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Abstract

The study aims to explore the challenges of employing autonomous navigation technologies in maritime
transport vessels by identifying the main challenges and assessing their relation to the readiness of the
legislative framework. The methodology conducted for this study is semi-structured interviews to collect
data, and participants were recruited via snowball sampling. This method was a series of one-on-one,
open-ended interviews with a variety of stakeholders involved in maritime transportation, including
"maritime transport experts, technicians, legal professionals, maritime insurance experts, captains,
maritime observers, port officials, officials in maritime transport companies, and crew members of
maritime transport vessels, along with experts in control and remote sensing systems." Data was
gathered in two stages: the first involved in-person and remote interviews focused on exploring the
challenges and benefits of employing autonomous navigation technologies in maritime transport
vessels. In the second stage, the main challenges identified in the first round were presented again to
the experts to evaluate their impact on the readiness of the legislative framework. The methodology
ensured sufficient data collection, reaching a saturation point, which enhanced the reliability of the
results. The study's results confirm the strong relationship between overcoming the challenges facing
autonomous navigation technologies in maritime transport vessels and utilising these technologies. It
also confirms the direct impact of the expansion of autonomous navigation technologies on the legal
status of the ship and maritime navigation personnel. This entails the need for innovative standards to
ensure safety and determine legal responsibilities in line with the unique risks associated with
autonomous navigation technologies. The study offers a distinctive contribution by exploring the
challenges of employing autonomous navigation technologies in maritime transport vessels and
analysing the challenges and benefits from multiple, realistic perspectives. This contributes to creating
a suitable environment for employing autonomous navigation technologies in maritime transport vessels,
achieving the benefits of these technologies, and overcoming the challenges.
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A.INTRODUCTION

The utilization of autonomous navigation technologies in maritime
transport Ships is greatly affected by various challenges that impede their
implementation, along with the existing legal framework and the legal status of
the ships and personnel involved. To fully harness these technologies'
environmental and economic advantages, it is essential to establish a conducive
environment for their widespread use soon. However, introducing these
technologies encounters several obstacles that hinder their smooth integration
and impact their overall effectiveness and results.

Autonomous ships offer a promising approach to integrating modern
technologies in maritime transport, including artificial intelligence, robotic
systems, and remote sensing. These Ships enhance operational efficiency, lower
costs, reduce human errors, bolster maritime safety, improve risk prediction, and
enable quicker, more accurate decision-making for effective naval operations
management. A major challenge in implementing autonomous navigation
technologies in maritime transport Ships is the inadequacy of the existing legal
framework to support this advancement.

National laws and international agreements have effectively regulated
maritime transport activities, evolving from the time when wind and human
power were the main energy sources for ships to the present, which includes
fossil fuels, nuclear energy, and electric power. Throughout these developments,
maritime navigation and sea voyage management have relied on human crews
for leadership and oversight.

The rise of autonomous navigation technologies marks a new chapter in
maritime transport, utilizing modern systems to manage and execute operations.
However, this shift significantly challenges the existing legal frameworks
governing ship activities. Historically, sailors and captains have never been
completely replaced with robotic systems, artificial intelligence, or remote
sensing technologies for navigation tasks. As this new era of shipbuilding
emerges, driven by advancements in autonomous navigation technologies, there
is a pressing need to examine the factors that influence their deployment —both
positively and negatively. Successfully addressing these challenges is crucial for
widely accepting these technologies in maritime transport.

A key motivation for this study is the lack of a specific legal framework for
autonomous navigation technologies in maritime transport Ships that can be
widely applied. Both traditional and autonomous ships are categorized under
the same legal provisions. For example, Saudi Arabia's new Maritime Commerce
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Law of 2022 defines a ship as any floating structure intended for regular maritime
navigation, regardless of profit motives. This broad definition raises legal
concerns, as current provisions do not adequately accommodate the unique
nature of autonomous Ships that rely on modern technologies. Existing laws
predominantly apply to traditional ships, a situation mirrored in international
conventions ratified by many countries.

This article explores the challenges and benefits of implementing
autonomous navigation technologies in maritime transport Ships and their
relationship with the legal framework. The use of robotic systems and artificial
intelligence to manage sea voyages without onboard crews challenges
established legal concepts in maritime law. (Vojkovi¢ & Milenkovi¢, 2020)

The study poses essential questions about the feasibility of modern
technologies handling navigation tasks independently, their impact on legal
concepts, and how they relate to other challenges. By addressing these questions,
we can better understand the primary challenges and anticipated benefits of
enabling autonomous navigation technologies in maritime transport,
considering the interconnectedness of these issues with the legislative
framework.

B. METHODS

A comprehensive research methodology was employed for data collection,
utilizing semi-structured interviews with participants selected through a two-
stage sampling process. Initially, snowball sampling was used to identify and
reach respondents, followed by purposive sampling to confirm their expertise
and relevance to the study. In total, 18 experts from various domains were
interviewed, including professionals from the maritime transport sector,
technicians, legal professionals, maritime insurance experts, captains, maritime
observers, port officials, managers of maritime transport companies, crew
members of maritime Ships, and experts in control and remote sensing systems.

The interview process adhered to all ethical standards and protocols.
Participants were informed via formal letters outlining the objectives and scope
of the interviews. The date and time of each interview, whether conducted online
or in person, were scheduled according to the participants' convenience. The data
collection phase commenced on May 10, 2024, and concluded on September 28,
2024. Interviews were conducted in various formats, including face-to-face
meetings and phone calls, to ensure flexibility and facilitate data collection. The
semi-structured interviews began with an explanation of the study's objectives,
followed by open-ended questions focusing on the future employment of
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autonomous navigation technologies in maritime transport ships and the
challenges and benefits associated with their use. Each interview lasted
approximately 30 minutes.

The interviews were conducted in two rounds. After the first round, the
main challenges were identified and presented to the experts for further
discussion to assess their interaction with the readiness of the legislative
framework. Nearly all participants validated the results, confirming their realism
and relevance. This process determined the most significant challenges in
deploying autonomous navigation technologies in maritime transport Ships. The
methodology ensured sufficient data collection from participating experts,
reaching a point of information saturation where no new insights were provided.
This saturation enhanced the reliability and validity of the study's findings.

C.RESULTS AND DISCUSSION

1. Legislation as a tool to achieve alignment with the employment of
autonomous navigation technologies in maritime transport ships

Legislation must evolve to keep pace with the rapid technological
advancements in the maritime transport sector, mainly through the development
of existing legal frameworks (Kim et al., 2020) to enable the use of autonomous
ships and enhance the integration of autonomous navigation technologies in
maritime Ships. This process takes various forms, such as enacting new laws that
address the challenges posed by these technologies in the shipbuilding industry.
The goal of this legislative approach is to support innovation rather than merely
regulate it. (Issa et al., 2022)

To achieve this, legislation must extend beyond drafting new rules or
modifying existing legal provisions using traditional concepts and objectives. It
must also include adopting necessary constitutional procedures to make
legislative processes more efficient, effective, and flexible, enabling the
integration of autonomous navigation technologies in maritime Ships and
facilitating their application. This can be accomplished by ensuring that
legislation's content, issuance, and enforcement are well-suited to the specific
activities to which they will be applied. Although there are challenges in
deploying autonomous navigation technologies, the anticipated benefits far
outweigh the costs, aligning with expert opinions.

Given the economic significance of the maritime transport sector, it is
essential to adapt laws and legislative frameworks to accommodate technological
advancements and their positive impact on the sector’s activities. However,
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legislative frameworks tend to evolve slowly, influenced by factors beyond the
control of any single entity. As a vital and global economic activity, maritime
transport requires substantial changes and strong external influences to bring
about legislative development—similar to what was seen with nuclear ships
(Handrlica, 2020), which necessitated specific regulations. Therefore, significant

advancements in shipbuilding demand continuously evolving legislative
frameworks.

Integrating autonomous navigation technologies in maritime Ships
represents a significant leap in shipbuilding. It impacts traditional legal concepts
due to its influence on all relationships from the ship's operations. As a result, a
legal framework is needed to regulate the responsibilities of all involved parties,
including ship operators, owners and developers of autonomous technologies,
maritime insurers, and other stakeholders.

For such a framework to be practical, international cooperation and
coordination are essential, particularly with organisations like the International
Maritime Organization (IMO), to ensure cross-border legal harmonisation. This
approach would facilitate the use of autonomous navigation technologies,
promote their broader adoption, address related challenges, ensure compliance
with established standards, and align with ongoing technological advancements.
Ultimately, this would enable the realisation of their full benefits through a deep
understanding of the associated challenges and advantages, while establishing a
legislative framework that encourages using these technologies, overcomes
obstacles, and maximises their potential.

2. Definition of Autonomous Maritime Ships and the Criteria for Their
Identification.

A ship remains fundamentally a ship, but the integration of autonomous
navigation technologies replaces the physical presence of the captain and crew
with systems that manage and execute maritime voyages. This marks a
significant advancement in marine transport, as ships have always required a
human crew since their inception. (Mallam et al., 2019)

An autonomous ship refers to Ships that utilize artificial intelligence,
remote sensing, robotic systems, and communication technologies to perform
maritime navigation tasks instead of human crews. These ships can undertake
various operations such as navigation, collision avoidance, route planning, and
other related tasks Munim (2019). The autonomy of these ships distinguishes
them and raises questions about the legal implications of employing such
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technologies and the impact on legislative frameworks regarding the benefits and
challenges of expanding their use. These technologies manage navigation
autonomously through sensors, robotic systems, and artificial intelligence,
making decisions without human intervention.

On the other hand, unmanned ships (Yang et al., 2019), though also

products of technological progress, are considered more advanced than
traditional Ships. They sail without human crews and are remotely controlled by
a control centre. Unlike autonomous ships, they may not rely on artificial
intelligence systems, as human operators oversee all maritime tasks remotely.
Robots may assist with tasks like loading, maintenance, and monitoring.
Advanced communication systems link the ship to the control centre, enabling
efficient management and rapid decision-making. From a legal perspective,
unmanned ships do not raise significant issues because individuals in control
centres manage the voyage, similar to a human crew being relocated from the
ship to a remote location. This contrasts with autonomous ships, where
technologies take control of navigation and decision-making without referring to
human operators. (“When is a ship a ship? 2020)

According to expert analysis, a ship's legal classification is based on its
function rather than how its voyages are managed or tasks executed. This legal
concept remains unchanged regardless of technological advancements in ships'
operations, materials used, or propulsion methods. Autonomous ships are
surface Ships that rely on autonomous navigation technologies to manage
maritime voyages and make decisions independently. The key criterion for
classifying a ship as autonomous is its reliance on these technologies rather than
human crews to manage and execute voyage tasks (navigation, route planning,
handling hazards, etc.). Ships controlled remotely by human operators do not fall
under this category. (Chen et al., 2019)

The fact that a ship is autonomous does not alter its fundamental legal
status. Autonomous navigation technologies merely shift responsibility from
traditional maritime personnel to modern technologies. Liability continues to rest
with the shipowners under established legal principles, whether the ship is
autonomous or conventional (Mallam et al., 2019). As one expert (A8) stated,
"These technologies enhance and streamline maritime transport operations, and
a ship remains a ship, regardless of whether it is autonomous or traditional.”

3. The Benefits of Replacing Human Crews with Autonomous Navigation
Systems in Maritime Transport Ships
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The utilisation of modern technologies, robotic systems, and artificial
intelligence in place of human crews for navigating maritime transport ships and
managing their voyages provides a variety of distinct benefits:

a. Expanding the scope of enabling modern technologies across various sectors.

Ships, as vital means of maritime transport, act as connectors between
various industries and sectors, offering services to beneficiaries across diverse
fields. The range of beneficiaries utilizing autonomous maritime transport
services expands the application of these technologies to multiple sectors,
ensuring they remain aligned with advancements in autonomous ship
technologies. (Issa et al., 2022)

This technological expansion across sectors aims to achieve both
environmental and economic benefits. Innovations are used for loading and
unloading, reshaping insurance system concepts, and performing other related
activities. As a result, these technologies become more widely adopted,
increasing the overall benefits of their use, as noted by experts Al and A2.

. Expansion in the
5 enablement of
° Expi;?dlng tthef autonomous ships and
A enablement o i
Adoption of the Smart the continuous

technologies in development of their
sectors related to technologies
maritime transport

Navigation System

Figure 2: The Impact of Expanding the Employment of Autonomous Navigation
Technologies on Related Sectors' Technologies.

b. Environmental Benefits.

Environmental benefits are primarily achieved by reducing human errors
and improving route accuracy, which leads to advantages such as reduced fuel
consumption (Ahn et al., 2019) and, consequently, lower greenhouse gas
emissions (Ahn et al., 2019). In addition to these key environmental benefits of
employing autonomous navigation technologies in maritime transport ships,
expert A3 highlights that these technologies save on crew living expenses and are
more compliant with sustainability standards. (Akter & Department of computer

science and engineering, University of Dhaka, Bangladesh, 2024)

c. Economic Benefits:

Expert A4 asserts that relying on modern technologies is more cost-
effective than traditional methods (Georgieva, K. (2024). Al Will Transform the
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Global Economy. Let’s Make Sure It Benefits Humanity. IMF Blog (Blog), International
Monetary Fund., n.d.). Experts agree on the economic advantages and the
potential of these technologies to address specific challenges, such as the shortage
of qualified personnel to navigate ships and the reduction of long-term operating
costs. (Darena & Gotter, 2021)

Autonomous ships also help improve the efficiency of global supply
chains (Cohen, 2022) by reducing operating costs. They can save up to $357 per
day for each container transported, significantly lower energy consumption
compared to traditional ships, and reduce operational expenses by
approximately $1 million annually (Maritime Transport Strategic Research
Programme Publications, n.d.), affirming that employing this technology is less
costly in the long term. Experts confirm the study's findings: autonomous ships
represent the future of the maritime transport industry, offering both economic
and environmental benefits. Their technology addresses the challenge of a
shortage of qualified personnel for navigating Ships. (Weintrit & Neumann,
2013)

d. Enabling autonomous navigation technologies in maritime transport ships
contributes to creating appropriate legislative frameworks.

Implementing autonomous navigation technologies in maritime transport
ships relies on the legislative framework's suitability and ability to support this
technology on a broader scale in marine transport operations (Ltd, n.d.). Creating
an enabling legislative framework for autonomous ship technologies can be
approached in two main ways:

The first approach addresses a legislative gap created by expanding
autonomous navigation technologies in maritime transport ships. This gap must
be resolved as these technologies become more widely deployed and the desire
to realise their benefits increases. In this case, creating an appropriate legislative
framework would precede the full enablement of these technologies.

The second approach focuses on the desire to capitalise on the benefits of
autonomous navigation technologies in maritime transport ships. As a result, a
legislative framework is developed to create an environment conducive to
implementing these technologies. State legislative strategies are unlikely to
deviate from these two scenarios, and this framework can eventually be applied
globally.

Expert A1l noted that the Kingdom has undergone a legislative revolution
over the past five years, using legislation not only for regulation but also to
support innovation. Ports are being constructed to accommodate this type of
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ship, as he remarked: 'Modern ports require a legislative framework to
streamline operations and will be more compatible with autonomous
technologies. (Oxagon Port Supply Chain and Logistics, n.d.)

It is important to note that preparing the legislative framework for
implementing these technologies in ships takes considerable time, primarily due
to the slow adoption of innovative technologies in maritime transport. Several
factors largely influence this delay, with economic considerations and the
international nature of naval transport activities being the most significant.

(Agarwala, 2023)

4. The Main Challenges in Employing Autonomous Navigation Technologies
in Maritime Transport Ships.

a. Risks of Employing Autonomous Navigation Technologies in Maritime
Transport Ships

The deployment of new technologies introduces unknown and
unpredictable risks. Even after achieving a satisfactory level of enabling
autonomous navigation technologies in maritime transport Ships, specific tasks
cannot be entirely entrusted to robotic systems and artificial intelligence. Expert
Al12 explained that while allowing technology to perform human tasks
introduces new and unknown risks, these tasks should remain under human
supervision. Technological malfunctions, cybersecurity threats, and other risks
are associated with the latest technologies. Emerging technologies are generally
accompanied by undefined risks, which always necessitate developing solutions
to mitigate these dangers. (Jovanovic¢ & Renn, 2013.

b. Lack of Autonomous Ship Technologies Integration with the Implementing
Maritime Piloting Operations Requirements.

Maritime piloting, an essential part of naval transport operations, occurs
when ships enter ports and waterways to ensure safe passage and docking and
prevent accidents. It involves cooperation between the ship's captain and the port
or waterway pilots (Abdelhady, 2024), following technical and legal rules based
on international agreements or national regulations.

Generally, these rules do not account for piloting ships that use
autonomous navigation technologies. Piloting operations for such ships require
new tools and technologies for handling them during maritime piloting. This
challenge is compounded by the fact that, according to most regulations, piloting
is mandatory for ships in ports and waterways. This requirement highlights the
lack of integration between piloting systems and autonomous navigation
technologies in maritime transport Ships. Expert A5 emphasised that maritime
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piloting for ships employing autonomous navigation technologies demands legal
regulations and technical, material, and infrastructural adjustments to enable
successful piloting operations.

Expert A6 further points out that ports and waterways differ in
infrastructure and compatibility with autonomous navigation technologies. The
lack of integration between port infrastructure and these technologies is seen as
a negative factor hindering their widespread adoption, leading to disruptions in
the smoothness and flexibility of maritime transport operations.

c. The Lack of Readiness of Infrastructure to Support Autonomous Navigation
Technologies in Maritime Transport Ships.

Conventional maritime transport Ships are managed by human crews,
whereas autonomous Ships rely on autonomous navigation technologies, robotic
systems, and artificial intelligence to perform these tasks. Using these
technologies in maritime transport Ships requires the development of port
infrastructure. (Rodseth et al., 2020)

Port infrastructure has not yet been developed to accommodate
autonomous maritime transport technologies, even in the most active ports, as
confirmed by expert A5. This challenge presents a significant barrier to the
widespread implementation of autonomous navigation technologies in maritime
Ships, as infrastructure readiness depends on several factors, the most crucial
being economic capabilities and the cost of adopting and deploying modern
technologies. This is an issue that cannot be resolved by legislative frameworks
alone.

d. Legal Uncertainty in Defining Liabilities Arising from the Employment of
Autonomous Navigation Technologies in Maritime Transport Ships.

Autonomous navigation technologies in maritime transport Ships affect
the legal positions concerning the vessel's operations. Legislation regulating
technology-related matters often lags behind the rapid pace of technological
developments. The slow pace of legislative progress and the inability to keep up
with technological advancements raise ongoing questions about liability for
these emerging technologies, particularly when defining the scope and nature of
legal responsibilities.

Traditionally, the captain (Nho et al., n.d.) is legally responsible for
technical errors and any resulting damages when negligence is proven, and they
are obligated to ensure the vessel's seaworthiness. However, who will be held

578-JURNAL CITA HUKUM (Indonesian Law Journal). Vol. 12 Number 3 (2024). P-ISSN: 2356-1440.E-ISSN: 2502-230X



Legal Framework of Employing Autonomous Navigation Technologies in Maritime Transport Vessels:
Challenges and Benefits from Stakeholder Perspectives

responsible when robotic systems take over the captain's role in ensuring the
vessel’s readiness for sailing??

The inevitable expansion of modern technologies to replace human crews
will further increase legal uncertainty. Will these systems have an independent
legal personality for establishing liability? Moreover, to what extent will the
captain's inherent powers and duties, grounded in maritime law, be altered?
Furthermore, the use of these technologies disrupts maritime insurance markets,
changes the nature of insurable risks, and raises additional complex issues
related to insurance, all of which are linked to the growing use of autonomous
technologies in maritime transport Ships.

e. The Impact of Economic Costs on the Employment of Autonomous
Navigation Technologies in Maritime Transport Ships

The cost of employing autonomous navigation technologies in maritime
transport ships and preparing infrastructure in ports and waterways reduces the
impact and effectiveness of the enabling legislative framework. This framework's
readiness will not significantly contribute if there are insufficient economic
resources to support the implementation of autonomous navigation technologies
in maritime transport ships, a phenomenon known as the 'cost of technology
barrier' (Jensen & Scheraga, 1998). This barrier aligns with the experts' opinions.

5. The Relationship Between the Readiness of the Legislative Framework and
the Challenges of Employing Autonomous Navigation Technologies in
Maritime Transport Ships

The legislative framework's readiness alone is insufficient to fully support
the implementation of autonomous navigation technologies in maritime
transport Ships. Even with the development of legislation and the precise
definition of responsibilities and powers, the value of this framework depends
on the ability to address other challenges.

This was confirmed during the second round of interviews and data
collection, where experts were asked a key question: 'To what extent does the
readiness of the legislative framework influence the employment of autonomous
navigation technologies in maritime transport Ships on a scale of 1 to 5?' They
were then asked to identify two of the main challenges, in addition to the
legislative environment, that impact the implementation of these technologies.

2 -Experts A5 and A6 agree that robotic systems can provide real-time reports on the level of readiness and
malfunction reports. Thus, it can be said that technologies are performing the role traditionally carried out by the captain.
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The following provides a comprehensive overview of the main challenges,

expert evaluations, and the identification of the two most influential challenges,
in addition to the readiness of the legislative framework, impacting the
implementation of autonomous navigation technologies in maritime transport

ships.
a. Main Challenges:

Code

Challenges

B1

Risks of Employing Autonomous Navigation Technologies in Maritime Transport Ships.

B2

Lack of Autonomous Ship Technologies Integration with the Requirements for Implementing Maritime Piloting Operations.

B3

The Lack of Readiness of Infrastructure to Support Autonomous Navigation Technologies in Maritime Transport Ships.

B4

Legal Uncertainty in Defining Liabilities Arising from the Employment of Autonomous Navigation Technologies in Maritime
Transport Ships.

B5

The Impact of Economic Costs on the Employment of Autonomous Navigation Technologies in Maritime Transport Ships.

A18

A7

A16

A15 At4

A13

A12

ANl

A10

A9

A8

A7

A6

A5

A
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Table 1: Main Challenges and Their Codes.
Experts' Evaluation of the Impact of Legislative Readiness on Enabling
Autonomous Ships

Table 2: Experts' Evaluation of the Impact of Legislative Readiness on

Implementing Autonomous Navigation Technologies in Maritime Transport
Ships.
The Two Most Influential Challenges, Alongside Legislative Readiness, in
Implementing Autonomous Navigation Technologies in Maritime Transport

Ships

A18

A7

A16

A15

At4

A13

A12

A1

A10

A9

A8

A7

A6

A5

MM

A3

A2

Al

Challeng

B1
B5

B1
B5

B1
B2

B2
B3

B2
B3

B4
B5

B1
B2

B3
B5

B1
B5

B4
B5

B3
B5

B1
B5

B1
B2

B5
B2

B2
B3

B2
B1

B3
B5

B1
B2

the Two Most
Influential Challenges

Table

2:

the Two Most Influential Challenges, Alongside Legislative Readiness,
Implementing Autonomous Navigation Technologies in Maritime Transport Ships.
Evaluation score = Number

Expert = A.

code=B

Challenge
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Al H 4 H B1&B2

A2 4 B3&B5

A3 H 4 H B2 &B1

Ad H 3 H B2 &B3

A5 H 4 H B2 &B3

A6 H 5 H B1&B2

A7 H 4 H B1&B5

( A A8 H 4 H B3 &B5

The impact of legislative A9 H 9 H B4 &B5
enviroment readiness on

Implementing Autonomous

Navigqtion Technologie§ in 3 A10 H 3 H B1 & B5
Maritime Transport Ships

\_ ) All H 4 H B3 &B5

Al12 H 3 H B1&B2

Al13 H 4 H B4& B5

Al4 H 4 H B2 & B3

Al5 H 4 H B2 &B3

Al6 H 4 H B1& B2

Al7 H 4 H B1&B5

A18 H 4 H B1& B5

Figure2: Experts' Identification of the Two Most Influential Challenges,
Alongside Legislative Readiness, in Implementing Autonomous Navigation
Technologies in Maritime Transport Ships.
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6. The Impact of Autonomous Navigation Technology on Captains, Crews and
the Legislative Framework

The study’s findings indicate that implementing autonomous navigation
technologies in maritime transport Ships will play a significant role in their future
development. This technological deployment must be guided by policies that
address challenges and facilitate the creation of legislative frameworks to
support its successful implementation.

Employing autonomous navigation technologies, advanced technical
systems, and artificial intelligence will reduce the need for direct human
intervention in navigation and managing maritime voyages, positively and
negatively impacting employment opportunities in the maritime sector. The
study’s results confirm that the use of autonomous navigation technologies will
directly affect the responsibilities of the captain and crew, particularly regarding
their physical presence aboard maritime transport Ships.

As autonomous navigation technologies expand, the captain will shift
from a hands-on commander to a remote supervisor overseeing technical
systems from a distance. This transformation fundamentally changes the
qualifications required and redefines the concept of a ship's commander,
necessitating legislative frameworks that differ from the traditional model
governing the primary authority responsible for a maritime voyage.

Limitations:

The limited prevalence of autonomous navigation technologies in
maritime transport Ships challenges the objectivity and accuracy of the sample's
responses due to the lack of accumulated experience in dealing with these
technologies. This may affect the precision of viewpoints regarding the practical
application of such technologies.

Additionally, the lack of detailed knowledge about the risks associated
with employing autonomous navigation technologies in maritime transport
Ships makes it difficult to accurately assess their impact on maritime safety,
operational processes, and maritime insurance risks. Furthermore, the scarcity of
previous studies addressing the impact of autonomous navigation technologies
on the legal status of maritime transport Ships has limited the ability to form a
comprehensive understanding of the benefits and challenges of employing these
technologies and to propose a legal framework that accurately defines legal
liabilities. Moreover, the interplay of economic challenges, insurance risks,
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legislative framework readiness, and the risks of employing these technologies
complicates the expansion of their use, making it difficult to predict whether they
will be widely accepted.

D. CONCLUSION

The study confirms a strong correlation between the various challenges
facing the implementation of autonomous navigation technologies in maritime
transport Ships and the intertwined effects of these challenges on deploying such
technologies. It also provides initial indicators for proposing a legislative
framework that can help address the economic influences, infrastructure
readiness, and risks associated with employing autonomous navigation
technologies in maritime transport. Using these technologies affects the legal
status of Ships and the responsibilities and duties of maritime personnel. It
necessitates the establishment of standards to ensure safety and security,
defining legal liabilities related to changing legal roles, and updating the
maritime insurance system to accommodate the unique risks posed by
autonomous navigation technologies.

The study's results demonstrate that as autonomous navigation
technologies continue to advance, they challenge the adequacy of existing
legislative frameworks, which increasingly fail to keep pace. The current
situation reveals that technological developments often outstrip the readiness of
the legal frameworks meant to regulate them.

REFERENCES

Abdelhady, M. a. E. (2024). Policies and legislation enabling sustainable
technologies in the public transport infrastructure in NEOM. Sustainable
Development. https://doi.org/10.1002/sd.2976

Agarwala, N. (2023). The potential of uncrewed and autonomous ships.
Australian Journal of Maritime & Ocean Affairs, 16(1), 39-58.
https://doi.org/10.1080/18366503.2023.2172035

Ahn, J., Joung, T., Kang, S., & Lee, ]J. (2019a). Changes in container shipping
industry: Autonomous ship, environmental regulation, and reshoring.
Journal of International Maritime Safety Environmental Affairs and
Shipping, 3(3—4), 21-27. https://doi.org/10.1080/25725084.2019.1678564

FSH UIN Syarif Hidayatullah Jakarta In Association with Poskolegnas UIN Jakarta - 583


https://doi.org/10.1002/sd.2976
https://doi.org/10.1080/18366503.2023.2172035
https://doi.org/10.1080/25725084.2019.1678564

Mahmoud Abd Elgawwad Abdelhady

Ahn, J., Joung, T., Kang, S., & Lee, J. (2019b). Changes in container shipping
industry: Autonomous ship, environmental regulation, and reshoring.
Journal of International Maritime Safety Environmental Affairs and
Shipping, 3(3—4), 21-27. https://doi.org/10.1080/25725084.2019.1678564

Akter, S. & Department of computer science and engineering, University of
Dhaka, Bangladesh. (2024). Harnessing Technology for Environmental
Sustainability: Utilizing AI to Tackle Global Ecological Challenges
[Journal-article]. Journal of Artificial Intelligence General Science (JAIGS),
2(1), 1. https://ojs.boulibrary.com/index.php/JAIGS

Chen, C., Chen, X, Ma, F.,, Zeng, X., & Wang, J. (2019). A knowledge-free path
planning approach for smart ships based on reinforcement learning. Ocean
Engineering, 189, 106299. https://doi.org/10.1016/j.oceaneng.2019.106299

Cohen, A. (2022, June 13). Sailing Solo: The Coming Shipping Revolution And
LNG. Forbes. https://www.forbes.com/sites/arielcohen/2022/06/13/sailing-
solo-the-coming-shipping-revolution-and-Ing

Dartena, F., & Gotter, F. (2021). Technological Development and Its Effect on IT
Operations Cost and Environmental Impact. International Journal of
Sustainable Engineering, 14(3), 190-
201.https://doi.org/10.1080/19397038.2020.1862342

Georgieva, K. (2024). AI Will Transform the Global Economy. Let’s Make Sure It
Benefits Humanity. IMF Blog (blog), International Monetary Fund.. (n.d.).

Handrlica, J. (2020a). The Rijeka draft of a Convention on the liability of operators
of nuclear ships. Zbornik Pravnog Fakulteta SveuciliSta U Rijeci, 40(3),
1153-1170. https://doi.org/10.30925/zpfsr.40.3.8

Handrlica, J. (2020b). The Rijeka draft of a Convention on the liability of operators
of nuclear ships. Zbornik Pravnog Fakulteta SveuciliSta U Rijeci, 40(3),
1153-1170. https://doi.org/10.30925/zpfsr.40.3.8

Issa, M., Ilinca, A., Ibrahim, H., & Rizk, P. (2022a). Maritime Autonomous Surface
Ships: Problems and Challenges Facing the Regulatory Process.
Sustainability, 14(23), 15630. https://doi.org/10.3390/su142315630

Issa, M., Ilinca, A., Ibrahim, H., & Rizk, P. (2022b). Maritime Autonomous Surface
Ships: Problems and Challenges Facing the Regulatory Process.
Sustainability, 14(23), 15630. https://doi.org/10.3390/su142315630

584-JURNAL CITA HUKUM (Indonesian Law Journal). Vol. 12 Number 3 (2024). P-ISSN: 2356-1440.E-ISSN: 2502-230X


https://doi.org/10.1080/25725084.2019.1678564
https://ojs.boulibrary.com/index.php/JAIGS
https://doi.org/10.1016/j.oceaneng.2019.106299
https://www.forbes.com/sites/arielcohen/2022/06/13/sailing-solo-the-coming-shipping-revolution-and-lng
https://www.forbes.com/sites/arielcohen/2022/06/13/sailing-solo-the-coming-shipping-revolution-and-lng
https://doi.org/10.30925/zpfsr.40.3.8
https://doi.org/10.30925/zpfsr.40.3.8
https://doi.org/10.3390/su142315630
https://doi.org/10.3390/su142315630

Legal Framework of Employing Autonomous Navigation Technologies in Maritime Transport Vessels:
Challenges and Benefits from Stakeholder Perspectives

Jensen, O. W., & Scheraga, C. A. (1998). Transferring technology: Costs and
benefits. Technology in Society, 99-112. https://doi.org/10.1016/S0160-
791X(97)00031-6

Jovanovi¢, A., & Renn, O. (2013). Search for the ‘European way’ of taming the
risks of new technologies: the EU research project iNTeg-Risk. Journal of
Risk Research, 16(3-4), 271-274.
https://doi.org/10.1080/13669877.2012.743162

Kim, M,, Joung, T., Jeong, B., & Park, H. (2020). Autonomous shipping and its
impact on regulations, technologies, and industries. Journal of
International Maritime Safety Environmental Affairs and Shipping, 4(2),
17-25. https://doi.org/10.1080/25725084.2020.1779427

Ltd, R. a. M. (n.d.). Autonomous Ships - Market Share Analysis, Industry Trends
& Statistics, Growth Forecasts 2019 - 2029. Research and Markets Ltd 2024.
https://www.researchandmarkets.com/reports/4897289/autonomous-

ships-market-share-analysis

Mallam, S. C., Nazir, S., & Sharma, A. (2019a). The human element in future
Maritime Operations — perceived impact of autonomous shipping.
Ergonomics, 63(3), 334-345. https://doi.org/10.1080/00140139.2019.1659995

Mallam, S. C., Nazir, S., & Sharma, A. (2019b). The human element in future
Maritime Operations — perceived impact of autonomous shipping.
Ergonomics, 63(3), 334-345. https://doi.org/10.1080/00140139.2019.1659995

Maritime transport strategic research programme publications. (n.d.). DNV.
https://www.dnv.com/research/maritime/publications?

Munim, Z. H. (2019a). Autonomous ships: a review, innovative applications and
future maritime business models. Supply Chain Forum an International
Journal, 20(4), 266-279. https://doi.org/10.1080/16258312.2019.1631714

Munim, Z. H. (2019b). Autonomous ships: a review, innovative applications and
future maritime business models. Supply Chain Forum an International
Journal, 20(4), 266-279. https://doi.org/10.1080/16258312.2019.1631714

Nho, L. C,, Nippon Foundation, Bose, N., Doumbia-Henry, C., Zarebski, J.,
Cropper, T. A., Mednikarov, B., Farag, I. A. G. I, Kiikner, A., JAMU
Secretariat, Arceo, M. L. L., Nakazawa, T., Emi, Y., Matsuzaki, S., &
Yamada, A. (nd.). 17th Annual General Assembly International
Association of Maritime Universities IAMU AGA 17 Working together: the
key way to enhance the quality of maritime education, training and

FSH UIN Syarif Hidayatullah Jakarta In Association with Poskolegnas UIN Jakarta - 585


https://doi.org/10.1016/S0160-791X(97)00031-6
https://doi.org/10.1016/S0160-791X(97)00031-6
https://doi.org/10.1080/13669877.2012.743162
https://doi.org/10.1080/25725084.2020.1779427
https://www.researchandmarkets.com/reports/4897289/autonomous-ships-market-share-analysis
https://www.researchandmarkets.com/reports/4897289/autonomous-ships-market-share-analysis
https://doi.org/10.1080/00140139.2019.1659995
https://doi.org/10.1080/00140139.2019.1659995
https://www.dnv.com/research/maritime/publications
https://doi.org/10.1080/16258312.2019.1631714
https://doi.org/10.1080/16258312.2019.1631714

Mahmoud Abd Elgawwad Abdelhady

research [Conference-proceeding]. In Vietnam Maritime University,
Vietnam Maritime University.

Oxagon Port Supply Chain and Logistics. (n.d.). https://www.neom.com/en-
us/regions/oxagon/port-scl

Redseth, @. J., Freystad, C., Meland, P. H., Bernsmed, K., & Nesheim, D. A.
(2020). The need for a public key infrastructure for automated and
autonomous ships. IOP Conference Series Materials Science and
Engineering, 929(1), 012017. https://doi.org/10.1088/1757-
899x/929/1/012017

Vojkovi¢, G., & Milenkovi¢, M. (2019). Autonomous ships and legal authorities
of the ship master. Case Studies on Transport Policy, 8(2), 333-340.
https://doi.org/10.1016/j.cstp.2019.12.001

Weintrit, A., & Neumann, T. (Eds.). (2013). Marine Navigation and Safety of Sea
Transportation (By Gdynia Maritime University). Taylor & Francis Group.
https://www.researchgate.net/publication/337275051

When is a Ship a Ship? (2020). In University of Queensland Law School (pp. 3—
34) [Research paper]. https://law.ug.edu.au/future-war

Yang, Y., Shuai, C,, & Fan, G. (2019). The Technological Development and
Prospect of Unmanned Surface Vessel. In 2019 IEEE 3rd Advanced
Information Management, Communicates, Electronic and Automation
Control Conference (IMCEC).
https://doi.org/10.1109/imcec46724.2019.8983889

586-JURNAL CITA HUKUM (Indonesian Law Journal). Vol. 12 Number 3 (2024). P-ISSN: 2356-1440.E-ISSN: 2502-230X


https://doi.org/10.1016/j.cstp.2019.12.001
https://www.researchgate.net/publication/337275051
https://law.uq.edu.au/future-war
https://doi.org/10.1109/imcec46724.2019.8983889

