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Abstract: Energy transition is affecting the European maritime sector at an increasing rate. New
technologies and regulations are being introduced with increasing speed. The ability to adapt to
these changes is crucial for the economic success of the maritime sector. However, the sector is
challenged by inertia due to its global nature and long-life assets (e.g., vessels). These developments
result in a globally projected greenhouse gas emission growth rather than a reduction towards 2050.
The sector can be considered essential to economic prosperity, but its innovation system should
align with global sustainability trends. This article aims to structure and evaluate the maritime
sector’s systemic challenges by conducting an extensive systematic review of (sustainable) maritime
innovation literature. These findings are structured and discussed via four key activities that support
the transition process: developing strategy and policy, creating legitimacy, mobilizing resources, and
developing and disseminating knowledge.
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1. Introduction

The European and global maritime sector ensures global distribution of prosperity, as
90% of all goods are shipped via waterborne transport [1]. However, the energy transition
has created significant transition challenges within the maritime sector. There has been
a reduction of up to 29% of greenhouse gases (GHG) emitted per ship transport effort
compared to 2008 [2]. Nevertheless, due to the shipping sector’s growth, the International
Maritime Organization (IMO) has projected an overall increase of GHG emissions towards
2050 [2]. A wide range of challenges relating to the institutions, technologies, and finances
involved in the energy transition are stated in academic literature. Furthermore, the
industry aims to address transition barriers via strategic studies performed by, for example,
Shell, DNV-GL, Lloyds Register [3-5]. In these studies, systematic challenges are discussed
relating to market and customer demand, regulatory incentives, technology alignment (or
standardization), clarity of roles and decision making, ease of asset replacement, and ease
of infrastructure replacement [3]. In other studies, barriers such as technical maturity, fuel
availability, infrastructure, safety, capital expenditures, energy cost, and volumetric energy
density are mentioned [4]. These industry studies create a high-quality initial overview.
However, these are not always exhaustive and often on such a global scale not all findings
are relevant in specific cases. An example of such an outlier is the risk of a modal shift
of cargo transport back from inland vessels to trucks due to a lack of emission reduction
measures and inland vessels’ automation [6].

Although the maritime sector is considered critical, the innovation process seems
slower than in other sectors such as aviation, the automotive industry, and information
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technology. Historically, few innovations applied within the maritime sector have been
developed in that sector, showing a passive posture towards innovation [7]. Furthermore,
the desire for innovation among industry stakeholders seems low [8]. In contrast, the
automotive and aviation innovations are frequently under development and, more impor-
tantly, disseminated to other sectors at later stages (e.g., battery technology). In general,
innovating and adapting is one of the most critical factors for an organization’s and sector’s
economic success [9]. This paper focuses on energy transition in the context of the maritime
sector. The observation of a discrepancy between a need to innovate and adapt, and inertia
to do so, resulted in the following research question: What are the challenges affecting
innovation concerning energy transition in the European maritime sector?

We conducted an extensive literature review of (sustainable) maritime innovation
research to answer this research question. The majority of research on innovation focuses
on the automotive, retail, and information technology sectors [10], while research on
the maritime industry is scarce. Some scholars have focused on specific parts of the
maritime sector [11-16]. However, most research in the maritime sector is solely linked to
specific cases [14]. By structuring European maritime sector-wide literature via systemic
challenges in line with sectoral innovation systems theory, we create a reference point for
further analysis.

2. Background
2.1. Definition of the European Maritime Sector

Based on the maritime sectoral definition of the European Union [17], the European
maritime sector is defined as: ‘all enterprises within the European Economic Area (EEA)
involved in the design, construction, operation, maintenance and repair of all types of
ships and other relevant maritime structures, including complete supply chains of systems,
equipment and services, supported by research and educational institutions’. Besides
that, maritime institutions are also part of the sector. These institutions include manda-
tory maritime rules, laws, regulations, and instructions (e.g.,, MARPOL), non-mandatory
maritime customs, established practices, and norms (e.g., shore power frequency). Next
to that, the maritime infrastructure is part of the maritime sector, which consists of the
physical infrastructure (e.g., bunkering facilities and ships); the knowledge infrastructure
(e.g., knowledge, expertise); and the financial infrastructure (e.g., subsidies, financial pro-
grams). Finally, there are maritime interactions, which consist of networks between actors.
The European maritime sector is defined concisely as: ‘the European maritime actors,
institutions, infrastructure, and interactions required for shipping’. This definition includes
all commercial ship types such as working vessels, transport vessels, and passenger vessels
both inland and seagoing, predominantly active and operated in the EEA (not including
non-EU countries).

2.2. Definition of the European Maritime Energy Transition

Energy transition resulting in reduced greenhouse gas emissions in a European mar-
itime context is the socio-economic change incentive focused on in this research. A socio-
economic change incentive requires an operationalization via policy and regulation, in
addition to customer demand, to create sufficient legitimacy for actors to innovate and
adapt. For now, incentives to change have resulted in the IMO 2018 climate agreement [18].
This agreement, which clarifies an overall aim, should be operationalized via global, Eu-
ropean, and national regulations and policies. Therefore, the definition of the maritime
energy transition aim is: ‘Policies and regulations as a result of, or in support of IMO 2018
Climate Agreement to which the European Maritime Sector must adapt’. To support and
realize these aims, the existing structures such as regulation, infrastructure, and social
networks need to be adapted.
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This literature study focused on analyzing elements that affect the maritime innovation
process, especially concerning the maritime energy transition. The main sectoral scope

considered shipping (including port activities) and shipbuilding within the context of the
European economic area, as clarified in Section 2.1. We apply a systematic review in which
we ‘bring together as many studies as possible relevant to the research, irrespective of their
published location, or even disciplinary background’ [19]. We are interested in any factor
linked to innovation and adaptation to sustainability in the maritime sector. A broad search
was performed aimed at maritime innovation. In Figure 1, we illustrate the various steps
involved. These are explained in the following paragraphs.
---------------------
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Figure 1. Flowchart describing the applied methodology (adapted from [19,20]).

In the identification stage, all potentially relevant literature was gathered via two

routes: firstly, via a keyword search in a widely applied database. Set 1 of the keywords
used in the identification stage were related to innovation and adaptability based on main
keywords of Wieczorek [21], Dolata [22], and Malerba [23]. These were linked to Set 2,
consisting of maritime sectoral keywords. Set 1 concerned innovation and adaptability:

adaptab®, innovat*, factors. Set 2 consisted of the words maritime, shipping, shipbuilding,
and port. All possible combinations between set 1 and set 2 were used according to this

example: ‘term of set 1’ AND ‘term of set 2/. More keywords would have created an

overload of data. These keywords were entered into the SCOPUS database resulting
in over 3000 results. Secondly, potentially relevant literature from secondary databases
or origins such as industrial reports were consulted and added as potentially relevant

literature outside the SCOPUS database.

In the filter stage, all literature was filtered via two steps. First, all titles and abstracts

were scanned to check whether the literature should be excluded (following the process
described by Smith et al. [20]). Exclusion of literature applied when:
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1.  The paper was not about the-maritime sector as defined in Section 2.1 (e.g., marine
life research).

2. The paper was solely relevant outside the EU (e.g., cluster-specific information in
Canada, not directly linked to EU-based activities).

3. The paper was not a conference or journal article, a book, or report (e.g., newspaper
articles are excluded). These exclusion criteria reduced the relevant publications to
79 works. Second, a second filter was applied in which full-text content was reviewed
to determine whether other literature should be excluded. Exclusion of literature
applied when:

4. The paper did not focus on factors that functioned as barriers or drivers related to sectoral
activities (e.g., technology-specific innovations such as a constructional improvement).

In the review stage, the remaining subset of literature was reviewed for analysis.
Elements affecting maritime activities were extracted as quotes and linked to the activities
and structural elements. When considered relevant, referenced papers were added as
potentially relevant literature outside of the Scopus database, and as such were excluded
from or added to the dataset.

Finally, the mentioned factors in the literature were mapped in the analysis stage. The
results of the literature study were structured using an existing sectoral analysis framework.
Sectoral innovation studies often use the Diamond model [24] and the upcoming Sectoral
Innovation System (SIS) theory [25]. Another often used framework is the one proposed by
Geels and Schot [26], who consider multiple transition pathways of socio-technical systems.
Furthermore, Dolata has developed a framework that focuses on the interaction between the
transformative capacity of technology and a sectors” adaptability [22]. For the scope of this
study, SIS’s structuring was considered the best match, as the aims of describing innovation
and adaptation process are most aligned with determining systematic challenges of the
maritime sector in the energy transition. SIS’s structuring was adapted and simplified from
the analysis approach with systemic instruments developed by Wieczorek and Hekkert
for innovation systems [21,27]. This approach analyzes the systemic challenges. Systemic
challenges are defined in this paper as the lack of or limited capability of the European
maritime sector to perform the four activities (A1-A4) as listed below (based on [1,21-23]).

e Al Developing strategy and policy: the capacity to create directions for the sector and
create policies that support that direction, thereby increasing the innovation system’s
effectiveness. For example, the IMO 2018 climate agreement.

e A2 Creating legitimacy: sectoral actors” capacity to articulate demand requirements for
innovations, resulting in commercialization via entrepreneurial activities. For example,
introducing financial incentives at ports for low emission vessels (a green passport).

e A3. Mobilizing resources: the capacity to mobilize finances, skilled labor, and
scarce materials or hardware. For example, hiring new personnel with fuel cell
technology expertise.

e A4 Developing and disseminating knowledge: the capacity to develop knowledge
via research and development activities, and the structuring of sectoral education
and qualifications to sustain gained knowledge, and to train and develop personnel.
The capacity for (cross)-sectoral exchange among actors for the overall benefit of the
sector. For example, engine testing facilities to perform trials with fuel cell technology
for shipping.

These activities are part of the innovation and adaptation process within a sector,
which is continuous and non-linear in practice. By linearly simplifying the process, the
following steps can be described. The activities start by creating a direction via strategy
and policy (A1l). After that, there must be legitimacy to act (A2), either commercially or
regulatory-driven. Resources must then be mobilized (A3) to develop and disseminate
the required knowledge (A4). The overarching goal is to adapt existing structures, which
requires the capacity to change actors, institutions, infrastructure, and interactions [1]. For
example, developing regulation for innovative ship propulsion (e.g., fuel cells) or adapting
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physical bunkering infrastructure for sustainable energy carriers. Adapting the existing
structures results in the transition of a sector.

According to the innovation systems approach, four structural elements are required
to perform the activities listed above [21]. For example, the sector needs actors capable
of developing policy, to create direction. Therefore, the presence and capabilities of these
actors needs to be analyzed. The structural elements are listed below and are equal to those
empirically developed and tested by Wieczorek and Hekkert [28] in, e.g., their study on
European offshore wind. By evaluating these structural elements’ presence and capabilities,
we can assess systematic challenges within the sectoral innovation system. For example,
maritime actors could not reach a consensus on policy towards reducing greenhouse gases
due to global regulation complexity; and having a divided set of actors resulted in the
absence of the shipping sector in the 2015 Paris Climate Agreement [18].

e  Sl. Actors: actors are stakeholders present within a sector—for example, multination-
als, startups, branch organizations, knowledge institutes.

e  S2. Institutions: institutions are sets of everyday habits, norms, routines, established
practices, rules, or laws that regulate relations and interactions—for example, maritime
law, conventions, and cultural norms.

e  S3. Infrastructure: infrastructure is the physical, knowledge, and financial structures
within a sector, for example, machinery, facilities, expertise, strategic information,
subsidies, financial programs.

e  S4. Interaction: interaction relates to, e.g., the networks and contacts of actors interact-
ing in the sector.

The limited presence or capabilities of these structural elements results in systemic
challenges. Whenever a particular challenge was found, it was compared to the existing set
of challenges to evaluate whether it could be categorized as a part of these challenges or a
new challenge. Some of the lacking presences or capabilities can affect multiple activities,
and they are therefore mentioned multiple times in the context if various activities. Within
our discussions, these systematic challenges were placed in maritime energy transition
perspective as defined in Section 2.2.

4. Results

The results of the analysis stage are clarified in Sections 4.1-4.4 per activity. Per section,
a summary table (see for example, Table 1) is given which shows systemic challenges
mentioned within the literature. These are ordered per structural element. After that,
challenges are discussed and clarified based on detailed findings and examples in the
literature. Note that only literature in line with the criteria is referenced in the tables.

Table 1. A summary of systemic challenges for developing strategy and policy (A1) evaluated per structural element. Note,

only literature in line with criteria is referenced.

Evaluated Structural

Element Systemic Challenge References
S1. Actors Presence of many unaligned actors [3,11,14,17,29-34]
L Limited capabilities towards regulation formulation [12,15,29,35-39]
S2. Institutions
Presence of traditional cultural norms [8,14,15,40-42]
S3. Infrastructure Insufficient lobbying power [31,33]
S4. Interaction Insufficient public awareness and negative perception of the sector [3,12,40,43,44]

4.1. Developing Strategy and Policy (A1)

This activity relates to creating a strategic direction for the sector and creating policies
that support that direction, thereby increasing the effectiveness of the innovation system.
Table 1 shows five systemic challenges resulting from referenced literature.
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4.1.1. The Presence and Capabilities of Actors to Develop Strategy and Policy

The presence of many unaligned actors resulted in increased complexity during the
formulation of broadly supported strategies [3,11,14,17,29-34]. Moreover, these strategies
were often actor specific and highly dependent on the size of specific actors. A sectoral
example is the LeaderSHIP2020 strategy showing a five-year plan for the European mar-
itime sector. EU branch organizations, larger firms, and research organizations provided
input [17]. For larger firms, this activity is manageable thanks to their size and impor-
tance [33]. However, most (up to 70%) of maritime actors are SMEs, which negatively
affects these EU strategies and policies” support and awareness. There are several thou-
sands of SME actors in the Netherlands alone. For example, inland shipping companies are
often single vessel owners [30]. Furthermore, the EU counts approximately 150 shipyards,
defined as a production location for newbuild and retrofit vessels, of which only 40 are
active in global shipbuilding markets [17]. Another example of the presence of unaligned
actors were the 37 representational organizations lobbying the EU [31]. In addition, actors
are relatively under-resourced towards policy development compared to competing sectors
such as aviation and the automotive industry. This undermines the capacity to support pol-
icy development [31]. Finally, a deeply embedded global nature and thereby dependency
on EU and global actors creates inertia as many smaller actors need to balance international
interests. The EU aligning their member state votes at IMO conventions is an excellent
example of the consolidation required for success. Overall, improved organization and
reduction in the numbers of actors (e.g., shipyard groups or representation organizations)
could reduce the systematic challenges related to the presence of many unaligned actors.

4.1.2. The Presence and Capabilities of Institutions to Develop Strategy and Policy

Firstly, policy implementation is considered difficult due to international institutional
dependencies [12,15,29,35-39]. For example, emissions caused by waterborne transport in
international waters are not the responsibility of a specific nation. However, vessels sail
both in national and international waters. As a result, there is a gap between more ambitious
national and European regulations on emission reduction, and the global IMO consensus.
The institutional adaptation process itself is slow due to a consensus-based approach at
the IMO, which has various opposing actors (e.g., EU vs. Oceanic nations) positing stricter
and often cost-inducing regulations for shipowners. Elements that distinguish actors are,
for example, related to the highly strategic and political nature of waterborne transport
and the flag states of vessels. A flag state defines the nationality and jurisdiction of a vessel.
Flag states with large fleets sizes are often based in economically strategic nations such
as the Marshall Islands, which has about 3500 vessels compared to a total population of
59,000 people [45]. These nations do not have the capabilities needed to adapt existing
structures. There are niche flag state actors in the fields of sustainability that offset this.
Furthermore, there is an institutional role for class societies (see also Section 4.3), from
which approval is required before application of innovations. Their natural role is perceived
as reactive, as they verify and do not develop. To counter this, class societies develop pro-
active approaches via more robust goal-based regulation, and by communicating strategic
outlooks providing direction to the maritime sector. Overall, the significant differences
between actors lead to delays or sometimes crisis-ridden adaptation processes (e.g., 2020
IMO Sulphur Cap) [38], which results in challenges towards implementing effective policy
on a national and European level. Local institutional concepts such as ‘experimental area
policies” are countermeasures to increase innovation systems effectiveness [46], although
the experimental areas” impacts have not yet been broadly researched.

The second institutional systemic challenge relates to the sector’s traditional roots,
which temper an innovative mindset [8,14,15,40-42]. However, this is expected to change
with increased pressure from change incentives [14,15]. These traditional cultural norms
create a systemic challenge towards ongoing transition goals (e.g., GHG reduction goals),
with limited interest to show leadership beyond their boundaries of specific actors. Overall,
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there is an institutional systemic challenge related to regulation implementation, and
willingness to adapt.

4.1.3. The Presence and Capabilities of Infrastructure to Develop Strategy and Policy

Literature shows insufficient international lobbying power towards long-term funds
for financial programs, especially in comparison to other sectors [31,33]. Providing knowl-
edge infrastructure helps with the development of successful strategies as shown by [33]:
‘Environmental policy interventions significantly influence the innovation processes for
reducing the emissions of marine engine technology’. In general, strategic research on the
maritime industry at a sectoral level is considered scarce. In this respect, it must also be
noted that the perceived importance of the sector must be apparent to those providing
such infrastructure, which can be complicated for the maritime sector as it is less present
within the daily lives of the public. Overall, improved lobbying and strategic research can
improve the sectors’ capabilities for developing strategy and policy.

4.1.4. The Presence and Capabilities of Interaction to Develop Strategy and Policy

According to Wijnolst [12], the image of the maritime sector was that the “maritime in-
dustry is not part of the high tech industry, and therefore does not deserve substantial R&D
budget” from a policymaking perspective. There is an evident lack of public awareness
and shows a negative image of the sector’s innovativeness [3,12,40,43,44]. An aspect of
this is perceived economic added-value and growth potential. Actual perception depends
on whether the economic structure and added value are clearly communicated. Recent
developments show improving interactions with the European Commission resulting in a
potential Public-Private Partnership (PPP) on a joined strategic research and innovation
agenda on Zero Emission Waterborne Transport [44]. Overall, shipping is less visible, and
therefore both the added value of being more sustainable, and the scrutiny needed to
ensure the industry is abiding by sustainability goals, is less than other modalities [3].

In conclusion, the development of strategy and policy encounters five systemic chal-
lenges, as shown in Table 1, for which the existing structures need to be adapted to increase
the rate of the European maritime energy transition. In all systemic challenges, the potential
for improved interaction between and organization of all actors is considered essential.

4.2. Creating Legitimacy (A2)

This activity relates to sectoral actors’ capacity to articulate demands for their devel-
opments aimed at commercialization or meeting regulatory requirements. Table 2 shows
five systemic challenges resulting from referenced literature.

Table 2. A summary of systemic challenges for creating legitimacy (A2) evaluated per structural element. Note, only

literature in line with criteria are referenced.

Evaluated Structural Element Systemic Challenge References
S1. Actors Absence of a business case [1,3,12,29]
. Institutions Absence of a level playing field [11,12,33,40,47,48]
Limited regulatory drivers [1,3,14,33]
S3. Infrastructure Limited availability of risk-reducing funds [1,14,17,29,44,49]
S4. Interaction Fierce global competition [1,3,11,14,50]

4.2.1. The Presence and Capabilities of Actors to Create Legitimacy

Many business cases are currently not aligned with energy transition goals [1,3,12,29].
Before developing or applying an innovative concept, actors must see a potential for com-
mercial success in order to legitimize entrepreneurial risks. This potential is mostly absent
in relation to emission reduction due to the significant cost increase it incurs for ship own-
ers, without major competitive gain. As actors struggle to define policy and regulations
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towards sustainability (see also Section 4.1), only particular niches provide a sustainable
business case (e.g., passenger ferries in nature reserves). An additional element affecting
the business case is that innovative concepts (depending on the innovation) cannot easily
be applied on a large scale. Vessels predominantly active and operated in Europe are often
prototypes or small series products [51]. This boundary condition is combined with a short
return of investment timeframe focus by actors, due to volatile markets. Finally, shipping
is affected by the infrastructural inertia of assets such as vessels and ports with lifetimes of
25 years or more [12]. Specifically relating to sustainability, the sustainable energy carriers’
bunker price development over the coming decades creates significant uncertainty [3]. The
result is that actors find it challenging to oversee the cost-benefit of (sustainable) devel-
opment activities, and therefore delay investment [29]. This is partly compensated by an
overall positive perception of the entrepreneurial capabilities of the European maritime
sector. This is based on a heterogeneous set of actors (e.g., shipyards, shipping companies,
suppliers, ports, multinationals, SME’s) present within the EU’s maritime clusters (see also
Section 4.4.1). This is especially relevant in North and Western Europe concerning sustain-
ability, as a focus is placed on sustainable tenders, for example, in Norway’s fjords. Note
that the overall performance of clusters within the EU differs significantly.

4.2.2. The Presence and Capabilities of Institutions to Create Legitimacy

The first systemic challenge is state aid or regulation which negatively impacts the
(international) level playing field [11,12,33,40,47,48]. An example is the Jones Act, which
requires maritime transport between ports in the United Stated on ships that are built,
owned, and operated by US citizens, effectively excluding the European market [47]. The
impact of state aid in Asia is even more significant to the European market. For example,
in China, where shipbuilding is seen as a key strategic focal point, shipbuilding costs are
reduced by numbers as high as 20%.This is in addition to innovation-based cost reduction
and is considered a result of state aid [48].

A topic under current discussion in relation to regulatory drivers is the taxation of
greenhouse gases in the European context. Such regulatory drivers positively impact
sustainable concepts’ legitimacy as new technologies become competitive [1,3,14,33]. At
the moment, the existing aims within greenhouse gas reduction strategy of the IMO are
considered insufficient to achieve the energy transition aims. As a result, the EU intends
to act ahead of the global consensus. Defining the most effective regulatory drivers is
considered critical.

4.2.3. The Presence and Capabilities of Infrastructure to Create Legitimacy

The availability of (risk-reducing) funding for knowledge development or hardware
investment is limited, but under development for sustainable aims [1,14,17,29,43,44,49].
The availability of funding differs highly per cluster and is mostly related to the sector’s
visibility and economic relevance per country (see also Section 4.1). For the top ten
countries within the EU, economic relevance varies between 2 and 11% of GDP [41].
Specifically in relation to sustainability more extensive funding is under development. Both
on subsidized research programs and sustainable investment funds by financiers [44,49].
Overall, infrastructural reviews are neutral, focusing on two elements, geographical impact
linked to the cluster and its home market [11], and financial infrastructure and performance
providing sufficient financial means to support change initiatives [17]. More stringent
regulations focusing on societally responsible ship financing have been introduced [49].
This is considered a positive development towards sustainable shipping but makes it more
difficult for some actors to access these funds.

4.2.4. The Presence and Capabilities of Interaction to Create Legitimacy

Fierce global competition has resulted in low margins [1,3,11,14,50]. This negatively
affects the willingness of actors to cooperate [1,14]. However, primarily societally-driven
changes such as energy transition, require pre-competitive cooperation, as otherwise the
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first movers will induce the most cost. This competition can motivate actors in a more
commercially driven context of technology development, where pre-competitive interaction
is less necessary. The first mover systemic challenge can only be overcome via interaction
and agreement between the actors. A possible chance in that respect is to extend the use of
experimental area policies to economic policies.

Overall, the second activity of creating legitimacy or market demand is closely linked
to the primary activity. Creating legitimacy encounters five systemic challenges, as shown
in Table 2, for which the existing structures need to be adapted to increase the rate of the
European maritime energy transition. The formulation of clear long-term directives (e.g.,
for the energy transition) is required to create an overarching market demand perspective
and to counter the uncertainty of short-term volatile market conditions. In all systemic
challenges, the uncertainty concerning the future business case resulting from dependency
on regulation and infrastructure is considered essential.

4.3. Mobilizing Resources (A3)

This activity relates to the capabilities to mobilize finances, skilled labor, and scarce
materials or hardware towards achieving the transitional goals. Table 3 shows five systemic
challenges resulting from the referenced literature.

Table 3. A summary of the systemic challenges for mobilizing resources (A3) evaluated per structural element. Note, only

literature in line with criteria are referenced.

Evaluated Structural Element Systemic Challenge References
S.1 Actors Limited access to resources for actors [11,12,14,29,52]
S2. Institutions Limited (onboard and regulatory) standardization [1,51,53,54]
Limited availability of educated staff [12,17,29,55]
S3. Infrastructure
Lack of physical infrastructure [1,3-5,44]
S4. Interaction Limited quality of interaction with resource providers [3,11,12,56]

4.3.1. The Presence and Capabilities of Actors to Mobilize Resources

Table 3 starts with the limited access to resources for actors [11,12,14,29,52]. First, the
harsh markets due to transport overcapacity affected the actors’ capabilities to mobilize
financial resources in the EU [12,14,29]. The global waterborne transport sector experienced
growth until 2008. This resulted in a fleet extension. The orderbooks at shipyards for new
vessels were filled for several years. However, after the banking crisis, economic collapse
rapidly reduced demand for waterborne transport, while long term agreements on vessels
to be built continued to increase transport capacity in the following years. The exceptions
were actors in the European maritime sector who focused on growth niches such as cruises
and offshore wind power. In general, only larger and financially sound shipping companies
experienced relatively low boundary access to funding [57]. Secondly, the mobilization
of human resources depended on the availability of actors related to maritime education
and research and the presence of a high-quality maritime cluster [11,52]. In general, the
European maritime sector has seemingly sufficient educational actors, but availability
is related to the cluster’s vicinity. The vicinity is considered essential for the transfer of
expertise (see also Section 4.3.3) [11].

4.3.2. The Presence and Capabilities of Institutions to Mobilize Resources

The institutional challenge is the application of new concepts due to onboard and
regulatory standardization [1,51,53,54]. As previously mentioned, there is limited standard-
ization for vessels, as these are built as single or small series products [51]. Therefore, a fair
share of innovations are not broadly applicable, which also affects the rate of standardiza-
tion. An example of a lack of onboard standardization in the last decades was the difference
in electrical grid frequency for vessels (onboard vs. on shore). Initially, generators were
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optimized for onboard use. However, shore connections have gained importance over
the past few years as a technology for mitigating ports” emissions [58]. In the past few
years this has provided challenges in providing shore connection for (green) electricity, as
the electrical grids did not match. A related standardization systemic challenge considers
the extensive and historically developed safety regulations. These regulations are often
made on an empirical basis, and therefore are not easily comparable between different
technologies. This results in a relatively long lead-time before a new concept is approved.
A more proactive approach that is actively pursued considers goal-based regulation which
provides more routes towards equivalent safety levels [53]. In general, institutions such as
standards and regulations are negatively reviewed as they induce extra costs.

4.3.3. The Presence and Capabilities of Infrastructure to Mobilize Resources

The systemic infrastructural challenges are three-fold. Literature mentions lack finan-
cial resource infrastructure for mobilizing resources, as already discussed in Section 4.2.
The secondary element is the presence of educational and research facilities, and thereby
educated staff [12,17,29,55]. As discussed in Sections 4.1 and 4.2, there is a significant differ-
ence in infrastructure related to the knowledge eco-systems per cluster. The availability of
knowledgeable staff is affected by a low innovation culture, as part of a broader traditional
mindset [41]. The image of a low innovation culture also increases the difficulty to find
(young) talent. This is perceived as a secondary effect of the public awareness and negative
perception of the sector (see also Section 4.1.4). This will be clarified further in Section 4.4.

Thirdly, there is a physical infrastructure which in literature is mostly seen as a given
situation. Nevertheless, recent industrial outlooks clarify the criticality related to the
energy transition of transforming the physical existing bunker infrastructure to alternative
energy carriers such as hydrogen [1,3-5,44]. Replacing or updating existing infrastructure
is perceived as an activity on the critical time path for energy transition. This requires
cross-sectoral interaction with the energy sector. The related uncertainty is perceived as a
potential loss of future assets” value, reducing the commercial legitimacy to act.

4.3.4. The Presence and Capabilities of Interaction to Mobilize Resources

The sixth systemic challenge relates to the formulation of the required resources [3,11,12,56].
Given the near future’s relative uncertainty, it is difficult to determine the required resources
relating to funding, knowledge, and physical infrastructure [12,56]. A specific focus is
required on interaction with the related actors (e.g., authorities and energy providers)
towards mobilizing risk-reducing funds for the long term, and the availability of sus-
tainable energy carriers. Additionally, the systemic interaction challenges discussed in
Sections 4.1.4 and 4.2.1-4.2.4 also affect resource mobilization.

For the activity of mobilizing resources, systemic challenges in the literature state
the limited presence of risk mitigating funds, and the development of competent staff
in relation to sustainability. However, the main uncertainty relates to the availability of
infrastructure for sustainable energy carriers, and applicable standardized technology. The
expectation is that a major overhaul is required to meet the energy transition aims, which
will cause financial and expertise challenges. This requires further detailed research on
how these change incentives can best be mitigated.

4.4. Knowledge Development and Dissemination (A4)

This activity relates to developing and disseminating knowledge via research and
development activities and the structuring of sectoral education and qualification to sustain
newly gained knowledge. It also relates to the capacity to train and develop personnel’s
skills to work towards achieving the transition goals and the capacity for (cross) sectoral ex-
change among actors for the sector’s overall benefit. Table 4 shows six systemic challenges
resulting from referenced literature.
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Table 4. A summary of the systemic challenges for developing and disseminating knowledge (A4) evaluated per structural

element. Note, only literature in line with criteria are referenced.

Evaluated Structural Element Systemic Challenge References
S1. Actors Presence and quality of knowledge organizations [44,55,56]
Heterogeneity of the relevant actors [11,12,41,56,59,60]
S2. Institutions Insufficient alignment and embedding of knowledge [12,29,42,61]
Knowledge infrastructure irrespective of economic trends [1,14,29,40]
S3. Infrastructure
Complexity of knowledge development [1,12,51,61]
S4. Interaction Limited (cross-)sectoral interaction [3,8,11,14,40,62,63]

4.4.1. The Presence and Capabilities of Actors to Develop and Disseminate Knowledge

The first two systemic challenges are related to the presence and quality of (maritime)
knowledge organizations [42,55,56], and the heterogeneity of relevant actors (the presence
of multinationals and startups) [11,12,39,56,59,60]. Most studies are positive towards
the presence of actors such as maritime knowledge organizations, and towards research
and development within these clusters [56]. However, little conclusive data have been
found on actual capabilities in comparison to other sectors. The role of maritime actors
concerning knowledge interaction differs greatly between SMEs and multinationals. Cross-
sectoral knowledge exchange (e.g., concerning IT) is becoming increasingly important
due to the enormous impact on shipping [60]. Overall, most major innovations tend to
come from other sectors [7], which increases the importance of cross-sectoral knowledge
exchange. Some larger actors automatically operate in various sectors (e.g., national
research institutes). However, the role of SMEs needs further research.

4.4.2. The Presence and Capabilities of Institutions to Develop and
Disseminate Knowledge

According to the literature, institutions are insufficiently aligned towards achieving
the transition goals [12,29,42,61]. This can be countered by developing goal-based stan-
dards and identifying areas in which trials of new technologies can be conducted. This
challenge also relates to the insufficient embedding of knowledge, as most of it is implicitly
experience-based. A culture of organizational learning is required to counter this, but this
is specifically difficult in shipbuilding, as most vessels are different. Significant discussion
is ongoing on where to place the focus as a result of the complexity and uniqueness of
maritime production. The uniqueness makes it challenging to acquire reproducible data
for product or process improvements. This is less of a concern for ship operators and
suppliers [54]. Enabling factors include the European and national research programs
which support the development and dissemination of new knowledge.

4.4.3. The Presence and Capabilities of Infrastructure to Develop and
Disseminate Knowledge

The fourth and fifth systemic challenge cover knowledge infrastructure. First, the
literature mentions a lack of knowledge infrastructure (e.g., research subsidy schemes,
knowledge management) irrespective of economic trends [1,14,29,40]. The picture of the
knowledge infrastructure is mixed and mostly focuses on the availability of research and
education facilities. Within the EU there are several globally renowned knowledge clusters
within the UK, Norway, Finland, Denmark, the Netherlands, Spain, Italy and Greece.
In addition to these existing clusters, significant initiatives are observed of platforms
joining between research and industry to cooperate on digitalization trends and the energy
transition, which shows a positive trend.

In shipbuilding, knowledge is often mostly experience-based, which adds to the difficulty
of developing and disseminating knowledge as discussed in Section 4.4.2 [1,12,51,61]. The
maritime sector is highly influenced by economic trends, resulting in a loss of knowledge
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during crises due to significant layoffs [17]. For this reason, initial steps have been taken
towards organizational learning as mentioned above.

4.4.4. The Presence and Capabilities of Interaction to Develop and Disseminate Knowledge

The final systemic challenge is related to interaction. Studies have focused on the
willingness and the types of interaction present within the maritime sector to evaluate
knowledge exchange [3,8,11,14,40,62,63]. This active focus on knowledge exchange is em-
bedded within maritime academia via conferences and research papers. The cross-sectoral
interaction level provides extensive opportunities, but these are not optimally exploited,
(e.g., integrating truck engine developments in the inland shipping domain) [11]. However,
the large number of actors involved in shipbuilding, and the fierce competition between
them, have led to complex interaction. Intellectual property leakage in projects [40] has
affected the trust required for interaction. Besides, as a result of competition, interaction
is more difficult for industry applied knowledge [14,63]. This creates challenges between
shipping companies and the rest of the shipping industry [8]. A further significant incum-
bent effect on knowledge exchange results from proximity within a maritime cluster [11].
Finally, a lack of transparency of information, for example on shipping emissions, hinders
decision making [3].

Overall, maritime sectoral knowledge development focuses on incremental rather
than on radical innovation research and development activities due to the type of product
manufactured. Maritime knowledge exchange is present, but there is a lack of trust to
share knowledge and a lack of standardization. Better aligned and supported research and
development programs show positive development in relation to energy transition.

4.5. Systemic Challenges

In summary, a total of 21 systemic challenges have been identified based on the
analyzed literature. Throughout Sections 4.1-4.4 these have been clarified. Figure 2 shows
the summary matrix of sectoral activities, and the accompanying number of systemic
challenges per structural element.
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Figure 2. A summary of the number of systemic challenges per relevant references (x in y) per

structural element and sectoral activity. A dotted circle is applied when fewer than three references
stated the systemic challenge.

The number (x) per sphere in Figure 2 shows the number of systemic challenges per
element per activity. Besides, the number of different references (y) per set of challenges
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is shown. Note, this does not correspond with the relative importance of the systemic
challenge. It does show whether the challenge is mentioned in multiple references or fewer
than three. The relative importance needs to be researched to apply focus on the mitigation
of systemic challenges.

Overall, the aim is to adapt existing structures so that the energy transition aims can
be realized. The rate of adapting existing structures largely dictates the transition rate in
a sectoral system. This relates to the actors, institutions, infrastructure and interaction.
The 21 systemic challenges create a combined barrier to achieving the European maritime
energy sector’s transition aims. To increase the transition rate, adequate regulatory pressure
and supporting incentives (e.g., subsidies) are required [1]. The primary mandate to change
regulatory structures or incentive schemes for the energy transition lies with the authorities
and with ship owners’ customers. Implementing rules and regulations is essential in
order to achieve financial legitimacy but is often extremely slow, resulting in delays or
crisis-ridden processes [22].

5. Discussion

Current industry perspectives and outlooks shared by organizations such as Shell,
DNV-GL, Lloyds register create much insight into challenges and expectations for the
coming decades in sustainable shipping. The sector needs to take the next step in struc-
turing and to prioritize a goal-based approach. Then, it can move towards an actionable
framework in which information can be shared transparently. This analysis of maritime
innovation literature and the structuring of literature results based on the innovation sys-
tem’s main elements provide insight into systematic challenges, especially concerning the
maritime energy transition. Using a holistic and comparable innovation system perspective,
we offer a foundation for future in-depth maritime sectoral analysis. In this context, the
capabilities and quality of a sector’s structural elements (actors, institutions, infrastruc-
ture, and interaction) are considered decisive for performing the activities required for an
innovation process. Currently, most analyses provide a relevant yet limited overview by
starting from a specific use-case perspective.

An important drawback of using innovation systems elements is that the relative
importance of challenges is not evident from the literature analysis. Approaches to relative
scoring have been applied in other research studies [28]. Further research should focus
on the perceived importance of systemic challenges by different actors in various niche
contexts. According to the authors, it can be hypothesized that the transition process
is heavily influenced by niches within the maritime domain in which the legitimacy of
investing in sustainability becomes feasible first. Examples of such shipping niches are
vessels of non-commercially oriented actors, such as national governments, and passenger
vessels for tourism in nature reserves. These niches and the accompanying regulatory
and knowledge development can be disseminated for application to more mainstream
types of waterborne transport. To differentiate between which structures need to be
addressed for the whole European maritime sector and where the niche possibilities are
present to develop the required knowledge, we recommend embedding a detailed analysis
of prioritized systemic challenges into theoretical frameworks related to socio-technical
transitions (e.g., Geels et al. [26]).

Overall, the global shipping industry is characterized by regulatory compliance. Its
global nature has led to fierce competition, inertia, and the rigidity of existing structures
(e.g., infrastructure, institutions, interaction) [1]. The practical implications lean primarily
towards reorganizing actors via goal-based research programs (e.g., SRIA zero-emission
waterborne transport [44]) to reduce the complexity of required interaction in all activities
and thereby reducing lead time in strategy and policy development. This should increase
the sector’s perceived societal and economic importance for governing national and Eu-
ropean bodies, resulting in better and more comprehensive supportive policies. These
policies should be aimed at reducing the financial risks of innovation processes, resulting
in an increased legitimacy to innovate and thereby increased knowledge development.
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Furthermore, an increase in the interest of highly educated personnel is required to
take the next step in the energy transition. Adapting existing institutions should increase
the decisiveness of the maritime sector. This is considered essential to align the sector’s
innovation process with the ever-increasing pace of regulatory and technological develop-
ment concerning the energy transition. This combined effort should increase the pace of
creating legitimacy for sustainable investment in the sector, which is the most prominently
stated challenge.

There is a strong indication that the activity of developing strategy and policy is
limited due to a lack of unification and alignment of the actors, and significant technology
dependencies, causing interaction problems. Maritime knowledge interaction is present
but mostly performed by larger actors. Maritime knowledge management focuses on incre-
mental innovation research and development activities rather than on radical innovation.

For all activities, the role of SME actors is incomplete; however they represent a
significant part (70%) of the sector. As a result, their perceived influence is minimal, but
SME’s perform an essential role in practice, for example, as seeds for the (sustainable)
innovation required in the maritime domain. In this respect, there also is much to gain from
different types of actors from a cross-sectoral domain instigating more radical innovation.
Overall, a further focus on prioritizing systemic challenges and embedding findings in the
social-technical transition framework should substantiate the authorities” decision basis to
guide the maritime energy transition. Embedding the findings creates additional insight
into differentiating whether systemic challenges need to be addressed at the level of the
whole European maritime sector or to focus on niche possibilities to develop the required
knowledge on, for example, the taxation of greenhouse gases and the first application of
fuel cell technology.

6. Conclusions

This paper provided a structured overview and evaluation of maritime systemic
innovation challenges linked to energy transition. This has been accomplished by carrying
out a systematic literature review. If policymakers and other actors respond to these
challenges, the maritime sector’s resilience to the energy transition is expected to increase.

6.1. Systemic Challenges Concerning the Maritime Energy Transition Aims

The extensive literature findings have been structured and discussed via four key
activities that support the transition process: developing strategy and policy, creating
legitimacy, mobilizing resources, and developing and disseminating knowledge. The
systemic challenges related to these activities require adaptation of the existing structures
to increase the European maritime energy transition rate.

Improving interaction and improving how actors are organized is considered critical
for all systemic challenges related to developing strategy and policy. Creating legitimacy
needs to overcome the absence of a business case, which is affected by the related systemic
challenges. The formulation of clear long-term directives (e.g., for the energy transition) is
necessary to create an overarching market demand perspective. The demand perspective is
required to counter the uncertainty of short-term volatile market conditions. In all systemic
challenges, the uncertainty concerning the future business case resulting from dependency
on regulation and infrastructure is considered critical. For mobilizing resources, there is
a focus on risk-mitigating funds, closely linked with creating legitimacy, and competent
staff in relation to sustainability. However, the main uncertainty relates to the availability
of infrastructure for sustainable energy carriers and applicable standardized technology.
The expectation is that a major overhaul is required to meet the energy transition aims,
which will cause financial and expertise challenges. This requires further detailed strategic
research on how these change incentives can best be shaped. Concerning knowledge
development, the current focus is on incremental rather than radical innovation research
and development activities. Maritime knowledge exchange is present, but there is a lack
of the required trust to share information and a lack of standardization. More broadly



Sustainability 2021, 13, 715

150f 17

aligned and supported research and development programs show a positive development
in relation to the energy transition.

As the activities of creating direction and creating legitimacy are limited, other ac-
tivities also become less effective. Lacking direction and legitimacy negatively affects the
capability to mobilize resources and to develop knowledge. This is especially critical for
the adaptation of existing structures in relation to major regulatory and infrastructural de-
velopments on the critical time path, that directly affect the rate of the European maritime
sector’s energy transition.

6.2. Theoretical Contributions and Practical Implications

This paper contributes to the literature by defining the systemic challenges that affect
Europe’s maritime sector’s energy transition. By structuring sector-wide literature for
the first time via systemic challenges in line with sectoral innovation systems theory, we
create a reference point for further analysis. This allows further cross-sectoral comparison,
thereby adding to theory [64]. Finally, most research in the maritime sector is solely linked
to specific cases, a gap that is partially overcome by this study.

This paper shows strong indications for a series of systemic challenges within the four
activities of the maritime innovation system. Developing maritime strategies and policies is
required to guide the sector. These systemic challenges provide a basis for further research
on the comparison, prioritization, and guidance for practitioners for developing strategies
for innovation in the European maritime sector.

6.3. Limitations and Areas for Future Research

This study solely uses literature sources. Therefore, the implications discussed above
need to be tested and validated with further research. Furthermore, the study gives a
complete overview of the maritime sector’s challenges, but requires continuous updates
over the coming years to remain relevant. The interdependencies and importance of
activities need to be analyzed to determine the most effective route for initiating policies.

Furthermore, the paper does not provide exact causes, effects, or possible mitigations
of the challenges. Here, future research is required with a detailed scope and structured
approach to all activities. This should include expert reviews of the evaluations, and
quantified data that support the evaluations. Furthermore, the study is limited in its scope.
It is recommended that further research is performed on a more regional scope relating to
energy transition. This is required to increase the accuracy of the findings, as the indications
found above can differ per country.

The paper is limited in that it focuses on the EU (not including non-EU countries).
However, analyzing the activities and structural elements presented in this paper could
form a possible building block for a more detailed analysis compared to other sectors and
countries outside the EU. Besides a more detailed scope, it is also recommended that these
building blocks are used as a sub-element in a broader analysis of frameworks concerning
socio-technical transition within the maritime sector.

Author Contributions: Conceptualization, formal analysis and writing by ]. M.B.; Review and editing
by J.P. and G.v.d.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding and is part of a collaboration on sustainable
shipping between the TU Delft and TNO.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

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



Sustainability 2021, 13, 715 16 of 17

References

1.

0O ®© N

11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

Psarros, G.A.; Mestl, T. Towards understanding the stepwise dissemination of shipping technologies. WMU . Marit. Aff. 2015, 14,
7-24. [CrossRef]

IMO. Reduction of GHG Emissions from Ships—Fourth IMO GHG Study—Final Report; IMO: London, UK, 2020.

Shell International B.V. Decarbonising Shipping: All Hands on Deck—Industry Perspective; Shell international B.V.: Den Haag,
The Netherlands, 2020.

DNV-GL. Maritime Forecast to 2050; DNV-GL: Hamburg, Germany, 2020.

Lloyd’s Register | UMAS. Zero-Emission Vessels in 2030. How Do We Get There? Lloyd’s Register Group Limited and UMAS:
London, UK, 2017.

Van Meijeren, J.; de Leeuw van Weenen, R.; van der Geest, W.; Kraan, M. Impactschatting Risico Reverse Modal Shift Containervervoer;
Panteia: Zoetermeer, The Netherlands, 2019.

Pavitt, K. Sectoral patterns of technical change: Towards a taxonomy and a theory. Res. Policy 1984, 13, 343-373. [CrossRef]
Jenssen, ].I; Randoy, T. The Performance Effect of Innovation in Shipping. Marit. Policy Manag. 2006, 33:4, 327-343. [CrossRef]
Geroski, P.; Machin, S.; Van Reenen, ]J. The Profitability of Innovating Firms. RAND ]. Econ. 1993, 24, 198. [CrossRef]

Weber, K.M.; Schaper-Rinkel, P. European sectoral innovation foresight: Identifying emerging cross-sectoral patterns and policy
issues. Technol. Forecast. Soc. Chang. 2017, 115, 240-250. [CrossRef]

De Langen, P. Clustering and performance: The case of maritime clustering in The Netherlands. Marit. Policy Manag. 2002, 29,
209-221. [CrossRef]

Wijnolst, N.; Wergeland, T. Shipping Innovation; Delft University Press: Amsterdam, The Netherlands, 2008.

de Araujo, F.O.; Dalcol, PR.T.; Longo, W.P. A Diagnosis of Brazilian Shipbuilding Industry on the Basis of Methodology for an
Analysis of Sectorial Systems of Innovation. J. Technol. Manag. Innov. 2011, 6, 152-171. [CrossRef]

Arduino, G.; Aronietis, R.; Crozet, Y.; Frouws, K.; Ferrari, C.; Guihéry, L.; Kapros, S.; Kourounioti, I.; Laroche, F.; Lambrou, M.;
et al. How to turn an innovative concept into a succes? An application to seaport-related innovation. Res. Transp. Econ. 2013, 42,
97-107. [CrossRef]

Makkonen, T.; Inkinen, T.; Saarni, J. Innovation types in the Finnish maritime cluster. WMU J. Marit. Aff. 2013, 12, 1-15. [CrossRef]
Poulis, E.; Poulis, K.; Dooley, L. “Information communication technology’ innovation in a non-high technology sector: Achieving
competitive advantage in the shipping industry. Serv. Ind. J. 2013, 33, 594-608. [CrossRef]

European Commission. LeaderSHIP2020: The Sea—New Opportunities for the Future; European Union: Brussels, Belgium, 2015.
IMO. Resolution Mepc.304 Initial Imo Strategy on Reduction Of Ghg Emissions From Ships; MEPC: London, UK, 2018.

Thorpe, R.; Holt, R.; Macpherson, A.; Pittaway, L. Using knowledge within small and medium-sized firms: A systematic review
of the evidence. Int. |. Manag. Rev. 2005, 7, 257-281. [CrossRef]

Smith, M.; Busi, M.; Ball, P.; Van Der Meer, R. Factors Influencing an Organisations ability to Manage Innovation: A structured
literature review and conceptual model. Int. J. Innov. Manag. 2008, 33, 655-676. [CrossRef]

Wieczorek, A.; Hekkert, M. Systemic instruments for systemic innovation problems: A framework for policy makers and
innovation scholars. Sci. Public Policy 2012, 39, 74-87. [CrossRef]

Dolata, U. Technological innovations and sectoral change. Res. Policy 2009, 38, 1066-1076. [CrossRef]

Malerba, F. The Oxford Handbook of Innovation; Oxford University Press: Oxford, UK, 2005; Chapter 14; p. 385.

Porter, M. The Competitive Advantage of Nations; Free Press: New York, NY, USA, 1990.

Malerba, F. Sectoral systems of innovation and production. Res. Policy 2002, 31, 247-264. [CrossRef]

Geels, EW.; Schot, J. Typology of sociotechnical transition pathways. Res. Policy 2007, 36, 399-417. [CrossRef]

Hekkert, M.; Suurs, R.; Negro, S.; Kuhlmann, S.; Smits, R. Functions of innovation systems: A new approach for analysing
technological change. Technol. Forecast. Soc. Chang. 2007, 74, 413-432. [CrossRef]

Wieczorek, A.J.; Negro, S.O.; Harmsen, R.; Heimeriks, G.J.; Luo, L.; Hekkert, M.P. A review of the European offshore wind
innovation system. Renew. Sustain. Energy Rev. 2013, 26, 294-306. [CrossRef]

Dewan, M.H.; Yaakob, O.; Suzana, A. Barriers for adoption of energy efficiency operational measures in shipping industry. WMU
J. Marit. Aff. 2018, 17, 169-193. [CrossRef]

Hekkenberg, R.; Thill, C.; Vugt, H.; Zanden, P.V.D. A strategy to towards increased innovation in inland ship design. In
Proceedings of the European Inland Waterway Navigation Conference, Visegrad, Hungary, 27-29 June 2007.

Pallis, A.A. Maritime interests in the EU policy-making: Structures, practices, and governability of collective action. WMU J.
Marit. Aff. 2007, 6, 3-20. [CrossRef]

Viederyté, R. Maritime Cluster Organizations: Enhancing Role of Maritime Industry Development. Procedia Soc. Behav. Sci. 2013,
81, 624-631. [CrossRef]

Hyvittinen, H.; Hildén, M. Environmental policies and marine engines—Effects on the development and adoption of innovations.
Mar. Policy 2004, 28, 491-502. [CrossRef]

Chintoan-Uta, M; Silva, J.R. Global maritime domain awareness: A sustainable development perspective. WMU J. Marit. Aff.
2016, 16, 37-52. [CrossRef]

Parker, J. The Role of Professional Associations in Shipping. WMU J. Marit. Aff. 2003, 2, 99-113. [CrossRef]

Roe, M. Maritime Governance and Policy-making: The Need for Process Rather than form. Asian J. Shipp. Logist. 2013, 29, 167-186.
[CrossRef]


http://doi.org/10.1007/s13437-015-0082-4
http://doi.org/10.1016/0048-7333(84)90018-0
http://doi.org/10.1080/03088830600895485
http://doi.org/10.2307/2555757
http://doi.org/10.1016/j.techfore.2016.09.007
http://doi.org/10.1080/03088830210132605
http://doi.org/10.4067/S0718-27242011000400012
http://doi.org/10.1016/j.retrec.2012.11.002
http://doi.org/10.1007/s13437-013-0039-4
http://doi.org/10.1080/02642069.2011.623776
http://doi.org/10.1111/j.1468-2370.2005.00116.x
http://doi.org/10.1142/S1363919608002138
http://doi.org/10.1093/scipol/scr008
http://doi.org/10.1016/j.respol.2009.03.006
http://doi.org/10.1016/S0048-7333(01)00139-1
http://doi.org/10.1016/j.respol.2007.01.003
http://doi.org/10.1016/j.techfore.2006.03.002
http://doi.org/10.1016/j.rser.2013.05.045
http://doi.org/10.1007/s13437-018-0138-3
http://doi.org/10.1007/BF03195086
http://doi.org/10.1016/j.sbspro.2013.06.487
http://doi.org/10.1016/j.marpol.2004.01.001
http://doi.org/10.1007/s13437-016-0109-5
http://doi.org/10.1007/BF03195038
http://doi.org/10.1016/j.ajsl.2013.08.003

Sustainability 2021, 13, 715 17 of 17

37.

38.

39.

40.

41.

42.
43.

44.
45.

46.

47.

48.

49.
50.

51.

52.
53.

54.

55.
56.

57.
58.

59.
60.

61.
62.

63.

64.

Wiegmans, B.; Geerlings, H. Sustainable port innovations: Barriers and enablers for successful implementation. World Rev.
Intermodal Transp. Res. 2010, 3, 230. [CrossRef]

Topali, D.; Psaraftis, H.N. The enforcement of the global sulfur cap in maritime transport. Marit. Bus. Rev. 2019, 4, 199-216.
[CrossRef]

Karahalios, H. Evaluating the knowledge of experts in the maritime regulatory field. Marit. Policy Manag. 2017, 44, 426-441.
[CrossRef]

European Commission. LeaderSHIP2015: Defining the Future of the European Shipbuilding and Shiprepair Industry; European Union:
Brussels, Belgium, 2010.

Blanco, B.; Pérez-Labajos, C.; Sanchez, L.; Serrano, A.; Lopez, M.; Ortega, A. Innovation in Spanish Port Sector. J. Marit. Res. 2010,
VII, 71-86.

Jenssen, J.I; Randey, T. Factors that promote innovation in shipping companies. Marit. Policy Manag. 2002, 29, 119-133. [CrossRef]
Salvador, R. Maritime Clusters Evolution. The (not so) Strange Case of the Portuguese Maritime Cluster. J. Marit. Res. 2014, 11,
53-59.

Waterborne. Strategic research and innovation agenda on Zero Emission Waterborne Transport; Waterborne: Brussel, Belgium, 2020.
Unctadstat. Maritime Profile: Marshall Islands. Available online: https:/ /unctadstat.unctad.org/CountryProfile/MaritimeProfile /en-
GB/584 /index.html (accessed on 23 November 2020).

Kongsberg. New Norwegian Autonomous Shipping Test-Bed Opens. 2017. Available online: https://www.km.kongsberg.com/
ks/web/nokbg0238.nsf/ AllWeb /FA9523C22BEB1FODC12581EF0033 A A86?OpenDocument (accessed on 24 April 2020).

U.S. Congress. United States Code: Merchant Marine Act, 46 U.S.C. §§ 5. 2006. Available online: https:/ /www.law.cornell.edu/
uscode/text/46 (accessed on 23 November 2020).

Kalouptsidi, M. Detection and Impact of Industrial Subsidies: The Case of Chinese Shipbuilding. Rev. Econ. Stud. 2017, 85,
1111-1158. [CrossRef]

Poseidon Principles. A Global Framework for Responsible Ship Finance; Poseidon Principles: Copenhagen, Denmark, 2019.
Solesvik, M.Z.; Berger-Vachon, C.; Gil Lafuente, A.M.; Kacprzyk, ].; Kondratenko, Y.; Merigo, ].M.; Morabito, C.F. Partner Selection
in Green Innovation Projects; Springer Science and Business Media LLC: Berlin, Germany, 2017; Volume 125, pp. 471-480.
Hengst, S. Productiesystemen en Productieprocessen. De Maritieme Sector, Fabricage en Voorbewerking van Staal, 1st ed.; Delft University
Press: Amsterdam, The Netherlands, 1999.

Doloreux, D. What is a maritime cluster? Mar. Policy 2017, 83, 215-220. [CrossRef]

Hoppe, H. Goal-based Standards—A New Approach to the International Regulation of Ship Construction. WMU . Marit. Aff.
2005, 4, 169-180. [CrossRef]

Notteboom, T.; Rodrigue, J.-P. Containerisation, Box Logistics and Global Supply Chains: The Integration of Ports and Liner
Shipping Networks. Marit. Econ. Logist. 2008, 10, 152-174. [CrossRef]

Cogliolo, A. Sustainable shipping green innovation for the maritime industry. Sustain. Manag. Mediterr. 2015, 26, 65-72.

Benito, G.R.G.; Berger, E.; De La Forest, M.; Shum, J. A cluster analysis of the maritime sector in Norway. Int. ]. Transp. Manag.
2003, 1, 203-215. [CrossRef]

Link-Wills, K. Stormy Times for Ship Financing. 2019. Available online: https://www.freightwaves.com/news/stormy-times-
for-ship-financing (accessed on 24 April 2020).

Diez-Picazo, M.F. Climate change and the future Maritime Policy for the EU. WMU ]. Marit. Aff. 2007, 6, 241-247. [CrossRef]
Blonk, T. Mapping the European Maritime Cluster; Netherlands Maritime Technology: Rotterdam, The Netherlands, 2015.
Pagoropoulos, A.; Maier, A.; McAloone, T.C. Assessing transformational change from institutionalising digital capabilities on
implementation and development of Product-Service Systems: Learnings from the maritime industry. J. Clean. Prod. 2017, 166,
369-380. [CrossRef]

Van Bruinessen, T. Towards a Different View on Ship Design, 1st ed.; Delft: Delft University Press: Amsterdam, The Netherlands, 2014.
Chen, Q. Language barriers, cultural differences and international cooperation between Maritime Institutions. In Proceedings
of the 17th Annual General Assembly of the international Association of Maritime Universities, Haiphong City, Vietnam,
26-29 October 2016.

Monteiro, P.V.; De Noronha, T.; Neto, P. A Differentiation Framework for Maritime Clusters: Comparisons across Europe.
Sustainability 2013, 5, 4076-4105. [CrossRef]

Malerba, F. Sectoral Systems of Innovation: Concepts, Issues and Analyses of Six Major Sectors in Europe, 1st ed.; Cambridge University
Press: Cambridge, UK, 2004.


http://doi.org/10.1504/WRITR.2010.034664
http://doi.org/10.1108/MABR-12-2018-0050
http://doi.org/10.1080/03088839.2017.1298865
http://doi.org/10.1080/03088830110078346
https://unctadstat.unctad.org/CountryProfile/MaritimeProfile/en-GB/584/index.html
https://unctadstat.unctad.org/CountryProfile/MaritimeProfile/en-GB/584/index.html
https://www.km.kongsberg.com/ks/web/nokbg0238.nsf/AllWeb/FA9523C22BEB1F0DC12581EF0033AA86?OpenDocument
https://www.km.kongsberg.com/ks/web/nokbg0238.nsf/AllWeb/FA9523C22BEB1F0DC12581EF0033AA86?OpenDocument
https://www.law.cornell.edu/uscode/text/46
https://www.law.cornell.edu/uscode/text/46
http://doi.org/10.1093/restud/rdx050
http://doi.org/10.1016/j.marpol.2017.06.006
http://doi.org/10.1007/BF03195072
http://doi.org/10.1057/palgrave.mel.9100196
http://doi.org/10.1016/j.ijtm.2003.12.001
https://www.freightwaves.com/news/stormy-times-for-ship-financing
https://www.freightwaves.com/news/stormy-times-for-ship-financing
http://doi.org/10.1007/BF03195119
http://doi.org/10.1016/j.jclepro.2017.08.019
http://doi.org/10.3390/su5094076

	Introduction 
	Background 
	Definition of the European Maritime Sector 
	Definition of the European Maritime Energy Transition 

	Methodology 
	Results 
	Developing Strategy and Policy (A1) 
	The Presence and Capabilities of Actors to Develop Strategy and Policy 
	The Presence and Capabilities of Institutions to Develop Strategy and Policy 
	The Presence and Capabilities of Infrastructure to Develop Strategy and Policy 
	The Presence and Capabilities of Interaction to Develop Strategy and Policy 

	Creating Legitimacy (A2) 
	The Presence and Capabilities of Actors to Create Legitimacy 
	The Presence and Capabilities of Institutions to Create Legitimacy 
	The Presence and Capabilities of Infrastructure to Create Legitimacy 
	The Presence and Capabilities of Interaction to Create Legitimacy 

	Mobilizing Resources (A3) 
	The Presence and Capabilities of Actors to Mobilize Resources 
	The Presence and Capabilities of Institutions to Mobilize Resources 
	The Presence and Capabilities of Infrastructure to Mobilize Resources 
	The Presence and Capabilities of Interaction to Mobilize Resources 

	Knowledge Development and Dissemination (A4) 
	The Presence and Capabilities of Actors to Develop and Disseminate Knowledge 
	The Presence and Capabilities of Institutions to Develop and Disseminate Knowledge 
	The Presence and Capabilities of Infrastructure to Develop and Disseminate Knowledge 
	The Presence and Capabilities of Interaction to Develop and Disseminate Knowledge 

	Systemic Challenges 

	Discussion 
	Conclusions 
	Systemic Challenges Concerning the Maritime Energy Transition Aims 
	Theoretical Contributions and Practical Implications 
	Limitations and Areas for Future Research 

	References

