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Abstract

The transition towards sustainable, resilient and digitally integrated port ecosystems has
increased the need for collaborative innovation approaches capable of supporting broader
sustainability transitions. In this context, open and sustainable innovation (OSI) offers a
strategic mechanism for integrating economic, environmental and social objectives within
complex maritime ecosystems. Although previous studies have explored technological
innovation and isolated sustainability initiatives in ports, limited empirical attention has
been given to how stakeholders perceive OSI and how its implementation is operationalised
across a national port system. This study addresses this gap by investigating the central
research question: how do key stakeholders perceive and implement OSI practices within
the Portuguese port system? Specifically, it analyses organisational culture, governance
structures, stakeholder engagement mechanisms, institutional barriers and sustainability-
oriented innovation practices. The research adopts a qualitative approach based on ten
semi-structured interviews with representatives of five Portuguese port authorities occu-
pying senior management and strategic positions. The findings show that OSI is widely
recognised as important for competitiveness, sustainability performance and alignment
with transition agendas, but its implementation remains uneven across ports. Organisa-
tional resistance, fragmented governance, regulatory complexity and limited monitoring
mechanisms constrain the institutionalisation of OSI practices. Nevertheless, collaborative
initiatives involving universities, innovation networks, public—private partnerships and
digital platforms indicate a gradual shift towards more integrated and participatory gov-
ernance models. The study concludes that OSI can support sustainability transitions in
port ecosystems when enabled by coordinated governance, stakeholder collaboration and
organisational capabilities.

Keywords: open innovation; open and sustainable innovation; sustainability transitions;
port ecosystem; stakeholder engagement; governance; SDGs; maritime sustainability

1. Introduction

Ports are undergoing a profound transformation driven by the combined pressures of
digitalisation and sustainability transitions. Increasing regulatory demands, environmental
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concerns, decarbonisation objectives, and intensifying global competition are compelling
port authorities to move beyond traditional operational models and adopt more collabora-
tive, adaptive, and innovation-driven approaches. As ports operate as complex logistics,
institutional, and territorial systems, their capacity to innovate increasingly depends on the
coordination of infrastructure, governance, environmental management, and stakeholder
relationships [1,2]. In this context, open innovation (OI) has emerged as a key paradigm,
enabling organisations to leverage external knowledge flows, inter-organisational collabo-
ration, and stakeholder partnerships to enhance competitiveness, resilience, and long-term
adaptability [3,4].

More recently, the integration of sustainability objectives into innovation processes
has contributed to the emergence of open and sustainable innovation (OSI), which extends
the logic of Ol beyond economic performance to incorporate environmental and social
dimensions. This perspective positions innovation as a driver of systemic transforma-
tion, requiring collaboration among multiple stakeholders and alignment with broader
sustainability goals and sustainability-oriented governance mechanisms [5,6]. It also high-
lights the importance of shared-value creation, systematic knowledge management, and
triple-bottom-line outcomes as conditions for embedding sustainability into innovation
processes [7-9]. In this sense, OSI has increasingly been associated with the development
of sustainability capabilities, including collaborative learning, stakeholder integration,
knowledge sharing, and institutional adaptability, which are essential for supporting green
and digital transitions in complex organisational ecosystems.

Within the maritime sector, ports play a particularly strategic role in advancing sus-
tainability agendas due to their function as critical logistics and economic hubs connecting
global supply chains. At the same time, ports face growing pressure to reduce environ-
mental impacts, improve energy efficiency, support low-carbon logistics, and align with
international sustainability objectives, including the United Nations Sustainable Develop-
ment Goals (SDGs). In particular, goals related to industry innovation and infrastructure
(SDG 9), sustainable cities and communities (SDG 11), responsible consumption and pro-
duction (SDG 12), and climate action (SDG 13) have become increasingly relevant to port
development strategies [10]. In this context, OSI can contribute to sustainability perfor-
mance by enabling coordinated responses to environmental and operational challenges
through collaborative governance and stakeholder engagement.

The relevance of OSI is particularly evident in port ecosystems, where innovation
processes are inherently relational and dependent on interactions among multiple actors,
including port authorities, terminal operators, logistics providers, policymakers, research
institutions, and local communities. Innovation ecosystem theory emphasises that value
creation depends on complementarities, interdependencies, and the co-evolution of hetero-
geneous actors [11-13]. In such environments, sustainable innovation cannot be achieved
through isolated organisational efforts alone; it depends on stakeholders’ capacity to co-
operate, share knowledge, and collectively develop solutions to interconnected economic,
environmental, and social challenges.

Despite the growing prominence of OI and sustainability in both academic and policy
discourse, their integration within the maritime port sector remains uneven and insuffi-
ciently understood. Existing literature has largely focused on technological advancements,
digital platforms, and isolated sustainability initiatives, often neglecting the organisational
and institutional conditions that shape innovation processes in practice [14]. Moreover,
studies have highlighted a persistent gap between the conceptualisation of open innova-
tion and its implementation in real-world contexts, particularly in complex organisational
environments [15].
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Although innovation in port ecosystems is increasingly recognised as a systemic
and governance-related process, empirical evidence on how these dynamics unfold from
stakeholders’ perspectives remains limited. There is still insufficient understanding of
how actors within port systems perceive, interpret, and operationalise OSI, and of how
governance structures, organisational culture, institutional coordination, and stakeholder
engagement mechanisms influence sustainability-oriented innovation practices.

This gap is especially relevant in the Portuguese context, where ports play a strategic
role in national and international logistics networks while simultaneously facing increasing
pressure to align with digitalisation strategies, environmental objectives, and sustainability
transitions [16]. Although innovation and sustainability are frequently incorporated into
strategic agendas and policy frameworks, the implementation of OSI practices remains
heterogeneous across Portuguese ports, reflecting differences in organisational capabilities,
institutional arrangements, governance models, and stakeholder collaboration mecha-
nisms [17-19].

Against this background, this study aims to analyse stakeholder perspectives on OSI
within the Portuguese port system. Drawing on qualitative evidence from semi-structured
interviews with key actors across multiple port authorities, the research explores how
OSI is perceived, enacted, and constrained in practice. The study focuses on critical
dimensions such as organisational culture, stakeholder engagement, governance structures,
sustainability-oriented collaboration, and systemic barriers to implementing innovation.

The findings reveal a clear tension between the widespread strategic recognition of OSI
and its uneven institutionalisation across ports. While stakeholders broadly acknowledge
the importance of collaborative and sustainability-oriented innovation, its implementa-
tion remains fragmented and constrained by cultural resistance, regulatory complexity,
limited coordination mechanisms, and institutional inertia. At the same time, emerging
collaborative practices and innovation initiatives indicate a gradual transition towards
more integrated, participatory, and sustainability-oriented governance models within the
Portuguese port ecosystem.

This study contributes to the literature in two main ways. First, it provides empiri-
cally grounded insights into the dynamics of OSI in port ecosystems from a stakeholder
perspective, helping bridge the gap between conceptual frameworks and organisational
practice. Second, it advances understanding of the governance, organisational, and insti-
tutional conditions required to support sustainability transitions in complex multi-actor
environments. From a practical perspective, the findings offer relevant implications for
policymakers and port authorities seeking to strengthen collaborative governance frame-
works, enhance stakeholder engagement, develop sustainability capabilities, and foster the
transition towards more resilient, sustainable, and innovation-driven port systems.

The remainder of the article is organised as follows. Section 2 reviews the relevant
literature. Section 3 describes methodological procedures and research design. Section 4
presents the empirical findings according to the analytical dimensions adopted in the
research. Section 5 discusses the findings in relation to the literature and research objectives.
Finally, Section 6 presents the conclusions, implications, limitations, and directions for
future research.

2. Literature Review
2.1. Open Innovation: Concept and Evolution

The concept of open innovation (OI), introduced by Chesbrough [20], represents a
fundamental shift from traditional, closed models of innovation towards more collaborative
and externally oriented approaches. Rather than relying solely on internal research and de-
velopment, organisations are encouraged to leverage both internal and external knowledge
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sources to enhance innovation performance. This paradigm emphasises the permeability
of organisational boundaries, the strategic importance of knowledge flows across firms and
institutions, and the need to connect open innovation research with managerial and policy
practice [4,21,22].

Early contributions to the field highlight the limitations of closed innovation systems,
which often restrict collaboration and hinder the co-creation of value [23]. In contrast, OI
fosters more dynamic and flexible innovation processes, enabling organisations to access
diverse capabilities, reduce development costs, and accelerate time-to-market. The devel-
opment of frameworks such as the open innovation maturity model further underscores
the importance of organisational readiness, cultural alignment, and structured processes in
supporting effective implementation [24]. As the concept evolved, research increasingly
recognised that innovation does not occur in isolation but within networks of interconnected
actors. This shift has laid the foundation for more systemic and ecosystem-based perspec-
tives on innovation, particularly relevant in complex sectors such as maritime logistics.

2.2. From Open Innovation to Open and Sustainable Innovation

The integration of sustainability considerations into innovation processes has led to
the emergence of open and sustainable innovation (OSI), which extends the principles of
OI to encompass environmental and social dimensions. This transition reflects a broader
shift in innovation paradigms, from a primary focus on economic performance to a more
holistic approach aligned with the triple bottom line [5].

OSI emphasises the role of collaboration in addressing complex sustainability chal-
lenges, requiring organisations to engage with a wide range of stakeholders to co-create
solutions that generate economic, environmental, and social value [6]. Within this context,
open eco-innovation emerges as a key operational dimension, focusing on developing envi-
ronmentally sustainable solutions through multi-level collaboration among firms, supply
chains, and broader ecosystems [25,26].

This perspective reinforces the importance of knowledge sharing, transparency, stake-
holder engagement, and shared-value creation in driving sustainable transformation [7,8].
At the same time, it highlights the increasing complexity of innovation processes, which
require coordination across organisational, institutional, and societal levels and must be
evaluated against economic, environmental, and social outcomes.

2.3. From Open Innovation to Open and Sustainable Innovation in Port Ecosystems

Innovation is increasingly understood as a systemic and relational process embedded
within innovation ecosystems, where multiple actors co-evolve and interact to create value.
These ecosystems typically involve a diverse set of stakeholders, including firms, public
institutions, research organisations, and communities, whose collaboration is essential for
addressing complex challenges [13,27,28].

In the context of port ecosystems, this multi-actor dynamic is particularly pronounced.
Ports operate as complex socio-technical systems in which coordination among logistics
operators, port authorities, policymakers, technology providers, research institutions, and
external partners is critical to effective innovation. Research highlights the role of digital
technologies, open data, and port community systems in supporting collaboration among
stakeholders. Innovation intermediaries also facilitate knowledge exchange, improve
operational efficiency, and contribute to sustainability objectives [29-32].

Collaborative mechanisms such as living labs, innovation platforms, and public—
private partnerships play an important role in supporting stakeholder engagement and
co-creation. These arrangements create opportunities for experimentation, learning, and
joint problem-solving across organisational boundaries [33]. Recent studies have further
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demonstrated that innovation in port ecosystems increasingly depends on the integration
of digital technologies, collaborative governance arrangements, and service innovation
capabilities. Comparative analyses of innovation ecosystems in ports such as Rotterdam
and Valencia show that innovation performance is strongly influenced by the ability of
port authorities to orchestrate relationships among firms, research institutions, public
agencies, and technology providers [31]. Similarly, refs. [32,34] highlight the importance of
innovation intermediaries, collaborative platforms, and ecosystem governance mechanisms
in facilitating knowledge exchange and stakeholder coordination across port environments.

The growing digitalisation of port operations is also reshaping innovation processes.
Digital platforms, data-sharing infrastructures, artificial intelligence, and smart service
solutions increasingly support operational efficiency, sustainability performance, and stake-
holder interaction. In this regard, ref. [35] demonstrate that the convergence of smart, green,
and sustainable technological trajectories in maritime port operations creates complex
socio-technical demands. These trajectories require a balanced integration of automated op-
erational efficiency and environmental compliance. Likewise, ref. [36] argue that integrating
artificial intelligence into service innovation processes creates new opportunities for organi-
sational transformation. However, this integration also generates governance, regulatory,
and compliance challenges. These findings reinforce the view that successful innovation in
port ecosystems requires not only technological capabilities but also adaptive governance
structures, institutional coordination, and collaborative stakeholder engagement. Despite
these advances, the literature suggests that the implementation of ecosystem-based inno-
vation remains uneven, particularly in traditional and highly regulated sectors such as
maritime transport.

2.4. Challenges in Implementing Open and Sustainable Innovation

While OI and OSI have gained significant traction in academic and policy discourse,
their implementation in practice presents substantial challenges. One of the most widely
recognised issues is the gap between theoretical models and organisational realities, where
practices labelled as “open” do not always align with their conceptual definitions [15].

Organisational culture has been identified as a critical factor influencing the success of
open innovation initiatives. Resistance to change, hierarchical structures, and limited trust
can hinder collaboration and reduce the effectiveness of innovation processes [37]. In addi-
tion, the complexity of coordinating multiple stakeholders with divergent interests poses
significant challenges, particularly in environments characterised by strong institutional
and regulatory constraints.

Regulatory frameworks, resource limitations, and the need to align technological
innovation with sustainability objectives further complicate implementation. Studies em-
phasise that successful OSI requires not only technological capabilities but also adaptive
governance structures, clear strategic alignment, and effective mechanisms for stakeholder
coordination [26,33]. Overall, the literature highlights that although the conceptual foun-
dations of OSI are well established, its practical application remains fragmented and
context-dependent. This gap is particularly evident in port ecosystems, where the interplay
between organisational, institutional, and stakeholder dynamics shapes the trajectory of
innovation processes.

2.5. Open and Sustainable Innovation as a Sustainability Transition Mechanism in
Port Ecosystems

The growing pressure for environmental sustainability, digital transformation, and
operational resilience has intensified the need for systemic changes within port ecosystems.
In this context, open and sustainable innovation (OSI) can be understood not only as a man-
agerial approach to innovation but also as a mechanism supporting broader sustainability
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transitions. These transitions entail structural transformations in socio-technical systems,
requiring changes to technologies, governance arrangements, institutional practices, stake-
holder relationships, and value-creation models [5,38].

Port ecosystems represent complex socio-technical environments in which multiple
actors, including port authorities, logistics operators, shipping companies, policymak-
ers, research institutions, and local communities—interact within interconnected opera-
tional and institutional networks. As innovation increasingly depends on collaborative,
ecosystem-based dynamics, the ability of ports to support sustainability transitions relies on
coordinating heterogeneous stakeholders and integrating shared sustainability objectives
into innovation processes.

Within this context, OSI extends traditional open innovation logic by incorporating
environmental and social value creation alongside economic performance. Rather than
focusing exclusively on competitiveness or technological efficiency, OSI promotes collabora-
tive approaches to address complex sustainability challenges through knowledge sharing,
stakeholder participation, and cross-sectoral cooperation [5,6]. This perspective aligns
with sustainability-oriented innovation frameworks, which emphasise the importance of
systemic transformation and multi-level coordination across organisations, supply chains,
and institutional environments.

Literature increasingly highlights that sustainability transitions in ports depend on
the development of collaborative innovation ecosystems that facilitate experimentation,
co-creation, and adaptive governance. Campana et al. [39] demonstrate how partner-
ships between research institutions and industry actors can accelerate technological and
sustainability advancements through resource sharing and collective learning. Similarly,
refs. [40,41] emphasise the role of collaborative governance networks and partnerships in
supporting sustainable transformation processes in maritime and urban-port environments.

Collaborative mechanisms such as living labs, innovation platforms, and public—
private partnerships have also emerged as important instruments for enabling sustainability-
oriented experimentation and stakeholder integration in port ecosystems. These structures
create environments that support knowledge exchange, participatory problem-solving, and
the co-development of innovative solutions adapted to sector-specific sustainability chal-
lenges [33,37]. In highly regulated and operationally fragmented sectors such as maritime
transport, these collaborative arrangements become particularly important for overcoming
institutional inertia and facilitating coordinated transitions.

Governance, therefore, assumes a central role in enabling OSI-driven sustainability
transitions. Existing studies argue that successful implementation depends not only on
technological capabilities but also on adaptive governance frameworks that promote trans-
parency, stakeholder alignment, accountability, and long-term strategic coordination [42].
Governance structures also influence ports’ capacity to align innovation strategies with
sustainability goals, including decarbonisation, circular economy practices, and digital
transformation agendas. In this regard, de Langen et al. [43] argue that port develop-
ment organisations increasingly function as orchestrators of ecosystem-level transitions,
particularly in implementing circular and sustainability-oriented activities.

The integration of digital technologies further reinforces OSI’s role as a transition
mechanism. Technologies such as open data systems, smart platforms, 5G connectivity, and
integrated logistics information systems improve coordination among stakeholders while
simultaneously enhancing operational efficiency and environmental performance [29,44].
In Portuguese ports, initiatives such as the Single Logistics Window (JUL) and collaborative
programmes associated with the Nexus Agenda illustrate how digitalisation and sustain-
ability are becoming increasingly interconnected within broader innovation ecosystems.
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At the same time, sustainability transitions require the development of organisational
and institutional capabilities that support continuous learning, stakeholder engagement,
and cultural adaptation. Organisational resistance, fragmented governance structures, and
limited coordination mechanisms remain significant barriers to OSI implementation in port
systems. Studies emphasise that effective sustainability transitions depend on fostering
trust-based collaboration, strengthening innovation culture, and developing mechanisms
that facilitate knowledge sharing across institutional boundaries [7,37].

Finally, OSI contributes to sustainability transitions by supporting broader societal and
policy objectives associated with sustainable development. The integration of environmen-
tal, economic, and social dimensions into innovation processes aligns port transformation
strategies with global sustainability agendas, including the Sustainable Development
Goals (SDGs), particularly those related to sustainable industry, climate action, responsible
consumption, and resilient infrastructure [45]. Consequently, OSI should be understood
not merely as an operational innovation approach but as a systemic transition mecha-
nism that enables ports to evolve into more collaborative, adaptive, and sustainability-
oriented ecosystems.

3. Materials and Methods
3.1. Research Design

This study adopts a qualitative, interpretivist research design to explore stakeholders’
perceptions of OSI within the Portuguese port system. A qualitative approach is partic-
ularly suited to understanding how actors perceive and enact innovation, sustainability,
collaboration, and governance within dynamic port environments [46].

Given the multi-actor nature of OSI in maritime sectors, an exploratory, descriptive,
multiple-case study design was adopted. Case study research is particularly suitable for
examining complex phenomena within their real-life contexts and for developing context-
sensitive analytical insights from multiple sources of evidence [47,48].

The Portuguese port system provides a relevant empirical setting because it comprises
ports of different sizes, governance arrangements, and innovation trajectories operating
within a common national regulatory framework [19]. This diversity offers an opportunity
to explore how OSI is understood and implemented across different organisational contexts
while maintaining institutional comparability.

3.2. Data Collection

Data were collected through ten semi-structured interviews conducted with represen-
tatives of five Portuguese port authorities. The five port authorities were selected to reflect
the structural diversity of the Portuguese port system, encompassing large-scale Atlantic
gateways, medium- and small-scale regional infrastructures (as detailed in Section 4.1),
thereby enabling a comprehensive cross-case analysis. Participants were selected through
purposive sampling based on their involvement in innovation, sustainability, governance,
and strategic development activities within the port sector.

The objective of the study was not statistical representativeness but analytical depth.
Participants occupied senior strategic positions within their organisations and were se-
lected as key informants capable of providing rich insights into innovation, sustainability,
governance, and collaborative practices within the Portuguese port ecosystem.

Interviews were conducted between November 2024 and February 2025 using a hybrid
format, combining face-to-face and online meetings according to participant availability
and logistical considerations.
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3.3. Interview Instrument

The interview protocol was developed based on established methodological recom-
mendations for semi-structured interviews, informed by the study’s conceptual frame-
work and the literature on open innovation, sustainability-oriented innovation, innovation
ecosystems, and port governance [49]. To enable both structured comparison and an in-
depth exploration of stakeholder perspectives, the instrument combined closed-ended,
rating-scale, and open-ended questions.

The interview guide was organised into six sections covering: (i) contextual and organ-
isational characteristics; (ii) perceptions of open and sustainable innovation; (iii) sources
and drivers of innovation; (iv) stakeholder participation and barriers across innovation
phases; (v) monitoring and evaluation practices; and (vi) future challenges and opportuni-
ties for innovation in Portuguese ports. A summary of the interview protocol is presented
in Appendix A.

To ensure construct validity, relevance, and clarity, the primary research instrument
underwent a two-stage validation process. First, the initial draft was reviewed by the doc-
toral supervisory committee, comprising three senior academics with expertise in maritime
logistics, innovation governance, and research methodology, to assess the alignment of
the questions with the conceptual framework. Second, a pilot interview was conducted
with a senior expert from the port sector. Based on feedback regarding sector-specific
terminology and interview length, minor adjustments were made to refine the questions
before full-scale deployment.

3.4. Data Analysis

Interview data were analysed using thematic analysis following [50]. The analyti-
cal process adopted abductive logic, combining deductive categories derived from the
conceptual framework with inductively emerging themes identified during data analysis.

The qualitative data collected from the interview transcripts were subjected to system-
atic Computer-Assisted Qualitative Data Analysis (CAQDAS) using MAXQDA Analytics
Pro 24.8.0. The software was used to organise interview data, develop and refine coding
structures, retrieve coded segments, and support thematic clustering. Initial codes were
associated with key dimensions identified in the literature, including organisational, cul-
tural, environmental, and technological factors. Additional codes emerged during iterative
examination of the interview material.

The coding framework combined deductive categories derived from the conceptual
framework with inductively emerging themes identified during the analysis. A summary
of the coding structure, including analytical dimensions, codes, and thematic groupings, is
presented in Appendix B.

To guarantee data traceability and methodological rigour, a structured thematic analy-
sis was operationalised through a combination of deductive and inductive coding. Initial
coding was organised around four analytical dimensions derived from the conceptual
framework: environmental, organisational, cultural, and technological factors. Additional
cross-cutting themes emerged inductively during analysis and were incorporated into the
final coding structure.

Coding consistency was enhanced through iterative review of code definitions and
regular discussion of emerging themes with the doctoral supervisory team, ensuring trans-
parency and coherence throughout the analytical process. Following coding, related codes
were grouped into higher-order themes that formed the basis of the findings presented
in Section 4.
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3.5. Trustworthiness and Ethical Considerations

To enhance analytical credibility, coding decisions and thematic interpretations were
continuously reviewed throughout the analytical process to ensure consistency between
empirical evidence and emerging findings. The study followed established qualitative
trustworthiness principles, including credibility, transferability, dependability, and con-
firmability [51].

The study followed standard ethical principles applicable to qualitative research.
Participation was voluntary; informed consent was obtained from all interviewees;
and the confidentiality of participants and institutions was maintained throughout the
research process.

4. Results

This section presents and discusses the empirical findings derived from a comparative
analysis of stakeholder perspectives across the Portuguese port system. The results are
structured around key analytical dimensions of OSI, including institutional diversity, stake-
holder perceptions, organisational culture, engagement mechanisms, and systemic barriers.
Drawing on qualitative evidence from semi-structured interviews, complemented by de-
scriptive and comparative analyses, the section identifies recurrent patterns, divergences
among port authorities, and underlying structural dynamics that shape OSI implemen-
tation. The findings reveal a consistent recognition of the strategic importance of OSI,
contrasted with heterogeneous levels of institutionalisation, stakeholder integration, and
operational capacity across the port ecosystem.

4.1. Institutional Profiles and System Diversity

The Portuguese port system exhibits significant institutional diversity, reflected in
variations in size, governance structures, service scope, and organisational maturity. The
empirical data show that the ports analysed range from large-scale Atlantic gateways
to medium and smaller regional infrastructures, with differentiated operational profiles
and strategic orientations. Respondents predominantly hold senior or executive roles and
have substantial experience in port management, reinforcing the strategic relevance of the
perspectives collected.

The diversity of the participant group, including representatives from all major Por-
tuguese port authorities, is shown in Table 1. The sample comprises participants in strategic
and managerial positions, providing insights into both the operational and policy dimen-
sions of open and sustainable innovation within the Portuguese port sector.

Table 1. Characterisation and Count of Respondents in Portuguese Ports.

Port Dimensions

Seniority

1-3 Years +5 Years Total

Large

2 5 7

APDL-Administration of the Ports of Douro, Leixoes

Legal Counsel to the Board of Directors

Director of Development and Sustainability

Programme Manager and Head of Innovation

APS—DPort of Sines

Director, Innovation and Information Systems

_ N =R = =W

Project Manager /Contracts Manager 1

== Q== =W
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Table 1. Cont.

Port Dimensions

Seniority
1-3 Years +5 Years Total

Information Systems and Business Support 1 1

Medium

APA—Port of Aveiro

Board of Directors, Chairman

APSS—DPort of Setabal

Director

== = =N

Small

APL—DPort of Lisbon Administration

Board of Directors, Executive Board Member

e R S g L = W IS R Y )

Grand Total

W R | ==
N
—_
o

This diversity constitutes a critical contextual factor shaping the adoption and de-
velopment of OSI. Larger port authorities, such as APS and APDL, demonstrate broader
operational complexity and greater exposure to international markets, which tend to favour
more diversified innovation approaches. In contrast, medium and smaller ports, including
APA, APSS, and APL, exhibit more constrained resource bases and a stronger focus on
incremental improvements aligned with operational needs.

Across cases, ports provide a combination of traditional logistics services—such as
cargo handling, storage, and intermodal transport—alongside emerging digital solutions,
including platforms such as the Single Logistics Window (JUL). However, the extent
to which these capabilities translate into structured OSI practices varies considerably
across institutions.

Overall, the findings indicate that institutional scale, resource availability, and gover-
nance configurations play a decisive role in shaping port authorities” capacity to engage
in OSL This structural heterogeneity provides the basis for understanding subsequent dif-
ferences in stakeholder perceptions, organisational engagement, and innovation practices
across the Portuguese port ecosystem.

4.2. Strategic Alignment and Stakeholder Profiles in OSI

The findings reveal a strong and consistent recognition of OSI’s strategic relevance
across the Portuguese port system. Respondents across all port authorities assign high
importance to open innovation as a driver of competitiveness and sustainability, indicating
a shared conceptual alignment at the strategic level.

Table 2 provides a comparative overview of innovation profiles across the analysed
ports, including their degree of openness, key drivers, organisational size, technological
posture, and level of internal involvement. The table highlights that most ports are posi-
tioned as “partially open” or “partially closed”, with openness shaped by a combination
of public policy, technological pressures, and private sector motivation. A clear pattern
emerges: ports classified as partially closed—such as APA and APSS—tend to adopt in-
cremental or follower technological postures, suggesting a more conservative approach
to innovation. In contrast, APS displays internal variation, ranging from partially open
to fully open, and combining incremental and more advanced technological orientations.
Similarly, APDL exhibits heterogeneous technological postures despite being consistently
characterised as partially closed, indicating internal diversity in innovation practices.
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Table 2. Innovation Profiles Reported by Individual Interviewees Across Portuguese Port Authorities.

Innovation Technological Internal
Port Openness Key Drivers Size Posture 8 Involvement Level
p (From 1 to 10)
. Private Motivation, Public . Incremental,
APA Partially Closed Policy, Tech Changes, PRR Medium Follower 8
APDL Partially Closed Public Policy, Public Large Non-Innovative 10
Investment
APDL Partially Closed  Public—Private Partnerships  Large Radical, 6
Incremental
. Private Motivation, Public Radical,
APDL Partially Closed Policy, Public Investment Large Incremental 0
. Tech Changes, Public Radical,
APS Partially Open Investment Large Incremental 10
Private Motivation, Public
APS Open Policy, Public-Private Large Incremental 9
APSS Partially Closed  Public Policy, Tech Changes = Medium Incremental 10
. Private Motivation, Public Incremental,
APL Partially Open Policy, Public Investment Small Follower 8

Each row corresponds to an individual interviewee rather than an aggregated institutional assessment. Multiple
entries for the same port authority reflect differences in respondents’ perceptions across organisational roles.

The results presented in Table 2 reveal considerable variation in interviewees’ per-
ceptions of openness to innovation. Although several participants reported a relatively
open-innovation orientation, differences emerged in the extent of stakeholder involve-
ment and the degree of external collaboration. These findings suggest that openness is
not uniformly interpreted across Portuguese port authorities and that innovation prac-
tices remain influenced by organisational culture, governance arrangements, and local
strategic priorities. The table further shows that internal involvement levels are generally
high across ports, particularly in larger organisations, with values frequently ranging
between 8 and 10. This suggests that internal engagement constitutes a relevant enabling
condition for OSI, although it does not necessarily translate into higher levels of openness,
reinforcing the existence of structural and institutional constraints.

Figure 1 complements this analysis by illustrating stakeholder perceptions of open in-
novation across four dimensions: strategic importance, contribution to competitiveness and
sustainability, existence of internal collaboration mechanisms, and perceived governmental
support. The horizontal axis represents the participating port authorities, while the vertical
axis indicates the average score attributed by respondents on a five-point Likert scale.

The figure demonstrates a strong consensus regarding the strategic importance of
open innovation, with most respondents assigning high scores across all ports. However,
greater dispersion is observed in perceptions of governmental support and the effective-
ness of internal collaboration mechanisms, indicating uneven institutional conditions for
implementing OSI.

More specifically, APS reports consistently high scores across dimensions, reflecting a
more developed perception of institutional support and collaborative capacity. In contrast,
APA expresses lower confidence in collaborative mechanisms, whereas APDL offers more
moderate and balanced assessments. These differences suggest that, although OSI is widely
recognised as strategically relevant, its practical implementation is shaped by varying
degrees of institutional maturity and organisational capability.
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Likert Scale
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APS APS APS

APDL APDL APDL APL APSS APA
Portuguese Port Authorities

I 1. Do you believe that adopting open innovation strategies is important to enhance
the port's competitiveness in the market?

2. Do you consider open innovation important for the sustainable development of
the port?

[ 3. In your opinion, is the Portuguese government encouraging collaborative
innovation in ports?
4. Do you believe your port has sufficient mechanisms in place to facilitate
collaboration with external partners?

Figure 1. Average stakeholder perceptions of OI across Portuguese port authorities (Likert scale:
1 = very low, 2 = low, 3 = moderate, 4 = high, 5 = very high).

The data also reveal intra-organisational variability, particularly in larger port au-
thorities such as APS and APDL, where respondents from the same organisation report
differing levels of openness and support. This indicates asymmetries in access to innovation
processes, organisational alignment, and awareness of strategic priorities.

Overall, the findings point to a clear gap between the widespread strategic endorse-
ment of OSI and its uneven institutionalisation in practice. While the conceptual importance
of OSl is firmly established across the Portuguese port system, its operationalisation re-
mains fragmented, reflecting differences in governance structures, organisational capacity,
and internal coordination mechanisms.

4.3. Organisational Culture and Internal Barriers to Collaboration

Organisational culture emerges as a critical determinant of the effective implementa-
tion of OSI within the Portuguese port system. The findings indicate that, although inno-
vation is widely recognised as strategically important, its integration into organisational
routines and practices remains uneven across port authorities. As one port executive ob-
served, “We need to institutionalise innovation, not just let it depend on who is temporarily
motivated.” This observation raises concerns about the limited formalisation of innovation
processes and the reliance on individual initiative rather than organisational routines.

Figure 2 presents the average score reported by interviewees regarding the level of
internal staff involvement in innovation strategy formulation, measured on a ten-point
scale. The results suggest relatively higher levels of internal engagement in APS and APL,
whereas lower levels were reported in APA. Given the exploratory nature of the study
and the unequal number of respondents across port authorities, the results should be
interpreted as stakeholder perceptions rather than institutional performance indicators.
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Figure 2. Average interviewee assessment of internal staff involvement in innovation strategy
formulation (scale: 1-10).

These findings suggest that, despite a general awareness of the importance of OSI,
internal engagement is not yet fully embedded as a systematic organisational practice. In
several cases, innovation processes remain concentrated at managerial levels, with limited
participation from broader organisational layers. Another interviewee noted: “Cultural
issues are the main barrier. We need engagement from those at the very top; only then can
we deal with shared resources”. This observation reinforces the importance of leadership
commitment and organisational engagement in fostering innovation-oriented cultures.

Figure 3 further deepens this analysis by comparing internal engagement levels with
the perceived frequency of innovation practices within organisations. The results reveal a
misalignment between participation and practice: higher levels of staff involvement do not
necessarily correspond to a perception of innovation as a routine activity. In several ports,
respondents report relatively high engagement in strategic processes while simultaneously
characterising innovation as sporadic or opportunistic rather than continuous.

This discrepancy indicates that the institutionalisation of innovation within organ-
isational routines remains limited. While some ports, such as APS, APSS, and APDL,
describe innovation as a recurring managerial function, others—particularly APL and
APA—characterise it as emergent and project-based. Structured innovation programmes,
including initiatives such as accelerators and technological pilots, are present but remain
restricted to a limited number of port authorities.

Qualitative evidence reinforces these patterns. Respondents highlight the persistence
of cultural barriers, including resistance to change, low tolerance for failure, and rigid
organisational structures. One APDL respondent emphasised the cultural nature of innova-
tion barriers: “It really is a question of culture. We need to create more opportunities to
bring people to the table to discuss ideas and challenges.” This statement highlights how
innovation challenges are often associated not only with technical capabilities but also with
communication practices, organisational learning, and openness to change.
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Figure 3. Alignment Between Perceived Engagement and Innovation Routine.

In several cases, innovation is described as being in its early stages of development,
lacking formalised processes and cross-departmental integration. Additional constraints
include ageing workforces, limited capacity to recruit specialised personnel, and insulfficient
internal structures dedicated to innovation management.

At the same time, there are indications of a gradual cultural transformation. Some
ports report increasing openness to collaboration with external partners, as well as efforts
to institutionalise innovation through strategic planning, capacity-building initiatives, and
participation in innovation programmes. However, these developments remain uneven
and often disconnected from broader organisational practices.

Overall, the findings demonstrate that organisational culture and internal engagement
constitute key enabling and constraining factors for OSI. While ports exhibit growing
awareness and initial efforts to embed innovation, the transition to fully institutionalised
and participatory innovation practices is still in progress, reflecting broader structural and
cultural challenges within the port ecosystem.

4.4. Ecosystem Coordination, Platforms, and Governance Models

Stakeholder engagement constitutes a central dimension of OSI within port ecosystems,
reflecting the extent to which ports integrate external actors into their innovation processes.
The findings reveal significant variation in both the diversity of engagement mechanisms
and the breadth of stakeholder participation across Portuguese port authorities.

Table 3 reports the frequency with which respondents mentioned different sources of
innovation ideation for each port authority. The table indicates that innovation ideas in Por-
tuguese ports originate primarily from internal organisational initiatives and collaboration
with universities and research centres, each receiving seven mentions. Customer feedback
and private partners also emerged as important sources of innovation, suggesting that
both internal knowledge and external collaboration contribute to innovation generation. In
contrast, sources such as business associations, innovation clusters, supplier proposals, and
municipal collaborations were mentioned less frequently, indicating that these channels
currently play a more limited role in the ideation process. Overall, the findings highlight
the importance of combining internal capabilities with external knowledge networks to
support open and sustainable innovation within port ecosystems. As a senior executive
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from the APSS emphasised that “There is no innovation process without collaboration with
external partners. .. a port is not a closed ecosystem.”

Table 3. Sources of Innovation Ideas Identified by Interviewees.

Source of Innovation Ideas Frequency of Mentions

N

Internal proposals

Collaboration with universities and research centres
Customer feedback

Private partners

Institutions with specific innovation purposes
Needs identified by an operational partner
Business associations

Supplier proposals

Innovation cluster

Forum for procedure simplification
Municipal collaboration initiatives

Industrial clusters

e el el e e S O BN |

Figure 4 further examines the initiatives and channels used to stimulate OSI. The
results indicate that APL and APSS report the highest number of initiatives, followed by
APS and APDL, while APA presents a more limited portfolio. Common mechanisms across
ports include collaboration with universities and research centres, innovation centres or
agencies, and the integration of customer feedback. More advanced practices—such as
idea competitions, digital interaction platforms, and joint funding partnerships—are more
prevalent in ports with higher levels of innovation maturity.

9 What are the main initiatives / channel

" within the company that stimulate the
0 I I I |
APA APS

process of OSI?

M Online interaction platforms

M Joint partnership to facilitate funding
acquisition

m Internal mindset change processes

M Innovation Centers / Agencies

M |dea competitions

W Development of an innovation
ecosystem

m Customer feedback

m Contracts / Initiatives with

APDL APL
Figure 4. Initiatives and Channels of Open and Sustainable Innovation by Port.

Number of Mentions
w S [} (9] ~

N

-

Universities and Research Centers
M Collaboration with Universities
APSS

| Alignment with the Sustainable

Port Authorit
Y Development Goals (SDGs)

These findings indicate that although all ports engage in some form of stakeholder col-
laboration, the degree of institutionalisation and the diversity of engagement mechanisms
vary significantly. One respondent from APDL noted that “Initiatives often emerge from
idea exchanges with partners, particularly research centres and universities, allowing us to
adapt their insights to our challenges.” This statement reinforces the role of external actors
not only as implementation partners but also as sources of ideation and knowledge transfer.

Table 4 illustrates the stakeholder categories most frequently associated with different
phases of the innovation process. Managers and directors were consistently identified
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as key actors throughout the initiation, development, and implementation phases, high-
lighting the central role of port authority leadership in orchestrating innovation activities.
Universities and research institutions were predominantly associated with the initiation
and development phases, reflecting their contribution to knowledge generation, research
collaboration, and solution design. In contrast, operational actors, including division heads,
senior technicians, operational staff, and private port operators, became more prominent
during implementation, suggesting a shift from strategic planning to operational execution.

Table 4. Stakeholder Participation Across Innovation Phases.

Stakeholders Initiation (n) Development (n1) Implementation (n) Do Not Participate (1)
Managers 10 7 6 0
Directors 8 7 7 0
Division Heads 3 6 7 0
Senior Technicians 2 6 7 0
Operational Staff 6 6 7 0
Administrative Staff 2 1 8 0
External Partners 9 6 6 0
Universities 9 7 1 0
Private Port Operators 6 4 7 1
Shipping Companies 2 3 4 4
Other Supply Chain

Stakeholders 2 2 4 >
R&D Institutions 7 6 2 1
Startups 5 4 5 2
Local Community 5 4 4 4
Others 3 2 2 7

The findings also reveal comparatively limited participation of local communities,
shipping companies, and other supply chain actors, indicating that broader ecosystem
engagement remains uneven across the Portuguese port system. These results suggest that
innovation processes continue to be driven primarily by institutional and organisational
actors, while wider stakeholder inclusion remains an area for further development.

External stakeholder involvement also displays asymmetries. Universities and re-
search institutions are among the most consistently engaged actors, particularly in APS,
APDL, and APSS, reflecting the growing importance of academic partnerships. External
partners and port operators are also relatively well integrated, especially in larger ports.
However, other actors—such as transport companies, local communities, and startups—
show more sporadic participation, indicating incomplete integration of broader stakeholder
groups into innovation processes.

Among the ports analysed, APS and APDL demonstrate the most inclusive engage-
ment patterns, involving a wider range of actors across all phases. In contrast, APL shows
stronger participation at the initiation stage and more limited involvement during imple-
mentation, whereas APA and APSS exhibit intermediate levels of stakeholder integration.

Table 5 provides further insight into the structure and dynamics of innovation part-
nerships across ports. The data show that APS and APDL combine formal and informal
collaboration mechanisms, enabling both structured and flexible interactions. In contrast,
APL and APSS rely predominantly on formalised partnerships. Interaction frequency also
varies, with APL and APSS reporting more frequent engagement (weekly), whereas APS
and APDL tend to interact monthly or biweekly.
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Table 5. Comparative Overview of Port Innovation Partnerships.

Partnership
AdH Mai Int ti . .
Port Formal Informal oc. au_l . nteraction Key Barriers = Main Partners
Collaborations Motivations  Frequency
Port authority, shipping
Access to Resource companies, transporters,
APS 3 2 5 market, co- Monthly allocation, customs and authorities,
development. status quo logistics operators, and
startup companies‘
Port competi-
i
veness, Research and Development
stakeholder . . L.
. . Conflicts of Centre, sectoral associations,
integration, . . e
Bl—weekly to interest, cluster management entities,
APDL 3 2 5 access to . :
monthly social/urban  technology firms,
knowledge, . . . .
friction incubators, universities, and
markets, and . .
co- European project consortia.
development.
Sectoral association,
Smart port universities, maritime
develop- transport, startup
APL 3 0 3 ment, digital ~ Weekly Not specified = companies, Maritime
transforma- services and logistics
tion. operations, consultancy and
technology firms.
Sectoral associations, cluster
Academic management entities, port
11 i . inal
APSS 5 0 5 o aboration, Weekly Legal issues termina opP e.rat(.)rs,.
pilots, Polytechnic institutions,
innovation. consultancy, professors, and

clients.

Table 5 highlights the central role of collaborative networks in supporting innovation
activities within Portuguese ports. Universities, technology providers, public institutions,
and industry associations emerge as the most frequently cited partners. However, the
results also indicate significant differences in the intensity and diversity of stakeholder
engagement across ports. While some organisations demonstrate broad ecosystem partici-
pation, others rely on more limited and project-based forms of collaboration, suggesting
different levels of ecosystem maturity. The table also highlights key motivations for col-
laboration, including access to knowledge, market development, co-creation of solutions,
and enhancement of port competitiveness. At the same time, several barriers have been
identified, including resource constraints, conflicts of interest, legal issues, and institutional
rigidity, that limit the effectiveness of collaborative arrangements.

Qualitative evidence reinforces the central role of external collaboration in enabling
innovation. One APS respondent stressed the importance of trust-building in collabo-
rative innovation: “It is essential to establish a relationship of trust with those who can
provide data, and to demonstrate the extent to which the products resulting from innova-
tion can benefit their business”. This statement suggests that collaboration depends not
only on technical interoperability but also on trust and the perceived value generated for
participating actors.

Respondents consistently emphasise that innovation processes depend on interaction
with external partners, including universities, technology firms, research centres, and
innovation networks. In several cases, collaboration is described not only as a mechanism
for implementation but also as a source of ideation and strategic alignment.
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However, the level of institutional readiness to support such collaboration varies. An
APL respondent highlighted the importance of structured collaborative ecosystems: “I
suggest that all ports adopt open innovation programmes”. The statement reflects the
perception that formal mechanisms for stakeholder engagement can strengthen knowledge
exchange and the diffusion of innovation across the port system.

Some ports actively engage in structured innovation ecosystems and national or
European programmes, others face limitations due to resource constraints, lack of dedicated
personnel, or insufficient organisational structures to manage external relationships.

Overall, the findings demonstrate that stakeholder engagement in the Portuguese
port system is expanding but remains unevenly distributed. While larger ports exhibit
more diversified and institutionalised co-creation mechanisms, smaller ports continue to
rely on more limited and less formalised approaches. This uneven integration of stake-
holders reflects broader structural and organisational differences, with implications for the
development and scaling of OSI across the port ecosystem.

4.5. Barriers to Open and Sustainable Innovation

The findings identify a consistent set of structural and organisational barriers that
constrain the implementation of OSI across the Portuguese port system. These barriers
emerge across different stages of the innovation process and reflect both cultural and
institutional limitations.

Figure 5 presents the distribution of barriers across the development and implementa-
tion phases of innovation. In the development phase, the most frequently reported obstacles
include internal resistance to adopting new technologies, bureaucratic procedures, and
the absence of a structured innovation culture. In the implementation phase, resistance
to change remains the most recurrent challenge, followed by high costs and difficulties in
integrating new solutions into existing systems.

Barriers Across Innovation Phases Frequency

Intemal resistance — unwillingness to adopt new technologies (BT 5§

Bureaucratic processes | 3

Absence of an innovation culture — vision ] 2

Lack of funding ] 2

Inadequate public policies | 1

Lack of human resources dedicated to innovation [ 1

Technical problems [ . 1

Resistance to change |
High costs | . 3
Integration with existing systems || 2
Finding personnel responsible for the innovation process | 1
Lack of human resources dedicated to innovation [ .| 1
Lack of training [ . 1

Development Implementation
Innovation Phase

Figure 5. Frequencies of Innovation Barriers by Phase.

The figure highlights a clear continuity between phases, indicating that barriers are
not isolated but evolve throughout the innovation process. The institutional dimension
of these barriers was explicitly recognised by one APSS respondent: “The biggest issue
is legality. It is about the legal framework required to make innovation happen within
the port. Following that, it is also about changing the internal mindset that exists towards
innovation”. This comment illustrates the combined influence of regulatory constraints
and organisational culture in shaping innovation outcomes.

Similarly, an APDL respondent observed: “Another issue is resource constraints,
given that innovation is an investment and not an expense”. This perception highlights
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the tension between short-term budgetary constraints and the long-term strategic benefits
associated with innovation investments.

Thus, cultural resistance identified during development tends to persist in imple-
mentation, while early structural constraints—such as limited funding and organisational
capacity—translate into operational challenges, including high costs and resource limita-
tions. This path-dependent dynamic suggests that addressing barriers at early stages is
critical to enabling effective implementation.

The barriers identified across the development and implementation phases suggest
that challenges to OSI are not limited to technological issues. Rather, respondents high-
lighted a combination of organisational, cultural, regulatory, financial, and human-resource-
related constraints that affect the innovation process at different stages.

To facilitate interpretation, the barriers reported by interviewees were grouped into
five thematic dimensions derived from thematic analysis: culture and mindset, policy
and regulation, finance and resources, technology and systems, and human resources.
Table 6 presents this thematic categorisation and illustrates how organisational and cultural
challenges emerged more frequently than purely technological barriers.

Table 6. Thematic Categorisation of Innovation Barriers.

Theme Mentions Examples

Culture & Mindset 15 Resistance to change, lack of innovation vision

Policy & Regulation 8 Bureaucracy, public policy gaps, and regulatory burden
Finance & Resources 5 Funding, high costs

Technology & Systems 5 Integration issues, technical complexity

Human Resources 4 Lack of skilled personnel, training needs

Note: Frequencies represent the number of times specific barriers were selected or mentioned by interviewees
across the innovation development and implementation phases. Multiple responses per participant were permit-
ted.

This thematic distribution underscores that the main challenges to OSI are primarily
rooted in organisational culture and governance rather than in technological capability
alone. Financial constraints, technological integration issues, and human resource limita-
tions also play a role but are secondary to cultural resistance and regulatory complexity.

Qualitative evidence supports these findings, highlighting the persistence of deeply
embedded organisational practices that hinder innovation. Respondents frequently cite
resistance to change, a lack of an innovation-oriented vision, and rigid institutional frame-
works as key obstacles. Regulatory constraints, particularly those related to legal proce-
dures and public-sector governance, are also identified as significant barriers to flexibility
and experimentation.

Respondents also highlighted structural obstacles associated with existing organisa-
tional arrangements. In APS, for example, interviewees referred to resource limitations and
the persistence of a “status quo” that hinders innovation efforts.

At the same time, resource-related challenges—including limited funding, a shortage
of specialised personnel, and insufficient training—further constrain ports” ability to im-
plement and scale innovation initiatives. Issues related to data sharing and competitive
sensitivity also emerge as relevant concerns, particularly in collaborative contexts involving
multiple stakeholders.

Overall, the results indicate that barriers to OSI in the Portuguese port system are
systemic, multi-layered, and interrelated. Cultural resistance, regulatory rigidity, and
resource constraints jointly shape the limited institutionalisation of innovation practices.
Addressing these challenges requires not only technological investment but also organi-

https://doi.org/10.3390/su18136518


https://doi.org/10.3390/su18136518

Sustainability 2026, 18, 6518

20 of 28

sational transformation, improved governance frameworks, and enhanced coordination
across stakeholders.

4.6. Monitoring, Incentives, and Future Directions

The findings indicate that practices for monitoring and evaluating innovation out-
comes remain limited and uneven across the Portuguese port system. While some port
authorities report using internal performance reports, audits, and stakeholder feedback
mechanisms, others acknowledge the absence of formalised tools or consistent evaluation
frameworks. This lack of systematic monitoring constrains the ability to assess the impact
of OSl initiatives and to support evidence-based decision-making.

Across cases, respondents highlight the need for more robust and harmonised evalua-
tion systems, particularly for environmental and operational performance indicators. One
APL respondent emphasised the need for coordinated national support: “Innovation must,
in fact, emanate from central government. A cohesive and clear innovation strategy for
the entire national port sector”. This statement reflects stakeholder expectations regarding
stronger policy coordination and strategic alignment at the national level.

The absence of standardised metrics and national reference frameworks is identified as
a key limitation, contributing to fragmented approaches to assessing innovation outcomes.
In addition to monitoring challenges, the results reveal several mechanisms that could
strengthen the implementation of OSI. Respondents emphasise the importance of cultural
transformation, greater internal engagement, and more flexible governance structures. The
adoption of digital tools and enhanced data transparency are also identified as critical
enablers that facilitate coordination and improve decision-making among stakeholders.

Furthermore, the strategic use of public funding is a relevant incentive, particularly
when aligned with clear, accessible frameworks that support participation across port
authorities. Increased collaboration with universities, municipalities, and local innova-
tion ecosystems is also highlighted as essential for expanding co-creation practices and
strengthening innovation capacity.

Looking ahead, respondents express a cautiously optimistic outlook regarding the
future of innovation in the port sector. The transition towards more sustainable, digital,
and efficient port systems is widely perceived as both necessary and inevitable, driven by
regulatory pressures and environmental imperatives. Innovation is increasingly understood
as a central mechanism for achieving these objectives.

However, the findings also indicate that this transition depends on port authorities’
ability to address existing structural and organisational constraints. The consolidation of
OSI will require stronger governance frameworks, improved coordination mechanisms, and
the institutionalisation of innovation as a continuous and integrated organisational practice.

Looking ahead, an APA respondent stressed the importance of organisational transfor-
mation: “Improving the cultural aspect. .. If we had better tools, we would certainly be
in a better position to innovate”. This perspective reinforces the view that future innova-
tion capacity will depend on the combined development of organisational culture, digital
capabilities, and managerial practices.

Overall, the results suggest that while important steps have been taken towards
embedding OSI within the Portuguese port system, its long-term development will de-
pend on alignment among monitoring systems, incentive structures, and collaborative
governance approaches.

4.7. Conceptual Framework of Open and Sustainable Innovation in Portuguese Port Ecosystems

Based on the literature reviewed and the analytical dimensions emerging from the
empirical context of Portuguese ports, this study proposes a conceptual framework for
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understanding OSI as a sustainability transition mechanism within port ecosystems. The
framework integrates the main drivers, organisational dimensions, governance mecha-
nisms, institutional barriers, and sustainability-oriented outcomes associated with the
implementation of OSI in maritime environments.

The framework conceptualises Portuguese ports as complex socio-technical ecosys-
tems shaped by interactions among multiple stakeholders, including port authorities,
logistics operators, shipping companies, public institutions, research centres, and local
communities. Within these ecosystems, OSI is understood as a relational and systemic
process dependent on collaboration, knowledge sharing, institutional coordination, and
stakeholder engagement. This perspective aligns with ecosystem-based approaches to
innovation, which emphasise the co-evolution of actors, interdependence among com-
plementary capabilities, and the collective creation of value in complex organisational
environments [11,12,27,28].

The framework identifies a set of antecedent drivers that stimulate the adoption of
OSI practices in ports. These include increasing digitalisation pressures, sustainability tran-
sition requirements, regulatory demands, global competitiveness pressures, and growing
stakeholder expectations regarding environmental and social performance. These drivers
reflect the broader transformation currently affecting maritime and logistics systems, where
ports are expected to simultaneously improve operational efficiency, reduce environmental
impacts, and contribute to sustainable development agendas.

At the core of the framework are four interrelated dimensions supporting OSI imple-
mentation in port ecosystems: governance structures, organisational culture, stakeholder
engagement, and technological and digital enablers. Governance structures encompass
the institutional arrangements, coordination mechanisms, and strategic alignment pro-
cesses that support collaborative innovation and sustainability-oriented decision-making.
Organisational culture encompasses openness to innovation, trust, learning orientation,
and the capacity to overcome resistance to change, which are recognised as critical factors
influencing innovation performance [7,37].

Stakeholder engagement represents another central dimension, reflecting the im-
portance of collaborative networks, co-creation processes, partnerships, and knowledge-
sharing mechanisms within innovation ecosystems. Existing studies highlight that sustain-
able innovation in ports increasingly depends on stakeholders’ ability to cooperate across
organisational and institutional boundaries [31,39-41]. Technological and digital enablers—
including digital platforms, port community systems, smart port technologies, open data
systems, and integrated logistics solutions such as JUL—facilitate operational integration,
stakeholder coordination, and sustainability-oriented innovation processes [29,30,44].

The framework also incorporates a set of institutional and organisational barriers
that constrain the effective implementation of OSIL. These include institutional inertia,
fragmented governance structures, regulatory complexity, limited resources, and cultural
resistance to organisational change. The literature consistently highlights that the existence
of sustainability-oriented strategies does not necessarily translate into effective operational
implementation, particularly in highly regulated and structurally fragmented sectors such
as maritime transport [15].

Finally, the framework conceptualises OSI as a mechanism capable of generating
multidimensional sustainability transition outcomes. These outcomes include economic
impacts, such as competitiveness, operational efficiency, and innovation capability; envi-
ronmental impacts, including decarbonisation support, circular economy practices, and
resource efficiency; and social and ecosystem-level impacts related to stakeholder inte-
gration, collaborative governance, resilience, and regional development. In this sense,
OSI contributes not only to organisational innovation performance but also to broader

https://doi.org/10.3390/su18136518


https://doi.org/10.3390/su18136518

Sustainability 2026, 18, 6518

22 of 28

sustainability objectives aligned with the SDGs and contemporary sustainability transition
agendas [45,52,53].

Figure 6 summarises the proposed conceptual framework and illustrates the systemic
relationships between drivers, organisational dimensions, institutional constraints, and
sustainability transition outcomes within Portuguese port ecosystems.
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Figure 6. Proposed Framework for OSI in Portuguese Port Ecosystems.

5. Discussion

The findings of this study provide important empirical insights into how OSI is per-
ceived and implemented within the Portuguese port system. Three principal findings
emerge from the analysis. First, stakeholders consistently recognised OSI as strategically
important for competitiveness, sustainability, and long-term development. Second, the
implementation of OSI remains uneven across Portuguese port authorities, reflecting differ-
ences in organisational culture, governance arrangements, and stakeholder engagement
mechanisms. Third, respondents identified cultural resistance, regulatory constraints, and
resource limitations as more significant barriers than technological challenges, highlighting
the systemic nature of innovation processes within port ecosystems.

The widespread recognition of the strategic value of OSI aligns with the foundational
premise that openness enhances organisational competitiveness through external knowl-
edge flows and collaborative practices [3,4]. However, the findings also reveal a persistent
gap between strategic awareness and operational implementation. Although respondents
generally acknowledged the importance of collaboration, sustainability, and external en-
gagement, the degree to which these principles were institutionalised varied considerably
across the participating port authorities. This finding supports previous research high-
lighting discrepancies between the conceptual understanding of open innovation and its
practical application within organisations [15].

The variation observed in how OSI is interpreted further reinforces the notion that
open innovation remains a context-dependent and evolving construct. While some respon-
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dents emphasised technological innovation and digital transformation, others highlighted
collaboration, ecosystem engagement, and governance mechanisms as the defining charac-
teristics of innovation. These findings are consistent with studies suggesting that innovation
in ports increasingly depends on interactions among technological, organisational, and
institutional dimensions [31,34].

A central contribution of this study concerns the role of organisational culture. Across
the interviews, respondents repeatedly identified resistance to change, limited innovation-
oriented mindsets, and insufficient internal engagement as major obstacles to innovation
implementation. These findings corroborate previous research emphasising cultural readi-
ness, organisational openness, and leadership commitment as critical conditions for suc-
cessful innovation adoption [7,24]. The results further suggest that although innovation is
increasingly recognised as strategically relevant, it has not yet become fully embedded in
everyday organisational routines across several port authorities.

The findings also highlight the importance of stakeholder engagement and collabo-
rative innovation ecosystems. Respondents consistently emphasised the value of collabo-
ration with universities, research institutions, private partners, and other external actors
in generating ideas, accessing knowledge, and supporting innovation. These findings are
aligned with the literature on innovation ecosystems, which emphasises the importance of
collaborative networks and intermediary organisations in facilitating knowledge exchange
and co-creation processes [27,28,31,32]. However, the relatively limited involvement of
local communities and other peripheral stakeholders suggests that the broader ecosystem
potential remains only partially realised.

Another important finding concerns the nature of innovation barriers. Contrary to the
assumption that technological limitations constitute the primary obstacle to innovation,
respondents more frequently identified cultural, organisational, regulatory, and governance-
related challenges. Resistance to change, bureaucratic procedures, regulatory constraints,
and limited access to resources emerged as recurring themes across the interviews. These
findings support previous studies that characterise innovation in ports as a systemic
challenge requiring institutional coordination, adaptive governance arrangements, and
cross-organisational collaboration rather than purely technological solutions [26,33,43].

The study also reveals important weaknesses in the monitoring and evaluation of
innovation outcomes. Although several respondents reported using performance indica-
tors, audits, and periodic reporting mechanisms, innovation assessment practices remain
fragmented and uneven across the participating port authorities. This finding reinforces
concerns raised in previous studies about the limited availability of integrated frame-
works for measuring the operational, environmental, and strategic impacts of innovation
initiatives in port ecosystems [43,44].

In the Portuguese context, this variation is heavily shaped by organisational size and
historical governance models. Larger Atlantic gateways demonstrate a more relational
and ecosystem-oriented understanding of innovation. Conversely, smaller regional port
authorities often restrict their focus to reactive, isolated technological adoptions. This
uneven trajectory aligns with the findings of [35], who argue that the convergence of smart
and green technological trajectories in port operations demands a level of socio-technical
orchestrating capacity that traditional organisational structures rarely possess. Without
a deliberate shift from purely technological purchasing to relational governance, ports
remain locked in incremental, non-systemic changes [23,54].

From a theoretical perspective, this study contributes to the literature by bridging the
gap between conceptual models of OSI and their empirical manifestation in port ecosys-
tems. By adopting a stakeholder-based perspective, the research provides insights into how
innovation is interpreted, enacted, and constrained within complex socio-technical environ-
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ments. From a practical perspective, the findings highlight the need for stronger governance
mechanisms, more inclusive stakeholder engagement processes, and the institutionalisation
of innovation practices that support sustainability transitions in the maritime sector.

6. Conclusions

This study explored stakeholder perspectives on OSI within the Portuguese port
system. The findings demonstrate that while OSI is widely recognised as an important
mechanism for enhancing competitiveness, sustainability, and long-term resilience, its
implementation remains uneven across Portuguese port authorities.

The results indicate that organisational culture, governance arrangements, stakeholder
engagement practices, and resource availability play a more influential role in shaping
innovation outcomes than purely technological factors. Although respondents consistently
acknowledge the value of collaboration and openness, significant barriers persist, par-
ticularly regarding cultural resistance, institutional rigidity, regulatory complexity, and
the limited formalisation of innovation processes. The findings, therefore, suggest that
innovation in port ecosystems should be understood as a systemic and relational process
requiring coordinated action across organisational and institutional boundaries.

From a theoretical perspective, this study contributes to the growing body of litera-
ture on OS], innovation ecosystems, and sustainability transitions by providing empirical
evidence from the Portuguese port context. The research demonstrates that the implemen-
tation of OSI depends on the interaction between organisational capabilities, governance
structures, collaborative networks, and sustainability-oriented objectives. In doing so,
it extends current understanding of how innovation is operationalised within complex
maritime ecosystems.

6.1. Practical and Policy Recommendations

The findings suggest several practical implications for port authorities and policymak-
ers. First, port organisations should strengthen their internal innovation capabilities by
promoting an innovation-oriented culture, encouraging cross-functional collaboration, and
supporting organisational learning processes. Second, governance mechanisms should be
designed to facilitate stakeholder coordination and reduce barriers to collaboration across
institutional boundaries.

At the policy level, the results highlight the importance of developing coherent na-
tional frameworks that support innovation, sustainability, and digital transformation across
the port sector. Funding instruments, collaborative innovation programmes, and regulatory
mechanisms that encourage experimentation and knowledge sharing may help reduce
disparities in innovation capacity across ports. In addition, greater investment in digital in-
frastructures, open data systems, and collaborative platforms could facilitate the integration
of sustainability and innovation objectives.

6.2. Limitations

This study presents several limitations that should be considered when interpreting
the findings. The analysis is based on ten semi-structured interviews with representatives
of Portuguese port authorities and therefore prioritises analytical depth rather than statisti-
cal representativeness. Consequently, the findings should be interpreted as stakeholder
perceptions rather than objective measures of organisational performance.

In addition, the study focuses primarily on port authority perspectives and does not
incorporate the views of other stakeholder groups, such as terminal operators, shipping
companies, logistics providers, policymakers, or local communities. The inclusion of these
actors could provide additional insights into the dynamics of OSI implementation. Finally,
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the study is situated within a single national context, which may limit the transferability of
findings to other institutional and geographical settings.

6.3. Future Research Directions

Future research could extend this work by incorporating a broader range of stakehold-
ers involved in port innovation ecosystems, including private operators, logistics actors,
public authorities, research institutions, and local communities. Comparative studies
involving different national port systems would also contribute to understanding how
institutional and governance arrangements influence the adoption of OSI practices.

Longitudinal research could further explore how organisational culture, stakeholder
collaboration, and sustainability-oriented innovation evolve over time in response to digital
transformation and sustainability transition agendas. Finally, additional research is needed
to develop and validate more robust frameworks for measuring the impacts of OSI, thereby
supporting benchmarking and evidence-based decision-making across port ecosystems.

In conclusion, the Portuguese port system appears to be at a transitional stage in the
evolution of OSI. While strategic awareness of sustainability and collaborative innovation
is increasingly established, the consolidation of OSI as an integrated, systemic practice still
depends on the alignment of organisational culture, governance structures, stakeholder en-
gagement mechanisms, and evaluation capabilities. Strengthening these dimensions will be
essential to enabling ports to respond effectively to the challenges of digital transformation,
sustainability transitions, and long-term sectoral resilience.
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