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Annotation. Problem. The article highlights the role of computer modeling in the training of energy
specialists. Software complexes (MATLAB, ANSYS, ETAP, PSCAD) for the analysis and optimization
of energy systems are described. Examples of application are given, in particular, the design of solar
and charging stations. The advantages of modeling are determined: resource saving, accuracy of
analysis. The importance of digital technologies in the training of specialists in sustainable
development is emphasized. Goal. Analysis of the importance of computer design and modeling in the
training of energy specialists, studying modern software packages, and evaluating their impact on the
effectiveness of the educational process. Methodology. The study is based on the analysis of scientific
sources, comparison of programs (MATLAB, ANSYS, ETAP, PSCAD), review of cases and
experimental modeling of power systems. The impact of digital technologies on the formation of
students’ professional skills is assessed. Results. The effectiveness of computer modeling in the
training of energy professionals was confirmed. Software packages (MATLAB, ANSYS, ETAP,
PSCAD, HOMER Pro, Energy Plus) for modeling and optimizing energy systems were analyzed. The
advantages of digital technologies were identified: resource saving, risk-free testing, accuracy of
analysis. Cases of solar power plant design, network analysis, cooling optimization and charging
stations were considered. Integrating modeling promotes the development of critical thinking and
analytical skills. Originality. The study highlights the importance of computer modeling in the
education of energy professionals. The use of modern programs (MATLAB, ANSYS, ETAP, PSCAD) in
the educational process is analyzed. Their role in optimizing energy systems and developing critical
skills is shown. The importance of modeling for innovation and interdisciplinary collaboration is
emphasized. The integration of models strengthens theoretical knowledge and practical skills.
Practical value. The results of the study contribute to the improvement of the training of power
engineers. The integration of modeling (MATLAB, ANSYS, ETAP, PSCAD) improves the quality of
training without significant equipment. The optimization of courses through interactive tasks and
projects is useful for education, science and consulting.

Key words: Computer modeling, energy systems, software packages, MATLAB, ANSYS, ETAP,
PSCAD.

Introduction continue to play a pivotal role in both the global
economy and environmental sustainability. With

Computer design and modeling have emerged as
indispensable components of contemporary
engineering education, particularly in the
context of energy systems. As the global shift
towards more sustainable and energy-efficient
solutions accelerates, the demand for advanced
tools to design, analyze, and optimize energy
systems has grown exponentially. Energy
production, distribution, and consumption

growing concerns over energy consumption, the
environmental impact of traditional energy
sources, and the urgent transition to renewable
and alternative energy sources, the ability to
model, simulate, and optimize complex energy
systems has become more than just a technical
skill — it is a fundamental necessity for future
engineers and energy professionals [1,2].
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The relevance of this research is underscored
by the ongoing transformation in the energy
sector, which is being propelled by
technological advancements, innovative
practices, and the increasing demand for higher
efficiency in energy systems. As global energy
infrastructure becomes more complex and
sophisticated, it is crucial to utilize advanced
modeling techniques to ensure the design and
functionality of these systems meet modern
needs. Energy systems now involve not only
traditional power generation technologies, such
as fossil fuel-based plants, but also renewable
sources like solar, wind, and hydroelectric
power, as well as emerging technologies like
smart grids and energy storage solutions. These
systems must be carefully designed, modeled,
and optimized to ensure that they are both
reliable and sustainable under various
conditions, which increases the importance of
having accurate modeling tools [3].

In this context, computer-aided design
(CAD) software and modeling platforms, such
as ANSYS, MATLAB, and others, have become
invaluable tools for both academic learning and
practical application. These platforms provide
students with the opportunity to simulate real-
world scenarios and explore a wide range of
system  configurations and  performance
parameters. By using simulation tools, students
can analyze the behavior of energy systems in
virtual environments, assess potential risks, and
explore alternative solutions to optimize system
efficiency. This hands-on approach not only
deepens students' understanding of theoretical
concepts but also enables them to experiment
with system behaviors and fine-tune designs
before applying them to real-world situations.

Moreover, the use of these software systems
in education serves a broader purpose, extending
beyond just the technical aspects of energy
system design. They also foster the development
of critical thinking, problem-solving, and
decision-making skills. Through the use of
simulation tools, students gain a deeper
understanding of how various components of an
energy system interact with one another, such as
power generation units, transmission lines,
storage facilities, and renewable energy sources.
They learn how to balance competing priorities,
such as cost, environmental impact, efficiency,
and reliability, when designing and optimizing
energy systems. This practical experience not
only strengthens their technical expertise but
also equips them with the necessary skills to

navigate the challenges and uncertainties
associated with modern energy infrastructure.

Additionally, the study and simulation of
energy systems using advanced computational
methods empower students to experiment with
innovative approaches to system optimization.
For instance, students can model and evaluate
different cooling strategies, including liquid
cooling, hybrid systems, and phase-change
materials (PCMs), assessing their impacts on
system  efficiency, overall cost, and
environmental footprint. These experimental
scenarios allow students to explore emerging
technologies and assess their viability in real-
world applications. By doing so, students not
only gain hands-on experience with cutting-edge
technologies but also develop the critical
problem-solving skills required to address the
increasingly complex energy challenges of
tomorrow.

Analysis of publications

The article highlights the importance of
computer design and modeling of energy
systems in the educational process, particularly
for preparing specialists in technical fields.
Modeling energy systems using modern
software tools, such as MATLAB/Simulink,
ANSYS, and others, has become an integral part
of education [4,5]. It allows students to analyze
and optimize the operation of energy networks,
renewable energy sources, as well as energy
storage and distribution systems. Students use
these tools to simulate real-world scenarios,
assess potential risks, and explore alternative
solutions for improving the efficiency of energy
systems.

The use of software in education not only
helps deepen students' understanding of
theoretical concepts but also fosters the
development of critical thinking, problem-
solving, and decision-making skills. It enables
them to analyze the interaction of various
components within energy systems and find
optimal solutions for reducing costs, minimizing
environmental impact, and improving system
reliability [6].

Modeling energy systems using computer
platforms also helps students master new
technologies, including cooling strategies such
as liquid cooling, hybrid systems, and phase
change materials (PCMs). This allows them to
experiment with innovative approaches and
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evaluate their effectiveness in real-world
conditions [7,8].

It is also worth noting that diagnostics and
troubleshooting are an integral part of computer-
aided design and modeling, as they ensure the
efficient operation of both automotive
technology and energy systems. This is why
computer-aided design and modeling play a key
role in training future specialists, enabling them
not only to analyze the performance of energy
systems but also to effectively identify and
eliminate faults.

The article also presents real examples of
modern projects implemented in the educational
process for diagnostics and simulation modeling
[9-11]. In particular, one practical application of
computer modeling is the creation of various
models of microgrid charging station systems
for electric vehicles in the MATLAB software
environment [12,13]. This allows students to
simulate  the  operation of  charging
infrastructure, assess its efficiency, and develop
optimal management strategies [14].

Thus, the use of computer-aided design and
modeling in the educational process not only
promotes the development of students' technical
competencies but also helps them acquire
practical skills in  working with modern
technologies, which are essential for solving
challenges in the fields of energy and electric
transport.

Purpose and Tasks

The purpose of this work is to analyze the
importance of computer design and modeling of
energy systems in the educational process, as
well as to consider methods, tools and real
examples of the application of these
technologies in the training of students of
technical specialties [12-14]. The main areas of
research include:

— use of modern software complexes for
modeling energy processes.

— integration of computer design into the
educational process.

— analysis of advantages and challenges of
computer modeling in the training of specialists.

— consideration of real examples of
application of modeling technologies.

Specifically, the study aims to investigate
how these digital tools can improve the
development, analysis, and optimization of
energy systems in an educational context.
Through a comprehensive examination of

various simulation platforms, their applications,
and case studies of energy system modeling, the
research will highlight both the key benefits and
challenges of integrating these technologies into
engineering curricula. Furthermore, the study
will explore the ways in which these tools can
be used to foster interdisciplinary learning and
collaboration, encouraging students to work
with others from diverse fields to develop
holistic, energy-efficient solutions.

Ultimately, this research aims to contribute
to a deeper understanding of how modern
educational  approaches, particularly  the
integration of computer-aided design and
simulation technologies, can be leveraged to
produce engineers who are well-equipped to
meet the energy sustainability and efficiency
challenges of the 21st century. By fostering
innovation, critical thinking, and practical
experience, these educational strategies will help
prepare the next generation of energy
professionals to design and optimize the systems
that will power a sustainable, low-carbon future.

Description of the equipment, methodology,
and results of the experimental studies

The value of simulation in education. Simulation
allows you to build virtual models of energy
systems, which gives students the opportunity to
test different work scenarios, optimize energy
distribution, and identify potential problems
even before implementation in real conditions.
This contributes to the development of
analytical skills and understanding of complex
technological processes in the field of energy
[14,15].

Use of software packages. The most common
software packages: MATLAB/Simulink, ETAP,
PSCAD, ANSYS. These programs allow
students to practice practical skills and prepare
for real work. MATLAB/Simulink is used for
modeling and analysis of dynamic processes in
energy systems, ETAP is used for modeling
electric power networks, PSCAD - for analysis
of electromagnetic processes, and ANSYS - for
thermal and mechanical analysis of system
components.

Integration into the educational process. The
use of computer modeling in educational
programs contributes to the improvement of
practical training of students. Labs and Course
projects may include simulations of energy
systems, allowing students to deepen their
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understanding of theoretical concepts and
apply them in practice. Students also get the
opportunity to experiment with various
system parameters, analyze the results and
make informed decisions.

Examples of the use of computer modeling.

1. Designing a solar power plant. As part of
the course project, students can use the
MATLAB/Simulink program to simulate the
operation of a solar power plant. They analyze

conditions, calculate the efficiency of using
inverters and battery systems, optimize the
location of panels for maximum energy
production (Fig. 1) [16, 17].

2. Analysis of electrical grid stability. Using
the ETAP program, students can perform
voltage and load analysis in local power grids,
evaluate the impact of alternative energy
sources, such as wind power plants, and find
optimal parameters for stable system operation
(Fig. 2) [18].
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3. Optimization of cooling systems for power
plants. In ANSYS, students can simulate the
effectiveness of various options for cooling
generators and transformers. This makes it
possible to determine the optimal design
parameters for reducing heat losses and
increasing the efficiency of the energy system
[19].

Slice-only technology enables a cyclic
repeatability simulation technique for electric
motor applications. The analysis has been
improved by efficiently solving just a slice of
the motor, employing non-planar boundary
conditions, using symmetric mesh and
replicating results to the full model. To learn
more about how “slice-only” technology helps
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simulate complex electric motors, read the blog:
How to Model and Simulate Complex Electric
Motors (see Fig. 3) [19].

Low-Frequency Electromagnetic Simulation
With Maxwell, you can precisely characterize
the nonlinear, transient motion of
electromechanical components and their effects
on the drive circuit and control system design.
By leveraging Maxwell’s advanced
electromagnetic field solvers and seamlessly
linking them to the integrated circuit and
systems simulation technology, you can
understand the performance of
electromechanical systems long before building
a prototype in hardware (see Fig. 4) [19].

Fig. 3. Low-Frequency Electromagnetic Simulation
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4. Modeling an Electric Vehicle Charging
Station. In PSCAD, students can explore how
different charging modes affect the electric
vehicle grid and batteries. They can estimate the
charging rate, energy efficiency of the process
and optimize the control system to reduce peak
loads (Fig. 5) [20].

5. Microgrid development. Using HOMER
Pro, students can model the integration of solar
panels, batteries, and diesel generators into local

microgrids. This helps to find optimal solutions
for increasing the energy autonomy of the
facility (Fig. 6) [21,22].

6.Building energy efficiency research. With
the help of EnergyPlus and TRNSYS software
packages, students can analyze the energy
consumption of buildings and find the best
methods for improving energy efficiency
(Fig. 7) [23].
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Fig. 5. A model of a charging station for electric cars in the PSCAD
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Fig. 6. Microgrid development using HOMER Pro

Advantages of computer-aided design and
modeling:

— economy of resources, the ability to
conduct experiments in a virtual environment
without spending on real equipment;

— increased accuracy of analysis, modeling
allows to evaluate the effectiveness of various
system configurations and identify potential
shortcomings;

— flexibility in research, students can test
different scenarios of system operation and
check alternative  approaches to their
optimization.;

— preparation for real tasks, knowledge and
skills acquired while working with software
complexes allow future specialists to quickly
adapt to the conditions of production and
development of energy systems.
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Conclusion

Computer-aided design (CAD) and modeling of
energy systems have become essential tools for
the education and training of future specialists in
the energy sector. These methods play a crucial
role in equipping students with both theoretical
knowledge and practical skills necessary to
understand, design, and optimize modern energy
systems. The integration of advanced software
tools into the educational process exposes
students to real-world scenarios and allows them
to  simulate  various energy  system
configurations, helping them better understand
the complexities of energy production,
distribution, and management.

The use of such software complexes enables
students to experiment with different approaches
to energy system design, fostering creativity and
problem-solving abilities. These technologies
also support the analysis and optimization of
energy systems by enabling students to visualize
and simulate real-time system behaviors, which
enhances their decision-making skills. As a
result, students gain valuable hands-on
experience that will help them successfully
transition into the energy industry, where they
can apply their knowledge to develop innovative
solutions for sector challenges.

Moreover, the integration of CAD and
modeling tools contributes to the formation of
highly qualified professionals proficient in using
cutting-edge technologies to address energy

"F”ig. 7. Energy efficiency research with the help of Energy Plus and TRNSYS and Building

efficiency, sustainability, and the transition to
renewable energy sources. By incorporating
these tools into the curriculum, educational
institutions ensure that their graduates are well-
prepared to meet the evolving demands of the
energy industry [24].

As digital technologies continue to advance,
the potential for modeling and simulation in
energy system design will expand, offering even
more powerful tools for training the next
generation of energy professionals. This
progress will lead to further improvements in
system optimization, cost-effectiveness, and
sustainability, supporting the development of
innovative energy solutions for the future.
Ultimately, the continued development and
application of CAD and modeling technologies
will play a vital role in creating a workforce
capable of tackling global challenges related to
energy sustainability, environmental impact, and
the transition to a low-carbon economy.

Furthermore, with the advancement of digital
technologies, the application of artificial
intelligence (Al) and cloud computing in
computer-aided modeling of energy systems is
becoming increasingly significant. (Al) enables
in-depth analysis of large datasets, prediction of
energy system behavior, real-time optimization
of operations, and early detection of potential
failures or inefficiencies before they lead to
critical issues. This enhances the accuracy of
simulations, which is particularly important for
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the integration of renewable energy sources with
their variable and unpredictable nature.

At the same time, cloud technologies provide
access to powerful computing resources without
the need for significant capital investment in
local infrastructure. They offer extensive
opportunities for remote access to software,
collaborative project development, scalable
computations, and real-time updates of energy
system models. Cloud platforms also facilitate
the deployment of machine learning-based
models and support flexible simulation
environments.

Thus, the implementation of (Al) and cloud-
based solutions in computer modeling opens
new horizons for training future specialists,
allowing them to master the most advanced tools
for analysis, design, and management in the
context of the digital transformation of the
energy sector.
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Komn'ioTepHe NpOoEKTYBaHHS Ta MOJETIOBAHHS

€HEPreTHYHUX CHCTEM Y HAaBYAJILHOMY mpoIeci

Anomayin. Ilpoonema. Cmammsa 6uceimiioe poiv
KOMN IOMEPHO20 ~ MOOEN08AHH 6  HABYAHHI
enepeemukis.  ONUCAHO  NPOSPAMHI  KOMNIEKCU
(MATLAB, ANSYS, ETAP, PSCAD) ons ananizy ma
onmumizayii enepeocucmem. Hasedeno npuxnadu
3ACMOCYBAHHSA, 30KpeMAd NPOEKMYBAHHA COHAYHUX |
3apPAOHUX Cmanyiu. Busnaueno nepesazu

MOOENIOBAHHA.  eKOHOMISL — pecypci,  MOYHICMb
auanizy. Haeonoweno Ha eadxciusocmi yugposux
mexHono2iu y nidzcomosyi axieyie 3i cmanozo
possumky. Mema. Ananiz sHavenHs KOMN 10mMepHo20
NPOEKMYBAHHSL  MAd  MOOENI06AHHsL 8 Ni020MmosYi
Qaxieyie 3  eHepeemuKu,  GUSUEHHS  CYYACHUX
NPOSPAMHUX KOMNIEKCI8 ma OyiHKa iX eniusy Ha
eexmusnicms ocgimnbozo npoyecy. Memooonozia.
Hocniooicennss  6azyemvcsi  Ha  aHanizsi  HAYKOGUX
Ooicepen, nopisHsnui npoepam (MATLAB, ANSYS,
ETAP, PSCAD), 0211A0i Kelicie ma
eKCNepUMEeHMAIbHOMY MOOEN08AHHI eHepeOCUCmeM.
Oyineno  eniué  yugposux  mexHonoeiti  Ha
Qopmyeanns npogheciinux HABUHYOK CMYOEHMIB.
Pesynomamu.  Iliomeepooceno  eghexmugnicmo
KOMN IOMepHo20 ~ MOOeNo8anHs  y  ni02omosyi
enepeemuxis. Ilpoananizogano npocpamui naxemu
(MATLAB, ANSYS, ETAP, PSCAD, HOMER Pro,
Energy Plus) ons moleniosanns ma onmumizayii
enepeocucmem. Busnaueno nepesacu  yu@posux
MEeXHON02I:  eKOHOMIs — pecypcis,  Oe3pusuxoge
mecmyeanHs, mounicmos ananizy. Posenanymo xeiicu
NPOEKMYBAHHSA COHAYHUX eNeKMPOCMAHYIN, AHANIZY
Mepedici, onmumizayii OXO0N00NCeHHsT MA 3apSOHUX
cmanyiti.  Inmezpayisi ~ MOOenioganHsA  CHpuse
PO3BUMKY KPUMUYHO20 MUCLEHHS Md AHALIMUYHUX
HABUYOK. Opucinansnicme. Hocnioxcennsa
niokpecioe 8adiCIUBICMb KOMN tomepHo2o
MOOenio8ans 8 oceimi eHepeemuKia,
Ipoananizosano GUKOPUCMAHHS CYYACHUX NPOSPAM
(MATLAB, ANSYS, ETAP, PSCAD) y uaguanvhomy
npoyeci. Ilokaszano ixnio ponv 6 onmumizayii
eHepeocucmem ma pO36BUMKY KPUMUYHUX HAGUYOK.
Haconoweno ma 3nauenni  mooenrogamnns 0
iHHOBAY i wmidcoucyuniinapnoi  cnienpayi.
Iumeepayin moodeneil smiynOE meopemuyni 3HAHHI U
npakmuuni  Hasuuky. IIpakmuune  3nHauenHs.
Pezynomamu 00CHIOHCEeHH S cnpusiioms
VOOCKOHAIEHHIO nio2omosKu eHep2emuKis.
Iumeepayin mooenosanns (MATLAB, ANSYS, ETAP,
PSCAD) niosuwye saxicmv naguanms 6e3 3HAUHO20
001a0HANHSL. Onmumizayis Kypcis uepes
iHmepakmueri 3a80anHs U NPOEKMU KOPUCHA OJis
0C8imu, HAyKu ma KOHCYIbMY8aAHHSL.
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