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Purpose: There is a shift in phase within the maritime industry toward smart shipping,
where [oT and Al are used. The real question revolved around these technologies'
impact on future employees in ships and shipping. The reason is to understand how
this rapidly changing technological world affects these maritime professionals.

Study design/methodology/approach: A systematic review was performed
according to the system of Preferred Reporting Items for Systematic Reviews and
Meta—Analyses (PRISMA). The literature review aimed at analysing a comprehensive
spectrum from academic publications to industry reports and white papers in order...
The Smart Shipping case studies were studied to provide practical knowledge on the
integration of IoT and Al in maritime operations.

Findings: The resulting analysis was a diverse and changing technological
environment, including blockchain, Al, IoT, autonomous vessels, and innovations that
are driven by sustainability. The use of blockchain applications allows for achieving
increased transparency, while Al-based developments bring improvements in
navigation, logistics and maintenance. The introduction of IoT allows industries to
transform via the collection of data in real time. Autonomous vessels offer both
challenges and opportunities designed to impact seafaring jobs. Sustainability
innovations aim at clean energies and more ecological applications. Smart Shipping
case studies demonstrated various positive outcomes on the deployment of IoT and
Al applications that are realised in terms of operational efficiency gains up to issues
with workforce adaptation.

Originality/value: The paper sheds light on the maritime environment as well as its
potential impact on determining the future workforce. The strategies to deal with the
changes, such as job role change, workforce adaptation strategy and overcoming
challenges, should be considered essential. Whereas merits arising from technical
development enable the companies to benefit as far as efficiency is concerned, missing
opportunities for careers in seafaring imply that active measures to build workforce
capacities have become inevitable. The paper ends with recommendations for policy-
makers, industrial representatives, and researchers who can help take successful steps
in the face of changing fields associated with technology use encompassing maritime
operations.

Keywords: Evolving technologies, maritime technology, Smart Shipping, [oT, Al,
blockchain, autonomous vessels, sustainability in shipping, future workforce impact.

Introduction

In international trade based on the maritime industry, a transformative journey characterised by
technological developments has been noticed. Coito (2021) has highlighted that the
interconnected nature of today's world requires continuous development in shipping, which is
one of the major assets from which to profit. Maritime activities, which include navigation and
logistics to vessel maintenance as well as safety protocols, have been profoundly influenced by
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the instrumental role played regarding technological advancement. This paradigm shift has laid
the groundwork for a closer analysis of the lengthiness between developing technologies and
the maritime workforce. (Alexiou et al., 2021).

Significance of the Study

The importance of this work in distinguishing it from a complicated one, the transformations
of human factors, makes it important that technology has an impact on marine skilled workers'
labour. With more complicated technology integration in maritime, it is now vital to understand
its effect on workers and also for commerce venturing into the tides of change, including these
changes (Sahara & Aamer, 2021). This research focuses on “Smart Shipping”, where IoT and
Al are changing conventional maritime practices. A clear focus on Smart Shipping is retained,
which aims to offer a unique understanding of the challenges and opportunities brought by IoT
integration, while Al reveals its potential only because it has been implemented within this area.
Using this, the research focuses not only on the wider effects of technological advancements
but also on specific dynamics regarding smart shipping and the drive towards informed
decision-making during maritime technologies transform.

Aims and Objectives

e To Analyse the Impact of Evolving Technologies on Maritime Operations:

e To Investigate the Role of Smart Shipping in Workforce Transformation:

e To Identify Challenges and Opportunities in the Maritime Industry's Technological
Transition:

Research Questions

e How do evolving technologies, including blockchain, Al, IoT, autonomous vessels, and
sustainability-driven innovations, impact current maritime operations?

e What is the role of Smart Shipping, specifically the integration of IoT and Al, in
transforming the workforce within the maritime industry?

e What challenges and opportunities arise in the maritime industry's transition to evolving
technologies and Smart Shipping practices?

Materials and Methods

The methodological approach taken in this research followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) standards to facilitate a stringent and clear
procedure for studying developing technologies within shipping, with special attention to Smart
Shipping’s influence on future employment.

Research Design

As a strong base, a PRISMA-compliant systematic literature review was in order. This meant
extensive research was done on academic articles, industry reports and white papers about
emerging technologies in the shipping sector. The goal of the literature review was to use an
integrative process that combined various sources by synthesising existing knowledge and
identifying key technologies driving changes in maritime operations, their future applications,
and implications for workers. Moreover, case study analysis was used to augment the research
design in compliance with PRISMA’s interest in methodological clarity and completeness. The
analysis focused on Smart Shipping also presents practical insights into the implementation of
IoT and Al in maritime environments by shedding light onto real-world applications.
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Data Collection

The PRISMA framework was adopted to systematically review relevant academic articles,
industry reports, and white papers to present evolving technologies. This stage includes a
carefully developed and clearly outlined search strategy to reflect the innovativeness of
blockchain, artificial intelligence, [oT autonomous vessels, and sustainability-driven advances
in maritime. The data collection also involved a thorough analysis of real-world applications
with selected case studies that meet the nature or scope characteristic of PRISMA about my
research.

Sample Selection

The process of identifying crucial technologies and selecting a case study was elaborated on by
PRISMA'’s inclusion-exclusion rules. Such technology trends as the state of blockchain, Al,
Internet-of-Things (IoT), autonomous vessels and sustainability-driven innovations were
considered in this study; therefore, all aspects that shape the modern technological agenda are
reflected within. The criteria for selecting the case studies by PRISMA followed four foci: scale
of implementation, geographic reach and industry sector that considers different aspects
concerning what types of challenges have been and are characteristic or typically associated as
well as issues related to integration IoT into marine processes.

Identification of new studies via databases

c Records removed before screening:
2 Records identified from: Duplicate records (n = 10)
,§ Databases (n = 3) —» Records marked as ineligible by automation
z tools (n = 11)
3 Records removed for other reasons (n = 4)
Records screened - Records excluded
(n=35) (n =25)
_g' Reports sought for retrieval Reports not retrieved
g (n = 15) (n = 20)
8
Reports excluded:
TR Not matching the focused themes
Reports assessed for eligibility
(n = 15) > Reason1 (n=10)
Y
o New studies included in review
L (n=10)
3
°
£

Figure 1: PRISMA Flow Diagram
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Data Analysis

The data collected was subjected to a rigorous qualitative analysis, which meets PRISMA’s
guidelines for systematic and transparent data synthesis. This implies harmonising information,
isolating repetitive patterns, and salvaging important results concerning altering technologies
and smart shipping in the maritime industry. Focusing on the qualitative analysis was targeted
at revealing broad themes and patterns emerging from the data in line with PRISMA’s
synchronicity to favour structured and replicable methods of data consolidation. In line with
the PRISMA guidelines, the study aimed to identify common denominators and differences
through a literature review as well as case studies to approach a deeper understanding of how
maritime technologies are evolving and reshaping future workforce needs.

Table 1: Search Strategy

Aspect Details
Search Conducted searches on academic databases, e.g., PubMed, IEEE Xplore, ScienceDirect) and
Strategy industry-specific platforms. Employed Boolean operators (AND, OR) and filters for relevance.

Utilised a combination of keywords and phrases: "evolving technologies in shipping," "Smart
Shipping," "IoT and Al in maritime operations," "maritime technology trends," "blockchain in

shipping," "autonomous vessels," "sustainable shipping innovations."

Limited searches to the last 5 years to ensure currency of information.
Inclusion Selected articles and reports that focused on the impact of evolving technologies, particularly
Criteria Smart Shipping, on the maritime industry and its workforce.

Emphasized peer-reviewed articles, industry reports, and case studies.
Exclusion Excluded irrelevant or outdated publications. Eliminated sources lack a direct focus on the
Criteria integration of IoT and Al in maritime operations or the broader impact of evolving technologies

on the maritime workforce.

Excluded articles not available in English.

Keywords Evolving technologies, maritime technology, Smart Shipping, IoT, AI, blockchain,
autonomous vessels, sustainability in shipping, and future workforce impact.

Results

Blockchain, 10T, and AI Applications in Maritime Industry

The research conducted by Jo & D’agostini (2020) is a system dynamics-based analysis of the
effects that MASS technology has had on the workforce in Korea. Studies reveal imminent
seafaring job losses but a major positive impact on the bigger maritime industry, opening up
new jobs on land. A study conducted by Aiello et al. (2020) speaks about the paradigm of
Industry 4. It compares business models with contemporary shipping industries that have been
digitised since this is a long journey. Its integration of IoT, Big Data Analytics and cloud
computing is underlined with the focus placed on the requirements for business models that
could emerge in a new maritime ecosystem. While Baum-Talmor and Kitada (2022) elaborate
on the impact of Industry 4.0 towards seafarers’ skills and training, this research has developed
a career-oriented viewpoint.
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Figure 2: AI application in the maritime industry (Owczarek, 2022)

However, data acquired through interviews and a literature review were used to study the
possible career impacts of digitalisation and automation in the maritime industry, including
future career pathways and skills. Industry 4.0 focuses on the digital transformation of ports
and terminals, which the literature review by de la Pefia Zarzuela et al. (2020) discussed. The
main focus is technologies like IoT, cybersecurity, cloud computing and big data in Ports 4.0
with the state-of-the-art findings for implementation afterwards. The findings illustrate the
complex nature of emerging technologies such as blockchain, Al and IoT; autonomous ships or
deep sea-scape solutions shore up surroundings in diverse ways, but often, industry overlooks
sustainability innovations as a detrimental factor which can prevent them from reaching their
potential. Moreover, the case studies in Smart Shipping shed light on several implications,
intermediated outcomes and challenges associated with IoT and Al application integration into
maritime operations (Soldi et al., 2021). Such studies play an important role in deepening
understanding of the changing landscape and what options are available to the shipping
workforce going forward.
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Figure 3: Benefits of Al in the Maritime Sector (Owczarek, 2022)

Blockchain technology for the operations of the maritime sector is evolving at a higher speed.
Transactions using blockchain have full transparency, security and efficiency (Dutta et al.,
2020). These applications involve simplified document processes, as well as the follow-up of
supply chain operations and greater security in financial matters (Liu et al., 2023). Among Al
applications in maritime operations, navigation is more accurate, logistics are optimised
through predictive analytics, and maintenance can be improved by building based on prediction
algorithms (Munim et al., 2020). Al-based systems help enhance efficiency, lower costs, and
decrease the amount of time that takes place with every incident (Mithas et al., 2028). IoT
integration transforms the shipping industry as it allows for real-time data collection and
communication between interconnected devices. Tran-Dang et al. (2020) claimed that smart
sensors help vessels improve their decision-making because of the constant monitoring of
vessel conditions as well as cargo status, qualities, and environmental factors, allowing for
improved operational efficiency and safety. One significant piece of the dynamic maritime
scenario is MASS's development (Goerlandt, 2020). These vessels can redefine seafaring
employment greatly. In their research, Jo & D’agostini (2020) used system dynamics to analyse
workforce modifications in Korea because of MASS development and showed that more
workers may potentially be lost from the seafaring sector but a significant positive offset effect
on the whole maritime industry. Technological innovations in the shipping industry are also
driven by sustainability. Some of these innovations include cleaner sources of energy,
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technologies that reduce emissions and ecological designs. These changes come in line with
global initiatives for a more environmentally conscious and sustainable maritime industry.
Discussion

It is the dynamic and interconnected coexistence of continuously emerging technologies within
the maritime industry that offers unparalleled challenges. Blockchain, Al, and IoT, such as

Maritime finance
Digital record Smart = —
- contract =~
-~ - A
Asset digitization 7 \
e

/

Transaction business process

Document digitization
Digital
management

/
/

l

Business digitization

Blockchain

Process
Optimizatio

) o Information review process

7~
\ ~ Integrated transportation process

~
N

-~ Commodity - =~
— — oy
traceability
Logistics tracking Anti-counterfeiting traceability

Figure 4: Blockchain technology for maritime supply chain functions (Liu et al., 2023)

autonomous vessels and sustainability innovations, are not standalone silos but form a
converged dynamic system. For instance, the synergy between blockchain and IoT increases
transparency in supply chain operations (Fan et al., 2020). On the other hand, integration
problems may arise from trying to ensure seamless horizontal and vertical coordination across
such disparate technologies. A critical need to conduct a comparison of two or more sea power
operational trends is necessary to assess their suitability, strengths, and weaknesses. There are
distinct advantages of Al-powered developments, such as predictive maintenance algorithms
that allow for optimising schedules for vessels and minimising downtime to reduce costs (Chen
& Yang, 2021). But it is in light of this, we observe the difference between sustainability-led
innovations and those requiring a long period to alter environmental impact and regulatory
compliance. Al naturally targets operational efficiency whereas sustainability innovations
target the ecological footprint of industry, bringing about tension between short-term proceeds
and long-term consequences (Poornikoo & Overgard,2022).

The Smart Shipping driven by IoT and Al integration could not help but reshape traditional
work positions within the maritime world. It is evident from the case studies that seafaring in
many countries may face job losses because of MASSs. The work by Jo & D’agostini 2020
predicts a large effect on manned ships, casting doubt on their fate and the profession of
seafarers. On the other hand, this shift towards shore-based employment signifies a
transformation of maritime industry jobs in general (Carlan et al., 2020). A significant point of
discussion is the importance of effective retraining programs in filling the gap between
traditional and evolving roles. Adaptation by the workforce is key to coping with the transition
phenomena of Smart Shipping. Aiello et al. (2020) highlight the need for better business models
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to effectively respond to digitised information. This demands a comprehensive workforce
change strategy beyond technological integration and includes an organisational realignment.
Therefore, organisations liaising with maritime industries must incorporate upskilling and
reskilling efforts to equip individuals’ skills for digital changes (Zhang et al., 2021). The
analysis emphasises the importance of a synergistic approach, which integrates hi-tech
development with an adaptive and flexible workforce.

However, these challenges and opportunities occur together as Smart Shipping evolves. A
problem with digitalisation's human aspects concerns potential shortages in career support
systems for seafarers, which was highlighted by Baum-Talmor and Kitada (2022). Alahmadi et
al. (2022) characterise smart shipping as a potential innovation that provides operational
efficiency and safety enhancement over maritime transportation, skipping the socio-economic
implications for future careers in the industry later. The absence of a detailed framework for
helping maritime practitioners transition through these phases presents an immediate challenge
that should be addressed. In adopting a critical stance, the discussion highlights that a subtle
approach is required to the synergies and conflicts among advancement technologies from sea
business (Layton, 2021). It is the comparative analysis that brings to life trade-offs within
technology adoption which are so obvious. Further, the discourse around how Smart Shipping
will impact the future global workforce suggests that more immediate strategic units for
planning need to be employed both by retraining initiatives and the capacity creation career
support systems. Given the uncertainty of what lies ahead for the maritime sector as it steers
into a digital future, there must be equilibrium accompanied by an integrated approach
addressing both technological advances and human issues (Aslam et al., 2020). The
argumentative section develops a strategy for sustaining economic recognition of innovation’
arguably by being focused on positioning the workforce to be anchorage, thus facilitating
sustainable and effective development through the maritime sector.

Conclusions

To sum up, about evolving technologies in the maritime sector, emerging trends like blockchain
Al ToT autonomous vessels and sustainability innovations are analysed as a dynamic scenario.
Major ideas involve the synergies and frictions between these technologies, highlighting the
requirement for a fully integrated understanding of how they interplay. Comparative figures
help to show the potential differences that may occur for the maritime operations of each case,
and their precedents need also both short-term operational gains and sustainability. The
development of technologies, including Smart Shipping, is changing the future maritime
workplace. The case studies demonstrate that the need for measures to ensure an adaptable
workforce has become real, in light of traditional job role modifications. The inability of ships
to continue working under the scope, causing a loss of seafaring jobs, needs special attention,
pointing out that an intensive retraining program and support system for marine personnel
systems have been necessary. It brings about not just a tilt towards more coastal jobs but also a
rearrangement of the maritime market job that prompts pressurised parties to reflect on socio-
economic consequences in future careers emanating from this sector.

Limitations and Future Research

Although this research offers meaningful information, it is crucial to note its limitations. This
study is subject to limitations posed by specific case studies and a structured timeframe that
contributes to the lack of generalizability. Furthermore, the fast-paced dynamics of technology
require constant refreshing to catch new trends. Therefore, smart Shipping and technology
research should seek out the noted weaknesses so that they are cleared. Research directions
include the impacts of techno genesis over time and where people’s needs are met, as well as
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discovering efficacious methods to facilitate digital transformations in maritime professions.
Moreover, the development research should be able to keep up with fast-changing technological
fronts and highlight innovative drivers that would help in redefining maritime industry control.
Thus, a continuous search for the means of adaptation to changes in maritime workforce
management and human factors about digitalisation represents an important condition that
contributes toward the environmentally friendly development of technologies.
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