of the first fully battery-electric Ro-Pax ferries
globally in 2018, with more battery-electric ferries like Scandlines’ Futura close to being in
operation (Shippax, n.d., Scandlines, n.d.-b). The Mediterranean has seen fewer battery-electric
adoptions with only a limited number of hybrid-electric projects coming to fruition recently,
such as Balearias’ Cap de Barbaria (Balearia, n.d.; Moore, 2022). Additionally, the world’s first
methanol-fueled Ro-Pax ship, the Szena Germanica, entered operation in the Baltic in 2015, while
no Mediterranean Ro-Pax ships ate currently fueled by methanol (Lloyd's Register, 2015;
Shippax, n.d.).

Both regions have engaged in biofuel experimentation, with Viking Line pioneering the use of
100% liquefied biogas, a zero-carbon fuel, on 7king Grace in 2024, and Corsica Ferries
implementing biodiesel blends on Mega Express Two (Viking Line, n.d.; Corsica Ferries, 2023).
In both regions, the development of Ro-Pax ferries powered by hydrogen is still in early stages,
with the Danish incumbent DFDS' hydrogen fuel cell ferry being a notable example (Ovcina
Mandra, 2020). The Mediterranean region has also seen smaller pilots, such as fuel cell testing
on Cap de Barbaria, which besides having batteries, also has a very small 100 kW hydrogen fuel
cell on board that serves as a test lab for hydrogen in maritime use (Moore, 2022).

Opverall, based on the previously discussed literature, the Baltic Ro-Pax segment seems to have
progressed further than its Mediterranean counterpart in implementing zero-carbon
technologies, using biogas, hybrid and battery-electric propelled vessels. Meanwhile, the
incumbents in the Mediterranean have paid more attention to the expansion of LNG and early-
stage hybrid and biofuel projects. While large Baltic firms like Viking Line, Tallink, and Stena
Line already operate proven low-carbon and hybrid Ro-Pax ferries, Mediterranean incumbents
like Balearia, Grimaldi, Corsica Ferries, and Caronte & Tourist have only recently started
exploring hybrid-electric vessels and biofuels.

2.2 Current Academic Research on the Transition

While the aforementioned pattern of adoption in the Baltic and Mediterranean Ro-Pax ferry
segments is only sparsely addressed by scholars, researchers do provide insights that are
important to this study, hinting at explanations of adoption rates in the Baltic and incumbent
behavior surrounding alternative technology adoption (Stalmokaité & Yliskyld-Peuralahti, 2019;
Bach et al., 2021; Bach, 2024). These insights as well as gaps in academic literature will be
detailed in the following section.
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In current literature there is consensus that external pressures on Ro-Pax ferry incumbents and
the incumbents’ reactions to them are of high significance to the transition to alternative
technologies (Stalmokaité & Yliskyld-Peuralahti, 2019; Bach et al., 2021; Bach, 2024). Different
pressures either drive or hinder the adoption of new technologies in the Ro-Pax sector. Studies
on alternative technology adoption by Ro-Pax ferry incumbents in the Baltic for example
revealed that regulatory, economic, societal, market, infrastructural, geopolitical and operational
pressures are key factors in shaping incumbent behavior and thereby the adoption of new
technologies in this regard (Stalmokaité¢ & Yliskyld-Peuralahti, 2019; Serra & Fancello, 2020;
Bach et al,, 2021; Stalmokaité, 2021). For example, expectations for customer demand for
greener transport solutions to increase play a growing role for passenger-focused Ro-Pax
incumbents, while other pressures disincentivize the adoption of low- or zero-carbon fuels
(Serra & Fancello, 2020; Stalmokaité & Yliskyld-Peuralahti, 2019). This aspect and other
pressures are yet to be studied for the Mediterranean Ro-Pax segment.

In the found literature on maritime decarbonization, regulatory frameworks are highlighted as
a key driver in the shift to low-carbon technologies. As a result of Sulfur Emission Control Area
(SECA) in the Baltic, sulfur limits became stricter, which in turn created a necessity for
incumbents to move toward fuels that would make them compliant and avoid penalties. As a
consequence of this, Baltic Ro-Pax incumbents then started shifting to LNG or Methanol, fuels
that lead considerably less sulfur and a little less CO; emissions than conventional fuels used in
ferries, such as bunker fuel. Stalmokaité & Yliskyla-Peuralahti (2019) point out that the SECA
succeeded because complementary pressures on incumbents aside from the regulation existed
simultaneously. The stringent enforcement of the regulation and high global fuel prices made
radical initiatives such as investing in fully LNG or methanol driven Ro-Pax ferries seem
potentially fruitful and economically viable for incumbents (Stalmokaité & Yliskyld-Peuralahti,
2019).

The later introduced NECA however failed to emulate a similar reaction by incumbents as it
came into effect while counteracting pressures besides the regulation such as high compliance
costs, lack of supporting infrastructure, uncertainty regarding future regulatory commitments
and low fuel prices existed (Stalmokaité & Yliskyld-Peuralahti, 2019). Simply said, the authors
found that the SECA worked because incumbents were facing high fuel prices and high
regulatory pressure, while the NECA did not work as incumbents were incentivized to continue
using their existing fuels as fuel prices were low, showing that the transition to alternative fuels
in Ro-Pax shipping can be influenced by a combination of various pressures interacting, rather
than any pressure in isolation (Stalmokaité & Yliskyld-Peuralahti, 2019).

Aside from regulatory and market pressures like SECA regulation and fuel prices, technology
adoption by incumbents is also shown in the literature to be shaped by other economic aspects
(Bach et al.,, 2020, 2021; Laribi & Guy, 2020). More specifically, the relatively high cost of
alternative technologies and the need for compatible bunkering and charging infrastructure are
seen as major barriers to widespread adoption of alternative technologies. Particularly battery-
electric solutions suffer from a lack of charging solutions and grid capacity (Bach et al., 2020).
Laribi & Guy (2020) therefore specifically point out the importance of infrastructure needed to
supply any type of alternative technology, attributing LNGs’ high adoption rate with its’
compatibility with current fueling facilities and port infrastructure. As a countermeasure to cost
concerns, some local financial support mechanisms, like the NOx Fund in Norway that reinvests
charges on NOx emissions into infrastructure that supports low-NOx fuel infrastructure, cut
investment risks by subsidizing the use of LNG and battery-electric technologies, leading to a
higher adoption of zero-carbon ferries (Bergek et al., 2021). Comparable schemes that broadly
support infrastructure for low- or zero-carbon fuels do not exist in other countries and have
not been studied.
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2.2.1 Gaps in current Academic Literature on the Transition

In the literature, it is recognized that fossil fuel based alternative fuels, such as LNG, are not a
long-term solution but rather a transition technology and that adoption of zero-carbon
technologies will be necessary for the Ro-Pax sector to meet its decarbonization goals
(Bengtsson et al., 2011).

While this fact seems to have growing recognition among Baltic incumbents, with more of them
adopting zero-carbon technologies, the literature on this is limited. Papers by Grzelakowski et
al. (2022) and Serra & Fancello (2020) partly investigate the role of hydrogen and ammonia in
the decarbonization of the maritime sector, but they concentrate more on the technical
feasibility of their application rather than on the pressures that affect their adoption, only
pointing out that the scalability of the zero-carbon technologies is currently limited by the
absence of proper infrastructure and high costs. However, there is research in Norway on the
adoption of battery-electric and hydrogen technologies, which points to policy and financial
incentives that lower investment risks for incumbents playing an important role in the adoption
of zero-carbon technologies. Bergek et al. (2021) further state that continued long term support
through zero-carbon technology focused policies is crucial to prevent a technology lock-in,
where incumbents hesitate to adopt further zero-carbon technologies. This research is however
mainly restricted to short distance ferries in Norway and there is no analysis of the application
of these zero-carbon technologies for longer Ro-Pax routes (Bach et al. 2021, Bergek et al.
2021).

Additionally, the effect of more recent regulation such as the FuelEU Maritime Initiative and
the Fit for 55 package has not sufficiently been studied in current literature. While they are
addressed as context in some studies (see Grzelakowski et al., 2022; Stalmokaité et al., 2023),
the full scope of their consequences, especially for the adoption of zero-carbon technologies,
remains unknown, and the reactions of incumbents to these measures are not understood. One
study suggests that these future regulations can increase the pressure on incumbents by
increasing operational costs of Ro-Pax ferries to the point of requiring fleet renewal (Tapaninen
& Palu, 2022), but these are still hypothetical speculations and need further investigation.
Furthermore, there is a notable lack of studies that addresses the upcoming Mediterranean
SECA and the reactions of incumbents in that region to it. While the current absence of a SECA
in the Mediterranean and a comparatively lower adoption rate of alternative technologies
correlate, it is not possible to extrapolate from this and the study by Stalmokaité¢ & Yliskyla-
Peuralahtis (2019) that the Mediterranean lags behind the Baltic because of a difference in
regulation. More generally, there is no existing academic research on why the Mediterranean
lags behind the Baltic as there is a complete lack of studies on the transition to zero-carbon
technologies in the Mediterranean Ro-Pax ferry segment. It is unclear whether incumbents in
this segment are subjected to weaker and different pressures or respond differently to similar
pressures. Generally speaking, literature does not explain why Mediterranean Ro-Pax
incumbents are slower in the transition to zero-carbon technologies.

Current literature also does not provide applicable results for all incumbents in the Ro-Pax
sector. While the study by Stalmokait¢ & Yliskyld-Peuralahti (2019) explains the differing
outcome of the SECA and NECA in the Baltic, the study only considers incumbents that were
first in adopting alternative technologies (Stalmokaité & Yliskyld-Peuralahti, 2019 p. 2). Other
studies like Bach et al. (2021) and Bergek et al. (2021) also focus on the early adopters in the
Baltic and Norway respectively, which have gone through successful transitions, also concluding
that other policy support of technologies, like financial incentives, is crucial.

14



Zero-carbon technology adoption within Ro-Pax ferry shipping in the Baltic and the Mediterranean

Analysis of Gaps in current Academic Literature on the Transition

Based on current literature, the author of this thesis concludes that regulatory pressure and
support is important in the transition. This conclusion is however only applicable to the studied
first adopting incumbents. Thus, even in the more studied Baltic Ro-Pax segment, literature
presents a limited understanding of the behavior of different types of incumbents in the
transition to low- and zero-carbon technologies as it until now has only focused on first adopters
of new technologies. Itis thus still unknow how incumbents that are not first adopters act during
the transition, skewing the understanding of industry wide incumbent reactions and limiting
insight into if regulatory pressures are received equally by all incumbents or if incumbents react
differently to them.

In connection to this, recent literature by Stalmokaité (2021) shows that early adopting Ro-Pax
incumbents might not act uniformly in response to different pressures surrounding the
transition. In fact, these incumbents seem to adopt different reactive, adaptive, or proactive
strategies in their engagement with pressures influencing the transition to low- and zero-carbon
technologies (Stalmokaité, 2021). Some firms are passive, or adopt incremental solutions to
meet different existing regulations, while others proactively invest in alternative fuels and new
technologies. This indicates that the external pressures do not alone determine the adoption
patterns; instead, incumbent-level behavior, influenced by aspects such as their financial capacity
and competitive positioning, also play a crucial role. These findings further suggest that more
attention needs to be paid to decision-making processes of all different kinds of incumbents —
both adopters and non-adopters - to better understand why some incumbents transition faster
than others. If even eatly adopting Ro-Pax incumbents react differently to pressures, only a
study of different incumbents and their reactions to multiple pressures can create a
comprehensive understanding of the zero-carbon transition in the Baltic and Mediterranean Ro-
Pax ferry segments.

Summary of Key Literature Analysis Findings

Opverall, the literature offers important insights into the pressures driving technology adoption
in the Ro-Pax ferry sector, especially in the Baltic and Norway. Studies highlight the role of the
Baltic SECA in leading to higher LNG adoption and reveal how financial incentives and
availability of infrastructure have affected incumbent behavior. However, existing literature has
several shortcomings. The adoption gap between the Baltic and Mediterranean regions is not
analyzed, and almost nothing is known about how the Mediterranean setting in general.
Moreover, studies concentrate almost exclusively on early adopters, omitting incumbents that
adopt late or even reject new technologies. This is especially problematic, as only early adopters
switching to low- or zero-carbon technologies does not constitute the necessary transition for
the Ro-Pax sector. Lastly, research fails to adequately explore the interaction of pressures and
the decision-making processes of existing firms.

2.3 Theories, and Conceptual Frameworks of Relevance

2.3.1 Sustainability Transitions — Theories and Conceptual
Frameworks

In the literature, the decarbonization of the Ro-Pax ferry sector and other maritime sectors is
commonly analyzed through the academic lens of sustainability transitions and socio-technical
systems (STS) theory. Sustainability transitions are seen as radical changes of socio-technical
systems towards more environmentally friendly systems that happen over a long period of time
and in a non-linear, multi-dimensional way (Geels, 2004; Bach, 2024). In general, this
perspective posits that the technology within a specific sector exists not on its own but is part
of a larger system of social actors, institutions and market dynamics and that successful
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transitions to new technologies in this system are a function of the alignhment of multiple
interdependent factors that allow the adoption of new technologies (Grzelakowski et al. 2022,
Laribi & Guy 2020). For there to be a change of a socio-technical system, transitions need to
be accompanied by the matching of technological innovation, market forces, policy
interventions, and social acceptance that push for a transition. Basically, the transition to a new
socio-technical system does not happen on its own but due to a combination of factors that
drive the change.

According to scholars like Bach (2020; 2021; 2024), maritime decarbonization is an especially
hard sustainability transition from a theoretical and practical perspective. Applying the lens of
STS theory, technological innovations in propulsion systems such as battery-electric, hydrogen
and ammonia fueled ships need regulatory backing, infrastructure spending and change in
incumbent behavior (Bach, 2024). This complexity is further worsened by the shipping
industry's traditionally long innovation cycles and the high costs of ship investments. Bach
(2024) stresses that sustainability transitions are not linear and can be characterized by phases
of resistance, stabilization and acceleration. The first phases typically present increasing
regulatory and outside pressures, but without concrete action from incumbents. The regime,
based and dependent on fossil fuel technologies and current operational practices, poses
structural barriers to the adoption of new technologies. It is only when the pressures increase,
for instance, through policies like the IMO decarbonization targets or customer demand for
more environmentally friendly practices that regime actors begin to shift. However, in eatly
stages, transitions are usually uneven, with some incumbents becoming pioneers while others
keep being stuck in the old technological paradigms because of economic reasons.

Within the field of sustainability transitions and socio-technical systems research, several
conceptual frameworks have been developed that each help explain different parts of why socio-
technical transitions happen. The framework most used in the found literature is the Multi-level
perspective (MLP) framework (Geels, 2002; 2010; 2011). Another framework often used in the
found literature, Technological Innovation systems (TIS), examines structures and functions
that facilitate technological evolution and provides a detailed, technology-specific perspective
that often identifies impediments to adoption (Bach, 2024; Steen et al., 2019). Other less
mentioned frameworks like strategic niche management focus on how new technologies can be
supported by policy to drive transitions (Bach, 2024; Kemp et al., 1998). In the following the
main frameworks used in the literature to study sustainability transitions in the Ro-Pax sector,
TIS and MLP, are explained in detail and discussed regarding how well they fit to help reach
this thesis’ aim.

Technological Innovation Systems

The Technological Innovation Systems (TIS) framework offers a technology-specific
perspective on the processes enabling or hindering the development and diffusion of new
technologies. A TIS is defined as a system of actors, institutions and interactions that configure
the innovation process within a specific technological system. An important aspect of TIS is
that successful technology diffusion is determined not only by technical performance but also
by other functions such as knowledge development, resource mobilization, market formation,
and legitimation of the technology (Bergek et al. 2008, Hekkert et al., 2007).

In the found literature, TIS analysis is used to uncover the role of sector-specific institutional
and infrastructural lock-ins, such as fossil fuel dependence and regulatory confusion as
significant barriers to innovation adoption (Bach et al., 2021; Steen et al., 2019). For example,
in Norwegian coastal shipping, the compatibility between fossil and bio-based fuels (biodiesel,
LBG) allowed for incremental change within the existing infrastructure, but bio-based fuels still
needed policy support and legitimation to diffuse on a large scale (Bach et al., 2021). This shows
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how TIS functions can either work positively with existing structures or, on the contrary, be
hindered by them.

Multi-level Perspective

The Multi-Level Perspective (MLP) is one of the most influential frameworks in sustainability
transitions research. It provides a system-level view of socio-technical transitions and sees

transitions as happening based on interactions between three analytical levels: The landscape,
regime and niche (Geels, 2002; 2011; Bach, 2024).

In this framework, the ‘landscape’ comprises macro-level external pressures to existing socio-
technical configurations, such as climate change, geopolitical developments, and global
environmental regulation; the ‘regime’ comprises the dominant institutions, technologies, actors
and practices that stabilize existing socio-technical systems and preserve the status quo; and
‘niches’ are protected spaces where radical innovations, such as new technologies for a specific
socio-technical system, can develop and mature (Geels, 2002). The regime, although it often
provides stability, can also be a source of pressures for incumbents (Geels, 2011). Transitions
to new socio-technical configurations occur if regime and landscape pressures coalesce to
destabilize the existing regime and create a window of opportunity for a new technology to
break through to the regime from its niche and establish itself as the new main technology, thus
creating a new socio-technical system in the regime (Geels, 2002; 2011). The value of the MLP
is that it can be used to track long-term transition trajectories, regime destabilization, and the
timing and scale of niche breakthroughs.

In the found literature on Ro-Pax shipping’s transition to alternative fuels, the MLP framework
has been applied to analyze how landscape and regime pressures, for example from International
Maritime Organization (IMO) regulation and regional regulation affect the stability of the fossil-
fuel based ferry shipping regime and, at the same time, create opportunities for niches of
alternative propulsion technologies to develop, mature and break through, such as battery-
electric or hydrogen powered vessels (Bach, 2024; Geels, 2014).

Ro-Pax ferry incumbents, although traditionally considered as regime actors that are resisting to
change, have been shown to have different responses to pressures, which range from defending
the status quo to actively supporting the development of protected niches of technology
innovations (Bergek et al., 2013; Berggren et al., 2015; Stalmokaité, 2021). In the found literature,
this behavior by incumbents is explained based on the problems and opportunities they are
facing, with some incumbents choosing to create or support protected niches where solutions
to their problem can be tested and mature (Berggren et al., 2015; Steen & Weaver, 2017; Geels,
2014; Stalmokait¢ & Yliskyld-Peuralahti, 2019). Because of this observed dual role of
incumbents, scholars like Stalmokaité & Yliskyld-Peuralahti (2019) are increasingly pointing out
the importance of adopting a dynamic view of the MLP that sees incumbent regime actors not
only as resisting change but also as enablers of niche technology innovations and thus
proponents or creators of new socio-technical configurations under certain pressures.

Comparing MLP and TIS

The difference between the MLP and TIS is the focus of analysis. The Multi-level perspective
takes a holistic view of the system to examine how a range of different pressures, existing
systems and emerging innovations interplay. It gives a macro-level view of transitions over time.
TIS however focuses on technology-specific and functional analysis of the enablers and barriers
of innovations within a particular system. While TIS is thus helpful in explaining the reason
behind the success or lack of success of certain technologies with their market diffusion, it does
not consider broader socio-technical aspects that determine if a transition takes place. More
specifically, it has limited capacity to capture broader systemic and structural aspects that aren’t
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directly connected to a new technology, especially those originating from incumbent companies
as the focus is mainly on the niche and the new technology (Smith & Raven, 2012). Especially
in the Ro-Pax ferry sector, where industry incumbents are highly influential, innovation does
not occur in isolation but within the context of a highly entrenched institutional and economic
structure (Markard et al., 2012).

Furthermore, TIS also focuses on technological advancement as the main agent of change and
does not consider factors such as resistance from established actors, and regulatory pressures
(Smith & Raven, 2012). Therefore, while TIS is a convenient tool for identifying technology
specific innovation barriers and enablers, it is not sufficient to explain broad transitions in
sectors such as the Ro-Pax ferry sector, thus requiring a larger vision, that of the MLP approach,
in this study.

The utilization of the MLP framework also varies, as scholars like Bergek et al. (2021) and
Stalmokaité et al. (2023) incorporate it with other frameworks to describe complex processes.
Bergek et al. (2021) employed MLP together with regime segmentation analysis to capture the
internal variety of regimes while Stalmokaité et al. (2023) extended MLP by including dynamic
capabilities. In the literature, TIS was not combined with other frameworks. These adaptations
show that the MLLP framework can provide a broad view in combination with other frameworks,
while TIS provides specific recommendations for specific cases.

2.3.2 Focusing of Incumbents in the Transition — A MLP adaption

Given the conditions of the Ro-Pax ferry sector and the increased calls for a dynamic adoption
of the MLP, it is pertinent to study incumbents as they are well positioned in their market and
are seen as highly relevant for the energy transition in the literature (Geels, 2010; Smith et al.,
2010; Stalmokaiteé, 2021). Their actions can directly influence the path and speed of the energy
transition, both in a positive and negative way. As mentioned, they can influence the transition
either by supporting and creating protected niches of new technologies or by acting more in
their traditional assumed role, which is to protect the existing technological regime, prevent
regime change and preserve the status quo of the use of conventional fossil fuels (Stalmokaité,
2021). It is important to mention that in the common adoption of the MLP, Ro-Pax ferry
incumbents would not be niche actors, but part of and supporters of the current regime (Geels,
2002). Within the dynamic adoption of the MLP, incumbents that adopt niche technologies do
not fully become niche innovators, but their adoption of a specific niche technology has the
same effect as a niche innovator breaking through into the regime (Stalmokaité, 2021).

While recent literature posits that incumbents that engage with niche innovations do so because
of the problems pressuring them, not all incumbents that face the same pressures engage with
niche innovations, as observed in the overview of the Baltic and Mediterranean sectors in this
paper. In their application of five prominent organizational theories to sustainability transitions,
van Mossel et al. (2018) offer a theoretical lens to this phenomenon by distinguishing four
different modes of behavior that incumbent firms can adopt with regards to socio-technical
transitions: First to enter niches, Follow into niches, Remain inert, and Delay the transition.

These modes explain how different incumbents can react differently to change based on internal
aspects and external pressures. Van Mossel et al. (2018) state that some incumbents may
proactively seek to enter niches at an early stage (First to enter niches). Many such firms are likely
to do so driven by strategic foresight, the desire to secure a competitive advantage, the
expectation to be more successful with a new niche technology, or internal criticism of their
current approach. The second group, followers into niches, only join a niche when it appears to be
gaining traction or when it seems to be having a higher probability of success because of reduced
risk. The third group, those that remain inert, are organizations that do not change much in the
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face of the transition. Van Mossel et al. (2018) explain their behavior by organizational rigidity,
low perception of the need for change, or the view that their current practices are sufficient.
The fourth group, those that delay the transition, purposefully slow down or even oppose the
transition because they see their privileges and their position threatened by the transition. Some
may exercise their political power to push for policies that sustain the status quo or promote
transition pathways that sustain the position of incumbent firms. Van Mossel et al. (2018) also
stress that these modes are not fixed; firms can shift between them based on contextual factors
and firm-level changes.

This typology of modes shows and explains why incumbents are not homogeneous in their
actions relating to a sustainability transition. It thus provides a fitting conceptual framework to
analyze the varied and evolving responses that incumbent Ro-Pax shipping companies in the
Baltic and Mediterranean Sea have shown and are showing with respect to pressures of the
sustainability transition to zero-carbon fuels. In the following chapter, the MLP framework and
the four modes of behavior by Van Mossel et al. (2018) will be synthesized into an analytical
framework for this thesis.
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3 Research Design, Materials and Methods

This chapter outlines the methodological approach used to explore how incumbent Ro-Pax
incumbents in the Baltic and Mediterranean regions are engaging with zero-carbon technologies.
Section 3.1 describes the research design, elaborates the qualitative comparative case study
design and the framework used. Section 3.2 presents the methods used for data collection,
including semi-structured interviews and document analysis. The materials collected for the
study include interview transcripts, policy documents, and industry reports, as presented in
Section 3.3. The methods for processing and analyzing the collected data are outlined in section
3.4, which include thematic content analysis and comparative analysis guided by the framework.

3.1 Research Design

In this thesis it is being investigated how Ro-Pax ferry incumbents in the Baltic and
Mediterranean regions react to pressures surrounding the transition to zero-carbon technologies
through a comparative case study approach. The decision to compare two different case studies
is driven by the necessity to comprehend how incumbent reactions to diverse regulatory,
economic, societal, market, infrastructural, geopolitical and operational contexts differ. Case
studies are seen as fitting to conduct an investigation into a particular phenomenon in a real-
world setting and to study how and why specific phenomena occur (Geels, 2010; Stalmokaite,
2021). They are also suited for gaining an understanding of the reasons behind actions of people
and organizations (Yin, 2018). The comparative approach is particularly useful as it allows for
both the assessment of general and region-specific patterns of how incumbents react to
pressures. A single-case study would restrict the ability to distinguish whether the observed
incumbent reactions are driven by more general industry trends or by more local influences and
if their reactions are common industry wide or if their reactions are unique to the region. The
Baltic and Mediterranean regions are chosen as cases because they represent different levels of
maturity and adoption rates in the transition to zero-carbon technologies and thus allow for
examining whether incumbents in the more progressing environment of the Baltic region react
and behave differently than those in the less progressing environment of the Mediterranean
region. This design increases the explanatory power of the study by allowing for a systematic
comparison of pressures and reactions, and thus for a more robust assessment of the role of
regional policy, market dynamics, and incumbent behavior in driving sustainability transitions.
However, it should be noted that this choice also has some limitations. Although the findings
may not be generalizable to all maritime regions as they provide a context-specific understanding
of incumbent behavior, they could provide insights into the role of regulatory and market
conditions as well as the role of incumbents in sustainability transitions. Understanding the
behavior of incumbents in these cases might thus prove useful to the maritime sector as a whole
as well as help develop more specific and effective regulation.

To structure the comparative case study, the present study employs the Multi-Level Perspective
(MLP) framework, which has been a common tool in analyzing sustainability transitions. The
MLP is especially helpful for answering RQ 1, as it provides a structured way to examine the
different pressures surrounding the adoption of zero-carbon technologies. Pressures are thus
categorized within this framework, and it is then analyzed what pressures incumbents were
reacting to most significantly.

To further focus the analysis of incumbent reactions, van Mossel et al.'s (2018) four modes of
behavior by incumbents towards technological transitions are incorporated into the MLP
framework. Determining which mode an incumbent is most fitting to is based on the
characteristics of each mode of behavior. These characteristics describe why an incumbent is
taking one mode.
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For example, some incumbents remain inert during transitions because they are unable to move
into a niche as a result of internal conflict or external dependencies on other powerful firms that
support the status-quo (van Mossel et al., 2018). These modes and characteristics are based on
five organizational theories: resource dependence theory, institutional theory, behavioral theory
of the firm, organizational ecology, and resource-based view.

These theoretical foundations offered a structured way of categorization and explaining
incumbent reactions to transition pressures according to the characteristics of each mode. This
categorization was central to answering RQ) 2, as it offered a typology for exploring the reactions
of incumbents. After assigning incumbents to one of these four modes, the study then
compared reactions systematically across the Baltic and Mediterranean cases, identifying
similarities and differences. This made it possible to conduct a structured analysis of incumbent
reactions, and to determine what incumbents were characterized by and what explained their
behavior.

3.2 Methods used to collect Data

To conduct this comparative case study, qualitative data was needed. Both primary data from
semi-structured interviews of incumbents giving firsthand account of incumbent reactions,
opinions and perceived pressures impacting their organizations, and secondary data in the form
of policy documents, industry reports and academic literature, providing a broader policy and
market context on pressures, was deemed adequate for this. For the collection of this data, a
mix of methods were employed. The process started with an exploratory literature review that
dealt with academic literature relating to the transition to zero-carbon technologies in the Ro-
Pax ferry segment. After this, an overview of the Ro-Pax segments identified the main
incumbents in the Baltic and Mediterranean. It also presented the structural and policy context
of the transition in the respective regions. Based on the literature review, relevant cases for the
purpose of this study were identified. They included incumbents and surrounding actors that
had already in some way engaged with zero-carbon technologies, and those that had not yet
engaged with such transitions but had a large market share.

After the literature review, Semi-structured interviews were used as the main tool for collecting
qualitative data. This approach was deemed fitting as it provided a good balance between
structure and flexibility, enabling comparative insights as well as individual nuances by capturing
subjective opinions and allowing participants to bring up aspects beyond the prepared questions
of the interview guide. However, here it should be noted that this approach did not ensure full
objectivity as the interviewees stated their subjective opinions. Generally, semi-structured
interviews represent a social interaction where researchers cannot be fully neutral, preventing
an objective extraction of information (Yin, 2018). But because this study tried to gain
information on the behavior and reactions of incumbents, an approach using subjective
information was deemed fitting. As incumbents are the ones making the decisions on whether
to adopt or not to adopt zero-carbon technologies, understanding their behavior through their
subjective statements is thus crucial to this study. Where more objectivity was needed, especially
concerning the perceived pressures, document analysis helped confirm statements.

First, the literature review was used in selecting incumbents separately for each region to ensure
that they represented each regions” Ro-Pax ferry segment and surrounding actors adequately
and representatively. Criteria for this, also shown in Table 3-1, included the market share of the
incumbents along with their level of involvement in maritime sustainability initiatives relating
to zero-carbon technologies and their size of operations. For this, incumbents’ market shares
were categorized as low, medium or high in relation to other incumbents’ market shares. Then,
the author of this thesis categorized incumbents according to their level of engagement with
zero-carbon technologies into low, medium and high categories based on information gathered
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in the literature review. Low engagement was present if incumbents had not engaged in any way
with zero-carbon projects, while medium engagement represented that zero-carbon projects
were underway or in planning. High engagement was classified as already having adopted zero-
carbon technologies.

It was ensured that the chosen incumbents all were comparable, meaning that they operated on
a similar amount of Ro-Pax ferry routes, with similar vessels, distances and schedules, with Ro-
Pax incumbents operating routes of between an hour and half a day and from twice to multiple
times per day being included and deemed as comparable. Within this frame, incumbents’
operations were further categorized into small, medium and large based on their number of
routes in operation, duration of the trips per route and the size of the vessels. While these criteria
led to diverse incumbents being included, impacting full comparability, this led to the chosen
incumbents representing the whole Ro-Pax ferry segment in each region better while still being
adequately comparable. The breadth given by this secured that a multitude of reactions by
incumbents could be captured. Furthermore, to take heed of the differing sizes of the Baltic and
Mediterranean Ro-Pax segments, the study involved more incumbents from the Mediterranean
region than the Baltic region. Within each region, the study involved an even balance of
incumbent low, medium and high engagers with zero-carbon technologies.

Table 3-1. Selection and categorization criteria for Ro-Pax: incumbents

Level of involvement Market share Size of operation

Low — no engagement with zero- Low — market share smaller than Small — small number of vessels,
carbon technologies the average market share short routes with short duration
Medium - zero-carbon projects Medium — market share about the | Medium — medium number of
underway/ in planning same as the average market share vessels, medium long routes with

medium duration

High — zero-carbon technologies High — higher than average
adopted market share Large — high number of vessels,
long routes with medium duration

After determining the cases of incumbents to be included in this study, the choice of interview
participants was taken. It was mainly based on the availability of the specific representatives of
the incumbents and purposive sampling, meaning that participants were picked out deliberately
and not in a randomized way, of those who had direct responsibility for sustainability strategy,
regulatory compliance or technological innovation within their firms. This ensured that
interview participants’ responses were representative of the incumbents’ views on the transition.

To expand the knowledge on shipping firms’ business environments, industry associations
representing shipping firms’ interests on national and international levels were interviewed. This
approach provided insights into industry-wide challenges and perceptions in the Baltic and
Mediterranean beyond the perspectives of individual incumbents and strengthened the reliability
of the results by including more objective perspectives.

The data collection process by Semi-structured interviews itself started with the construction of
an interview guide that included questions based on the research questions of this study, the
MLP framework and the four modes of behavior by van Mossel et al. (2018). To be able to
determine the mode of behavior and showcase what pressures incumbents are facing, questions
were posed about the incumbents’ perceived pressures, actions and reactions relating to the
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transition to zero-carbon technologies, which would hint at specific characteristics that
determine each mode. For example, if interview participants alluded to observing and then
following the actions of competitors on zero-carbon initiatives, their behavior would match the
characteristics of the behavioral mode of fo/low into niches. These questions ensured that pressures
and incumbent reactions were covered fully. Probing questions were additionally used to allow
interviewees to share more general views of the sustainability transition. The full interview guide
can be found in Appendix B: Interview Guide. The interviews were conducted in English via
Microsoft Teams. They were recorded where consent was given and then transcribed for the
analysis using the transcription tool in Microsoft Word, ensuring that the interview data was
accurate.

3.3 Materials collected

Based on the selection criteria, 3 incumbent Ro-Pax ferry companies in the Baltic and 7
incumbents Ro-Pax ferry companies in the Mediterranean were contacted, with 3 and 4
incumbents agreeing to participate. Each incumbent sent one representative, either the CEO or
COO/CTO, while one incumbent sent two representatives from their R&D department to the
interview. Furthermore, 2 other participants, an industry association representative and an
industry expert, were interviewed, which brought the total number of interviewees to 9. A
consent form was sent to and signed by all of these before the interviews. The form included a
detailed explanation of the study and the interviewees’ rights.

After the interviews, each participant received the quotes of them that would be used directly
in this study for review and correction. They were given the possibility to further explain or
change their statements, which guaranteed the accurate representation of their opinions in this
study. At each step participants were made aware of their right to discontinue participation at
any time without providing a reason. The 9 interviews were held between March 14 and April
9™ and added up to a total interview time of 6,45 hours. Detailed information about the
interviews, including their duration and the interviewees’ role, can be seen in Appendix C:
Interview list. Fach interview participant and incumbent was kept anonymous, with only the
interviewees’ role and the area of operation of the incumbent being described. All interview data
and transcripts of the interviews were stored on a password protected computer.

3.4 Methods used to process Information

To analyze the collected data, thematic content analysis, a qualitative method for identifying
patterns in textual data, was used (Kuckartz, 2014). To assist with the analysis process, the data
analysis software NVivo was used. It helped with organizing the data consistently across
categorized themes and enabled structured comparison between different cases. NVivo was
used to come up with and categorize initial codes and to analyze these codes thematically.

The analytical framework consisted of a combination of the MLP framework and the four
modes of incumbent behavior in transitions by van Mossel et al. (2018). It comparatively
analyzed the perceived and identified pressures in the Baltic and Mediterranean region, after
each region’s pressures were separately grouped into landscape and regime levels. Furthermore,
it comparatively analyzed the reactions by incumbents in each region to these pressures,
grouping them into the four modes using the characteristics of each mode and relating them to
the pressures (van Mossel et al., 2018). These identified pressures and reactions for each region
were then compared. This guaranteed the possibility to analyze how and if the pressures in each
region differ and how and if incumbents react differently to them.

The first step for the analysis included data familiarization, in which all interview transcripts and
documents were read multiple times to get an initial understanding of key themes and emerging
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patterns. This stage was necessary to make sure that the analysis captured the whole depth of
the perspectives offered by the interview participants and secondary sources.

The second step consisted of initial coding. The coding was done separately for each region and
examples of coding for both regions can be seen in Appendix D Table Appendix D-3: Pressure
Coding Examples from both Regions and Table Appendix D-4: Reaction Coding Examples
from both Regions. Here, segments of text were given codes related to overarching themes of
this study such as pressures and incumbent reactions. This step of the coding process was thus
guided by the research questions. Basically, the initial coding consisted of categorizing text
describing pressures that influence the adoption of zero-carbon technologies by incumbents
and text describing the reactions of these incumbents to pressures. Pressures that were drivers
to the transition were called positive pressures, while pressures hindering the transition were
called negative pressures. After this, sub-themes that emerged from the data were grouped
below the overarching categories of pressures and reactions, detailing what pressures and what
reactions to pressures were present in the data.

The sub-themes were further categorized and grouped using the analytical framework. This
ensured the possibility to group and analyze pressures at the landscape, regime, and niche levels,
helping answer RQ1. Here, a focus was laid on if existing pressures had created a window of
opportunity in one region that helped a specific zero-carbon technology be established as a main
propulsion technology by an incumbent. A separate level of coding, applying van Mossel et al.'s
(2018) four behavioral modes, then classified incumbent reactions to these pressures based on
the characteristics of each mode. After this, the relationships among the pressures and modes
of behavior were examined. Basically, it was analyzed what reactions incumbents took to what
pressures and how this relates to the mode of behavior of the incumbents, helping answer RQ2.

The analysis up until this point ensured that it could be explained for each region what pressures
influence the adoption of zero-carbon technologies, how incumbents react to them and why
they react that way. Then, based on this, a general comparison of the Baltic and Mediterranean
cases was conducted. It was systematically compared what pressures exist in each region and
how they differ, fully answering RQ 1. Furthermore, it was compared how what types of
incumbents exist in each region and how their reactions and characteristics differ, fully
answering RQ 2. Following this, this study could make assumptions about why the transition to
zero-carbon technologies is slow and diffuse in the Baltic and Mediterranean.

To support the analysis, triangulation was conducted. This involved reviewing EU and IMO
regulatory documents, company reports, and market data. Besides interviewing industry
associations, document analysis enhanced the wvalidity and reliability of the study by
incorporating information from multiple sources and confirming findings and statements made
during interviews against publicly available information. This multi-source approach of data
triangulation increased the reliability, validity and the depth of the findings.

By combining thematic content analysis with the MLLP framework and van Mossel et al.'s (2018)
four behavioral modes, a thorough and clear method for studying the transition to zero-carbon
technologies in the Ro-Pax segment was guaranteed. The methodical approach taken made sure
that the results were firmly rooted in theory and solidly supported by empirical data.
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4 Findings & Analysis

In this chapter, the main findings of this study are presented through the analytical lens of the
Multi-Level Perspective (MLP) framework, combined with van Mossel et al.’s (2018) typology
of incumbent behavior. The first section focuses on the Baltic Sea region, describing pressures
and categorizing observed behavioral responses among incumbent ferry operators. The second
section applies the same structure to the Mediterranean Sea region. The chapter concludes with
a cross-regional comparison, highlighting key similarities and differences in pressures and
behavioral patterns to explain variation in decarbonization progress across the two contexts.

4.1 Baltic Sea Region — Pressures and Incumbent Behavior

4.1.1 Pressures Categorized by MLP Levels

Incumbent Ro-Pax ferry operators in the Baltic Sea are experiencing a set of multiple
intersecting pressures that have influenced the direction and pace of their transition towards
zero-carbon technologies. The main pressures originate from the landscape and regime levels.

Landscape Pressures

Historical legacy of eatly infrastructure investments

One of the most significant landscape factors that is influencing the adoption of zero-carbon
technologies positively, especially relating to electrification, is the historical legacy of eatly
infrastructure investments in Baltic ports. Multiple interviewees explained that early shore
power in the Baltic region, already starting in the 1980s in the Port of Gothenburg, developed
independently of climate policy but rather because of local environmental conditions and
societal expectations about urban environmental quality (Baltic 1; Jallal, 2024). As one expert
explained “many operators, early on, installed shore power, not to save on carbon, but becanse of the location
in city centers, noise disturbance, pollution. 1t was a way to appease authorities and their neighbors so they could
shut down the generators when in port”” (Director of Regulatory Affairs of International industry
association 1, Interview, March 28, 2025). Interviewees stressed that the initial pressure for
cleaner solutions originated from cultural values emphasizing environmental responsibility and
urban livability rather than climate concerns (International industry association 1, Baltic 1).

According to incumbents and experts, these existing conditions of knowledge about onshore
power supply established a path dependency which enabled additional electrification projects to
become more practical in the Baltic region. More specifically, one expert explained that “zhere
was already a knowledge and an acceptance in the Nordic with the Nordic operators to go electric. .. some started
to [ask] why don't we put batteries on board” (Director of Regulatory Affairs of International industry
association 1, Interview, March 28, 2025).

Geopolitical Tensions and Economic Uncertainty

While there are historical aspects that seem to support a shift to zero-carbon technologies like
battery driven ferries in the Baltic, incumbents observed geopolitical and economic pressures
working against the transition to zero-carbon technologies. One incumbent noted that “#he green
agenda is not even on top 10 nowadays. .. all money [is] being transferred into [security].” (CEO of Baltic 1,
Interview, April 1, 2025), while another stated that “Unfortunately, with all of the global macro-economic
uncertainty the people are very concerned about their private economies, and that often takes priority over being
sustainable in your actions and your travel patterns" (COO of Baltic 3, Interview, March 14, 2025). The
landscape pressures of geopolitical tensions and economic uncertainty thus seem to have shifted
focus away from sustainability in the Baltic Ro-Pax ferry industry according to those
interviewed, complicating the transition for incumbents in the present and future as they expect
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to have less government support and customers that care less about sustainability (Baltic 1).
This aspect however can’t have influenced zero-carbon technology adoptions that have already
taken place, but only future adoptions. While this leads to this specific aspect not being fit to
explain current Baltic adoption rates of zero-carbon technologies, it is still relevant as it is part
of the current pressures influencing Baltic incumbents.

Societal Values about Sustainability

Baltic incumbents also observed societal values about sustainability in the Nordic region to be
a relevant landscape pressure pushing them towards decarbonization, with one incumbent
noting that they see Nordic society as demanding and as having high expectations of shipping
regarding sustainability (Baltic 1). The Baltic region thus faces multiple conflicting landscape
pressures with societal value forces and historical path dependencies pushing for a transition
while global geopolitical and economic challenges make long-term transition planning and
investment difficult.

Regime Pressures

The main observed pressures on Baltic ferry incumbents at the regime level were policy design
and implementation, infrastructure availability, and the market demand for sustainable Ro-Pax
transportation.

Regulatory Pressures: EU ETS

A key observed regime pressure to transition from the interviews relates to EU and IMO policy,
specifically the EU ETS, FuelEU and IMO CII regulations. In the interviews all Baltic
incumbents especially focused on the EU Emissions Trading System (ETS), viewing the
mechanism not as an aide in transitioning to zero-carbon technologies but as a punitive cost
burden, describing it as unfair in its application and pootly suited to ferry sector characteristics
(Baltic 2, 3). While incumbents acknowledged the necessity of carbon pricing and felt a general
positive pressure to transition because of EU and IMO regulation, they viewed the current
implementation of the ETS as a burden that lowers their available capital for investments in
zero-carbon technologies (Baltic 2).

Furthermore, Baltic interviewees also viewed the EU ETS as a competition-distorting factor
that creates unfairness between different countries and routes. Most interviewed Baltic
incumbents referred to the EU’s ETS exemption of some smaller islands that heavily rely on
shipping in this instance (Baltic 1, 2). According to the EU commission, these exemptions are
meant to guarantee the connectivity of these smaller islands (European Commission, 2023d).
However, one operator explained in reference to a competitors’ route that is exempt from the
ETS that “if and when they have exemption to pay between Finland [and] Aland, why should they [invest in
zero-carbon technologies|?” (CEO of Baltic 2, Interview, March 17, 2025) - pointing out that existing
exemptions are not necessary to ensure connectivity and only create an unfair situation regarding
competitiveness where some operators escape all ETS costs and sustainability measures, but
others must pay and transition. Incumbents also saw the trading scheme as a distortion to
competition because it affects some companies with higher fixed costs more than other
companies who might have already paid off their vessels, turning it to an advantage for some
and a disadvantage for others (Baltic 2).

The main source of frustration was the unclear process of redistribution of ETS revenue, which
as of now is mainly being distributed to EU member countries who are then free to decide what
to do with them (European Environment Agency, 2024). Document analysis of EU documents
showed that the EU has not created an EU-wide redistribution or reinvestment mechanism for
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maritime EU ETS funds (European Commission, 2023b; European Environment Agency,
2024). All incumbents complained about this, stating that they pay substantial amounts to the
ETS but fail to see any matching investment in required technologies and infrastructure for the
transition to zero carbon technologies from the regulators’ side. One incumbent stated, “we pay
Jor emissions. .. we don’t even know where the money is going, no plan.”” (CEO of Baltic 2, Interview,
March 17, 2025). This leads to incumbents feeling like they have less possibilities to invest in
necessary improvements and new technologies with another incumbent stating that “zhe best thing
to matke a big footprint and reduce the CO, is to bring all the E'TS back into the industry and scale up what we
have for technology today” (CEO of Baltic 1, Interview, April 1, 2025). With regard to this, all Baltic
incumbents highlighted reinvestments from EU ETS revenues would help as it is necessary for
them to be profitable, explaining that a transition is only possible if this necessity is fulfilled.
Reinvestments would “Zncentivize Ro-Pax operators to do the right thing” (COO of Baltic 3, Interview,
March 14, 2025).

The ETS received further criticism for its fast and inflexible nature of application, which was
deemed inappropriate for an industry characterized by extended asset lifecycles and substantial
capital expenses by incumbents. Multiple interviewees pointed out that older vessels in their
ownership lack economic potential for near-term ETS compliance upgrades. One interviewee
stated, “who can mafke a transition in three years... when you have a vessel going on diesel. .. you cannot put
100% ETS straight to i.” (CEO of Baltic 2, Interview, March 17, 2025). The interviews showed
that to Baltic Ro-Pax ferry incumbents, ETS compliance deadlines do not align with operational
and technological needs, which forces them to focus more on meeting regulations than on
developing new solutions (Baltic 1, 2).

Lacks in Port-Side Infrastructure and Need for Government Support

A second regime-level pressure that influences the adoption of zero-carbon technologies
negatively that Baltic incumbents face stems from the limited availability of port-side
infrastructure, especially concerning the lack in shore power and electric charging capacity.
While the Baltic region shows progress in this area, major bottlenecks remain present in its
infrastructure, both regarding the electricity supply infrastructure and the produced electricity
itself. All incumbents mentioned problems relating to the electrical grid during port stays,
stressing that its insufficiency in delivering enough electricity quickly is a key barrier to their
investments into zero-carbon technologies and that government support is key in this area.
While vessels using zero-carbon technologies seem to be readily available and feasible, the
infrastructure in ports is not: “zhey need to secure the energy grid system ashore. That's the day when I can
build 100% electrified ship. 1 can build that today, but it will take maybe 20 years until I can use it, becanse
there are no possibilities for me to connect it to the grid’ (CEO of Baltic 1, Interview, April 1, 2025).

The lack in port charging infrastructure and the necessity for a large amount of electricity in
short duration are especially detrimental to the possibility of using battery-electric propulsion
on longer and high-frequency routes. This is the case because these routes need more energy
and have restricted opportunities for recharging. The short port stays on these routes,
sometimes only 15-minutes long, in connection with an insufficient electricity grid create an
insufficient period to recharge battery systems, complicating the adoption of the zero-carbon
technology of battery-electric propulsion on longer Ro-Pax ferry routes (Baltic 3).

Interviewed experts agreed with the mentioned infrastructure issues, mentioning that the grid
constraints are not just local issues but symptoms of a larger problem of a mismatch between
political will and technical capability, with one stating: “ports don’t have enough power, because there
never was this demand before... a lot of money needs to go in from governments.”” (Industry Expert 1,
Interview, April 3, 2025). With all Baltic incumbents and experts alluding to this issue,
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infrastructure limitations especially in the energy supply area seem to be a primary issue despite
the early adoption of onshore power supply (OPS) in the Baltic and progress made by ferry
operators in the region.

Aside from battery-electric propulsion, Interviewees alluded to a further mismatch between
ambitions, technology maturity and the available infrastructure, with availability of alternative
low-and zero-carbon fuels being a core concern: “The appetite to make differences is bigger than the
infrastructure development. (. ..) there are engine producers out there who have invented good engines that can run
on dual fuels, or ammonia, methanol, (...), but there is no fuel availability.” (COO of Baltic 3, Interview,
March 14, 2025). As with battery-electric propulsion, even though there seem to be ferries that
are able to use low- and zero-carbon fuels, incumbents do not see them as possible investments
because of the lack in fuel availability.

With these issues and barriers in mind, the interviewed Baltic incumbents shared the opinion
that the overall lack in fuel availability and infrastructure as well as the lacking gird leads to
increased uncertainty and risks that complicates investments from them, with increased
government support being needed to rectify this: “zhere must be support from the government, because
it is them putting the regulation in force. They also need to put the possibilities for us to succeed with those
regulatory issues as well.” (CEO of Baltic 1, Interview, April 1, 2025).

Lack in Customer Demand for Transition

A further recurring theme in the interviews was the perceived lack in customer demand for
more sustainable Ro-Pax ferry traffic. This was seen as not only as a missing market pressure
for a transition but also as a key market pressure working against the adoption of zero-carbon
technologies by incumbents, as it prevents them from being able to increase their prices to fund
their investments in zero-carbon technologies.

All Baltic incumbents repeatedly described their customers demand as weak and unresponsive
to the environmental performance of their vessels (Baltic 1, 2, 3). One incumbent stated plainly
regarding their sustainability, “we bave very low or no pressure from our customers.” (CEO of Baltic 1,
Interview, April 1, 2025). Another highlighted that although “cargo owners want green transport,”
their interest in it disappears once cost discussions begin: “as soon I go to the wallet, the discussion
ends there.” (CEO of Baltic 2, Interview, March 17, 2025). The third Baltic incumbent also noted
that their private passengers “don’t put any pressure at all,” and that even when offered greener
travel alternatives, “#he majority does not [choose them]” (COO of Baltic 3, Interview, March 14,
2025). A core problem here is that customers, according to the incumbents, seem to see a Ro-
Pax ferry companies’ environmental performance as a “hygienic factor”, meaning that they expect
it to be good and not polluting while at the same time not being willing to pay more for it (COO
of Baltic 3, Interview, March 14, 2025). Furthermore, these market conditions with low
willingness to pay of customers in addition to the costs of the ETS and issues with infrastructure
further increases the risk of investments into zero-carbon technologies, with incumbents
worrying that if they invest that: “zhere's a risk that the customers are not happy to pay for [greener
transport].” (COO of Baltic 3, Interview, March 14, 2025)

The weak market demand by customers for sustainable transport by ferries is also influenced by
the economic realities of freight customers according to the interviewees. Several Baltic
incumbents noted that their freight customers, especially transport and logistics companies,
operate on very thin profit margins within their markets, which leaves little room for them to
prioritize sustainability. One incumbent explained, “our customers, who we are signing agreements
[with]... they're living on the margin. .. one and a half percent in gross profit. So they can't afford to push the
green agenda.”” (CEO of Baltic 1, Interview, April 1, 2025). Thus, the realities of the logistics and
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freight sector prevent uptake of low and zero-carbon technologies in Ro-Pax ferry transport
even when ferry operators are willing to offer it, as clients seek to minimize cost and stay
competitive within their industry.

Moreover, a further factor preventing incumbents from raising prices to fund their transition to
environmentally friendly operations is the intense competition within their own segment in the
Baltic Sea, with one incumbent stating that the Baltic Ro-Pax ferry segment is “a very mature
market... with a lot of market players,” and that “Yf we start charging our freight customers, let's say 30%
more [for green fuels], we will lose them the day after”” (CEO of Baltic 1, Interview, April 1, 2025). Ro-
Pax ferry operators in the Baltic often compete with other operators that offer very similar or
even the same routes (Shippax, n.d.). The ability of their customers to easily change ferry
operators and routes leads incumbents to see any sustainability premium that they put to their
customers to fund the adoption of zero-carbon technologies as a commercial disadvantage
(Baltic 1, 2). Another incumbent echoed this dynamic while talking about their adoption of
battery-electric propulsion, stating that: ““I'be appetite amongst the users of our services at that time was. . .
they conldn't care less. .. we couldn't pass the bill on to the customers, because there was a risk we were pushing
them [away]” (COO of Baltic 3, Interview, March 14, 2025).

Summary of Pressures in the Baltic Sea Region

Viewed together, the key pressures influencing the adoption of zero-carbon technologies
mentioned by the interviewed incumbents in the Baltic are conflicting landscape pressures from
geopolitical developments and historical enablers and regime pressures from driving but
misaligned and inconsistently implemented EU policy, insufficient supporting grid and fuel
infrastructure and a largely indifferent customer base. These pressures combine to form a
transition environment that is dominated by barriers, meaning that there seems to be no regime
destabilization and no clear window of opportunity yet for a zero-carbon technology to break
through into the main Ro-Pax ferry regime in the Baltic and become the main propulsion
technology for incumbents. While the Baltic region has demonstrated decarbonization progress
with the adoption of low-carbon and zero-carbon ferries, especially its regime conditions remain
a restricting force for incumbent operators who want to pursue decarbonization. An illustration
of the Multi-level perspective on the transition to zero-carbon technologies in the Baltic Ro-
Pax ferry segment can be seen in Figure 4-1. In it, the interactions of the different landscape
and regime pressures as well as regime elements and niche technologies are portrayed. The
arrows from the landscape indicate the positive pressure that is exerted on the current socio-
technical regime from historical dependencies, climate change and societal values. However,
there is also conflicting negative pressure from the geopolitical context. It is further shown that
no new socio-technical regime with a new propulsion technology has been created, as no
window of opportunity has been opened by aligning pressures and as no clear regime
destabilization has occurred. It is shown however that low-carbon technologies, like LNG and
zero-carbon technologies, like battery propulsion, are gaining maturity.
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Figure 4-1. Multi-level perspective on the transition to zero-carbon technologies in the Baltic Ro-Pax ferry
segment. Own modification and adoption based on Geels (2002) and Stalmokaité & Y liskyla-Peuralaht,
(2019)

4.1.2 Observed Behavioral Modes

All Baltic firms interviewed are participating in low-carbon transition activities, but their
reactions to the perceived pressures vary. Interviewed incumbents with a large market share and
longer routes have taken low-carbon ferries that are LNG, methanol, hybrid-electric driven into
operation, while smaller incumbents have taken zero-carbon ferries, biofuel and fully electric
driven, into operation (Shippax, n.d.).

First to enter Niches

Within those interviewed, smaller incumbents in the Baltic exhibited behaviots consistent with
the first to enter niches behavioral mode as a reaction to pressures (van Mossel et al., 2018). These
firms decidedly positioned themselves as leading the transition by embedding sustainability into
their brand identity and service offering. One incumbent stated that sustainability is “@ very big
part of our brand” (CEO of Baltic 2, Interview, March 17, 2025) while another one is sure that
their move into a niche will make them successful, a key characteristic of those that firsz enter
niches: “In the long run. .. [we] will benefit from it” (COO of Baltic 3, Interview, March 14, 2025).

In these cases, one incumbent that invested in a new ferry capable to go on multiple low- and
zero-carbon fuels motivated their pursuit of early decarbonization initiatives with the desire to
differentiate themselves from their competition. The absence of other competitive advantages
drove them to innovate through sustainability, as they explained: “we have to find some niche to show
[we are different] ... if you don’t have that, you are a ferry between A and B. Now, we are a little bit more.”
(CEO of Baltic 2, Interview, March 17, 2025). Thus, this incumbent perceived that moving into
a sustainability niche would benefit them more than their current situation, a further key
characteristic of the first to enter niches mode (van Mossel et al., 2018). Connected to this focus on
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differentiation was that this incumbent could not compete solely based on price (Baltic 2).
Sustainability thus emerged as a key differentiator for them as they, with a limited fleet of Ro-
Pax ferries and regional operations, faced strong market competition and needed to stand out.

Another small to medium Baltic incumbent also showcased reactions to pressures consistent
with the first to enter niches behavior, although their motivation was slightly different. Not merely
focused on differentiating themselves, this incumbent chose to move into the niche of battery-
electric propulsion because they saw a chance to become more profitable and because they were
supported by EU subsidies: “we were fortunate to be some of the first ones looking into this. .. and we were
able to attract significant EU subsidies in driving this change” (COO of Baltic 3, Interview, March 14,
2025). This support was essential to them to reach their goal of profitability: “we are privately
owned. ... we wonldn't be able to afford all of these first mover steps. .. without being incentivized.” (COO of
Baltic 3, Interview, March 14, 2025). Their investments were further deemed necessary and
potentially profitable due to upcoming regulations such as the EU ETS and FuelEU Maritime.
Hoping they could profit in the long run, they invested substantial amounts of their own
resources to improve their shore-side infrastructure without it being a regulatory necessity

(Baltic 3).

Follow into Niches

In contrast, Baltic 1, a large incumbent, showcased the follow into niches behavioral mode as a
reaction to a lack of pressures from customers and the market. The company saw itself as the
most proactive actor and described itself as a leader in the green transition “70 years ago.” (CEO
of Baltic 1, Interview, April 1, 2025). However, the incumbent stated that “when we realized that
there’s no market pressure, there is a confused regulatory landscape. . . and no willingness to pay,” they changed
their strategy (CEO of Baltic 1, Interview, April 1, 2025). “We changed from the leader to a leader. . .
because you can’t affford to be the leader today.” (CEO of Baltic 1, Interview, April 1, 2025). While they
still see the necessity to transition, they now feel that there is simply too much uncertainty and
not enough pressure or support for them. The incumbent thus changed their behavior in
reaction to a lack of pressures, mainly from customers. While they feel disincentivized to
transition rapidly and radically because of the uncertainty, high costs, and insufficient market
pressure from customers, they stated that they are still actively looking for a profitable and
secure niche that has proven itself without being willing to move first, a key characteristic of the
Jfollow into niches behavioral mode (van Mossel et al., 2018).

Remain Inert

While the interviewed incumbents in the Baltic are mainly embracing the transition either by
first entering niches or by following into niches, the interviewed incumbents also displayed some
reactions consistent with the remain inert behavior (van Mossel et al., 2018), especially where their
dependency on other regime actors restricted their choices. According to van Mossel et al.
(2018) an incumbent reacts to a transition with inertia if they are dependent on another actor
that is supporting the current socio-technical system, as this actor can prevent them from
transitioning. The stated dependence and low willingness to pay by all interviewed incumbents’
customers is emblematic of this. As a reaction to low or no pressure to transition from their
customers, incumbents adopt a partly inert strategy by being cautious about their next steps and
not transferring any or few costs of the transition to their customers, which limits their
possibilities to adopt new technologies (Baltic 1, Baltic 3).

The dependence on customers and the lack of pressure from them to transition keep
incumbents within current market conditions, making radical strategies too risky for operators
even though they want to change. Thus, the inertia that incumbents partly displayed is not
related to a lack of ambition by them but rather to the structural ties between actors within the
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regime, particularly freight companies that do not want to support the transition to zero-carbon
technologies.

Delay the Transition

While none of the interviewed incumbents fit into the behavioral mode of delay the transition,
they all alluded to some of their competitors adopting this reaction. These competitors, exempt
from ETS, are protected from financial signals that would otherwise encourage change, and
thus do not engage in the transition. One incumbent reflected on this, asking: “Do you see any
progress? No. I mean, in fact, they are going on heavy fuel.” (CEO of Baltic 2, interview, March 17,
2025). In this case, the lack of both regulatory and market pressure appears to have largely
discouraged investment in the transition.

Summary of Reactions to Pressures in the Baltic Sea Region

Generally, incumbents in the Baltic region react differently in the transition to zero-carbon
technologies depending on their perceived pressures, competitive context and operational scale.
While some smaller incumbents see the transition as an opportunity to differentiate themselves
from their competition and gain long-term economic benefit, other, larger firms are more
influenced by the pressures that work against the transition, such as low customer demand for
sustainability, even though they also see the need to decarbonize. Thus, while there is a wish to
decarbonize, Baltic incumbents are limited in their actions by interdependencies within the
regime.

4.2 Mediterranean Sea Region — Pressures and Incumbent Behavior

4.2.1 Pressures Categorized by MLP Levels

Incumbent Ro-Pax ferry operators in the Mediterranean Sea are experiencing a set of multiple
intersecting pressures that have influenced the direction and pace of their transition towards
zero-carbon technologies. The main pressures originate from the regime level, with fewer
pressures coming from the landscape level.

Landscape Pressures

Mediterranean incumbents reported relatively weak landscape-level pressures that are narrow in
their impact on the transition to zero-carbon technologies. The interviewees did not stress broad
geopolitical or societal forces as major positive pressures. However, landscape conditions were
mentioned indirectly, primarily in relation to and conjunction with infrastructure related regime
pressures surrounding energy supply and longer-term uncertainties that have existed for years.
Generally, mediterranean incumbents seemed to be mostly influenced by long-term, broader
structural uncertainty about future developments that generates a pressure that prevents a fast
transition to zero-carbon technologies.

Referring to the general context surrounding future alternative fuel availability, one
Mediterranean Ro-Pax ferry incumbent stated: “we have to compete for the fuel. .. because of the logistics
and also. .. the geopolitical decisions different countries are taking on that” (Corporate Technical Director
of Mediterranean 3, Interview, March 24, 2025). Other interviewees and experts further
confirmed that there is a general concern by incumbents about competing with other sectors of
transportation, such as aviation and road transport, for alternative fuels, and that that could
negatively affect long-term fuel supply security form them (International industry association 1,
Industry expert 1, Mediterranean 1). Thus, while competition around alternative fuels was not
mentioned as a current issue, Mediterranean incumbents already felt pressure from the future
potential competition with other sectors of transportation (Mediterranean 3). The incumbents’
feeling of uncertainty is also emulated by the EU commission, specifically in the initial FuelEU
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Maritime proposal, which predicted strong demand for renewable fuels across all transport
sectors and stressed the importance of supply chain coordination to prevent fuel price spikes
and sectoral bottlenecks (European Commission, 2021b).

Further emulating the concerns and feeling of uncertainty about future fuel related
developments, interviewees also stressed the problem that it is unclear which alternative fuels
and technologies will be viable to use in the future for Ro-Pax ferry transportation: “There zsn’t
one alternative fuel that is available today... that will be available tomorrow, at which price’ (R&D
Representative 2 of Mediterranean 4, Interview, April 9, 2025).

While these energy-related issues stood out as the main landscape-level focus of the incumbents'
discussions during the interviews, they did not place significant emphasis on other landscape
pressures such as societal expectations or long-term climate policy trajectories or international
political developments. In fact, the interviews contained no references at all to social, cultural
or historical expectations and dependencies that would drive sustainability action at the
landscape level.

Regime Pressures

The main observed pressures surrounding the transition to zero-carbon technologies on Ro-
Pax ferry incumbents in the Mediterranean at the regime level are normative pressures, the
design and implementation of EU regulation, the availability and maturity of infrastructure, and
the market demand for propulsion by zero-carbon technologies.

Normative Pressure

A widely observed pressure to transition to low- and zero-carbon technologies among all
interviewed Mediterranean incumbents was their own motivation to improve their sustainability
and reduce their impact on the environment. This normative pressure in the Mediterranean
interviews appeared as internalized commitments rather than sector-wide cultural expectations,
with incumbents expressing an internal, strong sense of responsibility or vision driving their
sustainability efforts.

One interviewee reasoned that their sustainability efforts were due to their own internal
commitments, stating the following about their ongoing decarbonization efforts: “we do it becanse
[we’re] convinced. .. [we] want to be the most modern Ro-Pax and ferry company in the Mediterranean Sea by
20307 (CEO of Mediterranean 2, Interview, March 31, 2025). Emulating this, another
incumbent said that “/our environmental effort] was not becanse it was a regulatory scenario forcing us to do
that, it is because we believe that we have to protect the environment” (Corporate Technical Director of
Mediterranean 3, Interview, March 24, 2025).

Generally, all Mediterranean incumbents portrayed a sense of responsibility to protect the
regions and areas where they are operating and to serve the people they are offering their
services to in a sustainable and safe way: “we need to preserve the life and the quality of life of our
passengers, of our crew members, and besides, 1 mean preserving their life, we need also to preserve environment
in which we operate” (CEO of Mediterranean 1, Interview, April 7, 2025).

Regulatory Pressure: EU ETS
The EU Emissions Trading System (ETS) stood out as the most discussed regulatory pressure

by Mediterranean incumbents. While it was seen as a general pressure to transition to less
emitting fuels and technologies, it was also criticized and not viewed as a positive signal for the
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transition but as a costly mechanism with uncertain payback and potentially negative
competitive impacts.

A main criticism of this regulation surrounded the unclarity of the use of the ETS funds, with
one Mediterranean incumbent stating: “we are paying the E'TS, but nobody knows where this money is
going, how it is going to be reciprocated into the markef” (Corporate Technical Director of Mediterranean
3, Interview, March 24, 2025). Another hoped that “zhe money of ETS [will go] back to the ship owners,
to finance environmental transition” (CEO of Mediterranean 2, Interview, March 31, 2025). This
expressed widespread concern that ETS revenues do not get redistributed to the incumbents to
support those who pay into the system made the interviewees view the ETS as a financial burden
instead of an enabling mechanism for the transition.

The ETS was also described as being the source of market distortion in areas where the Ro-Pax
ferry routes compete with road transport. Within the European transport network, logistics
companies can often choose to take ferries or fully transport by road. One example for this is
the route Hamburg-Copenhagen, where logistics companies can choose to take the road over
the Danish mainland or take the ferry between Puttgarden and Redby, leading to the existing
ferry line there competing with the mainland road (Shippax, n.d.). Multiple incumbents and
experts explained that the fact that the ETS is applied to maritime transport earlier than road
transport — where it’ll be first applied in 2027 - creates unfair competition between the different
transportation methods (Mediterranean 1; Mediterranean 3; Industry Expert 1; European
Commission, n.d.). This sequencing of ETS application follows the European Commission’s
prioritization of sectors with higher emissions intensity and more direct fuel consumption
monitoring, before addressing the more fragmented and heterogeneous road transport sector
(European Commission, n.d.). However, the concern here by incumbents is that the sequenced
application of the ETS creates cost burdens for Ro-Pax ferry incumbents while allowing the
road sector and other sectors to have weaker or delayed obligations, leading to ferry operations
becoming less competitive in comparison to these other sectors. This distorted competition
between the transport modes creates pressure on incumbent ferry companies to keep their
prices low in order to remain competitive and keep their customers from switching to other
modes of transport. This pressure then in turn prevents them from passing through the costs
of the ETS and the costs of using alternative fuels to their customers, limiting their possibility
to generate funds to invest in the transition to zero-carbon technologies (Mediterranean 1,
Mediterranean 4).

Some Mediterranean incumbents (Mediterranean 3, Mediterranean 4) further criticized EU
regulation like the EU ETS and FuelEU Maritime to be unfitting to the technological progress
of the Ro-Pax ferry sector, with one incumbent stating that: “zbis regulatory scenario is not being . ..
very real, to the needs of the sector, ... it is not going to be very realistic’ (Corporate Technical Director of
Mediterranean 3, Interview, March 24, 2025). Specifically the FuelEU Maritime regulation was
seen as setting unrealistic goals for incumbents, with these finding that there are no fitting
existing technologies to comply with the new EU regulation: “she regulation seems to be really far
from what is the real technologies avatlable in the markef” (R&D Representative 1 of Mediterranean 4,
Interview, April 9, 2025)

Lacks in Fuel Availability and Port-Side Infrastructure

All Mediterranean incumbents identified a lack of infrastructure and fuel availability as a major
regime-level pressure influencing the transition negatively. The application of low- and zero-
carbon technologies such as dual-fuel engines, hybrid systems, LNG and Methanol vessels and
battery-electric propulsion is constrained by the absence of enough alternative fuels, bunkering
possibilities, grid capacity and port-side support systems (Mediterranean 1, 2, 3, 4).
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The lack and non-readiness of the infrastructure to support the supply of zero-carbon
technologies in the Mediterranean is seen as a core pressure hindering investments into the
transition to these technologies, with one incumbent stating: “what we need is to get infrastructure. . .
50 that we can invest more easily with less risk” (CEO of Mediterranean 1, Interview, April 7, 2025).
Because of the lack of reliable systems to support fuel delivery, vessel charging, or maintenance
of new propulsion technologies, Mediterranean incumbents are constrained in their ability to
invest in and adopt new zero-carbon technologies. The concerns surrounding infrastructure are
further compounded by the perceived lack of national and regional coordination for port
upgrades, particularly for alternative fuel bunkering and electrical connections (Mediterranean
4). These statements align with the European Maritime Transport Environmental Report
(EMTER) and FuelEU Maritime documentation that also point out that current port
infrastructure and alternative fuel supply chains are underdeveloped and represent a critical
barrier to the large-scale deployment of zero-carbon technologies in maritime transport
(European Environment Agency & European Maritime Safety Agency, 2021; European
Commission, 2023c).

In conjunction with the lacking infrastructure to supply new fuels, issues with the availability of
these new fuels were repeatedly emphasized. According to the interviewees, low- and zero-
carbon fuels like e-methanol, hydrogen, or biofuels are still largely theoretical to them because
of their scarcity, high cost, lack of clarity on future availability and lack in existing infrastructure,
with one incumbent stressing: “zhere is no certainty of availability of these fuels in the future. .. and don’t
Jorget that it is not only the maritime sector who is going to use this kind of fuels’ (Corporate Technical
Director of Mediterranean 3, Interview, March 24, 2025). Another stated “zhere aren’t lots of
infrastructure avatlable to receive and dispatch this new type of fuel. And also the price is not well defined, becanse
there is this uncertainty all around’ (R&D Representative 2 of Mediterranean 4, Interview, April 9,
2025).

A further mentioned factor impacting Mediterranean incumbents negatively in their ability to
transition and adopt zero-carbon technologies is the lack of maturity in onshore power supply
and the energy grid, which especially affects the incumbents’ ability to adopt both hybrid and
battery-electric propulsion technologies. The lack in port side infrastructure for charging
batteries was emphasized by one incumbent: “in the Mediterranean area, only Barcelona is ready to
provide the electricity. Other ports in Italy, they are not ready. In Greece, they are not ready” (R&D
Representative 1 of Mediterranean 4, Interview, April 9, 2025). Analysis of industry reports
confirmed that Barcelona is the only Mediterranean port to provide OPS, with the
implementation of OPS remaining in the planning or initial implementation phase for other
Mediterranean ports (Hand, 2024). The Italian port of Civitavecchia and the Greek port of
Piracus for example are currently planning for OPS but have expressed concerns about
electricity capacity and infrastructure readiness (Reuters, 2024).

The assessment of an immature energy grid and port infrastructure was also emulated by
interviewed experts, with one explaining that especially small Mediterranean islands serviced by
Ro-Pax incumbents already face grid restrictions and would most likely have severe issues in
providing on shore power supply to charge the batteries of Ro-Pax ferries (Industry Expert 1).
Furthermore, it was stated that summer air conditioning in the Mediterranean could further
worsen the electricity supply (Industry Expert 1). The Mediterranean region thus faces
significant challenges for ship battery charging because of limited energy capacity and a lack in
port side infrastructure, making battery-electric propulsion less practical. However, aside from
this, incumbents generally stressed problems with battery-electric propulsion technology, as
many Ro-Pax ferry routes in the Mediterranean are simply too long to be feasible for the use of
batteries (Mediterranean 4).
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To help with these lacks in infrastructure and alternative fuels, all incumbents stressed the need
for government support, possibly connected with the use of ETS funds: “part of those funds should
be used to activate the production on an adequate scale of those alternative fuels so that they can be broadly
avatlable in the market, and so we as maritime sector, can invest into new vessels based on those new engines,
based on that fuel” (CEO of Mediterranean 1, Interview, April 7, 2025). This support would then
help reduce the investment risks for incumbents, possibly removing this regime-level barrier
and helping incumbents to transition (Mediterranean 1).

Lack of Customer Demand

A key regime-level market pressure discouraging decarbonization observed in all interviews with
Mediterranean Ro-Pax incumbents was the lack in customer willingness to pay for more
sustainable Ro-Pax transport. All Mediterranean incumbents described market-side
sustainability pressure as essentially absent — both from freight clients and private passengers
(Mediterranean 1, 2, 3, 4).

While interviewees pointed at positive attitudes by customers towards more sustainable and less
polluting ferries, this awareness does not seem to have produced actual behavioral changes with
regard to their willingness to pay or act. Summarizing this disconnect, one incumbent stated:
“everyone has sort of expectations of greener transport modes, better environment, improved service. .. but when it
comes to individual choices, then really, they don’t really care about how green a solution is’ (CEO of
Mediterranean 1, Interview, April 7, 2025). Other incumbents also pointed towards this
disconnect (Mediterranean 3).

Multiple incumbents reported that customers choose their transportation based on comfort and
price rather than environmental impact: “They are not willing to pay more to get something more
sustainable. They might be willing to pay more for a more comfortable solution. .. but not for a greener solution”
(CEO of Mediterranean 1, Interview, April 7, 2025). Others stressed that the environmental
performance of ferries does not influence route or carrier selection of customers unless it is
included in the base offering, further giving argument to the observation that customers are not
willing to pay extra for a better environmental performance of ferries (Mediterranean 2, 3, 4).

Incumbents also stated that price increases for sustainability were especially unpopular among
freight clients, with a compounding factor here being the competition between different modes
of transport (Mediterranean 1, 2). The Mediterranean Ro-Pax ferry segment is facing strong
competition, especially from road transport, and ferry incumbents fear losing their freight clients
to their competitors if prices rise even slightly. As one incumbent highlighted, freight clients
“decide based on their willingness to pay overall, without really distinguishing between the service component and
the sustainability component.” (CEO of Mediterranean 1, Interview, April 7, 2025).

According to interviewees, the lack of customer willingness to pay creates an inability to pass
on transition costs, as with the costs of the ETS, which makes low- or zero-carbon investments
a high-risk investment for incumbents. One interviewee pointed this out, stating that that due
to “market conditions or market competitiveness,” it is hard to “pass through the cost of the alternative fuels”
or other decarbonization investments (CEO of Mediterranean 1, Interview, April 7, 2025)

Generally, the interviewed Mediterranean incumbents seem to face a strategic trap as low
customer willingness to pay for sustainable ferry transportation, high competition and modal
flexibility of customers prevent them from investing larger decarbonization projects, even
though they might have the internal motivation for it. Without external support or significant
changes in customer behavior they do not see the possibility to invest large amounts of money
into the transition (Mediterranean 1, 4). This regime-level pressure from the customers creates
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a weak business case for zero-carbon technologies which slows down the adoption of these
technologies in the Mediterranean region.

Summary of Pressures in the Mediterranean Sea Region

The main pressures influencing zero-carbon technology adoption in the Mediterranean region
originate from the regime level. An expensive and misaligned regulatory framework combined
with severely limited port and fuel infrastructure and a customer base that shows no willingness
to pay for sustainable Ro-Pax ferry transportation are key aspects that hinder incumbents from
adopting zero-carbon technologies. Landscape-level pressures are weak to incumbents, as there
is no observed social or political drive for decarbonization. The combination of these pressures
establishes a context where structural and economic barriers prevail, meaning that there seems
to be no regime destabilization and no clear window of opportunity yet for a zero-carbon
technology to break through into the main Ro-Pax ferry regime in the Mediterranean and
establish itself as the main propulsion technology for incumbents. An illustration of the Multi-
level perspective on the transition to zero-carbon technologies in the Mediterranean Ro-Pax
ferry segment can be seen in Figure 4-2. In it, the interactions of the different landscape and
regime pressures as well as regime elements and niche technologies are portrayed. The arrow
from the landscape indicates the positive pressure that is exerted on the current socio-technical
regime from climate change. However, there are multiple negative pressures to the transition
arising from the geopolitical context and the geographic context. It is shown that no new socio-
technical regime with a new propulsion technology has been created, as no window of
opportunity has been opened and as no clear regime destabilization has occurred. It is shown
that low-carbon technologies, like LNG and zero-carbon technologies, like biofuels, are gaining
maturity, albeit slower than in the Baltic (see Figure 4-1).
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Figure 4-2. Multi-level perspective on the transition to gero-carbon technologies in the Mediterranean Ro-Pax
ferry segment. Own modification and adoption based on Geels (2002) and Stalmokaité & Y liskyla-Peuralahti,
(2019)
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4.2.2 Observed Behavioral Modes

Ro-Pax ferry incumbents in the Mediterranean are gradually moving towards decarbonization,
but their reactions to pressures show a cautious and risk-averse approach. Most incumbents are
not leading the transition actively but are instead mainly adopting a follow into niches approach as
a reaction to increasing regulatory and normative pressure that stands in contrast to high
uncertainty about infrastructure, fuel availability, and customer demand. Some incumbents have
moved ahead more proactively because of internal conviction or long-term strategic positioning,
while a few portray inert behavior in the absence of strong external pressure or incentives.

Most Mediterranean incumbents have adopted incremental innovations that only decrease CO,
emissions in a limited manner like LNG propulsion, scrubbers, and operational efficiency
improvements, while more radical innovations like battery-electric or hybrid vessels are still
relatively rare (Shippax n.d.). Although zero-carbon technologies are not widely used, some
Mediterranean incumbents have set ambitious climate goals and invested in alternative fuels
such as bio-LNG and e-methanol, albeit at a small scale.

Follow Into Niches

The interviewed Mediterranean incumbents mainly showcased the behavioral mode of fo/low into
niches (Van Mossel et al., 2018). All interviewed incumbents mentioned to be largely focusing on
making small advancements by adopting LNG and biofuels and dual-fuel ships in reaction to
upcoming stringent emissions regulations. Rather than first entering niches and investing in radical
innovations, the incumbents showcased that they are taking an observant stand, actively looking
for market signals and technological validation before making investments as they wait for clear
indications that a certain low- or zero-carbon technology will be commercially viable
(Mediterranean 1, 4). This was further shown in one incumbents’ statement: “We are always seeing
in the future. What is going to happen? ... We are looking for new technologies. But new technologies, honestly,
most of them are very, very immature, and we cannot take a decision to go for then?” (Corporate Technical
Director of Mediterranean 3, Interview, March 24, 2025).

Reasoning for this approach and explaining why smaller advancements seem to be the majority
type of action, another incumbent emphasized the need to “balance the economy” (CEO of
Mediterranean 2, Interview, March 31, 2025) between new vessel investments and older vessel
upgrades since different ships need unique strategies based on their remaining lifespan and
operational patterns. Another incumbent explained that their approach is to be slightly ahead
of regulatory requirements without compromising their business profitability, emphasizing the
need for “flexibility”, a reaction to conflicting and uncertain pressures (Corporate Technical
Director of Mediterranean 3, Interview, March 24, 2025).

This behavior of caution and flexibility seems to also be a reaction to the lack of mature zero-
carbon technologies and alternative fuel price volatility and availability. Interviewees explained
that the uncertainty about future fuel or technology dominance makes them avoid early niche
entry and choose adaptable solutions instead (Mediterranean 3, Mediterranean 4). As a reaction
to the fuel uncertainty, the interviewed incumbents have introduced new vessels with multiple
fuel capabilities with the intention to maintain flexibility for potential future changes
(Mediterranean 1, 3, 4).

Remain Inert and Delay the Transition

The market competition that the Ro-Pax ferry incumbents face further strengthens this
observed cautious approach as incumbents need to make decisions that are both cost-effective
and easily reversible to prevent economic risk. Due to this, some incumbents portrayed partial
inertia aside their follow into niches behavior (Van Mossel et al., 2018).
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The main observed from of inertia in this regard was rooted in the Mediterranean incumbents’
dependency on other actors in the regime that support the current regime and in the uncertainty
resulting from the conflicting pressures (Van Mossel et al., 2018). Describing this, incumbents
reasoned that the lack of customer willingness to pay for sustainability in combination with
alternative fuel availability and infrastructure uncertainty makes large investments into zero-
carbon technologies too risky, leading them to rather remain inert regarding zero-carbon
technologies (Mediterranean 4). Thus, the conflicting pressures lead most incumbents to adopt
a mix of behavioral modes, partly following into niches and partly remaining inert. No interviewed
incumbents showcased reactions consistent with the behavior of delay the transition.

First to Enter Niches

A minority of incumbents showed signs of adopting a more proactive stance, trying to position
themselves as environmental leaders in the Mediterranean and gain long-term benefits from first
entering niches (Van Mossel et al., 2018).

More specifically, one interviewed incumbent stated that their investments into low- and zero-
carbon technologies were not driven by external pressures but by internal conviction and a long-
term vision of modernity and value creation (Mediterranean 2). Aiming to become not the
market leader, but the most “uodern” (CEO of Mediterranean 2, Interview, March 31, 2025) Ro-
Pax ferry company, this incumbent took early action based on internal normative pressure with
the hope of gaining long-term benefit, stressing that leading the environmental transition at
present will generate future value even though initial profitability remains low (Mediterranean
2). However, this incumbent could not present any meaningful radical steps or initiatives of
adoptions of zero-carbon technologies, putting into doubt if the statements conveyed a reality
or merely an ambition.

Generally, Mediterranean first fo enter niches incumbents believed their current actions would not
only help themselves long-term but that they would also establish more sustainable future
industry standards (Mediterranean 2, Mediterranean 4).

Following other Regions’ lead — a Form of Follow into Niches

A sub-pattern that was observed with the proactive Mediterranean incumbent whose behavior
was categorized as first to enter niches was a form of externally inspired niche following.

More specifically, this incumbent described themself as following the sustainability actions of
Scandinavian Ro-Pax ferry companies, which are seen as leaders in decarbonization within the
sector (Mediterranean 2). This Mediterranean incumbent takes ideas and strategies from regions
where they interpret that regulatory and societal pressures have already moved the market
(Mediterranean 2). This interviewee stated, “Basically, we act like a Scandinavian company,” which
makes them a leading company within the Mediterranean context (CEO of Mediterranean 2,
Interview, March 31, 2025). They also described ongoing exchanges with Scandinavian peers to
anticipate emerging trends and adopt proven solutions early (Mediterranean 2). This
incumbent’s behavior can thus be categorized as first fo enter niches in comparison to its
mediterranean competitors, while they are following Scandinavian companies into these niches.

Summary of Reactions to Pressures in the Mediterranean Sea Region

Generally, most interviewed Ro-Pax ferry incumbents in the Mediterranean region reacted to
pressures by adopting the behavior of follow into niches (van Mossel et al., 2018). Although a few
incumbents have taken first fo enter niches steps because of internal convictions or strategic visions
about sustainability, most incumbents chose to be cautious and flexible in reaction to pressures
of widespread uncertainty, market constraints and a lack of customer demand.
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4.3 Cross-Regional Comparison

4.3.1 Comparing Pressures Across Regions

The pressures influencing the adoption of zero-carbon technologies by incumbent Ro-Pax ferry
operators in the Baltic and Mediterranean regions are in a general sense similar. Both regions’
incumbents are dealing with conflicting pressures from the landscape and regime level, with few
pressuring them to transition while many others are making the adoption of zero-carbon
technologies harder for them. In both regions no sufficient regime destabilization through
pressures has occurred and thus, no window of opportunity for a zero-carbon technology to
establish itself in the regime as the main propulsion technology has been created. While Ro-Pax
ferry incumbents in both regions generally experience similar pressures, the specific type and
severity of the pressures in each level differ somewhat between the regions.

Landscape Pressures

In both the Mediterranean and the Baltic, interviewees pointed to conflicting landscape
pressures that influence their ability to adopt zero-carbon technologies negatively. Baltic
incumbents pointed more towards being influenced directly by the pressures, while
Mediterranean incumbents stressed the lack of positive pressures from this level. Differing
pressures between the regions are mainly societal and historical.

Societies’ Values & Global Developments

In contrast to their Mediterranean counterparts that felt that the Mediterranean society has
values of “slow /iving” and that the society does prefer not to transition fast or even at all (CEO
of Mediterranean 2, Interview, March 31, 2025), Baltic incumbents felt a general positive
pressure to transition from societal values, sometimes called “Nordic values’ in the interviews,
about sustainability (CEO of Mediterranean 2, Interview, March 31, 2025; CEO of Baltic 1,
Interview, April 1, 2025).

Comparing the regions and adding to the observed differences in societal values and culture, a
Mediterranean incumbent stated: “I #hink you need less regulation in Scandinavia than in the
Mediterranean Sea. Because there, it is more your way of acting, feeling what you are, concerning environmental
zssues. Even if the Mediterranean is not a mess, hub? But here you need more to force people.” (CEO of
Mediterranean 2, Interview, March 31, 2025). Adding to this, one of the interviewed experts
stated: “/Sustainability] is part of the DNA of the Nordics. Scandinavians do a bit more than is requested.”
(Director of Regulatory Affairs of International industry association 1, Interview, March 28,
2025).

For Baltic incumbents this landscape pressure influencing the adoption of zero-carbon
technologies positively was however contrasted by geopolitical developments shifting away
global focus from sustainability (Baltic 1). While Mediterranean incumbents did not emulate
this, they also mentioned a negative landscape pressure in the form of uncertainty about future
developments regarding fuels and technologies.

Historical Differences

A key difference between the regions landscape levels is historical. In most interviews with Baltic
incumbents and experts, early investments in onshore power supply in the Baltic were stressed
as a key enabling factor that helped enable early electrification projects for Ro-Pax ferries in the
Baltic. Comparing the two regions, one expert said: “I wean, yes, [the Mediterranean is] indeed lagging
bebind. ... Baltic Ro-Pax operators ... already switched to power from the grid for the housebold load in 1980
while probably nobody had heard of it in the Mediterranean” (Industry Expert 1, Interview, April 3,
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2025). Thus, Baltic incumbents in contrast to Mediterranean incumbents have been exposed to
the possibility to use onshore power for a substantially longer period of time, creating a path
dependency leading them closer towards a natural progression to the adoption of zero-carbon
technologies than their Mediterranean counterparts.

Furthermore, experts also stressed key historical differences in other related factors like the price
of electricity, which has been lower in the Baltic historically, enabling Baltic incumbents to invest
in hybrid and battery-electric vessels earlier (International Industry association 1). Here it needs
to be stated that while the early development of onshore power supply is a key difference that
has had a positive influence on the transition of Baltic incumbents, both regions’ incumbents
highlighted problems with grid and port infrastructure for charging battery-electric vessels,
showing that this historical path dependency has not been enough to help the Baltic segment
transition fully.

Regime Pressures

Within the regime level, both Mediterranean and Baltic incumbents mentioned several similar
pressures influencing the adoption of zero-carbon technologies. Most of these pressures were
negative, coming from a motivating but misalighed and unfairly implemented EU policy,
insufficient supporting grid and fuel infrastructure and a largely indifferent customer base that
is unwilling to pay for sustainable initiatives. As a minor difference and exception to largely
negative pressures, Mediterranean incumbents alluded to positive normative pressures driving
them to decrease their impact, while Baltic incumbents did not mention any (Mediterranean 1,
2,3, 4).

Misalignment of Regulatory and Customer Pressures

The EU ETS implementation served as a common point of frustration between both regions
that was showcased in the interviews. Both regions’ incumbents saw it as putting a financial
strain on them, while criticizing that there are no clear plans about how the revenue will be
reinvested. As a minor difference, Mediterranean actors stressed more often the competitive
distortion caused by the ETS, especially between maritime and other modes of transport, while
some Baltic incumbents complained about exemptions to the ETS that some of their Ro-Pax
competitors have (Mediterranean 1, 4, Baltic 2).

The inability to pass on costs related to the ETS but especially related to investments low- and
zero-carbon fuels and technologies is another key similarity between the regions. All Baltic and
Mediterranean incumbents mentioned that pressure from customers to become more
sustainable and adopt zero-carbon technologies was non-existent or low, detailing that there is
no customer willingness to pay for more environmentally friendly Ro-Pax transport (Baltic, 1,
2, 3, Mediterranean 1, 2, 3, 4). This negative pressure from customers, consistently mentioned
across all interviews with Baltic and Mediterranean incumbents, presents a key barrier for both
Ro-Pax ferry segments in the transition to zero-carbon technologies.

Incumbents in both regions also stressed that the intense price competition they are facing, both
from other Ro-Pax operators and other modes of transportation like road transportation,
combined with the lack in customer demand, makes it especially hard to fund the transition to
zero-carbon technologies, with one incumbent stating: “market competitiveness prevents us from
recovering the investments... we need to decarbonize’ (CEO of Mediterranean 1, Interview, April 7,
2025). Incumbents highlighted this as key misalighment between regulatory pressure and market
pressure that leads to incumbents in both regions having to fulfill ever stricter regulatory
demands while being unable to put any or few of the related costs through to their customers
in fear of losing them to better positioned competitors (Mediterranean 3, Baltic 2).
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Infrastructure

Infrastructure challenges barring a faster adoption of zero-carbon technologies was another
shared issue between the regions, with the Mediterranean incumbents stressing it as a major
concern. Generally, the immaturity of ports regarding providing onshore power supply in a
timely manner and bunkering alternative fuels was highlighted by all incumbents. While Baltic
incumbents recognized these grid capacity, port infrastructure and fuel availability barriers, they
also mentioned already having access to some electrification-ready ports (Baltic 3). In contrast,
the Mediterranean firms reported that their region severely lacked reliable bunkering and
charging infrastructure and faced widespread fuel uncertainty and logistics readiness
(Mediterranean 2, 3, 4). All incumbents demanded government support for these issues,
oftentimes raising the possibility to use ETS funds. As a difference, Mediterranean incumbents
appeared more reliant on this form of government support, with many stressing it as a way to
reduce uncertainty and make their investments in low- and zero-carbon technologies less risky.

4.3.2 Comparing Modes of Incumbent Behavior

The interviewed Ro-Pax ferry incumbents in both regions displayed a mix of van Mossel et al.’s
(2018) behavioral modes in reaction to the analyzed pressures. However, while the behaviors
were largely similar across both regions and all incumbents generally had a positive attitude
towards transitioning, some behaviors were more pronounced in one region than the other, as
the Baltic had more first movers and Mediterranean incumbents reacted with more caution to
pressures.

In the Baltic, smaller incumbents tended to adopt a first to enter niches approach as a way to
differentiate themselves from their competitors, mainly because price leadership was not an
option to them in the highly competitive Baltic Ro-Pax ferry segment. These incumbents did
this by using sustainability as a branding strategy and invested eatly in zero-carbon technologies,
supported by subsidies and long-standing regional norms with the expectation of gaining future
benefits. Larger Baltic incumbents, on the other hand, adopted a followed into niches mode in
reaction to pressures of high costs, uncertain demand, and regulatory confusion, stressing that
the lack of market and customer pressure to transition is a key issue that complicates
investments into zero-carbon technologies (Baltic 1).

In contrast to the Baltic, no incumbents, small or large, from the Mediterranean fully fit into the
first to enter niches behavioral mode according to the set characteristics by van Mossel et al. (2018).
Although one Mediterranean incumbent portrayed the wish to differentiate themselves through
sustainability in the future, most incumbents were grouped into the follow into niches behavioral
mode, adopting an approach of flexibility and caution for the transition in reaction to unclear
regulation, fuel and technology doubts, immature infrastructure and a lack of customer demand
that led to a strong feeling of uncertainty. The Mediterranean incumbents detailed that they
were handling this uncertainty by balancing various common and new technologies between
new and existing fleets, keeping the flexibility to adjust according to fuel availability, cost and
regulatory requirements. The behaviors remaining inert and delay the transition were not directly
observed, if only partly as a reaction to a lack of customer demand.

4.3.3 Summary of Findings & Analysis

To summarize, while adoption rates between the regions are different, the pressures and the
reactions by incumbents to pressures in the Baltic and Mediterranean were rather similar, with
zero-carbon technologies being adopted slowly in both regions as a result of conflicting
landscape, regulatory and market pressures that have not opened a window of opportunity for
a zero-carbon technology to be established as the main propulsion technology in either region.
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No incumbents were observed to delay the transition ot remain inert and there was no impactful
difference in behavior that might explain the difference in adoption levels, even though a small
behavioral difference of more cautious Mediterranean incumbents was found. However, one
core pressure difference with influence on the adoption levels was found that related to
historical infrastructure differences and societal values, thus explaining the difference in
adoption rates.
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5 Discussion

The present thesis contributed to fill gaps in existing literature by comparatively analyzing
reactions of Ro-Pax ferry incumbents in the Baltic and Mediterranean regions to pressures
surrounding the adoption of zero-carbon technologies. Its aim was to find out, through

RQ 1: What pressures influence the adoption of zero-carbon technologies by incumbent Ro-Pax ferry operators
in the Baltic and Mediterranean regions, and how do the pressures differ between the two regions?

and

RQ 2: How do different of incumbents react to these pressures, what explains the different reactions and how do
the reactions differ between the two regions?

what pressures exist in both regions and how they differ and how incumbents in both regions
react to these and if they react differently. This was meant to explain the difference in adoption
and whether the adoption patterns in both regions are a function of different external conditions
or of differences in firm behavior. By extending the scope to include two regions and a range
of different incumbents, this study offered a new, more holistic understanding of maritime
decarbonization and practical implications for policy makers and the industry.

The answers to RQ 1 and RQ 2 given in the analysis add to the existing literature by offering
first findings for the Mediterranean Ro-Pax segment and by comparing two regions. It also
expands the literature by allowing for speculation as to why there is a difference in adoption of
zero-carbon technologies between the two regions. While all interviewed incumbents were open
to transition to zero-carbon technologies, the fact that Baltic incumbents historically were
exposed to onshore power supply, low electricity prices and slightly more societal pressure for
sustainability at an earlier stage could explain why the Baltic is ahead of the Mediterranean in
the adoption of zero-carbon technologies today. The result of the favorable conditions in the
Baltic could have been a gradual, organic transition where technical familiarity, public
expectation, and infrastructure readiness mutually reinforced one another to put the Baltic ferry
incumbents closer to zero-carbon technologies, such as electrification, than their Mediterranean
counterparts. Thus, the difference in adoption rates of zero-carbon technologies between the
regions could be more a function of different external conditions rather than of differences in
incumbent behavior. The impact of infrastructure path dependencies is a finding that needs to
be investigated further in sustainability transitions research.

It also needs to be stated however that neither region studied in this thesis is at an advanced
stage of zero-carbon technology adoption, as both regions’ incumbents feel negative pressure
in the transition that is holding them back, showing that there is still a lot of progress to be
made in the whole sector.

5.1 Discussing Results Against Existing Literature

The research findings in this study are consistent with some findings from previous literature
about maritime sustainability transitions but also introduce nuance. Stalmokaité & Yliskyla-
Peuralahti (2019) for example highlighted through their analysis of how Baltic incumbents
innovated in reaction to SECA regulation that policy pressures in specific regions can drive firm
responses. The findings of this thesis support Stalmokaité¢ & Yliskyld-Peuralahti’s (2019)
conclusions that strong regulatory frameworks can induce change but put nuance to this by
showing that regulation alone is not enough, rather suggesting that the interplay between
regulation, infrastructure readiness and societal norms may explain why the Baltic and
Mediterranean segments have different levels of zero-carbon technology adoption. It further
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extends the findings by showing that early environmental pressure — through regional emission
control regulation and historical infrastructure development — can lead to stronger technology
adoption.

The study by Stalmokaité¢ & Yliskyld-Peuralahti (2019) and other literature (Bach, 2024;
Stalmokaité, 2021) however did not explore a multitude of pressures at once and thus did not
address how different pressures can work together or cancel each other out. This led to none
of the scholars that have studied this topic finding the key negative pressure of the lack of
customer willingness to pay, which was found in this thesis. It was also not studied how
infrastructure path dependencies can function as long-term enabling factors that support new
technology adoption. Path dependencies were only mentioned in the literature as a barrier, with
authors commonly referring to the long-term lock-in effect of fossil fuel infrastructure for
ferries (Bach, 2024), which is something this thesis also found. Therefore, this thesis introduces
a new understanding about how infrastructure can be a barrier and an enabler, as well as how
non-climate related investments, in this instance early OPS investments made for local pollution
or noise reasons, can establish beneficial conditions in transition environments decades later.

Transition studies frequently emphasize how regulatory alignment and coordination with other
factors, such as infrastructure, serve as critical factors for transitions (e.g., Geels, 2002; Markard
et al., 2012). The findings of this study for the Baltic and Mediterranean regions demonstrate
strong evidence that supports this claim. EU policies, mostly the Emissions Trading System
(ETS), received continuous criticism for generating market uncertainty while also creating unfair
competition against the road transport sector. The uneven implementation of ETS between
sectors alongside unclear reinvestment strategies of ETS funds made this carbon pricing
mechanism appear ineffective and punitive to incumbents and was thus generally deemed as not
helpful for the transition of incumbents to zero-carbon technologies. Bach (2024) also supports
this finding by pointing out that the EU’s fragmented climate governance system can result in
competitive disadvantages for certain transport modes due to pootly aligned instruments. This
supports and emulates other findings in the literature that stress the need for regulatory
instruments to be context-specific while requiring fitting infrastructure to enable a transition
(Markard et al., 2012; Stalmokaité & Yliskyla-Peuralahti, 2019; Bach, 2024). Consequently, the
core idea of the Multi-level perspective, that multiple pressures need to work together to
destabilize a regime and create a window of opportunity for a niche technology to break through
into the regime, was also proven in the context of Ro-Pax ferry shipping (Geels, 2002).

Aside the MLP, the used typology of incumbent behavioral modes developed by Van Mossel et
al. (2018) was useful for both regional contexts and helped to classify the reactions of the
interviewed Ro-Pax ferry incumbents to the observed pressures. This study presented a first
broad combination of the Multi-level perspective with Van Mossel et al.’s (2018) typology and
extends their work by applying it to a specific transitional context and using it in a comparative
way. Its application showed how the same mode (e.g., follow into niches) can look different
depending on incumbent size and regional conditions. For instance, followership in the Baltic
was more about strategic adaptation to a lack of pressures, while in the Mediterranean it was
more about regulatory compliance and a reactive stance in the face of uncertainty, which hints
towards possibly different risk perceptions of incumbents. This confirms Van Mossel et al.
(2018) statements that behavioral modes can be dynamic and that incumbents can showcase
multiple behaviors at once. However, this thesis also extends their framework by showing how
company size and regional infrastructure conditions affect firms' behavioral modes. For
example, smaller firms exhibited first-mover behavior when they could differentiate themselves
based on sustainability, while larger firms were more likely to follow or remain inert due to
complexity and risk aversion—an angle not explicitly explored by van Mossel et al. (2018).
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While several authors have explored innovation within the maritime industry and what barriers
they face (e.g., Bach, 2024), this study indicates that innovation in maritime technology extends
beyond fuel and hardware to differentiation strategies and business models. The niche and
differentiation behavior of smaller Baltic incumbents interviewed in this thesis demonstrates
how sustainability can be strategically used to compete in competitive market environments.
This indicates that transition studies should not just focus on technological development but
also on market differentiation mechanisms and small firm behavior to study how a faster
adoption of zero-carbon technologies can be achieved as well as how first movers can best be
rewarded and assisted.

5.2 Reflecting on the Results - What the Findings suggest

5.2.1 Historical Dependencies and Uncertainty

The regional comparison presented in this thesis reveals how geography, history and incumbent
characteristics interact and impact transitions. Even though the regions’ regulatory frameworks
have converged over the years and are virtually the same after the Mediterranean SECA came
into effect, their actual progress towards adopting zero-carbon technologies remains unequal.
While the Baltic and Mediterranean incumbents face the same EU and IMO regulatory
frameworks, their path dependencies and infrastructure differences maintain their separate
levels of progress. With this, the comparison of the two regions supports the notion that policy
harmonization between regions is not enough to ensure similar progress and that a fruitful
transition requires dedicated efforts to address specific regional enabling and barring conditions.
As a further reflection, the Baltic’s leadership in OPS raises questions about how differently the
collaboration between policymakers, port authorities and ferry companies unfolds in both
regions. Future studies could investigate this.

A notable pattern besides the path dependency of infrastructure investments is how heavily
uncertainty influences the actions of incumbents, especially in the Mediterranean region, where
incumbents avoided significant investments because of immature infrastructure, unreliable fuel
availability and inconsistent regulations. The strong negative effect of this uncertainty and how
companies deal with it should be subject to further studies and be considered in further studies
using the MLP framework and Van Mossel et al.’s (2018) behavioral modes.

5.2.2 Small Incumbents and Niche Entrance

The analysis in this thesis further revealed other patterns of interest to the transition by
comparing different regions. Interviewed small incumbents from the Baltic region showed
greater willingness and capability to act as first movers, as their restricted price competition
capabilities led them to develop a sustainability-based differentiation strategy. In contrast, the
incumbents in the Mediterranean region and larger Baltic incumbents showed limited evidence
of such strategies as negative path dependencies, high uncertainty and inadequate infrastructure
created too high obstacles for proactive and radical approaches to the transition. Generally,
while pressures were mainly similar in both regions, Mediterranean actors reacted more
sensitively to them, adopting more caution and flexibility than Baltic incumbents.

This suggests a pattern where smaller incumbents, often more flexible and lacking traditional
sources of competitive advantage, tend to pursue niche sustainability leadership, while larger
firms adopt more cautious and incremental strategies as they seem more impacted by landscape
and regime pressures working against the transition. These findings also suggest that smaller
firms possess advantages to lead specific transitions through market differentiation, which
challenges the conventional belief that large established companies should be better positioned
to lead change because of their resources and size. Instead, strategic flexibility together with
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branding capabilities prove equally vital for success in sectors with incomplete infrastructure
readiness and regulatory clarity. Stalmokaité (2021) supports this dynamic observed of larger
companies by pointing out that even when decarbonization technologies are available, they are
not always adopted because of a firm’s strategic orientation or lack of enabling conditions. The
results of this thesis add to this that smaller firms may perceive value where larger firms see risk.

While all these observations were mainly used as input to group the incumbents into the
behavioral modes mentioned by van Mossel et al. (2018), it highlights the need for future
academic sustainability transition research on if larger companies are more sensitive to pressures
and if smaller companies are more easily able to transition and adopt new technologies.

5.2.3 Customers holding back the Transition

Rather unexpectedly, the results of this thesis also indicated that the stated severe lack of
customer demand is a key factor which slows down the adoption of zero-carbon technologies.
This key factor had not been mentioned in any other academic work about the maritime sector.
The fact that incumbents in both regions mentioned that their passengers and freight clients
were not willing to pay for environmentally friendly alternatives hints towards a larger conflict
in both regions between sustainability targets and financial constraints of customers.
Furthermore, it begs the question of who should bear the majority of the costs of the transition
and what solution to this would speed up the transition most effectively. This is a question that
is relevant for all types of sustainability transitions. Thus, this aspect and how the lack of
customer willingness to pay can be remedied needs to be further studied. An interesting angle
here could be the use of ETS funds to support the sectors transition, which is something
interviewees mentioned.

5.3 Reflecting on the Results - Limitations

5.3.1 Framework Limitations

The thesis used a qualitative, comparative case study design approach and semi-structured
interviews to analyze how Baltic and Mediterranean Ro-Pax ferry incumbents react to pressures
surrounding the adoption of zero-carbon technologies. The analytical framework provided an
effective structure for analyzing and interpreting findings across two contextual levels. The
Multi-Level Perspective revealed pressures affecting incumbent behavior at the landscape and
regime levels while van Mossel et al’s (2018) typology enabled systematic classification of
observed firm-level behavior.

While the MLP proved useful for distinguishing between structural conditions such as historical
infrastructure dependencies and immediate regime pressures including EU ETS and customer
demand, the framework showed limitations when trying to separate pressures which overlap
between levels or have non-linear effects. For instance, societal expectations proved challenging
to categorize as they seemed to operate as a regime norm in the Mediterranean and a landscape
pressure in the Baltic. This limitation aligns with the criticisms of van Mossel et al. (2018) and
Stalmokaité & Yliskyld-Peuralahti (2019) who argue that the MLP framework does not fully
capture dynamic interactions, firm agency, and the blending of pressures across levels. These
observations support the need for more refined or hybrid frameworks to capture the layered
complexity of real-world transitions.

Additionally, the behavioral modes developed by van Mossel et al. (2018) provided a useful

classification system for the incumbents’ reactions, yet they may have oversimplified certain
observed strategies as firms exhibited traits from multiple behavioral modes at once.
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Generally, while the developed analytical framework of this thesis worked and provided results
in the way it was expected to, it led to the exclusion of certain factors, such as aspects that
neither fit the MLP framework or van Mossel et al’s (2018) behavioral modes. Thus, the
findings of this paper are only valid within the frame of its analytical framework. Its use affected
the results, as internal firm aspects that could impact an incumbent’s behavior, such as
knowledge and capabilities, were neglected.

With this in mind, the analysis could have benefited from incorporating additional theoretical
frameworks including Strategic Niche Management (SNM) and Dynamic Capabilities Theory to
better understand how incumbents actively create or adapt to transitions. These alternative
approaches would have enabled more detailed investigations of internal capabilities especially
for incumbents that showcased proactive future-oriented planning.

5.3.2 Limitations of Methods

For the semi-structured interviews, accuracy was ensured by audio transcription and by giving
interviewees the possibility to clarify and check their quotes for mistakes. However, full
reliability of the statements through the interviewees alone could not be ensured, which is why
document analysis was used to check and expand on statements. Still, gathering data this way
was especially necessary due to the research questions of this thesis, which specifically looked
at subjective aspects - the perceived pressures and reactions - of incumbents. Data for this could
only be collected with interviews. A further limitation from the interviews is the fact that they
provide the views of the incumbents today. Although incumbents mentioned historical aspects
that have influenced their adoption rate, like infrastructure and regulation, it is unclear whether
these affected them in the exact same way when they made their decision on past adoptions.

The scope of the study, as well as the choice of the incumbents and interviewees also present a
certain limitation of this study. With 7 interviewed incumbents and two experts in the Baltic and
Mediterranean, the author of this thesis collected valuable data for research within the Ro-Pax
ferry industry and presented a broad sample of Baltic and Mediterranean incumbents. However,
this sample is not fully fit to provide findings that are completely generalizable to the entire
European Ro-Pax sector, as only incumbents in the Baltic and Mediterranean Sea were
interviewed. Nonetheless, findings between both regions that were fully similar, especially about
infrastructure dependencies and customer demand, could possibly be extrapolated to other
European Ro-Pax regions. Additionally, even though the study only focused on Ro-Pax ferry
shipping, other maritime sectors, especially those that are similar, such as the RoRo sector, could
find relevance in some of the findings, especially regarding infrastructure.

While the sample for the interviews was rather diverse and equal according to size, market share
and environmental actions for both regions, the interviews showed that incumbents with
especially negative attitudes towards decarbonization were missed out on. For example, one
interviewed incumbent mentioned competitors that were exempt from the EU ETS and were
thus not willing to transition (Baltic 2). The fact that these competitors were not interviewed
means that the findings of this thesis cannot present a full picture of all incumbent behaviors
and reactions to pressures in the Baltic and Mediterranean. Thus, while this thesis did expand
its scope beyond early adopting incumbents of zero-carbon technologies in contrast to other
studies, such as Stalmokaité¢ & Yliskyld-Peuralahti (2019) and Stalmokaité (2021), and thus
expanded research in this regard, it did not achieve to capture all types of incumbents in the
Mediterranean and Baltic.
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5.3.3 Legitimacy

Nonetheless, the research questions of this thesis, which focused on identifying and comparing
pressures and behavioral reactions of Baltic and Mediterranean Ro-Pax ferry shipping
incumbents were fully answered, valid in scope and contributed to an improved understanding
of regional differences in the progress towards the adoption of zero-carbon technologies.
However, the study also highlighted the need for further research into the interaction between
firm size, sensitivity to pressures and behavioral flexibility. The observed pattern where smaller
Ro-Pax ferry incumbents appeared more inclined to move early into sustainability niches raises
new questions for academic research: How much does size influence the perception and
navigation of positive and negative pressures? Are bigger incumbents more sensitive to
pressures? And are smaller incumbents universally more adaptive, or does this depend on
regional and sectoral conditions?
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6 Conclusions

Against the backdrop of the maritime sectors’ importance to trade and its need to reduce its
carbon emissions, the author of this thesis studied maritime decarbonization and what is holding
it back, focusing on Ro-Pax ferries, which play an essential role in regional transport but have
yet achieved minimal progress in adopting zero-carbon technologies. The EU Ro-Pax ferry
sector was chosen as a valuable and fitting sector to study maritime decarbonization as it
generates substantial greenhouse gas emissions, provides an excellent platform to test new
energy solution because of its regular operations and because its decarbonization can support
intermodal decarbonization by moving freight and passengers from road transport.

More specifically, this thesis aimed to investigate the noticeable variation between the Baltic and
Mediterranean Ro-Pax shipping segments regarding their advancement, with the Baltic region
having adopted more zero-emission technologies earlier. Within this, this thesis focused on
incumbent Ro-Pax ferry operators in the Baltic and Mediterranean regions and their adoption
of zero-carbon technologies as they control major market shares and thus determine the speed
and direction of the industry’s transformation. Trying to explain the disparity in adoption and
to gather broader insights for faster maritime decarbonization, this study analyzed pressures
influencing the adoption of zero-carbon technologies by incumbents in these regions and their
reactions to them.

Based on this, this thesis answered the following research questions:

RO 1. What pressures influence the adoption of zero-carbon technologies by incumbent Ro-Pax ferry operators
in the Baltic and Mediterranean regions, and how do the pressures differ between the two regions?

RQ 2. How do different of incumbents react to these pressures, what explains the different reactions and how do
the reactions differ between the two regions?

While both regions face the same general regulatory framework from EU and IMO, differences
in infrastructure, past environmental policies, and regional social norms have created historically
different transition environments. Baltic incumbents, who benefit from early investments in
onshore power supply and slightly more stringent societal expectations for sustainability, have
made some progress in the adoption of low- and zero-carbon technologies. In contrast,
Mediterranean incumbents, despite growing regulatory pressure, continue to face significant
barriers, especially from immature infrastructure and high perceived uncertainty of future
technologies, demand and policies. Importantly, incumbent behavior appeared relatively
consistent across regions, which means that the observed differences in zero carbon technology
adoption seem to be primarily a function of external conditions — the pressures - rather than
intrinsic differences in incumbent willingness and behavior. Furthermore, it was found that firm
size can determine strategic behavior, as small incumbents adopted proactive first fo enter niches
strategies, but large incumbents chose cautious incremental approaches in reaction to pressures.

Generally, the analysis showed that both regions, aside from historical and current differences
in infrastructure, past environmental policies, and regional social norms, largely face the same
pressures and that pressures have not aligned to create favorable conditions for the adoption of
zero-carbon technologies in either region. The study found that customer willingness to pay for
sustainability in combination with a lack in infrastructure and a strong competitive environment
that includes transport modes with better conditions acts as a vital negative pressure which
restricts incumbents from increasing their prices, thus restricting their funding and justifications
for investments in zero-carbon technologies.
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6.1 Practical implications and recommendations for non-academic
audiences

The findings of this study give multiple significant implications for policymakers, industry actors
and stakeholders. The findings show that applying uniform regulations across regions alone fails
to create equal transition environments between different regions. Rather, policymakers need
to consider regional variations, especially in historical development, infrastructure availability
and societal support when creating and implementing decarbonization policies. The
Mediterranean region, for example, would require substantial investments in port infrastructure
and alternative fuel supply chains to decrease uncertainty and reduce barriers for Ro-Pax ferry
incumbents.

Additionally, this thesis’ findings demonstrate the need for stimulating customer demand for
low- and zero-carbon transport alternatives. Without incentives, subsidies or preference-shifting
campaigns, incumbents will continue to battle economic barriers that prevent them from
adopting zero-carbon technologies. To solve these issues, funds generated through the EU ETS
and future IMO carbon pricing mechanisms could be reinvested to incentivize the adoption of
low- or zero carbon technologies so that incumbents do not have to increase their ticket prices
and can remain competitive.

Regarding the industry of Ro-Pax ferry shipping, findings indicate that incumbents, especially
smaller ones, could use sustainability as a differentiating factor in competition with other
incumbents by adopting zero-carbon technologies before others do. The successful
implementation of this strategy demands both technological advancement and strategic
branding efforts as well as close partnerships with ports, energy providers and policymakers to
solve infrastructure challenges and economic barriers.

6.2 Recommendations for future research

This thesis contributes to the existing body of academic literature by establishing a first
explanation of the different levels of Ro-Pax decarbonization in the Baltic and Mediterranean
regions as well as by being the first study to research decarbonization in the Mediterranean Ro-
Pax segment. Furthermore, it provides new insights about how infrastructure path
dependencies, customer demand, polices and incumbent behavior interact to shape zero-carbon
technology adoption by Ro-Pax ferry companies.

While these findings help to enhance knowledge about pressures and incumbent behavior in
transitions in the maritime sector, multiple avenues for the future research were discovered.
One crucial area for this concerns the size of incumbent and their behavior. While the findings
indicate that smaller incumbents demonstrate flexibility and proactivity in transitions, it remains
unclear if this pattern exists throughout different shipping segments or even in different
industries as well. Research studies comparing different industries could reveal if flexibility,
proactiveness and niche orientation are linked to firm size and location or other aspects.

Additional research should also be conducted to understand customer willingness to pay for
sustainable transport services. Future studies could investigate the effectiveness of different
incentives, communication strategies, or labeling schemes in changing customer behavior
towards greener choices, especially in the price-sensitive sector of Ro-Pax ferry shipping.
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Appendix A: Consent form

Decarbonizing Ferries (preliminary title)

A Comparative analysis of the adoption of zero-carbon technologies within the Ro-Pax ferry shipping segments in the

Baltic and the Mediterranean

CONSENT FORM

This form is to ensure that you have been given information about the thesis project “Decarbonizing Ferries - A Comparative

analysis of the adoption of zero-carbon technologies within the Ro-Pax ferry shipping segments in the Baltic and the

Mediterranean” (see Information Sheet on page 2) and to give you an opportunity to confirm that you are willing to take

part in this research. For all activities below, please indicate which applies to you (checked box indicates consent):

0 | have been familiarized with the thesis project “Decarbonizing Ferries”, | have had the possibility to ask
questions, and | have received satisfactory answers to my questions before being interviewed

0 As a research participant, | am aware of my right to withdraw participation at any time

0 | give my consent that the interview can be recorded in writing and analyzed

0 | give my consent that the interview can be audio- or video-recorded, transcribed using a third-party speech-
to-text transcription application, translated (if necessary) and analyzed

0 | give my consent to be identified by a description of my position

0 | give consent for my organization to be identified by its geographic area of operation

0 I understand that the results of the research will be presented so that no information can be traced to me
personally / | understand that pseudonymity of participants will be ensured

0 | give my consent that a record of my interview can be safely stored for future reference

0 I have been informed who will benefit from the participation

0 | have been informed how data will be either destroyed or reused at the end of the research

0 I have been informed of the secondary use of data

Note: Your participation is voluntary. As an interviewee, you do not have to answer all the questions that are asked; you
reserve the right to refuse or cease participation in the interview process without stating your reason and may request to
keep certain materials confidential. In addition, you have the right to review any summary or synthesis of the interview at
any time up until the data is published.

There will be no monetary payment for participating in the research, but you will have contributed to a research project
that generally aims to improve decarbonization efforts in the maritime sector.

Please, sign below to confirm your consent — digital signatures are possible:

Participant Researcher

Name

Markus Ehrenberg
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Signature

Date

Information Sheet about the thesis

A Comparative Analysis of the Adoption of Zero-Carbon Technologies in the Ro-Pax Ferry Shipping Segments in the Baltic
and the Mediterranean

Researcher and Affiliation

This research is conducted by Markus Ehrenberg, a master's student at the International Institute for Industrial
Environmental Economics (IlIEE), Lund University, Sweden.

Research Purpose

The purpose of this thesis is to explore how and why Ro-Pax ferry operators in the Baltic and Mediterranean regions
respond differently to pressures surrounding the adoption of zero-carbon technologies. The study will look at the impact
of regulatory, economic, societal, market and operational pressures on the transition to decarbonized shipping. The

research questions of the thesis are:

RQ 1. What pressures influence the adoption of zero-carbon technologies by incumbent Ro-Pax ferry operators in the
Baltic and Mediterranean regions, and how do the pressures differ between the two regions?

RQ 2. How do different of incumbents react to these pressures, what explains the different reactions and how do the
reactions differ between the two regions?

By conducting a comparative analysis of ferry incumbents in these regions, this study tries to gain insights into the barriers
and drivers of zero-carbon technology adoption. The findings could possibly be used to guide industry strategies and
policy measures to decarbonize maritime transport at a faster rate.

What Participation Involves

In this study, | am carrying out semi-structured interviews with representatives of Ro-Pax ferry incumbents and industry
associations. The interviews will be conducted online, via Zoom or Microsoft Teams, between March 10 and April 8, 2025,
and last about 45 minutes to one hour.

Participation is voluntary, and interviewees have the right to:
®  Withdraw at any time without providing a reason.
®  Request to keep certain materials confidential.

®  Review and modify their contributions before inclusion in the research.
Confidentiality and Data Usage
All responses will be treated with strict confidentiality. Participants will be identified only by their professional role and
the geographic area of their organization’s operations. Interviews will be recorded and transcribed, but all data will be

stored securely, and no personally identifiable information will be published.

The research results will be used exclusively for academic purposes and help to advance the current knowledge on
sustainable transitions in the maritime sector.

For further questions or clarifications, please feel free to contact me at ma4856eh-s@student.lu.se. Thank you for your time
and consideration. Your insights are invaluable in shaping the future of sustainable shipping.
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Table Appendix B-1. Interview guide
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Table Appendix D-3. Pressure Coding Excamples from both Regions
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Table Appendix D-4. Reaction Coding Excamples from both Regions
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