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Preface

This volume of Lecture Notes in Electrical Engineering gathers selected papers pre-
sented at the 12th International Scientific Symposium on Electrical Power Engineering,
Elektroenergetika 2024, September 11-13, 2024, Stard Lesn4, Slovakia. The conference
was organized by the Department of Electrical Power Engineering, Faculty of Electrical
Engineering and Informatics, Technical University of KoSice. The Symposium Elek-
troenergetika 2024 provides a unique interdisciplinary forum for discussion about the
current electrical power engineering and industrial applications and opens visions for the
energy supplies of the future. It is intended for managers, scientists, engineers, design-
ers, and planners from industry, government, and academia who have an interest in
sustainable electricity for the today and future.
The presented papers cover a wide range of topics:

— Generation of Electricity, Transmission, Distribution and Consumption of Electricity,
— High Voltage Technique and Diagnostics in Power Engineering,

— Power Systems Relaying, Faults Analysis,

— Power System Control, Liberalisation of Electricity Market,

— Smart Grids,

— Electromobility,

— Data Security in Power Engineering, Deep Learning and Artificial Intelligence.

The organizers received 54 contributions from 8 countries around the world. After a
thorough peer-review process (double-blind review), the committee accepted 40 papers
for conference proceedings prepared by 142 authors from 7 countries (acceptance rate
74%). At least two independent reviewers reviewed each paper. Reviewers needed to
evaluate each paper by answering, among others, the questions about the originality
of the paper, the significance of presented results, comprehensibility, and presentation
of chapters and relevance for this conference. The reviewers came from 7 countries in
Europe. Each article was checked using iThenticate and achieved a similarity index of
less than 25%.

We would like to thank the members of the International Scientific Committee
for their hard work during the review process. We acknowledge all people who con-
tributed to the staging of Elektroenergetika 2024: authors, committees, and sponsors.
Their involvement and hard work were crucial to the success of the conference.

May 2025 Lubomir Bena
Zsolt Conka

Damian Mazur

Jan Zbojovsky
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Photovoltaic System Designing for Power Supply
of School in Ukrainian Conditions

Olena Rubanenko 239
1 RICE, University of West Bohemia, Pilsen, Czech Republic
olenarubanenko@ukr.net
2 Department of ESS, Vinnitsya National Technical University, Vinnytsia, Ukraine
3 Department of Wind Energy, Institute of Renewable Energy, Kyiv, Ukraine

Abstract. Photovoltaic system in Ukraine is viewed not only as a business oppor-
tunity, but also as a way to diversify energy supply and a component of energy
safety. Stability and efficiency of Ukraine’s energy sector primarily in the devel-
opment of distributed generation, including green energy. Case-study projects of
designed PV-system are presented in paper. Digital Twins of different type of PV-
systems designing with usage relevant software is shown.

Keyword: Renewable Energy - Photovoltaic System - Digital Twin

1 Introduction

As aresult of another massive attack by the Russian military on the energy infrastructure
[1], Ukraine sharply reduced electricity exports and increased imports. According to
Energy Map, during the week of May 6-12, Ukraine increased electricity imports by
51% to 73.2 thousand MWh due to the fifth massive drone strike on the Ukrainian
energy sector this year. After the attack, imports were carried out not only during peak
consumption hours, but also throughout the day from all available directions.

The weekly breakdown by country is as follows: 53% (39 thousand MWh) came from
Hungary; 17% (12.6 thousand MWh) — from Slovakia; 13% (9.4 thousand MWh) — from
Moldova; 12% (8.3 thousand MWh) — from Romania; 5% (3.9 thousand MWh) — from
Poland [2]. Nowadays, photovoltaic systems in Ukraine provide about 75% of renewable
energy production [3]. Attacks, problems with the logistical support of equipment and
qualified personnel affect the development segments of this sector and the choice of
regions for safe new installed capacity. The problem with the interruption of the power
supply strongly affects the chosen type of photovoltaic system and the efficiency of their
operation.

2 Benefits of Distributed Power Sources

Decentralization in the Energy sector is the maximum support and construction of small,
geographically dispersed sources of power generation that are as close as possible to
consumers. Main benefit of distributed power sources is the possibility of functioning

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
L. Beiia et al. (Eds.): ELEKTROENERGETIKA 2024, LNEE 1446, pp. 353-363, 2025.
https://doi.org/10.1007/978-3-031-97333-8_32
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354 O. Rubanenko

autonomously. It is useful in current conditions from the technological point of view and
from the management point of view [4]. Systematization of main benefits of distributed
power sources are presented in Fig. 1.

Energy services are essential for basic human protection and dignity in times of war,
two of the main ethical goals of humanitarian assistance. However, millions of displaced
people lack access to clean and safe energy services, in part because funding for such
services is inadequate.

)
Simplify design, installation and
TlME shorter construction and
commissioning time
A

Ower total investment per facility,
|NVE§TM[NT which reduces the threshold for private
companies to enter this business:

I

Reduction of electricity losses during
BENEFITQ 0F DG POWER 109959 transmission and providing additional
DEcRE‘gmc regulating capsa::;i;s in the power
. z v
[1 j the of local )
EN[RGY rma::"l‘euvmnes and stimulation of the rfanoml
ny in terms of local production of equipment
COMMUNITY 2 Signifcant raduction of greenhouse gas emissons.
\ .
1. Reducing the dependence of distributed qenevanon\
DECREASING owners on external power supply. protecting them from
market risks and price volatility,
DEPENDENCE 2. Cost savings or additional income from the sale of
\

excess electricity P

Fig. 1. Classification of DG benefits for Ukraine

3 Appliency Condition of Renewable Energy Sources

The transition of the humanitarian sector to a “sustainable energy” model includes oppor-
tunities to develop better energy solutions and services. However, a lack of skills among
implementing agencies and a tendency to take a short-term view among donors and
host communities has led to a “buy and deliver” model that primarily distributes energy
equipment to IDPs (internally displaced person), focusing on quantity rather than quality.
At the same time, raising the level of knowledge in the field of green energy and master-
ing practical tools for designing sustainable energy solutions can provide an impetus for
their practical implementation in providing IDPs with housing using green technologies.

Green energy for shelters and temporary settlements of IDPs can help solve the
problems with the settlement of people and ensure their energy independence [5].

In June 2023, the Law on “green” transformation of the energy system developed. It
provides for the introduction of a register of guarantees of the origin of electric energy
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produced from renewable energy sources, the introduction of a system of net metering
net billing, increasing the flexibility of the auction model of supporting electricity pro-
duction from renewable energy sources and progressive innovations, including energy
cooperative [6] and can be presented on flow-chart of the Fig. 2.

Can be used for compensation of instability of electric
power generation and consumption
Prosumer
Prosumer m
(PV plant) plant)
{ Electic power company | ! ! T A LA
| | : | | |
i i i ! ] v Ly
: Existing Grid | - : ; ; .
: Y N I b I L I
: 1 r
I |
t Power Trading Pl Prosumer H
! Brokers ] | (Wind power
i . plant) Prosumer
o . (blogas technology)
Ly
Prosumer

(Energy cooperative) v

Prosumer Prosumer (Wind
(PV plant) power plant) Data line > Consumer
T H —— Cattle Farms

Consumers ‘ l Power line I

Fig. 2. Prosumers model

In war conditions, householder photovoltaic systems are starting be more benefit for
saving energy security. If don’t consider external issues, photovoltaic generation is grad-
ually developing, in particular thanks to the segment of medium and small photovoltaic
systems. Still the deficit of energy storage systems is one of the key obstacles in further
development. It is difficult to estimate the number and capacity of such systems, but their
importance for the stability of energy supply is great. The number of prosumers — farms
and enterprises that produce their own energy — is growing. This makes it possible to
reduce dependence on external supply and promotes sustainable development. How-
ever, owners now need to be motivated to add energy storage systems and improve their
photovoltaic power system to maximize their potential to support the energy system.

Another important area for the widespread use of photovoltaic generation is to ensure
the uninterrupted operation of socially important facilities. Critical and social infras-
tructure facilities, such as water supply systems, food storage and production facili-
ties, important transportation hubs, telecommunication networks, and medical facilities,
schools, universities, and kindergartens. Additional energy sources are needed to ensure
their reliability. Grant funding can help reduce the vulnerability of these facilities by
stimulating the adoption of new technologies and increasing energy resilience [3]. In
the reason of the insufficient number of generating capacities in the energy system of
Ukraine due to damage to energy facilities by enemy attacks NEC “Ukrenergo” proved
consumption limits or divided grid for energy local system (“‘energy island”). This means
that should be used schedules of hourly electricity shutdowns to maintain the balance
between consumption and generation in the energy system of Ukraine.
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Power balance for energy local system is eq. (1):
n m
Pes) + ) Pi) =) Prsi(t) = AP(®) & Puor. (1) =0 ()

where ¢ is current time, Pcs(t) is power feed to the energy local system from distributed
power grid; Pi (t) is power generation of RES, which installed in energy local system:;
PTSj(t) is power of substation (customers load); n is the number of renewable energy
technology in the energy local system; m is number of consumers; Psfor.(t) is power,
which possible accumulate in proficit time from energy communities RES and usage in
deficit time, AP(¢) is power losses, which is occurred during transmit power flow in the
electrical networks. Decreasing of value AP(¢) is one of the optimization task and push
to choose power sources more closed for consumers, but with tale into account level
voltage transmission line. In (1) is an important note, that power generation elements are
power from grid (first element); power from RES (second element) and power from stor-
age system (fifth element) and used for power supply energy local system. Optimization
of members local energy system consumption is way to reach power balance. Decen-
tralization of energy sources and creating energy islands deals with technical problems,
for example sectionalization [6].

Increasing energy efficiency RES can be caught by the way mixed different
technology, depend on meteorological characteristics location. Power of RES is
presented:

S P =Y PO+ PO+ Puo) @)

w is the number of RESs in the energy cooperative that depend on meteorological con-
ditions; P;(t) is capacity of renewable energy sources that depend on meteorological
conditions; q is the number of controlled RESs in the PS; Py(¢) is power of controlled
RESs; z is the number of controlled RESs in the energy cooperative; P,(f) is power
of partially controlled RES in in the energy cooperative. Prediction of power gener-
ation wind and photovoltaic power station still can be improved. Wind power plants
and photovoltaic power plants can have uneven generation schedules, depending on
meteorological factors. Under controlled RES will understand hydrogen technologies
and biogas plants. Under partially controlled RES we will understand small, mini, and
micro-hydro. A promising approach in terms of supporting decarbonization policy is to
reduce imbalances in the PS, which is to compensate for the uneven generation schedules
of wind power plants (WPPs) and photovoltaic power plants (PVPs), by using other RES,
such as biogas technologies and hydrogen plants. Also, reducing the non-uniformity of
the RESs generation schedule will significantly increase their energy efficiency in the
electricity balance of energy systems [7].

In the proposed paper is the design of a photovoltaic system for a typical University
property in location middle Europe. Digital Twin PV system allows image and simulate
operational mode, choice optimal parameters and create great visual for investors. For
design of PV system was used PV#*SOL Premium software 2024.

In paper was shown few typical models of PV system, which can be installed. It
is possible design in PV*SOL Premium grid-connected PV system; grid-connected PV
system with electrical appliances; grid-connected PV system with electrical appliances
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and battery systems; grid-connected PV system with electrical appliances and electrical
vehicles; grid-connected PV system with electrical appliances and electrical vehicles
and battery systems; grid-connected PV system with electrical appliances and thermal
systems; stand-alone PV system; stand-alone PV system with Backup Generator. 3D-
model typical school with roof PV-system presented on Fig. 3. All trees were created
in real size for assessment sheading influence. It is a simple model of PV system, and
doesn’t show obstacle on the roof (chimney, windows, and distance between rows of PV
panels). In the first view studied building has not obstacles on the roof. Proposed project
is an emergency solution for particulary power supply school. The first and more easy
realized project is grid-connected PV system. A lot of foreign donors proposed used or
new PV modules, inverters of for hospitals and schools for free. In this case better used
all roof square. The PV system consists of 4 parts. 3D view for different types of PV
system models wasn’t changed.

Fig. 3. 3D model of PV system

Design of first PV-system roof area is presented in the Fig. 4.

The flow-chart of presented system is very simple, and can be shown in Fig. 5,
because all electricity, which is produced will be send to the grid. It is possible in
summertime, when school has holidays. This variant is not energy efficiency, because
all produced energy is sent to power grid, but can be used for decided particular task
for cover energy deficit in power grid in large city, where there exist problem with free
space for installation PV system.

Other case study PV system include appliances. PV*Sol Premium software optimizes
configuration of inverters and proposed few variants. In the proposed project was chosen
inverter configuration:

e Ist area Fig. 4 (a) and Fig. 4 (c) use 12 units PLENTICORE M G3 12.5 (battery
option) Kostal with sizing factor 116.5% in configuration MPP 1: 1 x 14; MPP 2:
1 x 14 for south configuration; MPP 1: 1 x 14; MPP 2: 1 x 14 for north orientation.
e 2nd area Fig. 4 (b) and Fig. 4 (d) use 2 units PIKO 17 (v3) Kostal with sizing factor
110.1% in configuration MPP 1: 1 x 12; MPP 2: 1 x 12; MPP 3: 1 x 12 for east
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(a)

(®)

First part of the roof PV system 168
units x LR5-72 HBD 520 M (v3)
LONGI Solar; Inclination 10 ©
Orientation South 263°
Installation Type Roof parallel PV
Generator Surface 429.4 m?

East oriented part PV Modules 36 x
LR5-72 HBD 520 M (v3) LONGI
Solar; Inclination 10°

Orientation East 172°

Installation Type Roof parallel PV
Generator Surface 92.0 m*

(©)

(C)

Second part of the roof PV system
168 units x LR5-72 HBD 520 M
(v3) LONGI Solar; Inclination 10 ©
Orientation North 353°

Installation Type Roof parallel PV
Generator Surface 429.4 m*
(used two orientations)

West oriented part PV Modules 36 x
LR5-72 HBD 520 M (v3) LONGI
Solar; Inclination 10°
Orientation West 262°
Installation Type Roof parallel PV

Generator Surface 92.0 m?

(used two orientations for roof PV
system Ned).

()

Second part of the roof PV system
168 units x LR5-72 HBD 520 M
(v3) LONGI Solar; Inclination 10 ©
Orientation South 173°

Installation Type Roof parallel PV
Generator Surface 2454 m?
(used two orientations for roof PV
system Ne3).

East oriented part PV Modules 36 x
LR5-72 HBD 520 M (v3) LONGI
Solar; Inclination 10°

Orientation East 83°

Installation Type Roof parallel PV
Generator Surface 92.0 m?
(used two orientations for roof PV
system Ned).

&)

O

PV Modules 204 x LR5-72 HBD
520 M (v3) LONGI Solar
Inclination 0°

Orientation West 263°

Installation Type Roof parallel PV
Generator Surface 521.4 m?

West oriented part PV Modules 36 x
LR5-72 HBD 520 M (v3) LONGI
Solar; Inclination 10°

Orientation West 263°

Installation Type Roof parallel PV
Generator Surface 92.0 m?
(used two orientations for roof PV
system Ned).

Fig. 4. Models of 1-4 parts of PV system with main technical parameters installation PV-modules.
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Fig. 5. Flow-chart of designed system 1st type.

configuration; in configuration MPP 1: 1 x 12; MPP 2: 1 x 12; MPP 3: 1 x 12 for
west configuration.

3rd area Fig. 4 (e) and Fig. 4 (k) use 6 units PLENTICORE M G3 12.5 (battery
option) Kostal with sizing factor 110.9% in configuration MPP 1: 1 x 16; MPP 2:
1 x 16 for south configuration; MPP 1: 1 x 16; MPP 2: 1 x 16 for north orientation.
4th area Fig. 4 (f) and Fig. 4 (1) use 2 units PIKO 17 — Kostal with sizing factor
110.1% in configuration MPP 1: 1 x 12; MPP 2: 1 x 12; MPP 3: 1 x 12 for east
configuration; in configuration MPP 1: 1 x 12; MPP 2: 1 x 12; MPP 3: 1 x 12 for
west configuration.

Grid-connected PV system with electrical appliances was presented in Fig. 6.

Budovy 01-Plocha stiechy Zipad

Budovy 01-Plocha stiechy Zipad

[j 3.-.:.!.[3 3}_

Budovy 01-Plocha stiechy Zipad

PP

- ) AC Mains
(30v,
e ws@=1)

Budovy 01-Plocha stiechy Zipad

3x

Fig. 6. PV system 2 type.
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In paper is used typical load schedule for school 1000 m?. For more detailed infor-
mation better used collected data [8]. Flow-chart of presented system shown in Fig. 7.
PV system still is not efficiency in Ukrainian conditions and can be improved due add
battery storage system, because high level dependency from power grid. Battery storage
systems will increase price. Simulation results of covered by PV system of school power
supply needs presented in Fig. 8. Investments will be near $524,160.00 and presented
in Fig. 10.

X)

Fig. 7. Flow-chart of designed system 2 type.

Grid-connected PV system with electrical appliances is perfect for region in Ukraine,
with short time period of power supply interruption (Central Ukraine). Surplus load mode
can be used for particular appliances, for example boiler.

Power generation forecasting annual histogram, with take into account consumption
is presented in Fig. 9.

In the future study will be design grid-connected PV system with electrical appliances
and electrical vehicles and battery systems [8]. More case studies from various regions
of Ukraine with different climatic and social conditions for better comparation end eval-
uation the effectiveness will be one of the directions of the future research. Maintenance
and safety aspects of PV systems, especially in the context of deteriorated security con-
ditions and power outages is crusial problem is Ukraine. For school is suggested better
used every year full check and service of PV system. Simulations and modeling with
more detailed scenarios that account for different climatic and operational conditions,
profiles-load school (school with pool and without). Detailed economic analysis, cov-
ering installation costs, maintenance, and expected savings is difficult predict, because
price and available equipment are changing.
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Fig. 8. Coverage consumption by PV system.
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Fig. 9. Consumption school and PV system generation.
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Fig. 10. Accrued Cash Flow (Cash Balance)
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4 Conclusion

1. Analyze of current situation in energy sector of Ukraine shown relevancy and actuality
of distributed energy sources developing in short-time future. Huge amount deficit of
electricity in Ukrainian power system requires implement strict limitation for citizens.
For example in Kyiv on 16 May the power supply interruption was more 12 h for
particular districts, include schools, universities.
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2. Distributed power sources benefits can be classified depending on usage, location
and operation mode. For this case is very important to install an optimal PV system
and correct operate. Ukrainian school is specific project, because it is not just for
studying property, but it is very often using how shelter for refugees. Grid-connected
PV system with electrical appliances and battery systems is more efficiency and useful
for school.

3. PV system models and demand of school were simulated in PV*SOL Premium.

Acknowledgment. This paper was supported by MSCA4Ukraine 1233365, 24- PKVV-UM-006,
24-PKVV-UM-007.
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