
Vol XXI. No. III (2024) pp 302–310

ISSN: 1697-4840, www.jmr.unican.es

JOURNAL OF MARITIME RESEARCH

The Maritime Safety: an Overview of the Events that Shaped their
Evolution in the World up to the Present Day
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This study aims to provide a comprehensive perspective on the historical evolution and current trends
in maritime safety. Through an analysis of significant events and technological advancements, the on-
going importance of addressing the challenges facing the maritime industry is sought to be understood.
Maritime safety is of paramount importance today, as it ensures the protection of human lives, property,
and the environment. Over the past century, international regulations and technological advances have
been implemented to enhance safety in this realm, although challenges such as high human incidence in
accidents persist. The methodology employed involves a historical analysis and examination of modern
technologies and systems used to enhance safety. The growing interconnectedness and collaboration
among different stakeholders, as well as the integration of environmental concerns, are highlighted. In
summary, the need for continuous adaptation and improvement is underscored, not only to protect lives
and assets but also as essential for the global economy and the sustainability of the marine environment.
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1. Introduction.

This article aims to provide a perspective on the evolution of
maritime safety, exploring the historical events and significant
developments that have shaped its progress to the present day.
Technological advancements, international regulations, and cur-
rent challenges that define the landscape of merchant ship safety
are examined. Furthermore, it seeks to highlight the ongo-
ing importance of addressing these challenges and promoting
a safer and more sustainable future for maritime transportation.

It is important to note that several organizations oversee
merchant ship safety; however, this study focuses on the per-
spective of the shipping company, which naturally includes the
vessel. In this regard, to contextualize the topic properly, mar-
itime safety is considered, according to López and Ramı́rez, as
”a set of activities (good practices) carried out by the shipping
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company and the vessel, aimed at preventing risks when ad-
verse conditions may produce undesired effects on people, the
vessel, its cargo, and/or the environment” (2023: 244).

Throughout this study, the historical trajectory is analyzed,
and future perspectives in this fundamental field for the global
economy and society’s well-being are considered. This article
focuses on safety; it does not delve into the topic of maritime
security, which refers to illicit acts that may affect the vessel
and its crew.

For centuries, this mode of transportation has been an es-
sential pillar in global interconnectedness, facilitating trade, the
movement of people, and the distribution of goods and food.
The significance of this medium is such that the Secretary -
General of the International Maritime Organization (IMO) stated:
”Currently, around 90% of global trade is carried by interna-
tional maritime transport. Without it, the import and export of
goods on the scale necessary to sustain the current world would
not be possible” (Sekimizu, 2015:1).

However, this mode of transportation has been exposed to
various risks and challenges that have affected its safety since
its inception. This safety has been and continues to be a criti-
cal factor in adhering to vessel itineraries and ensuring optimal
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cargo conditions.
The magnitude of the world fleet and the volume of goods

it transports are evident in data provided by the United Nations
Conference on Trade and Development (UNCTAD).

In 2022, UNCTAD reported that the fleet had reached a total
of ”102,899 vessels with a gross tonnage equal to or greater
than 100” (UNCTAD, 2022:2).

In the following sections, these aspects will be explored in
detail to offer a comprehensive view of the evolution and cur-
rent state of maritime safety, allowing an understanding of its
relevance and influence in the contemporary world. In this re-
gard, the background and context section will generally high-
light the history of maritime transportation and its importance
in the world economy, summarize the challenges of safety through-
out history, and international regulations related to this topic.
Regarding evolution, an overview of key milestones in advance-
ment and a description of events and progress that have influ-
enced maritime navigation safety will be presented.

Another area of study is related to technologies, describ-
ing these and modern systems used to enhance safety, present-
ing examples of technological innovations that have had a posi-
tive impact. Current challenges are also highlighted, identifying
current threats and challenges facing merchant ship safety. Ad-
ditionally, a section will examine some emblematic cases that
reactively led to safety improvements. Finally, future perspec-
tives, conclusions, and bibliography are presented.

2. Methodology.

This research article employs a qualitative approach, focus-
ing on the method of documentary research. This method in-
volves a historical analysis and examination of modern tech-
nologies and systems utilized to enhance maritime safety.

The design of the study was flexible, characterized as propo-
sitional and based on exploration. This flexibility allowed for
adaptability to the evolving nature of the subject matter, en-
abling the researchers to delve into historical contexts while
also exploring contemporary advancements in maritime safety
technologies and systems.

The documentary research method facilitated the gathering
of data from various sources such as academic literature, re-
ports, regulations, and historical documents relevant to the evo-
lution of maritime safety. Through meticulous analysis and syn-
thesis of these documents, the researchers aimed to construct
a comprehensive understanding of the factors and events that
have shaped maritime safety over time.

Additionally, the exploratory nature of the study encour-
aged the researchers to remain open to unexpected findings and
insights. This approach enabled the exploration of emerging
trends, challenges, and innovative solutions within the field of
maritime safety, contributing to a nuanced and up-to-date anal-
ysis.

Overall, the methodology employed in this research article
integrates historical analysis with an examination of contempo-
rary technologies and systems, underpinned by a flexible and
exploratory design suited to the dynamic nature of the subject
matter.

3. Background and Context.

From the dawn of navigation to the present day, this sec-
tor has witnessed a series of events and challenges that have
shaped its evolution and established the groundwork for ad-
dressing safety issues. In this context, this section aims to ex-
plore the background and historical context that have shaped
the safetyty of merchant ships, identifying the milestones and
circumstances that have influenced the current configuration of
this field for international maritime trade.

3.1. Genesis, Development, and Relevance of Maritime Trans-
port.

The beginnings of the relationship between humans and the
sea date back to ancient times when ships were built with wooden
logs and covered with natural materials to cross small bodies of
water (Karan, 2019). It is inferred that maritime transport has a
documented history of nearly 5000 years (Stopford, 2010).

Now, according to the opinion of certain authors, possibly
influenced by religious beliefs and with questionable scientific
rigor, it is pointed out that approximately 5000 years ago, a
vessel called Noah’s Ark was built. Additionally, according to
The Mariners’ Museum and Park (2022), ”the Egyptians built
some of the earliest ships with papyrus reeds and were rowed
between 6000 BCE and 3000 BCE.”

In the centuries that followed, a civilization known as the
Phoenicians emerged, who stood out as prominent traders and
sailors in antiquity. Their skill in navigation enabled them to
exchange a wide range of goods. They developed robust ves-
sels and advanced navigation techniques that allowed them to
explore territories beyond the known coasts, establishing trade
routes to distant places (Álvarez-Mon, n.d.).

Over many generations, the Roman Empire consolidated its
influence at sea, closely related to the need to establish com-
mercial networks in the Mediterranean. Their naval dominance
focused on the construction of shipyards and vessels for both
peace and war. This led to innovations in ship design, naval
construction techniques, port infrastructure, and maritime reg-
ulations that laid the foundation for trade and exploration in
the Mediterranean and beyond. Rome’s naval and maritime
supremacy lasted from the 6th century BCE to the 5th century
CE, spanning almost nine centuries (Peñaloza, 2019: 151).

A landmark in the development of maritime transport was
the Industrial Revolution, due to technological advances, chan-
ges in production, and the expansion of trade it facilitated. Thus,
maritime transport became, from those times, the ”executive
arm” of international trade for countries, as from that time on,
the great world markets emerged (Bernardos et al., 2018).

The emergence of container ships is directly linked to the
appearance of containers, which began to be used during World
War II for the safe transport of war materials. This event marked
the beginning of a revolution in maritime transport by demon-
strating the efficiency and convenience of containerized cargo
transport (Moldtrans Group, 2015). The growing globalization
of containers has generated an urgent need for greater efficiency
and profitability in maritime transport, leading to a growing de-
mand in this sector. As a consequence of economies of scale,
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there has been a marked increase in the size and capacity of
vessels (Diez and Calatayud, 2018).

Furthermore, after World War II, there was also a prolifera-
tion in the expansion of the number and size of the tanker fleet,
leading to the specialization of this type of vessel in chemical
and gas carriers. Likewise, the expansion of the bulk carrier,
container ship, and other fleets continued their upward trajec-
tory, as seen, for example, between the years 2020 and 2021, in
Table 1.

Table 1: World fleet by main types of vessels, 2020-2021 (In
thousands of deadweight tons [DWT] and percentages).

Note: Self-propelled seagoing merchant ships with a gross tonnage of 100
or more, figures as of the beginning of the year.
Source: Own elaboration with calculations from UNCTAD
(2021:9), based on data provided by Clarksons Research.

The types of vessels indicated in Table 1 made it possi-
ble to mobilize ”11 billion tons transported by sea in 2021”
(UNCTAD, 2022:3), highlighting the immense importance of
this mode of transport for international trade and the global
economy.

The relevance of this mode of transport is not a recent phe-
nomenon. Adam Smith already described in his work ”The
Wealth of Nations” the economic benefits offered by maritime
transport in the XVIII century. He stated: ”Thus, with the help
of water carriage, six or eight men can carry between Lon-
don and Edinburgh, and vice versa, the same quantity of goods
which fifty wagons, attended by a hundred men and drawn by
four hundred horses, could carry” (Smith, 1996:51). He fur-
ther elaborated on the implications of transporting two hun-
dred tons of goods by land in the most economical way pos-
sible. To this, one must add the sustenance of those hundred
men for three weeks and the wear and feeding of the four hun-
dred horses. Clearly, what Smith described is essentially what
is known as economies of scale applied to maritime transport,
meaning larger volumes transported over longer distances at
lower costs.

3.2. Challenges of Merchant Ship Safety in the Last Century.

One ongoing challenge that has persisted for over a century
is the delayed response of international organizations responsi-
ble for making pertinent decisions to enable maritime admin-
istrations to supervise, verify, and control the compliance of
shipping companies and their fleets in implementing regulatory
instruments to prevent safety risks.

For example, a primary reference is related to the sinking of
the passenger ship Titanic in 1912. Diez de Ulzurrun highlights
that this ship by no means had “a watertight compartment deck
running from bow to stern like decks E, F, and G, where all the
watertight bulkheads ended” (1998:4). This meant that when
each compartment filled with seawater, it would begin to flood
the adjacent compartment, and so on, which is what occurred.

Already in 1914, during a conference held in London, the
first version of the International Convention for the Safety of
Life at Sea (SOLAS) was adopted; however, this version, due
to the outbreak of World War I, never came into force. It was
not until 1933 that the 1929 version of SOLAS came into force,
but only with eighteen countries (National Library of Congress
of Chile, n.d.).

In this same vein, the most comprehensive version of SO-
LAS, which introduced the mandatory requirement for water-
tight compartmentalization in ship construction, was the 1948
edition. The modification made to the convention introduced
more rigorous aspects related to the design and construction of
vessels. Among these regulations was the requirement to divide
the hull into watertight compartments, with the aim of enhanc-
ing safety and preventing the possibility of flooding in situa-
tions of collisions or groundings. These provisions played a
fundamental role in ensuring the structural integrity and safety
of vessels in the maritime transport sector (National Library of
Congress of Chile, n.d.). In other words, thirty-six years af-
ter the sinking of the Titanic, much of the maritime community
agreed on the matter of watertight compartmentalization.

There are several examples that can be cited. However, the
case related to fires on RoPax vessels stands out. According to
the European Maritime Safety Agency (EMSA), in 2015, after
the Norman Atlantic disaster in which 11 people lost their lives,
it was highlighted that ”the new regulations developed to ad-
dress this issue are likely to be mandatory in 2026” (2022b:12).
This demonstrates the prolonged time before the entry into force
of regulations that, although reactive, are necessary to prevent
new risks of this type affecting ship safety.

Another constant and highly relevant challenge that has af-
fected the international maritime community for decades is the
effort to reduce the human incidence of merchant ship acci-
dents. The human factor has been a persistent challenge in
maritime safety, as navigation errors, fatigue, lack of adequate
training, and incorrect decision-making have led to numerous
incidents. Continuous training, strict regulations, and super-
vision are essential to mitigate these risks. In this regard, the
2019 EMSA Annual Review of Maritime Casualties highlights
that ”65.8% of all maritime accidents are due to human action”
(EMSA, 2022b:41).

More surprising data is observed in the 2022 Annual Re-
view of Maritime Accidents and Incidents by the European Mar-
itime Safety Agency, which states that in safety investigations
conducted from 2014 to 2021, ”59.6% of accidents were due to
human action and 68.3% of contributing factors were related to
human behavior” (EMSA, 2022a:9). When both human action
events and contributing human behavior factors were analyzed
together, ”they were related to 81.1% of maritime accident and
incident investigations” (EMSA, 2022a:9).
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Table 2: An overview of key milestones in the evolution of maritime safety.

Source: Own elaboration with information and data from (Álvarez-Mon, n.d.), (Mgar.net, n/da), (Piniella, 2016:65), (Dehbozorgi,
2022), (Ibáñez, 2011:211), (Mgar.net, n/db), (Bernardos et al., 2018), (Diez de Ulzurrun, 1998:5), (National Library of Congress
of Chile, n/d), (Petzold et al., 1994), (International Maritime Organization [IMO] n/da), (OMI, 2018), (OMI, 2020), (OMI, 2023),
(Fallas, 2002), (Czaplewski & Goward, 2016), (Presura & Chirica, 2017) y (EMSA, 2022b)..

Reviewing history always provides a valuable perspective
that can surprise us by revealing old solutions to problems we
might consider current. In the late XIX and early XX centuries,
there was a widespread belief that technological advancement
would solve all challenges, but certain catastrophic events of
that period questioned this idea. A notable example in the mar-
itime field was the sinking of the Titanic, which, despite being
considered unsinkable, raised doubts about blind trust in tech-
nology as the sole guarantee of safety at sea (Garcı́a, 2000).

It is evident that maritime safety has evolved in response to
these challenges, adopting advanced technologies, establishing
novel regulations, and promoting a culture of safety to ensure
safe maritime transport. However, the previously mentioned
data show that the challenge of preventing human incidence in
maritime accidents remains present.

4. Results and Discussion.

4.1. Evolution of Safety in Merchant Ships.

Over the years, the international maritime community has
witnessed a significant transformation in practices and tech-
nologies related to maritime safety. From the early days when
navigation was driven primarily by the skill and courage of
sailors to the current era of advanced navigation systems, in-
ternational regulations, and specialized training, ship safety has
undergone constant evolution. This retrospective analysis not
only allows us to understand the historical trajectory of safety
measures but also to identify the current and future challenges
faced by this sector in its unwavering pursuit of increasingly
safer maritime operations. Observe Table 2.

These milestones have significantly contributed to the im-
provement of merchant ship safety throughout history. From
early vessel models like the Phoenician ”gaulós” to modern
technological advancements like GPS and radar, each of these
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milestones has represented a significant step in risk reduction
and protection of the marine environment.

The introduction of the magnetic compass, cartography, the
astrolabe, and the sextant improved navigation accuracy and en-
abled mariners to plot safer routes. The establishment of inter-
national standards and regulations through organizations like
the International Maritime Organization (IMO) and the imple-
mentation of codes like the International Safety Management
(ISM) have set benchmarks to promote safe practices in the
maritime transport.

Advancements in communication technologies like the tele-
graph and radio have enabled faster responses to emergencies
at sea, while developments in shipbuilding such as welding in
steel hulls and watertight compartments have enhanced ships’
resistance to potential structural damage.

The mandatory double hull requirement for tanker ships
and the establishment of agencies like the European Maritime
Safety Agency (EMSA) have strengthened spill prevention mea-
sures and fostered international cooperation on maritime safety
issues.

4.2. Modern technologies and systems used to enhance ship
safety.

In the current context, ship safety has undergone a signifi-
cant transformation driven by the advancement and adoption of
modern technologies and systems. These advancements have
redefined how risks are addressed and ensure the protection
of lives, assets, and the environment in the maritime transport.
From advanced monitoring and communication systems to pre-
vention and emergency response technologies, the importance
for safety in three areas, namely navigation, maritime commu-
nications, and artificial intelligence, is discussed below.

Improvements in ship construction; technologies applied
to navigation equipment, communications, and machinery; na-
tional and international regulations, and risk management have
contributed to a 50% decrease in reported losses in maritime
transportation (Allianz Global Corporate & Specialty [AGCS],
2021:10).

As for navigation on the bridge of a ship, a fundamental
system that has been developed is the Electronic Chart Dis-
play and Information System (ECDIS). This system goes far
beyond simply replacing paper charts with electronic ones, as it
incorporates electronic navigation software that integrates with
various navigation equipment signals, such as radar, gyrocom-
pass, log, echo sounder, automatic identification system, GPS,
among others (Sifón, 2019).

In a study (Baric et al., 2023) conducted between 2008 and
2019, ship groundings were analyzed, and none of the exam-
ined accidents occurred under the influence of data overload
from the ECDIS (see Figure 1), highlighting its importance for
ship safety. However, the study also highlights that with this
new technology in practice, new difficulties affecting operators
have arisen. The authors identified what they call another ”de-
mon” that influenced grounding accidents, which is referred to
as ”complexity growth,” which could be reduced by providing
officers with more appropriate training (Baric et al., 2023).

Figure 1: Photograph of a section of the ship’s bridge showing
the ECDIS.

Source: https://www.myseatime.com/blog/detail/ecdis-passage-plan.

In 2006, the IMO Maritime Safety Committee initiated the
”e-navigation” project through two technical subcommittees:
the Navigation Safety Subcommittee (NAV) and the Subcom-
mittee on Radiocommunications, Search and Rescue (COM-
SAR) (Korcz, 2023).

The modernization of the GMDSS was closely related to the
development of the e-navigation project and the detailed role
of radiocommunications in this process. Undoubtedly, the net-
work of Information and Communication Technologies of the
modernized GMDSS is one of the most important elements of
e-navigation (Korcz, 2023).

Following Korcz’s reflection (2023), considering the advance-
ments resulting from the modernization of the GMDSS, which
encompass legal and technical aspects, as well as the updat-
ing of existing systems and devices along with the adoption of
new communication technologies, it is envisioned that NAV-
DAT systems will play a relevant role in improving digital com-
munications for e-navigation and modernizing the GMDSS. This
progress, as a whole, will contribute to strengthening safety in
maritime transportation.

As for Artificial Intelligence (AI), it can impact ship safety
in various ways, such as developing advanced collision detec-
tion and prediction systems, enabling ships to identify and avoid
obstacles more effectively, even in adverse weather conditions
or dense traffic situations. Additionally, AI algorithms can an-
alyze large amounts of real-time data, including weather infor-
mation, sensor data, and maritime traffic, to assist in more in-
formed decision-making by the crew and autonomous control
systems.

In a paper by Mohamed-Seghir, an approach is proposed
to develop a ship operations control model to address the chal-
lenge of establishing a safe trajectory for a ship in collision sit-
uations. This model integrates the peculiarities of fuzzy pro-
cesses to more accurately represent reality. In this context, the
author states that: ”in many instances, the navigator’s decisions
are subjective. An artificial neural network was employed to
solve this problem, characterized by minimum and maximum
operations in its configuration” (2023:283).

The research demonstrated the algorithm’s ability to ad-
dress highly complex situations. A key advantage is that the
vessel’s route returns to its initial course when there is no longer
a risk. Additionally, the outcome of the presented neural net-
work is chosen among several connections, enabling obtaining
the optimal trajectory in a given situation (Mohamed-Seghir,
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2023). In summary, the created algorithm can be used as a re-
source to assist the navigator in decision-making, contributing
to ensuring safe navigation at sea. The encouraging results of
the simulations conducted demonstrate the remarkable poten-
tial of this algorithm and the general importance of artificial
intelligence for formulating risk control models for maritime
transportation.

Artificial intelligence (AI) is being used to optimize, en-
hance, and implement the best possible strategies to address
various complex situations of ships. However, according to a
recent study by Sardar et al., they express that: ”the approach
has been limited to emergency situations, while human error
contributes equally to daily operational tasks” (2023:290).

In this regard, this research aims to provide a potential solu-
tion to reduce the risk of human error during daily operational
tasks on ships. They propose an algorithm based on what they
call ”Ant Colony Optimization (ACO)” to design and validate
a verified set of instructions to carry out each operational task,
which is integrated, globally accessible, and standardized (Sar-
dar et al., 2023).

Overall, the study by Sardar et al. (2023) has the potential
to contribute to the safety and efficiency of maritime transporta-
tion. Additionally, complex studies of multiple factors can be
conducted using this model to assess large-scale implementa-
tion and validate its use in optimizing onboard operational pro-
cesses.

4.3. Emerging Trends in Maritime Safety.
Future perspectives on maritime safety represent a crucial

aspect in the evolution of this industry vital for global trade. As
the XXI century progresses, this sector faces a set of challenges
and opportunities that will redefine how safety is addressed on
ships. The increasing automation and digitalization of maritime
operations, the expansion of navigation in polar regions, as well
as the need for greater sustainability and resilience in the face of
extreme weather events, are just some of the key issues that will
shape the landscape of maritime safety in the years to come.
In this context, emerging trends on the horizon are explored
with the aim of promoting safer and more efficient maritime
transportation in an ever-changing world.

4.3.1. Digitization and automation.
The adoption of digital technologies, such as autonomous

navigation and remote monitoring systems, is transforming how
ships are managed and operated, which can enhance safety by
contributing to the reduction of human errors.

A 2023 study highlights the use of virtual reality as a po-
tentially significant change in facilitating real-time remote in-
spections on merchant vessels. In situations where high-speed
internet access is available, it is feasible to equip remotely con-
trolled inspection robots or vehicles, such as drones, crawlers,
unmanned aerial vehicles, among others, with Remote Inspec-
tion Technologies (RIT), advanced optical cameras, and sensor
arrays, together with wearable devices and smart/mobile de-
vices. This represents a significant advancement in the ability
to conduct accurate and timely inspections in the maritime in-
dustry (Sheriff et al., 2023), which enhances safety due to the

support received by the crew from the shore office for informed
decision-making.

In another study on the application of digital neural net-
works in the context of ship technologies, the authors reviewed
various algorithms of these networks in terms of ship technolo-
gies to evaluate the effectiveness of the methodology and pro-
pose a new concept for applying an artificial neural network.
They then developed a simulation of a fire detection system
based on data from thermal cameras to evaluate the efficiency of
the proposed concept with a Multilayer Perceptron (MLP) algo-
rithm integrated into the designed 3D model (Konon & Konon,
2023).

The results of the experiments demonstrated that the tem-
peratures of fire sources determined by the MLP can be ob-
tained with sufficient accuracy (less than ± 10◦C), with a po-
sition prediction that does not exceed the value of two units
in any direction (from a ”row-floor” area). The authors also
highlight that to improve the presented concept and increase
the performance accuracy, as well as to enable its application
in various loading conditions and hold configurations, it is nec-
essary to collect and process more data to sufficiently train the
Deep Neural Network (DNN) (Konon & Konon, 2023).

4.3.2. Maritime cybersecurity.
With the increasing connectivity of onboard systems, cyber-

security has become a concern for the international maritime
community. In June 2017, A.P. Moller-Maersk, with business
units ranging from ports to logistics, ship operation, and oil
drilling, with 574 offices in 130 countries around the world and
about 800 vessels, suffered a cyberattack that could have cost
up to $300 million (Palmer, 2017).

This event led to a new edition in 2018 of the ISM Code
(IMO, 2018), incorporating in the document of that edition Res-
olution MSC.428(98) ”Maritime Cyber Risk Management in
Safety Management Systems” and guideline MSC-FAL.1/Circ.3
”Guidelines on Maritime Cyber Risk Management.” These IMO
standards demonstrate that protection against cyberattacks has
become an essential trend to ensure the safety of maritime op-
erations.

A recent study (Erstad et al., 2023) proposes the creation
of a cyber incident response procedure, providing a framework
for shipping companies to facilitate the response of their on-
board and onshore teams to a cybersecurity incident, consider-
ing their operational environment. This procedure, based on an
operations flowchart, provides detailed guidance that directs the
crew’s decision-making process in the face of a cyber incident.

4.3.3. Sustainability and environmental protection.
Maritime transport is under pressure to reduce its environ-

mental footprint. This includes measures to prevent pollution
of the seas and the adoption of cleaner and more fuel-efficient
technologies.

In 2020, the IMO conducted an analysis that revealed a
9.6% increase in greenhouse gas (GHG) emissions from mar-
itime transport. It was determined that the increase in global
maritime trade was the main factor contributing to this rise, un-
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derscoring the need to pay greater attention to the use of low-
carbon alternative fuels (Klakeel et al., 2023).

This study conducted by Klakeel and colleagues (2023) fo-
cused on evaluating the effectiveness of currently available tech-
nologies in reducing GHG emissions from ships, examining a
total of 68 articles published between 2018 and 2022. The tech-
nologies were classified into four groups: those using fossil fu-
els, those harnessing renewable energies, those using fuel cells,
and those utilizing low-carbon alternative fuels.

Among these alternative fuels, ammonia stood out as the
preferred choice due to its carbon-free nature, higher energy
density, and feasibility in production; however, it is imperative
to conduct further research to optimize its use and ensure its
safety (Klakeel et al., 2023).

4.3.4. Data-driven risk management.
An illustrative example of applying a data-driven approach

to risk management is found in the planned maintenance system
of main ship engines. In a study (Anantharaman et al., 2019),
relevant data obtained from various sources were examined to
identify the most pertinent failure model for a particular com-
ponent. This approach, ultimately, can reduce engine failures,
contributing to a decrease in incidents in maritime transporta-
tion.

During the analysis, the authors evaluated the subjectivity
and variability of the collected data, and it was observed that
this was less than 10%. This finding increases confidence in
the reliability and general applicability of the data. The re-
sults of Anantharaman et al.’s study indicate: ”that not all data
for a component of a main propulsion engine subsystem follow
the same behavior. Based on the observations and current data,
a Weibull model is suggested to estimate the reliability of the
main engine cooling water system” (2019:406).

Conclusions.

Over the last century, maritime safety has undergone signif-
icant evolution, adapting to the emerging challenges of the sec-
tor and leveraging technological advancements to implement
more efficient systems. Throughout the years, from the in-
troduction of the first international regulations to current stan-
dards, there has been a steadfast commitment to protecting hu-
man life, property, and the marine environment.

Despite progress, significant challenges such as reducing
collisions, fires, and human errors still require robust preven-
tion strategies and modern technologies like advanced monitor-
ing and artificial intelligence. The expansion of the global mar-
ket and the need for operational efficiency press for maintaining
high safety standards without compromising productivity. Ef-
fective collaboration among maritime administrations, interna-
tional organizations, industry, and academia is crucial to over-
coming these obstacles, also integrating an increasing environ-
mental awareness into safety practices.

To end, maritime safety remains a critically important and
constantly evolving area, essential not only for protecting lives
and assets but also for the global economy and environmental

sustainability. Maintaining a proactive and adaptable approach
is essential to address current and future challenges, thereby
ensuring a safe and sustainable future in maritime navigation.
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