
08 May 2026

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Governing digital transformation in ports: Policy learning from the 5G-LOGINNOV project / Catana, Eusebiu; Merlo,
Francesca; Perboli, Guido. - In: OPEN RESEARCH EUROPE. - ISSN 2732-5121. - ELETTRONICO. - 5:(2026), pp. 1-
12. [10.12688/openreseurope.21641.1]

Original

Governing digital transformation in ports: Policy learning from the 5G-LOGINNOV project

Publisher:

Published
DOI:10.12688/openreseurope.21641.1

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/3005607 since: 2025-12-03T11:17:27Z

F1000 Research Ltd



RESEARCH ARTICLE

Governing digital transformation in ports: Policy learning 

from the 5G-LOGINNOV project
[version 1; peer review: 3 approved with reservations]

Eusebiu Catana1, Francesca Merlo 2, Guido Perboli 2

1Ertico-ITS Europe, Brussels, Belgium 
2Management and Production Engineering, Polytechnic of Turin, Turin, Piedmont, 10029, Italy 

First published: 26 Nov 2025, 5:362  
https://doi.org/10.12688/openreseurope.21641.1
Latest published: 13 Jan 2026, 5:362  
https://doi.org/10.12688/openreseurope.21641.2

v1

 
Abstract 

Background

Seaports constitute strategic nodes in global supply chains and play a 
central role in the ongoing digital and green transition. Technologies 
such as 5G and artificial intelligence (AI) have the potential to enhance 
operational efficiency, safety, and environmental sustainability in 
logistics. However, their successful deployment depends not only on 
technological maturity but also on effective governance frameworks 
and coordinated stakeholder engagement. The 5G-LOGINNOV project 
addressed this intersection between innovation and governance by 
linking technical experimentation with policy learning to support the 
transition toward smart ports.

Methods

The study employed an integrated methodological framework that 
combines the Collaborative Governance Regime (CGR) with the GUEST 
lean business methodology. This approach facilitates sustained multi-
stakeholder collaboration and ensures that experimental outcomes 
are translated into validated business models and policy 
recommendations. Empirical evidence was collected from three Living 
Labs—Athens, Hamburg, and Koper—through workshops, interviews, 
and surveys involving private and public sector actors.

Results

The integrated CGR–GUEST approach led to the co-creation of policy 
frameworks guiding 5G deployment in ports and hinterland networks. 
It identified major implementation barriers—technical, infrastructural, 
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regulatory, and organizational—and produced actionable 
recommendations to address them. The framework also enhanced the 
comparability of pilot results and supported the translation of 
innovation outcomes into policy-relevant insights.

Conclusions

The findings demonstrate that 5G deployment in logistics is not 
merely a technological endeavor but a governance challenge. By 
integrating structured governance mechanisms with lean innovation 
tools, the proposed framework bridges experimentation and policy, 
offering a replicable model for aligning disruptive technologies with 
broader sustainability and competitiveness objectives.

Plain Language Summary  
This study explores how new technologies such as 5G and artificial 
intelligence (AI) can make ports smarter, safer, and more sustainable. 
Ports are key hubs in global trade, and improving their efficiency is 
essential for both the economy and the environment. However, 
adopting advanced digital systems is not only a technical task—it also 
requires coordination between many public and private actors and 
clear policies to guide the process.  
 
The research looked at how to bridge this gap between innovation 
and governance. It introduced a new approach that combines 
collaborative decision-making with a lean method for turning 
experimental results into practical business and policy tools. This 
approach was tested in three European ports—Athens, Hamburg, and 
Koper—where 5G and AI were deployed in real operating conditions.  
 
Through workshops, interviews, and surveys, the study identified 
common challenges such as outdated infrastructure, regulatory 
uncertainty, and limited technical expertise. It then developed 
concrete recommendations to help ports, companies, and 
policymakers overcome these barriers.  
 
The findings show that the success of digital transformation in ports 
depends as much on governance and cooperation as on technology 
itself. By aligning innovation with clear policy frameworks, ports can 
better use 5G and AI to improve logistics, reduce emissions, and 
support Europe’s transition toward smarter and greener transport 
systems.

Keywords 
Port Logistic, 5G technology, Digital transformation, Collaborative 
Policymaking
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1. Introduction
Seaports have a central position in the global economy and 
function as indispensable nodes in international supply chains.  
Maritime transport moves over 80% of the world’s traded 
goods by volume (United Nations Conference on Trade and  
Development, 2025). Ports are important not only for cargo 
handling, but also as logistical hubs, industrial clusters, and 
gateways to hinterland networks. The pressure to improve 
and digitalize comes from growth in cargo volumes, increase 
in vessel sizes, and environmental regulations. Digital  
technologies—particularly Fifth Generation (5G) wireless com-
munication and artificial intelligence (AI)—are emerging as 
critical enablers of efficiency, safety, and sustainability (Lu  
& Xu, 2024; Zhou et al., 2024). These developments align  
closely with the European Union’s digitalization agenda, the 
Green Deal, and the Industry 5.0 vision and their goals to 
enhance the resilience, competitiveness, and environmental 
performance of transport and logistics. The transition toward  
smart ports is not a simple technological upgrade but a funda-
mental change in how ports operate, manage resources, and  
integrate with global supply chains. This transformation is 
driven by a confluence of pressures: accommodating larger and 
more frequent vessels, managing increasingly complex cargo 
flows, reducing operational costs, minimizing environmental 
impact, and maintaining the highest safety standards (Nguyen &  
Kim, 2024).

The paper is organized as follows: Section 2 explains our 
research objectives and the relevance of our study, Section 3 
gives an overview of the existing literature, Section 4 describes 
the 3 living labs from the project 5G-LOGINNOV, Section 5  
introduces our methodological framework combining the CGR 
and the GUEST, Section 6 details the results of our work and 
the proposed recommendations for policymakers, Section 7  
summarizes and discusses the results and the implications for  
the future.

2. Research gaps and paper contribution
The format of the main body of the article is flexible: it should 
be concise, making it easy to read and review, and presented  
in a format that is appropriate for the type of study presented.

An integrated methodological framework
To bridge the gap between technological potential and govern-
ance needs, this paper proposes a combined methodological  
approach. The Collaborative Governance Regime (CGR) frame-
work offers a lens to promote trust, shared motivation, and itera-
tive problem-solving among diverse stakeholders, while the 
GUEST methodology introduces a lean, standardized process  
for business modeling and innovation deployment, ensuring  
that co-created visions are transformed into replicable out-
puts. We believe these approaches can provide a structured 
yet flexible foundation for stakeholder collaboration, policy  
co-creation, and business case validation across different  
operational contexts.

Research objectives
This study pursues two interrelated objectives. First, it aims  
to co-create policy frameworks and recommendations to guide 

5G deployment in ports and hinterland networks. Second, it 
seeks to demonstrate a replicable governance model that aligns 
technological innovation with public policy objectives in com-
plex, multi-stakeholder contexts. To do so, it leverages empiri-
cal findings from the 5G-LOGINNOV Living Labs, such as  
IoT and AI integration in Hamburg to improve environmental 
performance, and enhanced workplace safety in Koper, and the  
business models derived from these experiences.

Contribution and relevance
By combining empirical evidence from the 5G-LOGINNOV 
Living Labs with a structured governance methodology, this  
research contributes practical policy guidance for European 
ports and policymakers, while also presenting a governance 
approach that can be adapted to other critical infrastructures 
facing similar challenges in adopting disruptive technologies.  
The recommendations developed in this study include tech-
nical feasibility and organizational and socio-economic con-
siderations. In doing so, they respond to the urgent need for 
integrated approaches that connect innovation potential with 
implementation capacity. The final goal is to enable 5G to  
become as a driver of smarter, safer, and more sustainable  
port ecosystems.

3. Literature review
Literature on 5G adoption in smart ports demonstrates its 
potential to improve operational efficiency, enable real-time 
data processing, and strengthen safety measures. However,  
consistently achieving ultra-low latency and overcoming infra-
structure limitations remain key barriers. Gaps in regulatory  
frameworks and limited investment incentives also delay  
large-scale adoption. Addressing these challenges is essential  
to accelerate smart port development and unlock 5G’s full  
potential in maritime logistics.

The benefits of 5G in ports
Ports are a complex environment, with high levels of interfer-
ence. 5G technology allows for the reliable transmission of vast 
amounts of data with wireless communication even in these  
difficult conditions. Its transformative role extends across sev-
eral domains, like automation, where 5G can enable sophis-
ticated control and remote operation of cranes, automated 
guided vehicles (AGVs), and other critical assets (Torsoli et al.,  
2023). The introduction of digital twins further strengthens 
operational capacity: high-bandwidth communication supports  
real-time digital replicas of port operations, enhancing optimi-
zation and predictive analytics (Yigit et al., 2023). Similarly, 
supply chain visibility benefits from continuous monitoring of  
containers, vessels, and equipment, which brings unprecedented 
levels of transparency across the entire port ecosystem (Dolgui  
& Ivanov, 2022). Safety and reliability are also enhanced, since 
ultra-reliable low-latency communications allow precise opera-
tion of heavy machinery and autonomous vehicles in dynamic 
port settings (Kokkoniemi-Tarkkanen et al., 2019). 5G does  
not simply represent an incremental improvement over previ-
ous generations of wireless technology but is actually an ena-
bling infrastructure that supports entirely new operational  
paradigms. Nevertheless, many studies privilege technological  
novelty over the development of viable business models, thus 
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limiting understanding of economic feasibility and practical  
deployment challenges (Potter et al., 2025).

Evidence from testbeds and pilots
Many research projects have deployed a wide range of real-life  
tests in ports and hinterlands to validate 5G applications. The 
5G-Blueprint project and trials at the Port of Antwerp have 
demonstrated 5G’s capability to provide ultra-low latency 
and high reliability for teleoperation and vessel control  
(Slamnik-Kriještorac et al., 2023). Additional simulation and 
field tests have confirmed the potential of network slicing, edge 
computing, and private 5G networks specifically tailored to 
port environments (Andriani et al., 2023; Charpentier et al.,  
2024). Trials in Bristol and Riga have explored more targeted 
use cases, including the installation of sensors in containers 
to track the location and condition of cargo (Potter et al., 2025) 
and the use of drones for safety and security operations (Ferro  
et al., 2020).

From technology to governance
Existing research on 5G in port environments remains largely 
technology-focused, concentrating on applications such as  
AGVs, IoT sensor networks, and digital twin platforms, while 
devoting limited attention to governance frameworks, policy 
design, and stakeholder coordination. Yet, the success of dis-
ruptive innovations such as 5G depends as much on policy  
and regulations as on technical performance. Without clear  
models of coordination, the risk is to follow fragmented inno-
vation pathways that fail to leverage economies of scale  
or interoperability benefits. Several studies underline the need 
for stronger governmental and regulatory support to incentiv-
ize 5G deployment in maritime and port sectors, highlighting  
its role in innovation facilitation and public–private collabora-
tion (Catana et al., 2023; Potter et al., 2025). Other contribu-
tions stress the importance of aligned policies for spectrum 
allocation and cross-border teleoperation (Slamnik-Kriještorac  
et al., 2023; Trichias et al., 2021). However, these insights 
remain scattered, and detailed analyses of policy frameworks  
specific to ports are still scarce. Gaps persist in the evaluation  
of infrastructure investment incentives, and regulatory sup-
port for private 5G networks in port environments, limiting the  
availability of actionable guidance for both policymakers and  
practitioners.

4. Living Labs as testbeds for innovation
The 5G-LOGINNOV project demonstrated the transforma-
tive potential of 5G technology in three diverse ports: Athens,  
Hamburg, and Koper. In Athens, a private 5G network combined 
with edge computing, AI-driven video analytics, and connected 
port assets allowed real-time tracking, predictive maintenance, 
and safety-critical operations. Hamburg applied 5G-enabled  
solutions to optimise hinterland connectivity, traffic manage-
ment, and carbon reduction, using innovations such as auto-
mated truck platooning and floating truck emission data to 
support its smart mobility and decarbonisation goals. Koper pio-
neered the integration of 5G Standalone and Non-Standalone  
infrastructures with slicing, AI-assisted monitoring, and custom 
industrial IoT devices to deliver assured performance, enhance 

security, and automate logistics processes. Together, these Liv-
ing Labs showcased how tailored 5G deployments can unlock 
efficiency, safety, and sustainability in modern port logistics  
(Catana et al., 2023).

Athens Living Lab
The Athens Living Lab at Piraeus Container Terminal focused 
on using 5G technology to transform port operations through  
real-time asset tracking, predictive maintenance, and enhanced 
safety systems. By deploying a private 5G network integrated 
with edge and far-edge computing, AI-powered video analyt-
ics, and connected port assets such as yard trucks, cranes, and 
IoT devices, the lab demonstrated how ultra-low latency and 
high uplink capacity can enable mission-critical applications,  
improve operational efficiency, and strengthen security within  
the port environment.

Hamburg Living Lab
The Hamburg Living Lab concentrated on applying 5G-enabled  
solutions to optimize port–hinterland connections, enhance  
traffic management, and reduce emissions. Through use cases 
such as floating truck emission data, automated truck platoon-
ing, and dynamic environmental traffic control, the lab show-
cased how low-latency, high-capacity networks can facilitate  
real-time data exchange among multiple stakeholders. These 
innovations not only improved operational efficiency but also  
delivered measurable carbon emission reductions, aligning  
with the city’s broader decarbonization and smart mobility  
strategies.

Koper Living Lab
The Koper Living Lab at the Port of Koper explored advanced 
5G Standalone and Non-Standalone network deployments to 
enable Industry 4.0 applications for port logistics, security, and 
automation. By integrating dedicated spectrum, slicing capa-
bilities, AI-assisted video analytics, drone-based monitoring, and  
newly developed industrial 5G IoT devices, the lab validated 
how tailored private networks can ensure assured QoS, enhance 
asset visibility, and support mission-critical services. Thanks  
to these developments Koper can be viewed as a model for 
secure, high-performance smart port operations (5G-LOGINNOV  
Consortium, 2024).

5. Methodology
The methodological design of this research is grounded in the 
recognition that the deployment of disruptive technologies in  
complex, multi-stakeholder ecosystems requires both govern-
ance innovation and structured operational tools. To address 
this challenge, the study adopts an integrated framework that  
combines the Collaborative Governance Regime (CGR) with 
the GUEST methodology. The CGR framework provides a 
theoretically robust foundation for fostering sustained stake-
holder interaction, mutual trust, and collective problem-solving, 
thereby aligning with established scholarship on collaborative  
policy-making in contexts of institutional and organizational  
interdependence. Complementing this governance perspective,  
the GUEST methodology introduces a standardized and iterative  
process for business modeling and innovation management,  
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enabling comparability across cases and the systematic deri-
vation of policy-relevant outputs. In the following, we give a  
brief description of them.

Integrated CGR–GUEST framework
This study employs an integrated methodological approach 
combining the Collaborative Governance Regime (CGR) with 
the GUEST methodology to generate policy recommendations  
with the knowledge gathered during the 5G-LOGINNOV 
project. CGR provides the governance structure for sustained,  
multi-stakeholder engagement, while GUEST delivers the proc-
ess management tools to transform shared visions into actionable, 
tested outputs.

Collaborative Governance Regime (CGR)
CGR can be applied to promote iterative engagement among 
governments, private sector actors, and civil society organiza-
tions. It has been used for public decision-making in contexts  
where collaboration between various stakeholders is neces-
sary to carry out public objectives that cannot be reached by 
any single actor alone [emerson2012integrative]. CGR is char-
acterized by an iterative approach that allows for continuous 
feedback and adaptation and can be applied to various policy 
domain with different levels of complexity. Unlike short-term  
participatory approaches, CGR is based on a sustained interac-
tion between the participants over time, creating cooperation 
and trust and improving collective problem-solving. The partici-
pants involved in CGR activities are engaged in a collaboration  
dynamic, which is split in three interacting components:

•   �Principled Engagement: Stakeholders align their inter-
ests through continuous and structured dialogue, discus-
sions, and interactive workshops. The GUEST supports 
this phase by providing easy tools that can be used by  
non-professional people with different backgrounds 
and by reducing the risks of misunderstandings with  
uniform data and value definitions.

•   �Shared Motivation: Trust and commitment are built and 
reinforced through regular meetings, various engage-
ment strategies, and iterative feedback mechanisms. 
The credibility is reinforced by GUEST’s transparent  
process.

•   �Capacity for Joint Action: It is developed by leveraging  
institutional arrangements, leadership, knowledge, and 
resources with the aim of building the ability to work  
together and implement solutions effectively

These components are not viewed as a linear sequence of  
steps but work together in a cyclical and iterative way, creating 
a virtuous cycle of collaboration, in a continuous effort to create  
value together.

The GUEST methodology
One of the objectives of this work is to present a user-friendly 
methodology, applicable throughout the decision-making  
process, to facilitate the adoption of 5G-enabled solutions  
(Brotcorne et al., 2019; Fadda et al., 2018). GUEST is a Lean 

Business methodology, originally formulated by a pool of 
researchers associated with Politecnico di Torino (Perboli,  
2016; Perboli et al., 2018; Perboli, 2017), is a framework fre-
quently designed to support organizations in contexts of rap-
idly evolving and disruptive innovation. It supports and guides  
project development ensuring the integration of both the tech-
nological and the business dimensions. A core strength of this 
methodology lies in its emphasis on comparability and iterative  
learning across multiple pilots, in line with business model 
research that advocates cross-case analysis to identify enablers 
and barriers to value creation. This aspect is particularly critical  
in the early phases of innovation, where failures tend to out-
number successes, as it helps highlight the components that 
require close monitoring (Cantamessa et al., 2018). Originally  
built on the foundational contributions of Osterwalder and  
Pigneur (Osterwalder & Pigneur, 2010) and the Lean Startup  
movement, GUEST extends these principles to products and  
services operating within Multi-Actor Complex Systems 
(MACS). It is anchored in recognized frameworks (e.g., Technol-
ogy–Organization–Environment, socio-technical transitions), and 
supported by expert feedback and best practices in blockchain 
consortia, thereby strengthening its credibility (CONCORDIA  
Consortium, 2020; INCIT-EV Consortium, 2021; NOUS Con-
sortium, 2023; Perboli et al., 2018; SINFONICA Consortium,  
2023). The GUEST has already been successfully applied in 
several sectors, including automotive, information technology 
and telecommunications where it guided companies in defining  
clear value propositions, stakeholder roles, and implementations 
(5G-LOGINNOV Consortium, 2021; CONCORDIA Consor-
tium, 2020; INCIT-EV Consortium, 2021; NOUS Consortium,  
2023; SINFONICA Consortium, 2023). By documenting this 
proven framework in a replicable manner, we aim to further 
stimulate empirical testing across additional contexts, potentially  
uncovering how factors such as regulatory shifts, cultural readi-
ness, or market structures affect 5G technology Challenges as  
technical solutions on operational efficiency, sustainability, and 
helps the emergence of new business models. Our approach  
combines action research principles with expert-driven validation.  
Our methodology is articulated in five steps: Go, Uniform,  
Evaluate, Solve, and Test. Each step allows the actors to moni-
tor their projects and, at the same time, grants the standardi-
zation of documents and tools that should be used to evaluate  
ideas, outcomes, actions, and results. One of the main advan-
tages of the GUEST is that it promotes inclusivity: innova-
tion teams can benefit from participants with varying levels 
of seniority and expertise, provided they share a common lan-
guage. The methodology does not require prior expert knowl-
edge, allowing people from diverse backgrounds to contribute  
effectively and push innovation through collaboration.

Application in 5G-LOGINNOV
The GUEST methodology was applied extensively in the  
5G-LOGINNOV project to align technical innovation with  
business and policy development. Its structured process ena-
bled the efficient involvement of diverse stakeholders, including  
start-ups, SMEs, established project partners, and public  
authorities, ensuring that the emerging solutions were both  
market-oriented and policy-relevant.
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Roadmap review and policy definition
The process began with CGR-led technical workshops, where  
stakeholders jointly assessed existing logistics roadmaps (such 
as the ERTICO Logistics Roadmap 2025) and related frame-
works. These discussions provided a shared understanding of 
ongoing trends and gaps in the logistics sector, and ultimately 
guided the formulation of two primary policy frameworks to  
structure the following steps of the work.

Challenge categorization
Leveraging GUEST’s standardization tools within CGR’s col-
laborative environment, stakeholders analyzed the experiences  
and feedback from the Living Labs. This effort led to the iden-
tification of six key challenge categories, which acted as a  
reference taxonomy for organizing barriers and opportunities in  
5G-enabled logistics innovation.

Stakeholder engagement and business modelling
The GUEST methodology played a central role in mapping 
stakeholder expectations against their actual needs during the 
development of new business models. This activity engaged not 
only the five start-ups selected through the 5G-LOGINNOV  
Open Call for Innovative Start-Ups but also the established 
project partners, including SMEs. By involving both new 
entrants and experienced actors, the methodology ensured that 
innovative solutions were developed focusing on both viability  
and ecosystem integration.

Recommendation development
In the “Evaluate” and “Solve” phases of GUEST, Business 
Model Canvases were built for each Living Lab use case. These 
canvases were complemented by partner prioritization exer-
cises, which helped to identify the most impactful actions. As 
a result, an initial portfolio of 64 recommendations was gener-
ated (32 for each policy framework), systematically clustered  
under the six previously defined challenge categories.

Refinement and validation
To strengthen the robustness and policy relevance of the results, 
recommendations were refined through an iterative process 
involving surveys, semi-structured interviews, and workshops  
with external stakeholders and partner organizations. This  
multi-layered validation ensured that the recommendations not 
only reflected the technical feasibility of 5G-enabled logistics  
solutions but also addressed the policy needs of the EU and  
local authorities.

Outcome of the integrated approach
By merging CGR’s governance strengths with GUEST’s 
structured execution, the methodology delivered three key  
outcomes:

•   �Stakeholder-owned, evidence-based policy recommenda-
tions, ensuring legitimacy and buy-in.

•   �Standardized outputs across diverse pilots, which  
enabled cross-case analysis and comparability of results.

•   �A replicable and scalable process that can be applied 
to future contexts of technology–policy integration,  
beyond the scope of 5G logistics.

Final output
The integration of results from various collaborative tools (e.g., 
surveys, interviews, workshops, and partnerships with exter-
nal organizations) enabled the consolidation of a final set of 
recommendations. These were tailored for both public authori-
ties and the European Commission, providing actionable guid-
ance on how to support the adoption of 5G in logistics and 
how to overcome sectoral challenges through coherent policy  
measures. The entire process is summarized in Figure 1.

6. Results
Key findings from technical workshops
The application of the integrated CGR–GUEST approach began  
with a collaborative assessment of existing logistics road-
maps. Among the documents reviewed, the ERTICO Logistics  
Roadmap 2025 emerged as the most relevant reference, as it 
highlights three strategic priorities for the sector: full digitali-
zation, automation, and interoperability across transport and 
logistics systems. Building on this, the workshops examined 
how the outputs of the 5G-LOGINNOV project could align 
with and reinforce these priorities. Stakeholders identified  
5G-enabled AI for logistics as the most significant innovation, 
complemented by advancements in green-light speed advice  
systems, collision-avoidance mechanisms, and remote  
telemonitoring solutions. To structure these findings, a high-level 
mind map (Figure 2) was developed. This exercise distilled the 
results into two overarching policy frameworks that serve as the 
foundation for subsequent recommendations targeting public  
authorities and the European Commission:

•   �Ensure the priority roll out of 5G networks on EU  
hinterland network and port area

•   �Enhance research, development, and deployment of AI 
applications to support most optimal Logistic supply  
chain and port operation

These two policy directions directly enhance efficiency, safety, 
security, and sustainability in port operations and connected 
transport networks. Furthermore, they align with the pillars of 
the future Industry 6.0-beyond automation, towards integration  
and consciousness:

•   �Resilience – they can strengthen operational continuity  
in ports, such as Koper and Hamburg’s hinterland.

•   �Human-centricity – to ensure safer working conditions  
for transport drivers, road users, and port staff.

•   �Sustainability – they can contribute to measurable reduc-
tions in CO

2
 emissions.

•   �Hyper-Intelligent Systems-they can be capable of 
deep self-awareness and decision-making based on AI,  
machine learning, and neuromorphic computing.
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Figure 1. The methodological framework of our research.

Figure 2. The Mind Map developed in the workshop.

•   �Full Immersion of Human and AI Integration-they can 
directly interact with machines at a cognitive level—cre-
ating seamless partnerships between biological and  
digital entities.

•   �Quantum Computing- they could see the integration 
of quantum computing into industrial applications, 
allowing for unprecedented computational power and  
problem-solving capabilities.

•   �Ubiquitous Connectivity & Decentralized Networks- 
They can have ubiquitous, distributed networks (like  

blockchain or quantum networks) where devices, systems,  
and even entire factories are connected seamlessly.

•   �Global and Environmental Awareness – they may also 
leverage global AI ecosystems to monitor and manage  
environmental, social, and governance (ESG) goals.

Identification of deployment challenges
Through the integration of GUEST’s standardization tools within 
the CGR collaborative framework, a structured process was 
adopted to identify barriers to the implementation of the two  
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policy directions. This process combined insights from 
stakeholder workshops with evidence gathered in the three  
European Living Labs. The outcome was the formulation of 
six major categories of impediments, each reflecting practical 
issues and roadblocks encountered during project deployment.  
These categories, along with their brief descriptions, are  
summarized in Table 1.

Development and prioritization of recommendations
The formulation of recommendations followed the Evaluate  
and Solve stages of the GUEST methodology. For each use  
case we developed a Business Model Canvas, integrating per-
spectives from both start-ups and established partners and 
ensuring a balanced representation of innovative and consoli-
dated business approaches. This analysis produced an initial 
set of 64 recommendations, evenly distributed across the two  
policy frameworks and organized within the six impediment 
categories previously defined. The recommendations emerged  
from the examination of business models adopted in the Liv-
ing Labs, with particular attention to the value propositions 
linked to the implementation of each use case. Partners were 
then invited to prioritize these propositions, a process that 
was further refined through Solution Canvas analysis and  
survey-based feedback, which allowed the most critical priori-
ties to be clearly identified. In parallel, a comprehensive ques-
tionnaire was circulated to establish a shared vision on the  
main policy needs. It asked partners to reflect on the challenges 
encountered in deploying solutions in hinterland networks  
and port areas, on the degree of interest shown by 5G opera-
tors in supporting the project’s use cases, and on the potential 
measures to enhance capacity building for 5G equipment. The 
insights gained from this combined process of business model  
analysis, prioritization, and questionnaire validation were 
merged into a structured set of policy recommendations. Their 
final prioritization was integrated into the CGR governance  
cycle, ensuring both alignment and consensus across the  
consortium.

External validation and refinement
The recommendations developed in the previous steps under-
went an additional phase of validation and refinement through  

a series of exchanges with external stakeholders. In particular,  
two consultation workshops were organized in March and  
May 2023, complemented by two targeted interviews with rep-
resentatives from ALICE, FENIX and CCAM. These activities  
provided new perspectives on challenges and possible solu-
tions to 5G deployment, while also ensuring that the recom-
mendations remained technically feasible and aligned with 
broader EU policy objectives. The first consultation workshop 
was focused on the 5G Infrastructure Public Private Partnership  
(5G-PPP). The session gathered representatives from the 
project’s Living Labs together with external delegates from the  
5G-PPP community, and focused on discussing the deployment  
gaps identified by 5G-LOGINNOV. The objective was to for-
mulate shared recommendations that could be transferred to  
public authorities and the European Commission, strengthening  
the prospects for wider deployment and policy adoption. The 
second consultation workshop brought together a wider group 
of stakeholders, including representatives from CCAM, DTLF,  
FENIX and ALICE, alongside participants from the Living Labs. 
This workshop revolved around the two policy frameworks 
developed within the project and sought to identify concrete  
solutions to the gaps that might hinder the integration of 5G  
technologies in logistics. The discussions were aimed at sup-
porting the implementation of 5G core technologies in European 
hinterland networks and ports, while also fostering the uptake  
of AI to improve efficiency in logistics operations. In addition 
to the workshops, individual interviews were conducted with 
representatives from ALICE, FENIX and CCAM. These inter-
views offered an opportunity to contrast the issues encountered  
during 5G-LOGINNOV deployments with experiences gained in 
other projects, and to explore possible strategies to address the 
identified roadblocks. The insights collected in these interviews 
were combined with the results of the workshops, reinforcing  
the robustness of the final set of policy recommendations.

Final recommendations
The findings of the 5G-LOGINNOV project, consolidated 
through the GUEST–CGR methodology and validated with both 
internal and external stakeholders, led to the formulation of a 
set of final recommendations. These recommendations address 
the main challenges identified during the different use cases in  

Table 1. Summary of gaps identified.

Challenge Description

Technical gaps These encompassed technical problems such as inadequate electricity 
connections and compatibility issues with legacy infrastructure.

Infrastructure and 
Installation gaps

Problems arising from the lack of compatibility with legacy infrastructure were 
examined.

Regulatory gaps Including instances where installation and operation didn’t align with existing 
laws, requiring approvals, or dealing with legislative gaps and unclear rules.

Administrative issues Administrative concerns included the need for certificates, registrations, and 
compliance tests.

Training and Expertise This addressed challenges related to the shortage of technical personnel to 
install equipment and difficulties in understanding its operation.

Business Models This included observations of resistance from customers or entrepreneurs 
regarding investment in the project, possibly due to unclear business models.
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the 3 Living Labs, and they provide guidance for public authori-
ties, regulators, equipment manufacturers, and research com-
munities. Their scope is twofold: on the one hand, they support 
the practical implementation of 5G and AI-based solutions in  
ports and hinterland areas; on the other, they contribute to 
broader EU objectives concerning digitalization, automation,  
interoperability, and sustainability in logistics.

Reliable and Low-latency performance
In hinterland regions served by commercially available 5G 
networks, the anticipated low-latency performance has not 
been consistently realized. Achieving reliable and sustained  
low-latency is essential for the effective operation of numer-
ous critical applications. To address this challenge, it is 
imperative to foster close collaboration with Mobile Network  
Operators (MNOs) to mitigate license-related limitations, imple-
ment network slicing technologies, and streamline regulatory  
frameworks. Additionally, the integration of mobile edge  
computing infrastructure—such as localized data hubs at stra-
tegically positioned network nodes (e.g., Hamburg)—is recom-
mended to minimize transmission delays and enhance system  
responsiveness.

Compatibility of port infrastructure
The integration of 5G hardware components within port  
facilities in some use cases has been delayed by structural and 
operational limitations. Cranes, identified as optimal sites for 
transponder installation, posed technical difficulties that neces-
sitated reliance on legacy Wi-Fi systems, which offer limited 
coverage and performance. A transition towards 5G-enabled  
infrastructure is therefore essential. To facilitate this process,  
we propose the establishment of voluntary guidelines and stand-
ards for equipment upgrades, alongside incentives for port 
operators to invest in 5G- ready equipment. The promotion of 
innovation and competition in the private 5G market is further  
encouraged to ensure continuous technological progress.

Standardize technical interfaces
The absence of harmonized technical interfaces has resulted in 
fragmented solutions requiring ad hoc agreements with each 
supplier, thereby impeding efficient integration. To overcome  
these barriers, the creation of a Technical Standards Committee  
is recommended, tasked with defining open and interoperable  
standards for 5G deployment in ports and hinterland regions.  
Suggested measures include actions such as certification proc-
esses, early adoption incentives, international cooperation ini-
tiatives, and dedicated training programs and workshops. These 
policies are expected to simplify operations for service and  
equipment providers, reduce integration costs and foster market 
competition.

Improve availability of AI tools
Project partners encountered significant challenges in acquir-
ing appropriate AI software solutions to support the planned  
applications. Despite the growing demand for AI technologies,  
there remains a notable scarcity of accessible, high-quality 
tools, which restricts both innovation and widespread adoption.  
Bridging this gap necessitates targeted investment in research 
and development, along with reforms in licensing and intel-
lectual property frameworks to facilitate broader access.  

Emphasis should also be placed on establishing interoperability 
standards, ensuring that interfaces and documentation are intui-
tive and user-centric. Particularly crucial is the promotion of  
open-source initiatives, supported by both financial and insti-
tutional backing, as well as the creation of a centralized plat-
form for the global exchange of AI toolkits and resources. 
Looking toward the future, AI generative models (LLMs) and  
Low-code/No-code Machine Learning Models (LMMs) are  
poised to play a transformative role. Their integration can  
democratize AI development, enabling a broader range of stake-
holders—including non-experts—to create and deploy AI-driven 
applications. As these technologies evolve, it is vital to support  
their adoption by ensuring robust training datasets, developing  
ethical guidelines for generative AI, and fostering collabora-
tive frameworks that allow users to harness these tools respon-
sibly and effectively. Further investment in AI literacy and 
continuous feedback loops with AI communities will be neces-
sary to ensure that these next-generation models align with the  
needs of industries and society at large.

Deployment of dedicated cloud environments(Enhance Stand-
ardization)
Security, privacy, and infrastructural constraints—such as restric-
tions on modifications to port cranes—posed significant chal-
lenges to the integration of AI tools within existing port ICT  
systems. To address these challenges, the adoption of dedi-
cated cloud environments, such as Infrastructure-as-a-Service  
(IaaS) tailored specifically for port operations, is recommended. 
This approach would facilitate secure deployment while adher-
ing to operational limitations. Furthermore, the development  
and promotion of standardized protocols and interfaces is 
essential for ensuring seamless interoperability between AI  
applications and port ICT infrastructure.

Collaboration with equipment manufacturers
Efficient logistics operations in ports often rely on the strategic  
positioning of devices—such as cameras on cranes—to support 
AI-driven services. However, issues of equipment ownership  
and the need to preserve manufacturer design specifications 
constrain deployment. Early and proactive engagement with 
equipment manufacturers is therefore required to co-develop  
solutions that are neutral, adaptable, and non-intrusive, 
thereby ensuring functional alignment with AI services while  
safeguarding the structural integrity of critical assets.

Knowledge consolidation
Finally, the absence of a centralized, sector-specific knowledge  
base for 5G applications in ports and hinterland areas repre-
sents a barrier to knowledge transfer. Establishing a compre-
hensive repository that consolidates research findings, case  
studies, and best practices relative to 5G in ports and hinter-
lands would serve as a valuable resource for stakeholders and 
foster informed decision-making to support a wider adoption  
of advanced digital technologies.

The recommendations are summarized in Table 2. Each entry 
highlights the key issue observed during project implementation 
and outlines the proposed actions to address it, with the over-
arching aim of fostering efficiency, reliability, and scalability  
in the deployment of 5G technologies in logistics.
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Added value of the CGR–GUEST integration
The integration of the CGR and GUEST methodologies pro-
vided significant added value to the project outcome: it  
ensured that all recommendations were developed with the 
engagement of all stakeholders and that they were grounded  
in validated business models. This ensured the legitimacy and 
the practical relevance of the recommendations. Finally, the  
establishment of continuous feedback loops between the  
governance-oriented CGR framework and the execution- ori-
ented GUEST methodology accelerated the transition from 
the identification of challenges to the development and  
validation of consensus-based solutions.

7. Conclusions
This paper examined how the integration of the Collaborative  
Governance Regime (CGR) and the GUEST methodology can 
help regulators to guide the deployment of 5G technologies 
in European ports and hinterland networks. Combining struc-
tured governance with lean innovation tools we enabled the  
co-creation of policy frameworks, the prioritization of  
recommendations, and the validation of results across diverse  
Living Lab environments. Our findings show that 5G deploy-
ment in logistics is not only a technological challenge but  
also a governance issue. Challenges such as technical gaps, 
lack of standardization and fragmented knowledge must be 
addressed to support innovation and sustainability. Beyond the  
specific outcomes of the 5G-LOGINNOV project, this study 
contributes to the broader debate on digital transformation in 

critical infrastructures. It demonstrates that governance frame-
works and methodological rigor are as important as techno-
logical advances in ensuring successful adoption. At the same 
time, limitations must be acknowledged: evidence was drawn  
primarily from EU-funded pilots, and the replicability of 
the approach in other regulatory, cultural, or market settings  
remains to be tested. A further limitation is the absence of  
feedback on the proposed policy frameworks. Since these  
recommendations are based on innovative, not-yet-implemented 
measures, their effectiveness can only be verified after these 
policies are enacted and evaluated in practice. Future research  
could therefore explore how governance–innovation frameworks  
can be adapted to non-European contexts or compare the  
evolution of barriers to 5G over time, which could affect the 
validity of policy recommendations. A future research topic 
could be also to explore how AI generative models (LLMs) and  
Low-code/No-code Machine Learning Models (LMMs) can 
democratize AI development for ports, ensuring ethical use,  
robust datasets, and industry alignment for broader adoption.

Ethics and consent
Ethic approval and consent were not required.

Data availability
The paper is based on evidence from the 5G-LOGINNOV  
project.

Table 2. Final Recommendations for 5G Deployment in Ports and Hinterland Areas.

Recommendation Key Issue Addressed Proposed Actions

Ensure reliable low latency 
performance

Inconsistent latency in 
commercially available 5G 
networks

Collaborate with MNOs to resolve licensing 
barriers; introduce network slicing; streamline 
regulatory processes; deploy mobile edge hubs

Ensure compatibility of 
port infrastructure

Technical difficulties in 
installing 5G equipment on 
cranes; reliance on legacy Wi-Fi

Establish voluntary guidelines and standards; 
incentivize investment in 5G-ready equipment and 
infrastructure

Standardize technical 
interfaces

Lack of harmonized standards 
complicating integration

Create a Technical Standards Committee; define 
open standards; establish certification processes; 
incentivize early adoption; strengthen international 
cooperation; provide training

Improve availability of AI 
tools

Shortage of accessible, high 
quality AI software

Increase R&D investment; promote open-source 
initiatives; establish interoperability standards; 
reform IP and licensing; provide user-friendly 
interfaces; create centralized open-source platform

Deploy dedicated cloud 
environments

Security, privacy, and 
infrastructural restrictions 
hindering AI integration

Promote standardized protocols; deploy tailored 
IaaS solutions; ensure interoperability and secure 
integration of AI tools

Enhance collaboration with 
equipment manufacturers

Constraints on equipment 
placement and ownership; 
need for design neutrality

Engage manufacturers early; co-develop 
adaptable, nonintrusive equipment solutions; 
ensure alignment with AI service requirements

Create a centralized 
knowledge repository

Fragmented access to  
5G-related resources for ports

Consolidate research papers, case studies, and 
best practices; establish a dedicated knowledge 
platform for stakeholders
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Aggregated and anonymized open data are available on the 
5G-LOGINNOV Zenodo community, including the following  
datasets:

-   �SeaFront – Synthetic dataset for visual container inspec-
tion. https://doi.org/10.5281/zenodo.10204550 (Cortés  
et al., 2024). This project contains the following  
underlying data:

•   �SeaFront_v1_0_0.rar (synthetic image datasets for  
container classification and detection tasks).

    �Data are available under the terms of the Creative Com-
mons Attribution – NonCommercial – NoDerivatives 4.0  
International (CC BY-NC-ND 4.0) license.

-   �KPI set for evaluating the environmental impact of using 
5G in data exchange for traffic management outside  
the port and the hinterland. https://doi.org/10.5281/zenodo. 
10204637 (T-Systems et al., 2024)

    �This project contains the following underlying data:

•   �Hamburg LL KPIs.csv (Key Performance Indicators 
measured during three trials at the Hamburg Living  
Lab of the 5G LOGINNOV project)

•   �D2.2 – Data collection and evaluation procedures.
pdf (Description of dataset collection and evaluation  
methodology)

•   �D3.1 – Trial methodology, planning and coordina-
tion.pdf (Detailed trial methodology, planning and  
coordination document)

    �Data are available under the terms of the Creative Com-
mons Attribution 4.0 International (CC BY 4.0) license.  
(Zenodo)

-   �KPIs to evaluate the benefits of 5G and AI-enabled serv-
ices deployment on ports logistics operations. https://doi.
org/10.5281/zenodo.10204619 (Institute of Communication 
and Computer Systems et al., 2024)

    �This project contains the following underlying data:

•   �D2.2 – Data collection and evaluation procedures.pdf 
(describes dataset structure and methodology)

•   �D3.1 – Trial methodology, planning and coordination.
pdf (details the trial setup and coordination)

•   �dataset.zip (CSV files of KPI measurements including 
“A-KPI 11a – Inference time for both cloud and far-
edge deployments (results per frame)” and “A-KPI 
11b – Power consumption for both cloud and far-edge 
deployments (watts/second)”)

Data are available under the terms of the Creative Commons  
Attribution 4.0 International (CC BY 4.0) license.
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were then invited to prioritize these propositions, a process that 
was further refined through Solution Canvas analysis and survey-based feedback, which allowed 
the most critical priorities to be clearly identified." Please include information regarding the 
partners invited (for example: responsibilities, stakeholders, and number). 
 
- page 9, in section "Development and prioritization of recommendations" it is stated "In parallel, a 
comprehensive questionnaire was circulated to establish a shared vision on the main policy 
needs." Please include numerical data regarding the questionnaire (for example: number of 
submissions and a selection of meaningfull answers). 
 
- page 11, in Table 2 the last recommendation in accordance with the presentation in the paper 
should be revised to "Knowledge consolidation" and the statement "Create a centralized 
knowledge repository" is closer to a proposed action. Please review. 
 
Minor comments: 
- page 6, in section "Collaborative Governance Regime (CGR)" please verify the statement 
"[emerson2012integrative]." 
- page 6, section "The GUEST methodology" the statement "... or market structures affect 5G 
technology Challenges as..." please review the bold in "as" 
- page 8, Figure 8, in the block with the statement "Final Policy Recommendations" the number of 
Final Recommendations "7" helps the reader to relate the findings with Table 2. Please review. 
- page 9, in section "Final recommendations", it is stated "GUEST-CGR" please review for "CGR-
GUEST" aligned with the order in which the integration between both is mentioned throughout 
the paper 
- page 10, "...environments(Enhance..." please review for "...environments (Enhance..." 
 
 
Is the work clearly and accurately presented and does it cite the current literature?
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Is the study design appropriate and does the work have academic merit?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
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If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
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expertise to confirm that it is of an acceptable scientific standard, however I have 
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Summary: 
 
The paper examines how the deployment of 5G and AI in seaports can be governed more 
effectively by integrating technological experimentation with collaborative policy learning. 
Drawing on evidence from the EU-funded 5G-LOGINNOV project and three Living Labs (Athens, 
Hamburg, and Koper), it proposes an integrated methodological framework that combines the 
Collaborative Governance Regime (CGR) with the GUEST lean business methodology. The core 
contribution lies in translating Living Lab experimentation into structured policy frameworks and 
recommendations for public authorities. 
 
Positive traits of the article: 
 
The manuscript is generally well structured and clearly written, and it engages with recent and 
relevant literature on 5G, smart ports, and governance.  
 
The overall study design is appropriate for an exploratory, governance-oriented investigation 
based on Living Labs and action research. The integration of the Collaborative Governance 
Regime and the GUEST methodology has academic relevance.  
 
The paper refers to publicly available datasets and project deliverables, which supports 
transparency to some extent.  
 
The conclusions are broadly consistent with the results and experiences described in the paper.  
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Negative traits of the article: 
 
The study relies heavily on descriptive accounts of workshops, Living Labs, and methodological 
steps, but offers limited analytical depth in terms of systematically analyzing empirical data. While 
interviews, surveys, and workshops are mentioned, the paper does not clearly specify sample 
sizes, response rates, coding strategies, or analytical procedures. 
 
The paper frequently reads as a structured project report rather than an academic research 
article. Many sections focus on describing project activities, consortium processes, and outputs 
(e.g., number of recommendations produced) without sufficiently abstracting these into analytical 
insights or theoretical contributions. 
 
Although the CGR–GUEST integration is presented as effective and value-adding, the paper offers 
limited critical discussion of its weaknesses, trade-offs, or failure points. The conclusions briefly 
acknowledge contextual limitations, but there is little reflection on situations in which the 
framework might not work. 
 
In the results section, the discussion expands into speculative themes such as Industry 6.0, 
quantum computing, neuromorphic systems, and global AI ecosystems. These elements are only 
loosely connected to the empirical evidence presented and dilute the focus of the paper. 
 
The implications for non-European ports and governance systems remain underdeveloped. While 
replicability is claimed, the paper provides few concrete insights into how different regulatory 
regimes, market structures, or governance cultures affects the applicability of the framework. 
 
Several sections, particularly those describing the Living Labs and the methodology, repeat similar 
points using slightly different wording. 
 
Although datasets and KPIs are referenced, the paper does not meaningfully integrate 
quantitative performance results into the analysis. Readers are told that benefits such as emission 
reductions or efficiency gains were observed, but concrete figures or comparative indicators are 
largely absent from the narrative. 
 
Suggestion to authors: 
 
To make the article scientifically sound, the authors must primarily strengthen methodological 
transparency by clearly specifying data collection and analysis procedures so that the study can be 
replicated, and by explicitly explaining how empirical evidence from the Living Labs is transformed 
into results and conclusions. The manuscript should more clearly distinguish research findings 
from project deliverables and sharpen its theoretical contribution by clarifying what is novel in the 
integration of CGR and GUEST beyond the specific project context. Empirical claims should be 
better supported through structured use of available data or comparative evidence, while 
limitations and potential biases inherent to stakeholder-driven, EU-funded pilots should be 
discussed more critically. Finally, speculative forward-looking elements not directly supported by 
the evidence should be reduced or more tightly grounded to maintain scientific focus.
 
Is the work clearly and accurately presented and does it cite the current literature?
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Partly

Is the study design appropriate and does the work have academic merit?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly
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Summary 
This paper examines how the integration of the Collaborative Governance Regime (CGR) and the 
GUEST methodology can support the governance of 5G deployment in European ports and 
hinterland networks. Drawing on evidence from the 5G-LOGINNOV Living Labs, the study develops 
policy frameworks, identifies key deployment challenges, and formulates a comprehensive set of 
policy recommendations. The topic is timely and policy-relevant, and the combination of 
governance and innovation-management perspectives represents a valuable contribution to the 
literature on digital transformation in port and logistics systems. While the overall approach is 
well-founded and appropriate for the stated objectives, several clarifications are required to 
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strengthen methodological transparency, analytical coherence, and evidence traceability. 
Major comments 
1. Alignment between contribution claims and preceding sections 
In Section 2 (“Research gaps and paper contribution”), the Contribution and relevance 
paragraph clearly articulates the intended value of the study in terms of policy guidance, 
integrated recommendations, and broader applicability. The authors could more explicitly anchor 
these claims in the preceding literature review (Section 3) by clarifying which specific gaps in 
existing governance approaches the paper addresses, and how the proposed CGR–GUEST 
framework enables the translation of Living Lab evidence into transferable policy guidance. This 
would improve the traceability between identified gaps and the stated contributions. 
2. Methodological transparency and replicability 
In Section 5 (“Methodology”), the integrated CGR–GUEST methodology is well motivated and 
conceptually appropriate for the study’s objectives. However, to support replication and 
strengthen scientific transparency, the authors should provide more explicit detail on how the 
framework was operationalised in practice. In particular, clarification is needed regarding 
stakeholder selection and roles, the number and type of engagement activities (e.g. workshops, 
surveys, interviews), the analytical procedures used to synthesise inputs, and the criteria by which 
challenge categories and recommendations were derived and prioritised. 
Minor comments 
1. Introductory framing and references 
In Section 1 (“Introduction”), several contextual statements would benefit from minor 
clarification and citation refinement. These include: (i) the statement on maritime transport 
carrying over 80% of global trade by volume (UNCTAD);(ii) the alignment with EU policy 
frameworks (EU digitalisation agenda, European Green Deal, Industry 5.0); and (iii) the claim that 
5G and AI are critical enablers of efficiency, safety, and sustainability. The authors may consider 
citing the specific UNCTAD data release, adding one or two authoritative EU policy references 
(particularly for the EU digitalisation agenda), ensuring that all cited works are complete and 
accessible, and briefly clarifying the complementary roles of 5G (as connectivity infrastructure) and 
AI (as a data-driven optimisation capability) to improve technical precision. 
2. Literature synthesis and governance focus 
In Section 3 (“Literature review”), the “From technology to governance” subsection appropriately 
highlights the dominance of technology-centric studies in the 5G port literature. The authors could 
more explicitly structure the discussion around key governance dimensions relevant to port 
environments (e.g. spectrum governance, procurement, OT ownership, liability, cybersecurity, 
data governance, interoperability, workforce skills) and clarify how these motivate the use of the 
CGR–GUEST framework. 
3. Living Labs – analysis, evidence, and transferability 
In Section 4 (“Living Labs as testbeds for innovation”), while the Living Labs are clearly 
described and technically credible, the section would benefit from a more analytical synthesis 
highlighting common patterns, governance-related lessons, and differences across Athens, 
Hamburg, and Koper. In addition, several performance-related claims (e.g. emission reductions, 
assured QoS, safety-critical operations) would benefit from clarification regarding whether they 
are based on quantitative KPIs, qualitative assessments, or stakeholder perceptions. Finally, briefly 
distinguishing which insights are considered broadly transferable versus context-specific would 
strengthen the policy relevance of the Living Lab evidence. 
4. Evidence and performance claims 
In Section 6 (“Results”), several performance-related claims would benefit from clarification 
regarding the nature of the supporting evidence. In particular: 
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(i) in subsection “Key findings from technical workshops”, statements referring to efficiency, safety, 
and sustainability gains associated with the two policy frameworks (Figure 2); (ii) in subsection 
“Final recommendations”, claims concerning reliable low-latency performance, emission reductions, 
assured QoS, and security enhancements; and (iii) in Table 2, where issues such as inconsistent 
latency, emission impacts, and performance assurance are linked to proposed actions. For these 
cases, the authors could clarify whether the claims are supported by quantitative KPIs measured 
in the Living Labs, qualitative operational assessments, simulations, or stakeholder evaluations, 
and briefly indicate how such evidence informed the synthesis of results. 
5. Scope and future-oriented claims 
In Section 6 (“Key findings from technical workshops”), the discussion following Figure 2 
introduces concepts such as Industry 6.0, quantum computing, neuromorphic computing, and 
deep human–AI cognitive integration. While these perspectives are interesting, they extend 
beyond the empirical scope of the Living Labs and the results generated within the 5G-LOGINNOV 
project. The authors may consider clearly framing these elements as long-term outlooks or future 
research directions, or alternatively limiting the discussion to concepts directly supported by the 
project evidence, in order to maintain analytical focus and credibility. 
6. Conclusions – scope and status of recommendations 
In Section 7 (“Conclusions”), the discussion of generative AI (LLMs) and Low-code/No-code ML 
models would benefit from being explicitly framed as a long-term research outlook, as these 
technologies were not investigated within the Living Labs. In addition, while the authors correctly 
note that the effectiveness of the recommendations can only be verified post-implementation, 
they could briefly clarify the current status of these recommendations (e.g. whether they have 
been communicated to or considered by public authorities, or remain advisory outputs awaiting 
adoption). 
Overall assessment 
This is a well-motivated and policy-relevant study addressing an important gap in the governance 
of digital transformation in ports. With clearer methodological operationalisation, improved 
traceability between evidence and recommendations, and minor refinements to scope and 
framing, the paper would make a strong contribution to both academic and policy discussions. I 
support indexing after revision.
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