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Abstract: A metaverse is an environment where humans interact socially and economically as
avatars in cyberspace, which acts as a metaphor for the real world but without its physical or
economic limitations. Many people use this new technology to connect with others, exchange
content or discover new hobbies. Unlike other virtual worlds, the metaverse offers an online
world that can be shaped. For the ports of the Spanish port system, it is intended to determine
the new virtual port ecosystem that could be developed in the short term through an affinity
diagram, which is a diagram that is used for the organization of ideas provided by a group on
a complex problem that is held in a specific area, in this case reaching meta ports in the port
system. The main conclusion is that to advance on this concept the new operating models and
customers and services, are the blocks where the greatest efforts will have to be made.
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1. Introduction

The Metaverse is a virtual world, one that you can connect to using a series of
devices that will make you think that you are really inside it, interacting with all its
elements. It will be like actually teleporting to a whole new world through virtual
reality glasses and other complements that will allow us to interact with it (Mourtzis
et al., 2022).

The metaverse is not intended to be a fantasy world, but a kind of alternative
reality in which you can do the same things you do today outside your home, but
without leaving your room (Allam et al., 2022).

The metaverse is a term that has recently gained popularity and generated a great
deal of enthusiasm in the technology arena. In its most basic form, the metaverse refers
to a shared virtual space in which people can interact with each other and with digital
objects in real time. It is a virtual world in which multiple users can coexist and engage
in a variety of activities, from working and learning to socializing and playing games.
Unlike virtual reality and immersive experience, the metaverse is a persistent and
constantly evolving digital representation of the real world, rather than an isolated
experience (Gretzel and Koo, 2021).

Immersive experience encompasses a wide range of technologies and techniques
that seek to create a sense of presence and full participation in an environment.
Although virtual reality is a common form of immersive experience, it can also include
other technologies, such as augmented reality (AR) and mixed reality (MR).
Immersive experience seeks to integrate digital technology into the physical
environment, overlaying virtual objects and elements on the real world or creating a
fusion between the two (Hoyer et al., 2020).

Unlike VR, the immersive experience does not necessarily require a completely
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metaverse, but can enhance the existing reality by adding interactive digital layers
(Mallam et al., 2019). Thus, the arrival of the Metaverse will positively impact many
sectors of the economy, starting with the leisure and entertainment sector, as we
already see in video games and sports; also in the education sector, which has great
potential for growth in this new digital reality (Gonzdez-Cancelas et al., 2023).
Additionally, a significant growth in the use of the Metaverse by digital commerce is
on the horizon, supported by the Blockchain and NFTs, which will differentiate it from
Ecommerce as we know it (De Giovanni, 2023).

The metaverse is a broader concept and encompasses multiple interconnected
metaverses, while virtual reality focuses on providing an immersive experience in a
single environment (Allam et al., 2022). The metaverse is a constantly evolving virtual
space in which users can interact and create experiences in real time. Artificial
intelligence (Al) plays a fundamental role in the development and expansion of this
digital universe, enabling the creation of more realistic and engaging worlds (Mhlanga,
2021).

The metaverse and logistics are two concepts that have a close relationship.
Especially when viewed from the point of view of how logistics could play a role
within the metaverse (Lin et al., 2022).

Indeed, in the context of the metaverse, logistics could play a role in managing
the distribution of digital goods and services within that virtual space. For example, in
a metaverse where people can buy and sell digital objects, a logistics infrastructure
would be needed to manage transactions, store digital objects, and facilitate their
delivery to buyers (Pooyandeh et al., 2022).

Phygital is an acronym for the words “physical” and “digital” and refers to the
seamless integration of physical and digital experiences. It’s a concept that’s becoming
increasingly important as businesses look for ways to create more engaging and
personalized experiences for their customers (Maurya et al., 2022).

The concept of phygital can be applied to logistics in a number of ways. For
example, businesses can use augmented reality (AR) to allow customers to see what
products would look like in their homes before they buy them. They can also use
virtual reality (VR) to allow customers to try on clothes or beauty products virtually.
Companies can also use phygital technology to improve the efficiency of their logistics
operations. For example, they can use artificial intelligence (Al) to automate tasks,
such as inventory management or route planning (Batat, 2021).

In addition, another relevant fact about the metaverse and logistics is that the
latter could be relevant in terms of the physical infrastructure needed to support the
operation of the metaverse. This could include servers, data centers, network
connections, and other logistical elements needed to ensure proper connectivity and
performance of the metaverse (Qadir and Fatah, 2023).

While a fully immersive and interconnected metaverse is still years away,
mobility stakeholders can already capture the real business value of the technologies
designed to make it possible (Dwivedi et al., 2023).

Almost anything that can be done in the real world can be translated into the
metaverse, as long as it fulfills its intended potential. However, new companies and
organizations are appearing every day, inventing ways to be present in this fashionable
virtual universe, making this idea more and more real (Templin et al., 2022).
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Transportation companies also have their space within the metaverse, as they
could basically offer the same services as in the real world (Buhalis et al., 2022).

So far, technology has made it possible to “democratize” and expand the
possibilities of the supply chain around the world. With the advent of pandemic,
process automation, the use of robotics, blockchain and other innovations have
simplified operations (Dutta et al., 2020).

More importantly, their use has made companies truly put the user at the center
of all efforts, as all of these processes are aimed at empowering and personalizing the
consumer experience (Raza et al., 2023).

Research on the use of metaverses in ports globally is an emerging field, and
research gaps can evolve rapidly. However, some potential research gaps in this area
correspond to the following areas: Human-Metaverse Interaction in Port Operations,
Security and Privacy in Metaports, Socioeconomic Impact, Integration with Existing
Infrastructures, Adaptation to Technological Changes, Standardization and
Regulations: and Stakeholder Engagement.

The most important questions that should be able to be solved with the course of
this research should be, among others, how the introduction of metaverses affects
human interaction in port operations, and what are the best practices to facilitate a
smooth and efficient transition from traditional operational practices to metaverse
environments. In addition, with respect to privacy and security, it should be possible
to determine what the specific security and privacy challenges are. Regarding the long-
term socio-economic impact of the introduction of metaports in port communities, it
should be possible to determine how it will affect employees, businesses and local
economies. Another concern is associated with the rapid technological changes
associated with the implementation of metaports and the possibility of adapting port
environments to achieve a successful transition. It will be of paramount importance
not only to determine how the various stakeholders, such as governments, port
authorities, businesses and civil society, can be effectively involved in the creation and
management of metaports, but also what are the specific challenges in cross-sector
collaboration in this context.

2. Review of literature

The metaverse is a term that refers to a shared virtual universe, simulated by a
computer, in which users can interact and experience a virtual reality in real time. This
experience can be achieved through virtual, augmented, or mixed reality and can
include 3D representations of people, objects, and environments. The goal of the
metaverse is to create a virtual world in which users can interact and experience an
alternative reality to real life (Mozumder et al., 2022).

In the context of this research, the metaverse can be defined as a three-
dimensional metaverse that simulates the physical space of a port and its operations.
This environment allows the immersive interaction of users, to participate in activities
related to the transport chain, port management, port operation and port operations.
The ports metaverse includes elements of remote collaboration, real-time
visualization, and the incorporation of emerging technologies.

As an example of this, we can think of a scenario where a port metaverse
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facilitates efficient management between different actors, such as suppliers, carriers
and customs authorities, by allowing them to interact in a metaverse to coordinate and
optimize the loading and unloading of goods. Worker avatars can access real-time data
on container location, shipment status, and storage capacity, enabling faster and more
accurate decision-making. The metaverse could even simulate complex situations,
improving daily operations while contributing to greater resilience to unforeseen
events, such as congestion at docks or unexpected changes in demand.

The metaverse has advanced significantly in several sectors, including video
games, entertainment, education and training, business and commerce, and virtual
reality. However, in recent years, the sector that has experienced the greatest
advancement in the metaverse is video games and entertainment, thanks to the
popularity of online games and the growing demand for immersive experiences. New
applications are also being explored in other sectors, such as education and training,
where metaverse solutions are being developed to improve the effectiveness and
efficiency of teaching. In the future, we are likely to see further progress on the
metaverse across a wide range of sectors (Kye et al., 2021).

The metaverse is one aspect of digitization. Digitalization refers to the process of
transforming analog processes, information and products into digital format. The
metaverse is a form of digitization in which a virtual universe is created that allows
users to interact in a digital environment in real time (Bian et al., 2022).

In the metaverse, virtual reality and artificial intelligence combine to create an
online experience in which users can participate in virtual activities, such as playing
games, participating in conferences, doing business, etc. In this sense, the metaverse
is considered an advanced form of digitalization that offers a more immersive and
participatory virtual reality experience than other forms of virtual reality (Bibri et al.,
2022).

The metaverse is a form of digitization that focuses on creating a real-time virtual
experience that allows users to interact in a digital environment (Bisht et al., 2022).

The metaverse is also influencing the supply chain in various ways. This includes
demand planning, where different demand scenarios are simulated and analyzed to
enable companies to make informed decisions about production and supply chain
planning (Kliestik et al., 2023). Additionally, it is utilized for supply chain simulation
to assess its efficiency, identifying bottlenecks and solutions to enhance overall
effectiveness (Jauhar et al., 2023). Real-time collaboration is another application,
allowing companies to collaborate more efficiently with their supply chain partners,
sharing information and making collective decisions (Perano et al., 2023).
Furthermore, companies can leverage the metaverse to effectively showcase their
products to customers, gaining valuable feedback and making informed decisions
about production.

The metaverse is beginning to have an impact on the supply chain, offering new
ways of planning, collaborating, and demonstrating products that improve supply
chain efficiency and effectiveness (Perano et al., 2023; Romagnoli et al., 2023).

The supply chain in the digital age has become a broad concept based on systems,
analytics and tracking of goods, vehicles and other assets through what we know as
10T (Internet of Things), bringing significant improvements in the operation of supply
chains (Rejeb et al., 2019).
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Technologies such as predictive analytics, a statistical technique that analyzes
actual historical and current data to make predictions about unknown or future events,
improve visibility into the movement of goods, and robotics help DCS (Distributed
Control System) keep pace with supply chain management in the digital age (Lv et al.,
2022).

Technological trends in the supply chain encompass various developments.
Notably, there is a growing emphasis on network-centric visibility (Ng and
Cruickshank, 2023) to enhance transparency. Integrating the Internet of Things (loT)
with application processes is becoming pivotal for streamlined operations (Ahmad et
al., 2023). Scenario-based planning (Dincelli and Yayla, 2022) is emerging as a
strategic approach, while the implementation of 10T, smart routing, and predictive
analytics is shaping the future of supply chain dynamics (Neethirajan, 2023). Mobile
robotics is inducing transformative changes in Distributed Control Systems (DCS)
(Biswas et al., 2023), and the anticipation of Cloud Transportation Management
Systems (Cloud TMS) breaking down information silos signals a paradigm shift in
information management (Yao et al., 2022).

Many application categories are adopting Cloud TMS implementation as a
natural solution because it transforms transportation management from an internal
activity into a process that can easily connect with third-party logistics providers
(Mozumder et al., 2023).

Some of the risks involved in the metaverse:

e  Hacking headphones and microphones (Qamar et al., 2023).

e  Biometric data theft (Gadekallu et al., 2023) (Wu and Zhang, 2023).

o Behavioral data (Allam et al., 2022).

e  Compromised Privacy (Dwivedi et al., 2023).

The metaverse is a project under permanent construction. Just as the Internet has
been in the last decades (Sopher and Lescop, 2023).

Maritime traffic does not want to be oblivious to the potential of the metaverse.
In the maritime environment, the advantages and applications of the metaverse are
being exploited, especially in improving efficiency and for the collaboration of the
supply chain, of which ports are just another link. Some of the uses of the Metaverse
applied to maritime traffic would be:

e  The metaverse enables the creation of customized virtual port environments,
allowing the simulation of specific situations and the practice of specific skills.
This allows for more customized simulation and training tailored to the needs of
the ports (Gonz&ez-Cancelas et al., 2023).

e As atool for collaborative work, the metaverse can accomplish much more than
simply bringing teams together in a unified space. The metaverse promises to
bring new levels of connectivity to the virtual work world, allowing people
working in the supply and transportation chain associated with ports to interact
in real time with digital twins, explore different environments securely, and share
information like never before (Allam et al., 2022).

¢ Regarding maritime traffic. The metaverse will offer simulations with different
operations and scenarios, to test them before opting for one or the other. This type
of hypothetical simulations is called virtual twins (Mourtzis et al., 2022).
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e  With data and analysis in the metaverse, different shipping route schedules could
be simulated and their efficiency evaluated. This could help port professionals to
optimize shipping routes. In addition, it will also be possible to reduce
transportation costs, minimize delivery times and improve the sustainability of
logistics operations (Huynh-The et al., 2023).

Improving efficiency in ports is an element of constant study and improvement,
with the help of the metaverse real time information about maritime traffic and activity
in the port can be visualized, furthermore the simulation of different scenarios allows
planning and managing port capacity by modeling port capacity, optimizing port
capacity and improving efficiency in terms of time and cost (Gonz&ez-Cancelas et al.,
2023).

The metaverse has numerous artificial intelligence and machine learning tools
that can be employed to improve port planning and capacity, although no specific tools
exist to date, simulation platforms can be used to test different scenarios and assess
their impact on capacity (Allam et al., 2022).

With the metaverse, real-time data can be employed that allows companies to
manage and process large volumes of data in motion, therefore it can be employed by
the port environment to find real-time solutions, as it allows real-time data flow
between applications and systems (Deveci et al., 2022).

Data in Motion refers to data that is generated in real time and constantly moving
between systems, applications and devices. This data in motion includes everything
from financial transactions and sensor data to social media messages and server logs,
allowing for real-time solutions, identifying problems in real time and attempting to
respond to them almost automatically and improving efficiency (Zhang et al., 2022).

In the port environment, the metaverse can be primarily fueled by various
technological tools. Project management software acts as a connector, facilitating
collaboration among teams and enabling all organization members to prioritize crucial
tasks (Deveci et al., 2022). Virtual reality platforms, defined as environments where
technology generates realistic images and simulates presence, offer new possibilities
for interaction and visualization (Gonzdez-Cancelas et al., 2023). Management
information systems extract internal system data and summarize it into useful formats,
such as management reports, supporting activities and decision-making, allowing port
stakeholders to share and collaborate on documents in real-time (Damar, 2021).
Communication tools, enabling the transmission and reception of messages, play a
crucial role in connecting and effectively coordinating participants within the port
metaverse (Tang et al., 2022).

The metaverse in the port environment can be powered mainly by the following
tools:

There are several tools that can be used to enhance real-time collaboration in ports
aided by the metaverse (Yoon and Oh, 2022) (Figure 1).

These tools can help improve efficiency and productivity in port collaboration
aided by the metaverse (Duan et al., 2021).

The metaverse is considered the next evolution of the Internet, it could be
expressed as a 3D Internet, persistent three-dimensional spaces that integrate the
virtual and real world. A different way of interacting with users and companies through
avatars, the equivalent of a user profile in a social network. No one now doubts the
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benefits and importance of social networks for companies, so it is difficult to doubt
their natural evolution (Gonzdez-Cancelas et al., 2023).

Virtual reality
platforms: They
allow users to

collzborate in real
time in a virtual

environment,
which can be very

useful in the
context of ports.

Figure 1. Tools for enhance real-time collaboration. Source: own source.

Based on the fact that the metaverse functions as a virtual complement to the real
world, it can be understood that digital twins can be part of the metaverse (Singh et
al., 2022). For example, the information of the transport in which we travel (car, plane,
boat ...) acquired through the sensors feeds its digital twin with real-time data and at
the same time it allows us to publish the information we want to share, such as
geolocation, weather conditions, camera view in our favorite social network within the
metaverse, associated with our representative who is the avatar (De Giovanni, 2023).

3D models can help the visualization of information in ports, the metaverse
collaborates to increase our value chain, increases competitiveness, the differentiation
of our products and their perception of quality (Gonzdez-Cancelas et al., 2023).

Virtual reality, artificial intelligence, interactivity, blockchain, 10T, digital twin...
the metaverse of logistics, the next revolution born from the internet, poses new
challenges for the port environment. Born in the gamer environment, the metaverse
has spread to all facets of social and business life, redefining the scenario of the
physical and the virtual, where both represent two sides of the same coin (Mourtzis et
al., 2022).

The metaverse is a broad concept that can exist without the need for Al. In fact,
there are some metaverses that don’t use Al at all.

However, Al has the potential to significantly improve the metaverse experience.
For example, Al can be used to generate user-generated content (UGC), create realistic
virtual characters, and provide more personalized user experiences.

Consequently, while Al is not central to the existence of a metaverse, it is a
technology that has the potential to transform the way we interact with these virtual
worlds.

Port activity has been entering the virtual world for some time now, although so
far not with avatars but with simulation programs for augmented reality. The
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metaverse is more than just an online representation, and the key lies in the
digitalization of port profiles and processes linked to port operations, as well as in the
interoperability of future scenarios (Secchi and Gili, 2022).

For port operators, it represents a further step in the digitization of the sector,
including a multisensory factor perceived by the user through the use of peripheral
devices. Thus, the combination of technologies that have already been used separately
(blockchain, virtual reality, artificial intelligence or 10T) and the application of 5G
achieve the immersion of the user in port operations (Gonzdez-Cancelas et al., 2023).

The implementation of metaports in port environments faces significant
challenges that require detailed attention. One of the key challenges lies in adapting
traditional port infrastructures to the technological and virtual requirements of
metaports. Interoperability between existing systems and new technologies presents
obstacles, as well as the effective integration of real-time data from multiple sources,
as outlined in (de la Pefa Zarzuelo et al., 2020).

Recent research highlights that another critical challenge is acceptance and
adoption by port stakeholders. The introduction of metaports implies a significant
cultural and operational change, which could generate resistance and require effective
organizational change strategies, it is appreciated that the necessary cultural change is
not permeating organizations (Allam et al., 2022).

When talking about anymetaverse, security and privacy are constant concerns.
Protecting sensitive data and managing cybersecurity are critical challenges that need
to be addressed to ensure user trust and the integrity of port operations in the metaverse
(Wylde et al., 2023).

These challenges are crucial because they directly affect the efficiency and
feasibility of implementing metaports in the port system. The research focuses on
addressing these challenges proactively, proposing practical solutions and innovative
strategies. Through a comprehensive approach, it seeks not only to overcome technical
and operational barriers, but also to promote a smooth and successful transition to
virtual port environments, thus maximizing the potential benefits for all parties
involved and that the metaverse can become a reality in Spanish ports

3. Materials and methods

The following diagram (Figure 2) shows the different phases of the methodology
to be used:

An affinity diagram, also known as an affinity map, is a visual tool used to
organize information (Figure 3). By classifying data or ideas by common themes, a
team can develop new ways to process complex problems (Gonzdez-Cancelas et al.,
2022).

A diagram is a graphic in which information about a process or system is
simplified and schematized. It can be simple or complex, with few or many elements.
It is a complete summary, which serves to know and interpret information in a simple
and visual way (Gonzdez-Cancelas et al., 2022).
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2. Development of the Afinity Diagram
using an expert’s panel (panel 1)
4. Analysis of results and
conclusions

Phase 4

3. Assignment of weights to categories
and subcategories and ranking through
a panel of experts (panel 2)

Figure 2. Methodology scheme. Source: own source.

1. Generation of the work scenario

f Aﬂ‘iwitg diagram.

caten, 1 categ. 2

The main advantages of using the affinity diagram are (Gonz&ez-Cancelas et al.,
2022):

e Organizes many ideas and concepts, very useful when you have a large volume
of information without order.

e  Allows you to understand a situation or problem in more depth.

e It manages to focus the efforts of the work group, which allows you to work as a
team.

e Itisa visual method, which induces group creativity.

e  Facilitates subsequent analysis.

e Itisused in many fields, and being one of the 7 new quality tools, of course you
can use it in quality control issues.

The method is mainly used when information needs to be sorted and grouped; but
what if there is not so much information that needs to be sorted. It is advisable to use
it when there are more than 12 elements, otherwise analyzing the ideas separately is
more than enough (Fowlkes et al., 2004).

The steps to be developed are the following (Figure 4) (Gonz&ez-Cancelas et
al., 2022).

The selection of experts in the field of application for the generation of the affinity
diagram is based on the need to cover a diversity of perspectives and experiences, thus
ensuring a comprehensive representation of knowledge in the area. This extensive
group of experts seeks to reduce individual biases, validate findings, and deepen the
exploration of ideas, enriching the diagram with a variety of voices and insights.
Meaningful expert involvement not only enhances the credibility of the study, but also
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makes it easier to identify key relationships and gain consensus around the importance
of relevant factors in the field of application.

-

1.The first step in creating an affinity diagram is to define which themeneeds to be organized or consolidated. Notall topics are
suitable foran affinity diagram. Topics that have one of the following objectives willbe more appropriate: extrapolate the results of
userresearch, improve a previous project, develop ideas for anew product, identify problems in a process.

J

-

Laninterdisciplinary team helps you look at your data from different perspectives, as each team member will bring unigue skills and
experience tothetable.

7

~

1.Affinitydiagrams are most often used during brainstorming sessions. When organizing a session with your team, use a brainstorming
template to organize thoughts and ideas and turn them into actions. You need to make sure that each item on the list correspondsto
a single idea or thought so thatyou can group them based on their unique characteristics.

st data or ideas:
-’

.
1.0nce you have an exhaustive list of items, it's time to look fer similarities between data or ideas. The elements are classified by
category according to the most logical themes. It should be kept in mind that the logic used to classify this data can change the way
S0 Rems by the information is viewed, as wellas the final conclusions.
categery:

1. Affinity diagrams help teams find answers so they can implement actions with more confidence. After classifying the ideasinto
groups, you can see which ones are most appropriate to drive your development orimprovement objectives.

Figure 4. Steps of affinity diagram. Source: own source.

In the selection of experts for the generation of the affinity diagram, rigorous
criteria were applied based on professional experience, thematic specialization,
diverse representation, previous achievements and contributions, collaborative skills,
interdisciplinarity, availability and commitment, as well as recognition in the scientific
community. These criteria ensure an equitable and meaningful participation of experts
with diverse perspectives and expertise in the field, thereby strengthening the validity
and breadth of the analysis in the study.

The dynamic of conducting two different expert panels in the research study has
been an effective strategy to address different aspects of the research and enrich the
quality of your results. The dynamics and justification for choosing two different
panels are explained below, as well as the advantages of having carried out these
dynamics:

Dynamics of the Expert Panels:

Panel 1: Affinity Diagram in Metaverse in Spanish Ports (Participants from the
Academic World, 15 People):

e  Selection of Experts: A group of experts was chosen, mainly from the academic
field, which ensured a solid and theoretical knowledge base on the subject of the
metaverse in Spanish ports.

e  Brainstorming strategy: Experts participated in brainstorming sessions to
generate a wide range of ideas and concepts related to the metaverse and its
application in ports.

e  Creation of the Affinity Diagram: From the ideas generated, an affinity diagram
was created that helped organize and structure the ideas and concepts.

Panel 2: Weighting of Blocks and Subblocks (Participants from the World of
Consulting, Port Actors and Academics, 10 Experts):

e  Selection of Diversified Experts: A diverse group of experts was chosen,
including consulting professionals, port actors, and academics. This diversity
ensured a variety of perspectives and experiences.

10
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e  Evaluation of Blocks and Subblocks: Experts evaluated and assigned weights to
the blocks and subblocks of the affinity diagram created in Panel 1. This
assessment was based on the relevance and priority of each block and sub-block
in relation to the metaverse in Spanish ports.

e Reaching Consensus: Experts participated in online discussions and negotiations
until reaching consensus elements in the allocation of weights.

4. Results

The working group was formed by 22 people related to the Spanish port area, a
leader and two coordinators were appointed. The working session took place over the
course of a morning in which the members of the team met in person.

An element to take into account when designing an affinity diagram is that the
working group must be made up of trained personnel in the subject on which it is
discussed, because only in this way is it guaranteed that the conclusions drawn from
the process are really useful and accurate. That is why the creation and selection of the
group of experts was much discussed.

The experts knowledgeable about the subject of work included in post-it the key
elmentos to have the account for the metaports and later with the help of the leaders
and coordinators these indicators were exposed and by consensus they were grouped
into different groups.

4.1. Category 1: Data
Data collection: DR

RD1: Real-time data. Obtaining data (entry/exit of goods/ships...) in real time
between the sections of the port, the status of the goods and the rest of the country’s
ports. Getting and storing data is the first step in turning a port into a “metaport.”

RD2: Exchange of information in the transport chain. A fundamental aspect for
the development of a port is its connectivity and accessibility from the land side from
the point of view of the exchange of information in the transport chain: it is essential
that port infrastructure is integrated with land transport through effective systems and
means.

RD3: Open-data. The creation of an open and updated database, searchable by
universities and companies in the sector and local, which serves as a meeting point for
the public and private sector forming alliances that allow the development of
applications and innovative ideas for the digitalization of the port.

RD4: Cloud computing. For the correct and effective functioning of all the
operations that take place in a port it is necessary to know, manage and be able to
analyze the data quickly and safely.

4.2. Category 2: New operating models
4.2.1. Interface: IN

IN1: Loading-unloading systems modernization. Modernization of ship
unloading systems to obtain a combination of technology and human labor, just as on
Indonesian farms where stevedores can remotely perform their work.

IN2: Port status monitoring: Real-time port conditions. Through images, cameras

11
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or some kind of sensor it is possible to constantly monitor the status of a port in all its
aspects. This allows faster intervention in case of breakdown or malfunction.

IN3: Autonomous vehicles by remote control. Self-driving vehicles use artificial
intelligence to function. In a “metaport” they are necessary to integrate the digitized
system to the vehicles that transport goods within the port and the different areas.

IN4: Digital planning and management instruments. Ports must use digital
instruments for planning and management, and integrate all data inside. With the idea
of digitizing all the information and reaching a “metaport™, it is important to start using
new technologies and integrate the port data for later use.

IN5: Programmed comodality. Both the shipping company and the sender or
receiver of the cargo will have an identified access in a virtual platform of the port
itself, which allows them to calculate and contract the optimal transport chain.

ING: Metaformation. Creation of a model of the port in the metaverse in which
professionals can practice tasks such as towing ships on arrival and departure from
port, loading and unloading by cranes carried out by stevedores or even tasks such as
the detection of prohibited goods (drugs, weapons, etc.) and situations of terrorism for
the security forces of the port.

IN7: Traceability of goods (GIS). It consists of, through geographic information
systems, tracking goods or ro-ro cargo in terminals.

IN8: Real-time docking/undocking. Develop real-time ship monitoring systems
that allow knowing their situation both to estimate the hours of arrival at port, and to
estimate the time of departure once the loading and unloading or embarkation and
disembarkation operations have been completed. This would improve operations and
quality of service.

4.2.2. Automation: AU

AUL: Identification of vessels through smart technology. Detection and
identification of ships by serial numbers/codes through intelligent technology for
better management and organization prior to arrival at port.

AU2: Artificial intelligence software. They need to practice and develop software
to reach a very effective artificial intelligence A “metaport” works with artificial
intelligence.

AU3: Blockchain system. The use of blockchain technology is indispensable for
a port that aims to be fully digitized.

AU4: Robotization. Implementation of autonomous robots in different processes
of the supply chain.

AUS: Self-guided equipment. Implementation of self-guided equipment, such as
drones, that help the physical security of the port through its continuous processing of
information through real-time inspection of the port and send this information to
security systems and equipment.

AUG: Simulation. Development of simulation systems within the supply chain.

4.2.3. Cybersecurity: CB

CBL1: Data security. All digitized data must be secure, there will be data that can
be public, such as the occupation of the port in real time, and others that only the client
can know, such as the status of their cargo, how and when it will be transported etc.

CB2: Physical infrastructure at the service of data collection. Technologically
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advanced cameras must constantly monitor all places in the port and keep track of the
recordings made, allowing total remote control through apps or software.

CB3: Security protocol management. Ensure the implementation of effective
security protocols that address cyber threats and ensure the protection of critical data
and systems in ports.

CB4: Security training and awareness. Train port staff in cybersecurity practices
and threat awareness. Ensure that all actors in the port are well-informed and prepared
to address potential vulnerabilities and security risks.

CB5: Cyber incident management. Develop an incident response plan to identify,
contain and mitigate cyber incidents in the port environment. This includes the
formation of response teams and the documentation of procedures.

CB6: Technical support and quick resolution. Establish an efficient technical
support system to address technical problems and ensure a quick resolution of
incidents that may arise in the daily operations of the port. This involves the
availability of trained personnel and incident tracking systems.

4.3. Category 3: Customers and services
4.3.1. Customer relationship: CR

CR1: Information connections “post-port”. Implement the system of collection
and exploitation of the transport data “post-port” of the different goods that arrive at
the port in a real way, including any unforeseen event or change that must be included
in these data.

CR2: Meetings in virtual reality. Through the use of virtual reality viewers,
create virtual meetings that simulate the physical presence of those present in the same
room or in the same collaborative environment, achieving a correct interaction
between the subjects.

CR3: Process simulators in virtual reality. Simulate, test and teach the client
activities without having to do them. Through the use of virtual and augmented reality,
it is possible to simulate and let customers try activities so that they can buy them
having had the best possible prediction of reality.

CR4: Decision support. Provide services and tools that help port customers make
informed and strategic decisions. This involves offering advice, data analytics, and
resources that enable customers to optimize their operations and transportation routes
efficiently and cost-effectively.

4.3.2. Quality of service: SC

SC1: Data interconnection. Improvement of the internal data connections of the
port, everything must be interconnected with the data processed and shared with the
personnel / client that concerns you.

SC2: Need to compare with other ports to remain competitive. In order for port
planning to be more efficient and more in line with the latest technological and
technical developments, the port management mode must be compared with others, in
order to remain competitive.

SC3: Propose new challenges in the supply chain. The supply chain of a port
faces many challenges, such as cost control, customer service, supplier management...
To become a “metaport”, new challenges are needed to improve and remain
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competitive.

SC4: Interactivity and interoperability. To become a digitized and modern port,
it is essential that data exchange is fast and efficient.

SC5: Cost reduction and increased productivity. By replacing older machinery
and technologies with more modern, technologically advanced, efficient and
sustainable ones, it is possible to reduce costs and time throughout the port system
and, at the same time, increase productivity.

SC6: Virtual reality training courses. Training courses within virtual reality allow
more people to participate, increasing the level of overall training of employees. They
also significantly improve the experience and create a more favorable learning climate.

SC7: Pollution reduction and sustainable solutions. Pollution is an important
issue today and will be even more so tomorrow. The data used by new technologies
should help us reduce our pollution and find more sustainable solutions to the
“metaport”.

SC8: Optimization of sectors involved. In a port there are different sectors. The
demands of each sector that develops the port are different. It is essential to have a
personalized approach for each sector and, therefore, customize its management in the
metaverse.

SC9: Operational efficiency assessment. Implement an operational efficiency
measurement system that allows the evaluation and optimization of processes in the
port.

4.3.3. Port management: PM

PM1: Monitoring of all processes. Monitoring of all the processes carried out by
the port, in order to find those processes with less efficiency or that are a bottleneck
within other more complex processes, either to make small adjustments to the process,
or to increase the number of process workers or to find new ways to carry out that
process.

PM2: Energy management. Monitoring electricity, fuel, water and gas supply
activities would optimize the consumption of these resources. Through this
monitoring, processes could be integrated and automated to reduce costs.

PM3: Waste management. The volume of waste from ships could be quantified
through sensors that model the solid generated. With this system, it would be possible
to dispense with the agents in charge of reviewing the production of this waste, and
reduce the costs derived from these inspections.

PM4: Virtual customs inspections. Virtual customs inspections at any port. In
this way, customs inspectors would not have to go in person to inspect the
merchandise, but could do so virtually in the metaverse.

PMS5: Innovation and technological development. Promote innovation and
technological development in the port to improve efficiency and competitiveness.

PM6: Circular economy management. Promote circular economy practices in the
port, reducing waste and promoting the reuse and recycling of resources.

PM7: Optimization of port operations. Constantly seek to optimize the port’s
operations, from the reception of goods to loading onto ships.
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4.4, Category 4: Cooperation and institutional coordination: CC

CC1: Incubators and start-ups. Creation of an incubator for the development of
integrated solutions with the port authority, the maritime industry could make funds
available to finance start-ups whose vocation is to provide them with new digital tools.

CC2: Internal entities of metaverse deployment. In many companies in these
sectors, internal entities have been created to deploy digitalization.

CC3: Public-private collaboration and involvement. Encourage collaboration
and active involvement of both the public and private sectors in the implementation of
port improvements.

CC4: Public institutions with control and supervisory functions. The State and
the different municipalities must have a kind of control and supervision function.

CC5: “Goal” spaces. More office spaces are needed so that the “goal” part can
be developed. For this it is necessary that Internet connections work, as well as 5G.

CC6: Decision making support. Provide resources and advice to assist
stakeholders in making strategic decisions related to port modernization.

4.5. Category 5: Technological maturity and sectoral assimilation

TML1: Technological maturity. It comprises the degree of adoption of metaverse
technologies in the port sector and the existence of metaverse-related product
standards.

TM2: Assimilation capacity of the sector. It should take into account the level of
education and skilling of port staff in metaverse technologies, as well as the degree of
acceptance and participation of port companies in metaverse projects.

TM3: Technological homogenization. On this point, the degree of compatibility
between the different technological tools used by Spanish ports will be fundamental,
as well as the level of interoperability between systems and platforms related to the
metaverse.

TM4: Diversity of port tools. As is the case in the Spanish port sector, it will be
necessary to determine the number of specific tools used by different ports, in order to
establish the degree of complexity in the management of multiple technological
systems in the same port, so that an evaluation of the efficiency and effectiveness of
the existing tools can be carried out.

TM5: Acceptance and fear of change. It would be necessary to know in advance
the willingness of the actors in the port sector to adopt metaverse technologies, as well
as to identify the barriers and concerns related to the assimilation of these technologies,
for this communication and awareness strategies in the sector must be evaluated.

In the Figure 5 it can be seen the affinity diagram. With the second panel of
experts, the following elements were obtained (Figure 6). The dynamic of using two
different expert panels in the research study was an effective strategy to address
different aspects of the topic, enrich the content, and ensure validation of the results
through expert consensus.

15



Journal of Infrastructure, Policy and Development 2024, 8(5), 3303.

C1. DATA C3. CLIENTS AND SERVlCES

PORT MANAGEMENT (PM)
PM1 Mositoring of all processes

OF SER
SCl Muﬂm«nu

SCS. Cont rediction and mcreased productivity
SC6. Traming courses with Virtual Reality
SC7. Polition recction and sustanable solations

CR2 Mectings n augmented reality
CR3 Process similsgors in virtml realty

CUSTOMER RELATIONSHIP (CR)
CR1. Post-port comection mfocemation
CR4 Decision Sepport

C2. NEW OPERATING MODELS

C4. INSTITUTIONAL C5. TECHNOLOGICAL
AUTOMATION (AU) COOPERATION AND MADURITY AND
AUL Ve destification
biigpalsgarsioic COORDINATION SECTORAL
AU2 Al Software IMILA
: System CC1.Creason of incubators and stt-ops L ION
3 CC2. Creation of internal entities
‘ W of the Verse Mataverse |
Peblic-Private Colsboration and TMI. Technological maturity
TM2. Assimélation Capacity of the Sector
‘ CC4 Public mstutions with cootrol and TMI. Techaological
== ==
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Figure 6. Weights in the affinity diagram. Source: own source.

5. Analysis of results

This study focuses on the evaluation of the implementation of the metaverse in
the port context, highlighting two main categories that have proven to be of great
relevance in this analysis: Category 1 (Data) and Category 5 (Technological Maturity

and Sector Assimilation).

Category 1, which accounts for 30% of the weight in our research, focuses on the
importance of data collection and management in ports. The research has revealed that
obtaining real-time data, interoperability of information systems in the transport chain,
and the creation of open databases are essential pillars in the transformation of ports
into true ‘metaports’. These findings underscore the need to establish efficient data
collection and management systems to drive digitalization and automation in the port

sector.

On the other hand, Category 5, which accounts for 35% in this analysis, focuses
on the technological maturity and assimilation capacity of the port sector in relation to
the metaverse. The study has identified the importance of staff training, the acceptance
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of port companies in metaverse projects, technological homogenization and the
evaluation of the diversity of tools used. In addition, it is crucial to understand the
willingness of industry players to adopt these technologies and address the barriers
and concerns related to their uptake. These results emphasize the need to develop
specific strategies to foster the adoption of the metaverse in the port sector.

Taken together, the research findings underscore the importance of Category C1
in the fundamental foundation of transforming ports into ‘metaports’ through data
management, while Category 5 plays a crucial role in assessing the sector’s
technological maturity and ability to successfully adopt and integrate metaverse
technologies. These findings are essential to inform future implementation and
development strategies in the port space in the metaverse era.

If Category 2 (New operating models) has a weight of 10% in the analysis of your
study for the transformation of Spanish ports into “metaports,” this means that in the
context of the study, the considerations related to the new operating models contribute
10% to the overall assessment of the feasibility and effectiveness of this
transformation.

This focus on institutional cooperation and coordination underscores the
importance of involving multiple actors and stakeholders in the transformation process.
Although this category has a weight of 10%, its impact on collaboration and ensuring
that the interests of both the public and private sectors are considered on the path to
digitalisation and the creation of ‘metaports’ cannot be underestimated. It is essential
to remember that, although each category has its own weight in the analysis, the
synergy between all categories is essential for an effective and complete
transformation of Spanish ports towards the desired future of ‘metaports’.”

According to the results of the panel of experts, the emphasis and priority in the
transformation of ports into “metaports™ lies in the creation of an open and updated
database, accessible to universities and companies in the sector. This has several
implications for the analysis of results:

Emphasis on Open Data: The analysis should highlight that the panel of experts
prioritizes open data in the transformation process. This suggests that they consider it
critical for ports to provide open data that is accessible to various actors, which can
foster innovation and collaboration in the sector.

Collaboration and Partnerships: The emphasis in RD3 indicates the importance
of fostering collaboration between universities, companies and other stakeholders in
the port area. This may involve the formation of alliances for the development of
innovative applications and solutions in the context of port digitalisation.

Data Unification and Automation: Creating an open and up-to-date database is
key to data unification and automation in ports. This can lead to greater efficiency and
consistency in information management across ports, which is essential on the road to
“metaports”.

Communication of Results: In the analysis of results, it should be highlighted
how the priority given to RD3 influences the strategies and approaches recommended
for port transformation. It is important to communicate how this emphasis on open
data can contribute to the digitization and modernization of ports and the achievement
of “metaport” goals.

According to the expert panel, the most driving elements in Category 2 (New
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operating models) are IN4 (Digital planning and management instruments), AU2
(Artificial Intelligence Software) and CB1 (Data Security), each within its subcategory,
this means that these elements play a prominent role in the transformation of ports into
“metaports” from the perspectives of digital planning and management, Artificial
intelligence and data security.

The IN4 element, which focuses on the adoption of digital tools for the planning
and management of port operations, represents a cornerstone in the transformation
towards “metaports.” The digitalization of planning and management processes is
essential to improve efficiency and coordination in ports. By adopting digital
technologies and tools, Spanish ports can optimize resource management, schedule
operations, and improve decision-making. Digital planning and management allow for
greater synchronization of operations, which is crucial for operational efficiency and
cost reduction.

AU?2 highlights the importance of developing artificial intelligence software to
drive port transformation. Artificial intelligence plays a critical role in automating and
optimizing port operations. Implementing Al algorithms can improve efficiency in
resource allocation, demand forecasting, and decision-making based on real-time data.
In addition, Al can contribute to the early detection of problems and the continuous
improvement of port processes. This is essential for the transformation of ports into
highly efficient and technologically advanced “metaports”.

CB1, which focuses on data security, is a critical component of the transformation
to “metaports.” In a digitalized environment, the protection of sensitive data is
essential. Ensuring the confidentiality, integrity, and availability of data is critical to
the safe operation of ports. Implementing effective security measures, such as
encryption, authentication, and constant monitoring, is crucial to prevent security
breaches and protect critical information. Data security is a pillar for customer trust
and the long-term sustainability of “metaports”.

These driving elements in Category 2 indicate that digitalization, artificial
intelligence and data security are critical to driving the transformation of Spanish ports
into highly efficient, technologically advanced and secure “metaports”. The
combination of advanced technology and robust security measures will enable ports
to adapt to changing demands and achieve greater efficiency in their operations.

For category 3, according to the panel of experts, the identification of the most
important elements to boost Spanish “metaports” in the short term such as PM7
(Optimization of Port Operations), CR4 (Decision Making Support) and SC9
(Evaluation of Operational Efficiency) has important implications for the future of
Spanish ports. Below, we’ll take a look at what this means for Spanish ports.

The priority given to the optimisation of port operations (PM7) points to the
importance of improving efficiency at all stages of port operations, from the reception
of goods to loading onto ships. For Spanish ports, this implies:

Increased Efficiency: Optimizing processes and implementing advanced supply
chain management systems will enable greater efficiency in port operations. This will
result in reduced costs, increased productivity, and faster turnaround times.

Competitiveness: Spanish “metaports” will be more competitive internationally
by offering more efficient and profitable operations. This will attract more businesses
and cargo, which will boost economic growth.
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Advanced Technology: The adoption of advanced technologies, such as
automation, real-time tracking and artificial intelligence, will play a fundamental role
in optimizing port operations.

The importance of supporting port customers in decision-making (CR4) involves
a focus on collaboration and the provision of services that help customers optimize
their operations. This means:

Client-Port Relationship: Spanish “metaports” will be more focused on building
strong relationships with their customers. This will include advice, data analysis, and
resources that enable clients to make informed, strategic decisions.

Supply Chain Efficiency: Ports will become strategic partners for their customers,
providing services that enable more efficient supply chain management. Informed
decision-making will improve customers’ competitiveness.

Customized Services: Spanish ports will offer customized services and tailor-
made solutions to meet the specific needs of customers. This will foster customer
loyalty and business growth.

The implementation of an operational efficiency measurement system (SC9)
highlights the importance of constantly evaluating and optimizing processes in the port.
This involves:

Continuous Improvement: Spanish “metaports” will be committed to a culture of
continuous improvement. Constant evaluation will allow you to identify areas for
improvement and take corrective action.

Operational Efficiency: Operational efficiency is essential to better serve
customers. Measuring and optimizing efficiency will ensure that operations are
conducted as efficiently as possible.

Customer Experience: Evaluating operational efficiency not only benefits the
port but also customers. More efficient operations improve the customer experience
and strengthen business relationships.

The prioritisation of PM7, CR4 and SC9 means that Spanish “metaports” will
focus on process optimisation, efficiency improvement, informed decision-making,
collaboration with customers and constant evaluation of operations. This will
contribute to a more competitive, technologically advanced and customer-oriented
port, driving growth and excellence in the Spanish port sector.

The identification of CC3 (Public-Private Collaboration and Involvement) as the
most important element to promote the transformation of Spanish ports into
“metaports” within Category 4 (Cooperation and institutional coordination) has a solid
and significant justification, CC3 (Public-Private Collaboration and Involvement) is
fundamental for the promotion of Spanish ports towards “metaports” due to its
capacity to foster strategic collaboration, shared finance, innovation and sustainable
development. Public-private collaboration makes it possible to face the challenges and
take advantage of the opportunities in port modernization, promoting faster and more
sustainable growth in the Spanish port sector.

The identification of both TM1 (Technological Maturity) and TM2 (Sector
Assimilation Capacity) as drivers to turn Spanish ports into “metaports” is of great
relevance. This is because these elements play a critical role in modernizing ports and
adapting them to a digital and metaverse environment.

TM1 (Technology Maturity) points out the importance of being at the forefront
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of the adoption of digital and metaverse technologies. This implies that Spanish ports
must embrace advanced technologies, such as virtual reality, artificial intelligence, and
automation, to improve their efficiency, safety, and sustainability. In addition, the
existence of standards and protocols in the sector is essential to ensure interoperability
and system integration. Investing in research and development of metaverse
technologies is a crucial element of staying competitive in an ever-evolving
environment.

TM2 (Sector Assimilation Capacity) highlights the need for port staff to be
trained and prepared to adopt and leverage these technologies effectively. Education
and training are essential to ensure that staff can adapt to new technologies.
Collaboration with other industries, such as aeronautics, can provide valuable
knowledge and experience in adopting digital technologies. In addition, the existence
of policies and programs to encourage the adoption of the metaverse in the sector is a
crucial factor in driving technological modernization.

The combination of Technological Maturity (TM1) and Sector Assimilation
Capacity (TM2) indicates that Spanish ports are committed to the adoption of
advanced technologies and the training of their staff to assimilate these technologies
effectively. This strategy is essential to deliver more efficient, safe, and sustainable
operations, improve competitiveness, and provide high-quality service to its customers.
The successful transformation of ports into “metaports” depends to a large extent on
the combination of technological maturity and assimilation capacity of the sector.

For the case study: Determining the percentage of progress of Portl towards
“metaport” status would require a detailed and specific assessment based on several
factors, including the implementation of technologies, training of personnel,
collaboration with other industries, and the adoption of sustainable practices.

An overall assessment can be provided based on the information obtained:

Category 1: Data (3/10 of 30%): The Port of Algeciras has made significant
progress in the collection, management and use of real-time data (RD1), exchange of
information in the transport chain (RD2), creation of an open database (RD3) and the
implementation of cloud technologies (RD4), could have a significant percentage in
this category.

Category 2: New Operating Models (3.5/10 of 10%): Portl would have to
demonstrate a high degree of modernization in loading and unloading systems (IN1),
real-time control of port conditions (IN2), adoption of autonomous vehicles (IN3), use
of digital tools for planning and management (IN4), as well as the implementation of
scheduled modalities (IN5). The adoption of these advanced operating models would
contribute significantly to this percentage.

Category 3: Customers and Services (?): For this category, the implementation
of virtual reality technologies, such as virtual meetings (CR2), virtual reality
simulators (CR3), and decision support (CR4) would be required to meet customer
needs and improve service quality. In addition, improving quality of service (SC1) and
data interconnection (SC2) are also critical factors.

Category 4: Cooperation and Institutional Coordination (8/10 of 15%):
Cooperation and collaboration with other actors in the sector and the creation of
incubators and startups (CC1) are essential. Portl must demonstrate its ability to
promote these initiatives.
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Category 5: Technological Maturity and Sectoral Assimilation (2.5/10 of /35%):
Technological maturity (TM1) and industry assimilation capacity (TM2) are critical.
The port must be at the forefront of adopting metaverse technologies and be able to
assimilate these technologies effectively.

Transformation to a “metaport” is an ongoing process that can take significant
time and resources to fully achieve.

6. Conclusion

Virtual reality, artificial intelligence, interactivity, blockchain, 10T, digital twin...
The metaverse of logistics, the next revolution born of the internet, poses new
challenges for supply chains and of course for the future of ports The metaverse is a
leap in internet connectivity, supported by 5G and characterized by interactivity,
simulation, a decentralized environment and a reality that, although virtual, it persists
and is directly linked to the real one. The metaverse is a step further, since it is not
only able to faithfully reproduce what happens in a certain space, but also recreates a
parallel universe with which we can interact. In this parallel reality we can propose or
simulate alternative scenarios for different purposes.

The blocks with the highest number of indicators correspond to new operating
models and to customers and services, it is in these blocks where the greatest efforts
will have to be made.

Within the operating models is automation, the metaverse could allow the
implementation of autonomous systems for the transport and loading of goods, as well
as for the maintenance and repair of port equipment. These systems could be remotely
controlled and monitored in real time across the metaverse, reducing the need for
human intervention and minimizing the risks associated with workplace accidents.

Regarding cybersecurity, security is a critical aspect in the operation of ports. In
the metaverse, risk scenarios could be simulated and security measures tested to assess
their effectiveness before implementing them in real life. In addition, the metaverse
could be used to monitor and detect potential security threats in real time, allowing for
a quick and effective response to emergency situations.

In the customer and services block is the service quality sub-block, in terms of
quality of service, the metaverse can be used to simulate different situations in which
the port is used, including the handling of dangerous cargoes, the safety of people and
equipment, and the efficiency of the loading and unloading process. By simulating
these scenarios, potential problems and areas for improvement can be identified, which
can help improve the quality of service at the port.

Overall, the use of the metaverse in ports and quality of service can provide a
valuable tool to improve port efficiency, security, and profitability. However, it is
important to note that the implementation of this technology is still under development
and may require significant investment in terms of hardware, software, and staff
training.

Based on the identification of driving elements for the transformation of Spanish
ports into “metaports” by the panel of experts, several key conclusions can be drawn:

Technology and Digital Transformation: Technology and digital transformation
are fundamental elements for the modernisation of Spanish ports. The adoption of
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