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The paper addresses the current challenge of enhancing the efficiency, safety, and environmental sustainability of mari-
time transport. The main article's idea is that this aim can be achieved by integrating artificial intelligence (Al) technol-
ogies into a ship's automated electrical energy systems (SAEES). The first article's part is dedicated to the evolution of
the SAEES architecture and six main energy management strategies: centralized and decentralized systems, hierarchical
methodologies, model predictive control, agent-oriented control systems, and energy management systems. The analysis
of each approach includes its advantages and disadvantages, considering parameters such as efficiency, stability, imple-
mentation and maintenance costs, environmental impact, complexity, and scalability. The second part concentrated on
reviewing applications of Al technologies in the maritime industry. It presented practical examples of Al usages in the
marine industry, particularly in navigation, diagnostics, and route optimization. Another attention was focused on the
profit of integrating Al into SAEES. It was found that this symbiosis can bring improvement to every core parameter in
these systems. The main challenges associated with global issues of safety and cybersecurity of Al systems, exceptional
employees’ qualification, complexity of integration with existing systems, guaranteeing the stability and predictability of
Al algorithms, problems of data quality and standardization, regulatory and ethical aspects. Moreover, the paper presents
potential future developments of Al and ship electrical energy control systems' symbiosis. The primary objectives include
further SAEES automatizations, integrating with new energy sources, optimizing ship equipment operation, and solving
existing challenges and limitations.
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Statement of the problem In this context, the study of Al and SAEES symbiosis
is relevant. The integration with Al can open up numerous
opportunities for solving existing problems, enhancing the
efficiency, stability, and safety of ship operations. On the
other side, it will contribute to the environmental achieve-
ments by international regulatory bodies.

Modern SAEES are complex systems that include
various energy sources, distribution networks, and numer-
ous electrical consumers. During the operation of these
systems, typical problems occur, including blackouts
caused by equipment failures, personnel errors, or external
factors. Inefficient energy use or unnecessary fuel con-
sumption leads to increased harmful emissions, as well as
maintenance and repair problems, especially in a complex
marine environment. Due to corrosion, equipment wear,
and difficulties in investigating faults, there are increased
risks. Batteries, used as a backup energy source, lose their
capacity over time and require frequent replacement. Prob-
abilities of overload and short circuits in electrical net-
works, energy quality, voltage and frequency fluctuations,
can also negatively affect the operation of shipboard sys-
tems.

Traditional methods are not effective enough to solve
all these problems in the conditions of increasing systems
complexity and requirements for their productivity. Al
technologies have great potential to provide more intelli-
gent, adaptive, and efficient management of SAEES. Al
can be used to forecast loads, optimize generator parame-
ters, diagnose faults early, and make informed decisions in
real-time. All this will contribute to the improvement of

Maritime transport plays a key role in globalization,
providing a significant part of international trade's trans-
portation. The efficiency, safety, and environmental friend-
liness of marine operations are industrial aspects of the on-
going development of the world economy. According to
the International Maritime Organization (IMO), in 2023,
the global shipping industry emitted more than 1 billion
tons of CO2. In this view, the requirements for the mari-
time industry to improve energy efficiency, reduce operat-
ing costs, and minimize environmental impact are con-
stantly growing [1, 2].

Robust and efficient ship's automated electrical en-
ergy systems (SAEES) are the core of safe and uninter-
rupted operations in the maritime industry. A ship, like a
floating city, requires electricity to guarantee the vital ac-
tivities of the crew, the functioning of navigation equip-
ment, cargo systems, and other critical mechanisms [3].

At the same time, with the growing demands on the
maritime industry, we can see the fast development of arti-
ficial intelligence (Al) technologies, which demonstrate
outstanding potential to transform various fields of life, in-
cluding maritime transportation. Al is already helping to
optimize routes, predict maintenance needs, enhance ship-
ping safety, and automate numerous processes. According
to a report by Lloyd's Register, the global market for Al
developments in the maritime industry is estimated at 1.5
billion $ per year. It is expected to double over the next five

years [[4]].
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efficiency, robustness, and safety of ship operations.
Therefore, research into the perspectives of Al and SAEES
symbiosis is up to date.

Analysis of the latest achievements
on the identified problem

The latest research in the field of SAEES manage-
ment demonstrates a growing interest in introducing intel-
ligent and optimization approaches to enhance the quality
of energy systems.

One of the leading directions is the evolution and ap-
plication of energy management systems (EMS). It inte-
grates several energy sources (including renewable) and
energy storage Kits aimed at optimizing the overall energy
consumption on a ship [5].

Researchers are heavily focused on model predictive
control (MPC) strategy to optimize energy distribution,
load management, and voltage/frequency regulation. MPC
allows consideration of nonlinear system dynamics and the
multiplicity of operational constraints, providing proactive
control based on predictions of future system behaviour.

The next path of study is the development of agent-
oriented control systems (AOC). AOC uses autonomous
agents to coordinate the various components of the
SAEES, thereby enhancing the system's survivability. It
can bring high fault resistance and the ability to reconfigure
dynamically.

Moreover, researchers investigated the ability to use
digital twins for monitoring, optimizing, and predicting the
state of SAEES. Digital twins enable the modelling of a
physical system's behavior in a virtual environment. This
technology allows for easier monitoring of processes,
faster problem resolution, and more accurate prediction of
the ship’s configuration. Digital twins are successfully
used in employee training programs.

One more direction is decentralized control systems.
This approach helps to increase the stability and scalability
of the SAEES by distributing control functions between lo-
cal controllers. Decentralization of control leads to faster
response to local events and reduces the risk of single
points of failure [6].

The integration of renewable energy sources, such as
solar panels and wind turbines, into the SAEES is also re-
ceiving significant attention. It has a global goal to reduce
dependence on fossil fuels and minimize emissions [5].

Interest in using Al to solve various tasks in the mar-
itime industry has quickly grown. In navigation, Al is con-
sidered an instrument to develop autonomous ships with
decision-making support systems for the crew. For exam-
ple, SeaPod Al system by Orca Al, can perform the func-
tions of an automated observer on the bridge, increasing
situational awareness and preventing collisions. Al is used
for equipment diagnostics and to predict the technical con-
dition of systems and units, enabling predictive mainte-
nance and the prevention of emergencies. Intending to op-
timize ship routes, Al analyses meteorological data, ocean
flows, and other factors that affect fuel consumption and

travel time. Moreover, Al can assist in managing cargo op-
erations in ports and on vessels, thereby improving mari-
time safety by detecting obstacles and monitoring the
crew's state [7].

In general, the analysis of existing research indicates
that integrating artificial intelligence into ship energy man-
agement systems is a promising direction; however, the
number of publications directly devoted to this topic re-
mains limited. Most research focuses on individual aspects
of using Al in the maritime industry.

Thus, a certain gap exists in knowledge regarding the
perspectives and challenges associated with the symbiosis
of Al and SAEES systems, which confirms the relevance
of further research in this direction.

Purpose and task statement

The aim of this work is to analyse the perspectives
of artificial intelligence and shipboard energy systems con-
trol’s symbiosis.

Specific research objectives include:

» Review of operation principles and typical prob-
lems of shipboard energy systems.

» Analysis of modern approaches to energy supply
management on ships, including traditional methods and
new technologies.

* Research on the implementation of Al technolo-
gies in the maritime industry, particularly in navigation, di-
agnostics, and route optimization.

+ ldentification of potential advantages from inte-
grating Al into SAEES, such as increasing energy effi-
ciency, environmental friendliness, and safety.

« Consideration of main issues and challenges asso-
ciated with the combination of Al and SAEES, focused on
safety issues, cybersecurity, and crew qualifications.

Concluding future trends and directions of Al integra-
tion with SAEES control systems.

Materials and methods

The scientific publications analysed in this research
were obtained during April-May 2025, from the databases
of scientific article aggregators ResearchGate and MDPO.
These sources are considered high-quality databases for
bibliometric analysis. It provides the necessary information
for identification and a reality check of publications.
Works published in authoritative professional journals
from 2020 to 2025 were selected. The language of the pub-
lications was limited to English, which is currently the
most common academic language.

The analysis of the topic «symbiosis of artificial in-
telligence and ship energy systems» contains two main
parts: «comparison of existing strategies for controlling
ship energy systems» and «analysis of existing and poten-
tial integrations of Al and machine learning in the maritime
industry». The research is conducted to clarify the impact
of modern technologies on key indicators, including en-
ergy efficiency, environmental impact, safety, cost, and the
complexity of implementing and maintaining ship systems.
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Summary of the main material

SAEES are complex systems designed for the gener-
ation, distribution, and consumption of electrical energy on
board the vessel (Fig. 1). The main components of these
systems are generators, for example, diesel-driven ones,
which convert mechanical energy into electrical energy us-
ing the principle of electromagnetic induction [3].

Shipboard electrical systems are complex and multi-
level, requiring attentive monitoring and management to
ensure a stable and effective energy supply to all onboard
consumers. Understanding the fundamental concept of
every individual component's operation and its interaction
is necessary for the integration possibilities with Al, which
can be used to analyse further and optimize the work of
each element and the entire system as a complex whole.

Analysis of modern approaches to energy supply
management.

Centralized control systems are based on a single cen-
tral controller that manages all energy processes on the
ship. Typically, this system builds on specialized hardware
controllers, communication networks to collect data and
transmit control signals, and preprogrammed logic or algo-
rithms. The primary advantage is the potential for global
optimization of the entire energy system, providing a com-
prehensive overview of its current state. This also simpli-
fies the coordination of different energy sources and loads
under normal operating conditions. But there are also con-
siderable negatives. The main one is the risk of a single
failure point, when a breakdown of the central controller
can conduct to a full blackout. Furthermore, centralized
systems have scalability problems when it is necessary to
expand or reconfigure current systems. Centralized
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decision-making can lead to increased latency, particularly
in large and complex systems [6].

Decentralized control systems comprise several local
controllers that are responsible for individual subsystems
or zones, making autonomous, information-based deci-
sions and interacting with other controllers. These technol-
ogies also include distributed computing units, local sen-
sors/actuators, and peer-to-peer communication protocols.
The decentralized approach fixes the previous strategy's
main problem by eliminating a single failure point. These
systems are easily scalable due to their ability to plug-and-
play connectivity. Potential disadvantages include the dif-
ficulty of gaining global system optimization and coordi-
nation between different subsystems. Decentralized con-
trol offers important strengths in terms of stability and
scalability, making it a preferred choice in the marine sec-
tor, which requires high survivability. The ability to oper-
ate independently and quickly react to local events raises
the system's resistance to failures and cyberattacks [6].

Hierarchical control methodologies involve a multi-
level structure that typically includes primary control (local
control of individual units), secondary control (voltage/fre-
guency coordination and regulation), and tertiary control
(overall system optimization and coordination). Each level
solves specific tasks, where higher levels are monitoring
and coordinating lower ones. The difficulty of designing
and coordinating different control levels is a potential prob-
lem. Hierarchical control provides a robust structure for
managing the growing complexity of SAEES by delegating
the control task into manageable levels with clear respon-
sibilities. This way allows local optimization and global
coordination, which guarantees efficient and stable work
under various conditions [8].

Shore power supply LBsS Lss

Side Propulsion Load

Daily Load
Main Propulsion Load

Fig. 1 — Ship's electric energy system schematic diagram
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Model predictive control (MPC) uses a model of the
system to predict its future behaviour and optimizes control
actions. In SAEES, MPC is used for optimal energy man-
agement, load sharing, and voltage/frequency regulation.
MPC is a powerful control technology that offers great po-
tential for optimizing the performance of SAEES, espe-
cially in systems with composite operational requirements
and dynamic loads. Its ability to predict future needs and
constraints allows a more well-planned and stable process
compared to traditional feedback control methods [5].

Agent-based control systems use autonomous soft-
ware agents, each associated with a specific component or
subsystem, that interact and cooperate to achieve the goals.
In these systems, all agents can collect information, process
data independently, and make decisions according to dif-
ferent conditions. There is a potential for seamless integra-
tion of new components and functionality. Agent-based
control offers an adaptive approach to the management of
SAEES, especially in scenarios that require fault resistance
and dynamic reconfiguration, such as manoeuvring opera-
tions. The autonomous nature of the agents allows the sys-
tem to continue to operate effectively even if some parts
are damaged or unavailable.

Energy Management Systems (EMS) are integrated
systems that monitor, control, and optimize the generation,
storage, distribution, and consumption of electricity on
board. EMS technologies and functionalities include ad-
vanced management algorithms, data analytics, real-time
monitoring, and interfaces with different energy system
components. The system offers adaptive and scalable
power for propulsion and onboard mechanisms. Core fea-
tures consist of standardized design, integration with shore
energy systems, and suitability for low- and medium-volt-
age networks. The ship’s electrical network distributes
available energy throughout the ship, increasing energy ef-
ficiency and helping to reduce emissions [4].

The comparative analysis given in Table 1 demon-
strates some trade-offs between different approaches. De-
centralized and agent-based systems are highly robust and
scalable, while MPC and EMS offer high optimization po-
tential. Hierarchical control provides a balance, while cen-
tralized control is simpler but less safe. The choice of the
most suitable approach depends on the specific require-
ments and priorities of the ship's owners and vessel type.

Table 1
Comparative analysis of modern approaches to the management of ship energy systems
Criterion Centralized | Decentralized | Hierarchical MPC-based Agent-based EMS
2% 2-3 3 4
Efficiency (global opti- (locally (balance lo- 4-5 (adaptive op- 4-5
mization) suboptimal) cal/global) timization)
1-2 (single
Reliability point of fail- 4-5 3-4 3 4-5 4-5
ure)
Implement 3 3-4 45 45 45 45
cost
Maintenance 3 3 3 4-_5 (model 3 3-4
cost maintenance)
Environmen- | 1-2 (indirect _1-2 (indirect 2-3_ (effects 2?3 _(dlrect op- _ _1-2 _ 2_—3 _(dlrect op-
- ; impact of lo- | on higher lev- | timizesemis- | (indirectim- | timizes emis-
tal impact impact) . - .
cal actions) els) sions) pact) sions)
Complexit 3 4-5 4-5 45 4-5 4-5
plexity (coordination)
Scalability 2 4-5 3-4 3 4-5 4-5
. . 3-4 4-5 4-5 (inte-
Handling dy- 1-2 3-4 (rapid lo- (multilevel re- 4-5 (proac- (adaptive re- grated pro-
namic loads | (can be slow) | cal response) ) tive) .
action) sponse) cessing)
Real-time I
adaptability 1-2 (limited) 4-5 3 4-5 4-5 4-5
*Rating from 1-small value/impact to 5-high.
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Integration of artificial intelligence in the maritime
industry.

Artificial intelligence (Al) with machine learning is
revolutionizing all sectors of the maritime industry, offer-
ing innovative solutions to enhance the efficiency, safety,
and sustainability of shipping. With the invention of auton-
omous large language models (LLMs), the usage of these
technologies became available even in conditions of a lack
of communication. It gave a significant impulse to the de-
velopment of technologies in the maritime industry. In nav-
igation, Al helps develop autonomous ship systems that
can make decisions on course, speed, and manoeuvring in-
dependently. Moreover, Al is being integrated into deci-
sion-making support systems for the crew, providing rec-
ommendations based on the analysis of large amounts of
data. In the process of technical maintenance, Al is used to
predict the state of equipment and systems. This allows it
to move from active to predictive maintenance. Al algo-
rithms analyse data from sensors installed on various units,
detecting anomalies and predicting possible breakdowns.
This makes it possible to implement necessary repairs on
time, preventing serious accidents and reducing vessel
downtime [7, 15].

Optimization of ship routes is another important area
of Al application. By analysing meteorological data, infor-
mation on ocean waves, ship traffic, and other factors, Al
algorithms can determine the most efficient routes, which
can decrease fuel consumption and reduce travel time.

Al serves to manage cargo operations in port termi-
nals and on ships, optimizing loading and unloading pro-
cesses, cargo placement, and planning operations. The

application of Al contributes to improving maritime safety
by detecting obstacles on the vessel's path, predicting col-
lision risks, and monitoring the crew's condition to prevent
errors related to the human factor.

In general, as shown in Table 2, artificial intelligence
is already demonstrating promising potential for improving
the efficiency, safety, and sustainability of maritime oper-
ations in various areas. The practical implementation of Al
technologies in the marine industry creates a solid founda-
tion for its integration into SAEES, which also requires in-
telligent data analysis, forecasting, and decision-making
optimization [7, 12, 13].

Benefits of integrating Al and SAEES.

Increased efficiency. Al can analyse historical and
current data, such as weather conditions, operating modes,
and equipment performance, to optimize energy consump-
tion. As a result of its load-predicting ability, Al can dy-
namically regulate energy generation and distribution, pre-
venting overproduction. Intelligent load management al-
lows Al to prioritize and plan the use of electrical loads
based on operational needs and available energy capacity.
This can show a path to more efficient utilization of gener-
ated energy and reduce additional generator runtime. Opti-
mizing energy generation with Al enables defining the op-
timal number of generators to run simultaneously and their
corresponding load levels to achieve maximum efficiency.
This is especially important for managing hybrid energy
systems, where Al can optimize the interaction between
traditional generators, energy storage systems, and renew-
able energy sources [6].

Table 2

Examples and benefits of the successful integration of Al in the maritime industry

Scope of application Al methods

Examples/Benefits

Failure prediction

Machine learning, neural networks

VoyageX Al PMS (40% downtime reduction),
ABB Ability™ (increased reliability),
Marinelnsight™ (proactive maintenance)

Energy consumption opti-
mization

Machine learning, neural networks

Maersk (reducing fuel consumption), ABB
Ability™ OptimE (propulsion optimization),
Neural Networks (fuel consumption predic-
tion)

Load management Machine learning

Al for optimal load planning (maximizing
space utilization), NanoPredict (balancing en-

ergy supplies)

Autonomous navigation

Machine learning, neural networks

Yara Birkeland (fully autonomous vessel),
ABB Ability™ Marine Pilot Control (automa-

and control tion of keys operations)
Al for anomaly detection (fire, water intru-
Safety and security Machine learning, expert systems sion), Al for risk assessment, Al for cybersecu-

rity

Optimization of port oper-

: Machine learning
ations

Al to berth allocation, traffic management,
cargo handling (increasing efficiency)
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Increasing robustness. Al has a high impact on im-
proving the robustness of SAEES through its ability to pre-
dict equipment failures. By analysing data from multiple
sensors, such as vibration, temperature, and voltage sen-
sors, Al can detect potential faults and anomalies at an
early stage, allowing preventive maintenance execution be-
fore major breakdowns occur. This approach to mainte-
nance can significantly reduce ship downtime and repair
costs. Al can also ensure uninterrupted monitoring of crit-
ical electrical components, such as generators, motors, and
transformers, thereby preventing unexpected failures. Ad-
ditionally, Al aids in improving fault diagnosis by quickly
and accurately identifying the causes of problems in the
electrical system. Al can also be used to estimate the re-
maining life of equipment, predicting its real service life.

Improving safety. Al can analyse real-time data to de-
tect potential dangers, such as equipment overheating or
electrical errors, allowing it to prevent accidents at the right
time. Al-based inspection systems can monitor precondi-
tions of hazardous situations, such as gas leaks or smoke,
enabling immediate response to emergencies. In naviga-
tion, Al can help prevent collisions by analysing sensor
data and predicting risks [10]. Automating routine tasks in
energy management helps reduce the human factor, one of
the primary causes of accidents at sea. Al-based decision
support systems provide operators with timely and accurate
information, enabling them to make more informed and
well-reasoned conclusions.

Reduced operating costs. Al, combined with the con-
trol part of the SAEES, can enhance the cost efficiency of
ships. Fuel savings are a primary goal achieved through Al-
based route optimization and speed management. It is pre-
dicted that fuel savings can reach from 3% to 15%. Mini-
mizing service cost is possible by predictive maintenance,
which prevents costly breakdowns and limits necessary re-
sponses to unexpected failures. Al also helps optimize re-
source utilization by more efficiently managing the opera-
tion of generators, energy storage systems, and other com-
ponents of the energy system. In the long term, with grow-
ing automation, the percentage of energy supply manage-
ment and ship operations will lead to a reduction of person-
nel expenses.

Process automation. Al opens a great opportunity to
increase the level of automation in SAEES. Autonomous
energy management allows Al to make real-time decisions
about energy production and distribution without human
intervention. This is especially relevant for autonomous
ships, where Al plays a key role in managing all onboard
systems. The market for autonomous ships is showing out-
standing growth and is predicted to reach billions of dollars
in the near future.

The integration of renewable energy sources into
shipboard energy systems is an essential part of the emis-
sion reduction process. Al can analyse the ability and vol-
ume generation of renewable energy sources (solar, wind)
based on meteorological data. This allows better control
and planning of the usage of these periodic energy sources.
Al can also optimize the utilization of accumulated

renewable energy reserves, giving them priority over tradi-
tional sources in cases where it is feasible. Additionally, Al
can effectively manage energy storage, optimizing charg-
ing and discharging processes.

Problems and Challenges of Artificial Intelligence In-
tegration.

Cybersecurity. The inclusion of Al in shipboard en-
ergy systems, while bringing benefits, also creates several
problems, among which cybersecurity occupies a special
place. Increasing connectivity and dependence on digital
systems make ships more vulnerable to cyberattacks. Al
systems can become a target of attacks aimed at disrupting
their operation or gaining unauthorized access to confiden-
tial data. Therefore, the development and implementation
of robust protection measures against malware is im-
portant. At the same time, Al can also be used to improve
security, detect anomalies, and predict potential threats
[9, 14].

The stability of Al systems is another big challenge.
The effectiveness of Al directly depends on the quality of
data on which it is trained and with which it works. Poor-
quality data can lead to inaccurate predictions and unrelia-
ble decisions. For this reason, the validation and verifica-
tion of Al systems are critical to ensure their safe and reli-
able operation. Al systems must be able to function stably
in the challenging conditions of the marine environment,
including exposure to vibration, extreme temperatures, and
high humidity.

Specialized knowledge is necessary. The successful
integration of Al into SAEES requires qualified personnel
in both the spheres of marine engineering and artificial in-
telligence. The scarcity of qualified specialists needs to be
overcome. To resolve this problem, we need to train new
employees and retrain existing personnel [11].

Integrating Al systems with existing shipboard infra-
structure can be challenging due to hardware and software
compatibility issues. Ensuring seamless data exchange be-
tween Al models and other onboard systems is crucial, but
the use of different data formats and communication pro-
tocols can complicate this process.

Regulatory aspects. The development of the regula-
tory framework for the use of Al in the maritime industry
is still ongoing, resulting in a lack of clear regulatory
boundaries [10]. Creation of international standards is nec-
essary for the global implementation of Al in the maritime
industry.

Ethical considerations. The use of Al in managing
SAEES also raises some ethical concerns. Determining re-
sponsibility for incidents related to the operation of Al-
controlled systems can be a challenging task. There is also
a risk that the data on which Al algorithms are trained may
be biased, potentially leading to unfair or discriminatory
decisions. Transparency and validity of Al decision-mak-
ing are also important aspects, especially in the maritime
industry.

Implementation cost. Implementing Al systems in
shipboard energy systems involves significant initial in-
vestments in hardware, software, and development. This
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can be a barrier to adoption, especially for smaller shipping
companies.

Comparison of traditional control methods and Al
approaches. Traditional methods of managing ship energy
systems are often built on rule-based systems and manual
regulation, which can perform suboptimally in dynamic
environments. Al systems are capable of continuously
learning and adapting to optimize energy consumption and
distribution in real-time. Traditional systems may have
slower response times to sudden load changes or fault con-
ditions. In contrast, Al-controlled systems can respond
quickly and intelligently to changing conditions, prevent-
ing failures and enhancing safety. Traditional EMS config-
urations are typically static and require manual reprogram-
ming for major changes. Al systems can learn from opera-
tional data and transform their control strategies to improve
performance and efficiency continuously. Traditional
methods can struggle to manage the increasing complexity
of modern marine energy systems. Al is well-suited to
working with complex systems, analysing large amounts of
data, and discovering composite relationships.

Conclusions

The conducted research made it possible to analyse
different approaches to managing the ship's energy systems
and draw conclusions regarding the use of these technolo-
gies on various types of ships.

For military vessels, the most important criteria are
stability and the ability to operate in conditions of partially
damaged systems. Therefore, decentralized, agent-ori-
ented, and EMC systems are chosen.

For commercial ships, which are focused on maxim-
izing profit, the best choices are MPC-based and EMC sys-
tems.

Cruise ships need stability for a large amount of
equipment. Decentralized and agent-oriented systems can
help with this.

Small ships can select any technology depending on
their financial capabilities.

The second part of the research reviewed examples of
Al applications in the maritime industry and analysed the
prospects for developing a symbiosis of Al-based control
systems and onboard energy systems. The obtained results
confirm the great potential of Al technologies for enhanc-
ing energy efficiency, stability, and safety of ship opera-
tions. The speed of operation and minimization of errors
lead to decreased operational costs and a negative impact
on the environment.

At the same time, the implementation of Al in the
maritime industry is associated with serious problems and
challenges, including cybersecurity concerns, the need for
qualified personnel, and the complexity of integrating Al
with existing equipment. Along these lines, further re-
search and development are needed to resolve these diffi-
culties and create reliable and safe Al solutions for the mar-
itime industry.

Future research directions include developing univer-
sal, complex software that can work with Al assistants and
various large language models, both remotely and locally.
It should work according to the modular principle, allow-
ing for the connection of interaction blocks with different
systems. It is also crucial to have the option of quick con-
figuration for specific equipment on the various ships.

The next step should be to integrate this software with
models of real equipment in the MATLAB Simulink eco-
system. This step should focus on testing, optimizing, and
improving the stability and performance of the system.
Special attention will be focused on improving cybersecu-
rity.

The result of the research should be the implementa-
tion of an autonomous Al-based energy management sys-
tem on a ship that will support work with various energy
sources and storage systems, use machine learning for
more accurate load forecasting and equipment optimiza-
tion.

In summary, the integration of artificial intelligence
and shipboard electrical energy systems is a key factor in
the resource-efficient development of maritime transporta-
tion.
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Cmamms npucesiuena akmyanvhii npobiemi niosuenHs epekmusHocmi, 6esnexu ma eKoI02iMHOCHE MOPCbKO20 MPaH-
cnopmy. OcHosHa i0esi cmammi NoJisl2a€ 8 MOMY, WO Yiel Memu MONCHA 00CA2U ULISAXOM IHme2payii mexHon02il uwmy-
ynoeo inmenexmy (L) 6 cyonosi asmomamusosani enexmpoenepeemuyni cucmemu (CAEEC). Ilepwa uacmuna oociui-
Ooicenns npucesuena esomoyii apximekmypu CAEEC ma wiecmu 0CHOBHUM CMpamezisiM YnpasiinHsi eHepeonocmayaH-
HAM: YEeHMpANi308ani ma O0eyenmpani3oeani cucmemu, i€papxiuni, Kepy8aHHs HA OCHOBI MOOEIbHO2O NPOSHO3VEAHHS,
A2eHMHO-0PIEHMOBAHT MA CUCEMU YNPABIIHHA eHeP2OCHONCUBAHHAM. AHANI3 KOMHCHO20 NIOX00Y BKIIOUAE 11020 hepesa
ma HeOdOAIKU Y pO3Pi3i MAKUX Napamempis, K eqpeKmueHicmy, CmaodiibHiCMb, BUMPAMU HA BNPOBAONCEHHS MA 00CY20-
8YBAHMA, 6NIUE HA HABKOIUUWIHE cepedosuwye, CKIaoHicmy ma macwmabosanicme. [pyea yacmuna cmammi 30cepe-
Odorcena Ha 021501 3acmocysanus mexuonoeiu LI 6 mopcwxitl inoycmpii. Byno npedcmaegneno npakmuyni npukiaou inme-
epayii Il 6 mopcuky eanyss, 30kpema 8 Hagieayii, oiaenocmuyi ma onmumizayii mapupymie. Taxoowc ysaza 6yna 30ce-
peodicena na nepesazax inmeepayii LIl 6 CAEEC. Byno susisneno, wjo yeii cumios Modice NOKPaujumu KO’CeH Ko4o8ull
napamemp y yux cucmemax. OCHOBHI BUKIUKU NOG'S3aHI 3 2100ATbHUMU RUMANHAMU De3neKu ma Kibepbesnexu cucmem
WMYYHO20 IHMeAeKmY, CneyiaibHOI K8ANIQIKAYie NPayiHUKIs, CKIAOHICMIO IHme2payii 3 ICHYIOYUMU CUCEMAaMU, 2a-
paumicio cmabitbHocmi ma nepeodayys8anoCmi ai2opummis WmMyyHo20 iHmeneKkmy, npooiemamu SKoCmi ma cmanoap-
mu3zayii 0aHux, pe2yiamopHuUMy ma emuynumu acnekmamu. Kpim moeo, y cmammi npedcmasineni nomenyiini HanpsamKu
MAUuOYmMHb020 PO36UMKY CUMDIO3Y WMYYHO20 THMENEKmMY Ma CUCeM KepY8aHHsL CYOH08010 eHepeocucmemor. OcHoeHa
Mema OXONIHE NOOANbULY ABMOMAMUZAYTIO CUCIEM KePYBAHHS, THMe2payiio 3 HOBUMU Oxcepenamu eHepeii, onmumisa-
yio pobomu cyoH06020 0ONAOHAHHA MA BUPIULEHHS HASGHUX NPODIIeM ma 0OMedceHD.

Knrouosi cnosa: enexmpoenepeemuuni cucmemu cyoeH, eHepeoehekxmusHicms, ONMumMiz3ayisa, MAauuHHe HA8YaAHHS, WMYy-
YHULL IHMENeKm, MOPCLKUU MPAHCHOPM, 6WIUE HA HABKOIUUHE cepedoguwye, be3neka Ha Mopi, Kibepbesnexa.
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