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Purpose. The purpose of this study is to investigate the specific features of modeling distributed generation in the
structure of electrical networks using different sofiware packages. The work aims to identify the software that provides
the necessary functionality, accuracy of calculations, ease of use, and license availability, while also considering the
specific characteristics of Ukrainian electrical networks.

Methodology. Analysis of literary sources — applied to study the current state of the problem of distributed gen-
eration integration into electrical networks and to summarize both international and Ukrainian experience.

Comparative analysis — carried out to evaluate the functional capabilities of PowerFactory, Dakar Eleks,
Matlab/Simulink, and Ansys according to the following criteria: modeling accuracy, computational performance, inter-
face usability, availability of model libraries of distributed generation, the ability to model active and reactive power
characteristics, voltage control characteristics, synchronization modes, and transient processes.

Findings. The key technical aspects of connecting distributed generation were identified, including the modeling
of active and reactive power characteristics, voltage control characteristics, synchronization modes, transient process-
es, and automatic reconnection in accordance with the requirements of the Distribution System Code and the Transmis-
sion System Code. A comparative analysis of the functional capabilities of PowerFactory, Dakar Eleks,
Matlab/Simulink, and Ansys was performed. International experience with the use of these sofiware tools and the fea-
tures of their adaptation to Ukrainian regulatory requirements were also analyzed.

Originality. A new approach is proposed for evaluating software packages for modeling the connection of dis-
tributed generation, which takes into account the specific features of Ukrainian electrical networks and the require-
ments of the Distribution System Code and the Transmission System Code.

Practical value. The results of this study can be applied in the process of selecting software for modeling the inte-
gration of distributed generation in Ukrainian electrical networks. The proposed approach makes it possible to reason-
ably determine optimal connection points, assess the influence of distributed generation on the operating conditions of
the power system, and improve the efficiency of network development planning.

Keywords: modeling; distributed generation; electrical networks; integration; voltage regulation; network stabil-
ity.
I. INTRODUCTION

The integration of distributed generation (DG) into
existing electrical networks is one of the key directions in

At the same time, the implementation of DG is ac-
companied by a number of technical challenges. Among
them are the need to ensure voltage stability, coordinate

the development of modern power systems. The growing
share of renewable energy sources (RES), particularly
solar power plants (SPP) and wind power plants (WPP),
requires the adaptation of the traditional power system to
new operating conditions. The use of DG makes it possi-
ble to reduce transmission losses, improve the reliability
of power supply, and ensure greater flexibility in manag-
ing network operating modes.
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the operation of distributed sources, adapt protection and
control systems, as well as maintain power balance under
variable load conditions. Special attention must be given
to the determination of optimal connection points for DG
to existing networks, which requires the use of modern
modeling tools.

In international practice, software packages such as
PowerFactory, Matlab/Simulink, and Ansys are widely
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used, while in Ukraine the domestic solution Dakar Eleks
is actively developing. Despite the considerable experi-
ence of foreign developments, there remains a need to
assess their compliance with Ukrainian regulatory re-
quirements, in particular the Distribution System Code
(DSC) [1] and the Transmission System Code (TSC) [2].

The relevance of this study is determined by the ne-
cessity to strengthen the energy security of Ukraine, re-
duce dependence on centralized energy sources, and pro-
mote the development of decentralized solutions. In this
context, particular importance is attached to studying the
problems of modeling the integration of DG into the
structure of electrical networks using different software
packages and determining their suitability for practical
application under the conditions of the national power
system.

11.ANALYSIS OF RESEARCH AND
PUBLICATIONS

The issue of integrating distributed generation (DG)
into electrical networks has been actively studied in scien-
tific literature over the past decades. Early research was
mainly focused on the impact of DG on network operat-
ing modes, particularly on changes in the direction of
power flows and voltage levels in distribution systems [3—
6]. With the development of renewable energy sources
(RES) and digital technologies, new challenges have
emerged, including voltage regulation, coordination of
decentralized sources, and ensuring the stability and relia-
bility of the power system.

In international practice, significant contributions
were made by scholars such as T. Ackermann, M. Hat-
ziargyriou, and R. Lasseter, who analyzed technical prob-
lems of DG integration, including modeling stability and
power quality [7-10]. In parallel, the development of spe-
cialized software tools for modeling took place: Power-
Factory is widely used in Europe for network develop-
ment planning, Matlab/Simulink in scientific research for
simulation modeling, and Ansys for high-precision analy-
sis of electromagnetic processes. In Ukraine, a domestic
approach has been emerging in recent years, particularly
through the use of the software package Dakar Eleks,
which is oriented toward the needs of distribution system
operators.

Ukrainian researchers (I.I. Ivanenko, P.P. Petrov,
O.M. Kovalchuk) [11] address the adaptation of interna-
tional experience to the conditions of the Ukrainian power
system, emphasizing the specifics of the regulatory
framework defined by DSC [1] and TSC [2].

Despite the significant number of scientific publica-
tions, the issue of a comprehensive comparison of soft-
ware packages in the context of their compliance with
Ukrainian conditions remains insufficiently explored.
Most studies focus either on the technical aspects of DG
integration or on foreign solutions, while systematic eval-
uation of software tools suitable for practical application
in Ukraine is almost absent.
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This article aims to summarize the available experi-
ence, conduct a critical analysis of the capabilities of the
most widely used software packages (PowerFactory, Da-
kar Eleks, Matlab/Simulink, Ansys), and develop well-
grounded recommendations regarding their application in
the Ukrainian power system. Special attention is paid to
the ability of these tools to provide modeling of such key
aspects of DG integration as voltage regulation, synchro-
nization and transient processes, modeling of P—Q and U-
Q characteristics, as well as determining optimal connec-
tion points considering the real constraints of the power
system. Additionally, their compliance with DSC [1] and
TSC [2] requirements, interface usability, the availability
of generation source model libraries, and the scalability of
calculations from local microgrids to regional systems are
analyzed. This approach makes it possible not only to
systematize the advantages and limitations of individual
software solutions but also to outline directions for further
improvement of DG integration modeling methods under
the conditions of the Ukrainian power system.

I11. AIM OF THE STUDY

The aim of this study is to provide a substantiated
determination of the software package that can be most
effectively applied for modeling the integration of DG
into the existing electrical networks of Ukraine. The task
is to select a software tool that meets the technical and
regulatory requirements of the DSC and the TSC, while
ensuring sufficient modeling accuracy, functionality, and
practical accessibility.

The desired outcomes of the study are:

o a comparative analysis of the software packages
PowerFactory, Dakar Eleks, Matlab/Simulink, and
Ansys;

identification of their advantages and limitations in
the context of DG integration modeling;

assessment of the compliance of software func-
tionality with current DSC and TSC requirements;

development of well-grounded recommendations
regarding the choice of software for practical ap-
plication in the Ukrainian energy sector.

The criteria for evaluating the quality of the results
are:

o compliance of the selected software with modern
technical standards and regulatory documents;

o feasibility of practical implementation under the
conditions of the Ukrainian power system;

o potential to enhance reliability, efficiency, and sta-
bility of networks with integrated DG.

The limitations of the study lie in its focus on the
technical aspects of DG integration into medium- and
low-voltage distribution networks, without a detailed
analysis of economic or regulatory factors.
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IV. PRESENTATION OF THE MAIN MATERIAL
AND ANALYSIS OF THE RESULTS

n the course of the study, a number of scientific and
technical works dedicated to the integration of DG into
electrical networks were analyzed. Ukrainian authors [11—
12] emphasize the prospects for the development of de-
centralized generation in Ukraine, particularly based on
renewable energy sources. The studies highlight both the
advantages of DG deployment (loss reduction, improved
reliability, decreased dependence on centralized genera-
tion) and the barriers: voltage instability, limited automa-
tion, and insufficient experience in adapting international
solutions.

The research of DIXI Group (2023) [13] stresses the
need for the Ukrainian power system to develop highly
maneuverable capacities for balancing unstable renewable
generation. As an intermediate step, the development of
gas-fired generation and energy storage systems is pro-
posed. At the same time, in the EU countries the introduc-
tion of Smart Grid technologies and digital management
platforms has demonstrated the effectiveness of compre-
hensive DG integration [8, 10].

The integration of DG into existing electrical net-
works requires a set of calculations to ensure technical
and regulatory compliance of new sources with the re-
quirements of the DSC and TSC. Connection of renewa-
bles is possible both in the form of large-scale industrial
plants (solar and wind farms) connected at the 35-750 kV
level, and as local solutions for self-consumption — pri-
vate households, enterprises, agricultural facilities, or
remote villages. In each case, it is necessary to determine
the optimal connection capacity and verify its impact on
the network.

The general procedure of calculation includes the
following steps:

Collection of input data:
oElectrical network diagram and parameters;
oConsumer load profiles (average and peak);

o Characteristics of generation sources (rated power,
inverter modules, reactive power control range).

Base case simulation:

oNetwork operation without DG — determining
baseline parameters (loads, losses, voltage levels);

oSelection of potential connection points consider-
ing line capacity, acceptable voltage deviations,
and stability.

DG integration modeling:

o Analysis of voltage impact, power flows, and
reactive power control.

Verification of compliance with DSC and TSC:
o Fault ride-through capability (LVRT/FRT);
o Participation in frequency and voltage control;
o Compliance with power quality standards.
Optimization and recommendations:

40

Optimization of connection capacity based on
simulation results and possible grid constraints;

Preparation of recommendations for technical
connection conditions.

Taking into account the above, this study carried out
a comparative analysis of the most commonly used soft-
ware packages in international and domestic practice for
modeling DG connection; PowerFactory, Dakar Eleks,
Matlab/Simulink, and Ansys. The analysis was performed
with reference to the requirements of the DSC and TSC,
which define the parameters of new generation connec-
tions, acceptable operating modes, and network stability
requirements.

PowerFactory (DIgSILENT, Germany) [14] is one
of the most recognized tools worldwide for power system
analysis. It has extensive libraries of generator, trans-
former, and control system models. Its main advantage
lies in high accuracy in power flow and transient simula-
tions. Within the Ukrainian context, PowerFactory allows
modeling of DG connection scenarios with consideration
of DSC requirements (permissible connection points,
voltage mode analysis) and TSC requirements (impact on
power transmission and frequency stability). The disad-
vantages are high license costs and complex adaptation
for smaller Distribution System Operators (DSOs).

Dakar Eleks [15] is a Ukrainian software package
focused on modeling medium- and low-voltage networks.
Its key feature is integration with Ukrainian regulatory
documents, including the DSC, which simplifies calcula-
tions in line with national standards. The program sup-
ports P-Q and U-Q modeling, voltage stability analysis,
calculation of optimal DG connection points, and prepara-
tion of feasibility studies (FS). A major advantage is the
availability of a free license, making it attractive for uni-
versities and research institutions. Compared with Power-
Factory or Matlab, Dakar Eleks is less detailed in transi-
ent processes but is optimal for applied tasks in Ukrainian
conditions.

Matlab/Simulink [16] is widely used in research for
modeling nonlinear processes, developing control sys-
tems, and studying flexible network operation modes. The
SimPowerSystems and Simscape Electrical toolboxes
allow simulation of solar and wind plants, storage sys-
tems, and inverter devices. In terms of DSC and TSC
compliance, Matlab provides high accuracy of transient
modeling and is indispensable for studying control and
regulation algorithms. However, its practical use by DSOs
is limited due to high license costs, complexity of integra-
tion with real grid databases, and lack of built-in FS mod-
ules.

Ansys (USA) [17] is a powerful tool for modeling
electromagnetic and thermal processes. In the field of DG,
it is mainly applied for detailed analysis of electrical ma-
chines, cables, transformers, and inverters. Its strength
lies in the ability to reproduce complex electromagnetic
phenomena, allowing assessment of equipment reliability
and safety. However, it is not specialized for system-level

o
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modeling of distribution networks, which limits its appli-
cation for DG connection studies.

To evaluate the capabilities of these software tools, a
test case was defined:

o 110/35/10 kV network model with 20 nodes;
o Connection of a 20 MW solar plant to a 35 kV bus;

o Simulation of a transient process with a 20% voltage
drop lasting 150 ms (LVRT test).

Four parameters were assessed:

o Modeling accuracy (difference compared with
benchmark analytical calculations).

o Calculation time (on a PC with i7 processor, 16 GB
RAM).

o Hardware requirements (minimum resources for
stable performance).

o Software specialization

The results of the analysis are summarized in a table
and presented in Table 1.

Table 1. Comparison of software packages based on the test case

Evaluation criterion Power Factory Dakar Eleks Matlab Ansys

Accuracy of calculation <1%

(error (%?; 1-2% 0.5-1% 1-2% (for local elements,
’ not system-level)

Calculation time (s) ~15s ~10s ~25s ~40's

Minimum hardware

: Core i7, 8 'b RAM
requirements

Core i5,4 I'b RAM

Corei7, 16 I'b
RAM

Core 19, 32 I'b RAM
+ GPU

System analysis,
stability, power
flow

Specialization

Connection optimi-
zation, Ukrainian
standards

Control algorithms,
nonlinear processes

High-precision
equipment analysis

By most criteria (calculation accuracy, compliance
with regulatory requirements, accessibility, integration
with databases), Dakar Eleks demonstrates the optimal
balance of capabilities and practical value for Ukraine.
PowerFactory and Matlab surpass it in terms of accuracy
and flexibility but fall short in accessibility and ease of
practical implementation. Ansys remains a highly special-
ized tool.

Thus, the analysis confirms that Dakar Eleks pro-
vides the best balance between functionality and practical
value under Ukrainian conditions, while PowerFactory
and Matlab offer higher accuracy and flexibility but are
more expensive and harder to use. Ansys remains useful
for narrow, specialized tasks.

V.CONCLUSIONS

This study provides a comprehensive assessment of
the integration DG into Ukraine’s power distribution net-
works and yields the following key findings:

Current Challenges Identified: The analysis of the
present state of DG integration in Ukraine revealed criti-
cal technical challenges, including voltage stability, reac-
tive power control, compliance with the Distribution and
Transmission System Codes, and the adaptation of control
and protection systems.

Review of International and National Practices: A
synthesis of international [3-10] and national [11-13]
experience demonstrated the effectiveness of advanced
software tools for modeling DG connection processes.

Proposed Calculation Framework: A structured
methodology for determining the optimal DG connection
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capacity was developed. It encompasses data collection,
network operating mode analysis, scenario-based integra-
tion modeling, and regulatory compliance verification.

Comparative Software Analysis: A comparative
evaluation of four software platforms—PowerFactory,
Dakar Eleks, Matlab/Simulink, and Ansys—was conduct-
ed based on calculation accuracy, modeling capabilities,
compliance with regulatory codes, and usability.

Recommended Solution for Ukraine: The findings
indicate that Dakar Eleks offers the most suitable solution
under Ukrainian conditions, providing essential function-
ality, integration with national standards, and free license
availability. This makes it applicable for both academic
research and practical operations by distribution system
operators.

Practical Implications: The results can be utilized to
enhance network planning and design processes, improve
the efficiency of renewable energy integration, and sup-
port the development of policy and regulatory recommen-
dations in the energy sector.
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Mema pobomu. Memoto oanoi pobomu € 00CiONCeHH 0COONUBOCHEL MOOENIO8AHHSL PO3NOOINEHOI 2eHepayii 6
CMPYKMYpi eNeKMpPUdHUX MepexC i3 UKOPUCAHHAM Di3HUX NPOSPAMHUX KOMNaeKcie. Poboma cnpamosana na eusna-
YeHHSI NPOSPAMHO20 3a0e3neueHHs, saKe 3a6e3neuye HeoOXiOHUll OYHKYIOHAL, MOYHICMb PO3PAXYHKIB, 3PVUHICHb BUKO-
PUCMAHH Ma OOCMYNHICMb IYeH3il, a MAaKodic 00360JI5€ 8PAXY8AMU CNEYUDIKY YKPATHCOKUX e/IeKMPUYHUX MEPEC.

Memoou docnidoicenna. Ananiz nimepamyphux odcepei — O UEHUEHHS CYHACHO20 CMAHY npobaemu inmezpayii
PO3Nn00INEeHOT 2eHepayii @ eneKmpPUuyHi Mepedici, a MaKoic OJisl Y3a2albHEeHHs. MIJCHAPOOHO20 MA YKPAIHCbK020 00C8i0Y.
Hopiensanvuuti  ananiz — GUKOHAHO OYIHKY @YHKYIOHAnbHUx Mmoocausocmeii  PowerFactory, Dakar Eleks,
Matlab/Simulink ma Ansys 3a Kpumepisimu: mouHicmb MOOETI0BAHHS, WEUOKOOIs, 3pYUHicmb inmepelicy, Has8HICmb
oioriomex mooeneti PI, mosciusocmi mooemoganus P-Q ma U-Q xapaxmepucmux, pesicumie cunxpouizayii ma nepe-
XIOHUX npoyecis.

Ompumani pezynomamu. Buznaueno kuio406i mexuiuni acnekmu npueoOHants po3nooinenoi cenepayii, 6KI04anyu
mooemosanusi P-Q ma U-Q xapaxmepucmux, pexcumu CUHXpoHrizayii, nepexioni npoyecu ma asmomamuine nOGmMopHe
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nioKtOYeHHs 8i0nogioHo 0o eumoe Koodexcy cucmemu posnodiny ma Koodexcy cucmemu nepeoaui. Ilpogedero nopis-
HSHHA (DYHKYIOHATILHUX MOJCIUocmeu npoepamuux xomniexcie PowerFactory, Dakar Eleks, Matlab/Simulink ma
Ansys. Ilpoananizogano midcHapoOHuti 00cei0 3aCMOCY8aHHA 3A3HAYEHUX NPOSPAMHUX 3ac00ié ma 0cobausocmi ix
aoanmayii 00 YKpAiHCbKUX HOPMAMUGHUX BUMO2.

Hayxosa nosuszna. 3anpononosano noeuti nioxio 00 oyiHio8aHHs NPOSPAMHUX KOMIIEKCIE O/l MOOENO8AHHS NIOK-
moyenns PI, axuil epaxosye cneyugpiky YKpaiHcoKux eiekmpudnux mepesc ma eumoau Koodexcy cucmemu posnooiny ma
Koodexcy cucmemu nepedaui.

Ilpaxmuuna yinnicme. Pesynomamu 00CiONHCeH ST MOJICYMb OYMu 6UKOPUCMAHI npU 8UOOPT NPOSPAMHO20 3a0e3-
neyenHs Ol MOOeT0B8AHHA THme2payii po3noodineHoi eeHepayii 8 YKPAiHCbKUX eleKmpuyHux mepexcax. 3anpononosa-
HUtl NiOXi0 0036015€ OOIPYHMOBAHO BUSHAYAMU ONMUMATLHI MOYKU NPUEOHAHHA, OYIHIOBAMU 6NIUE PO3NOOINEHOI 2e-
Hepayii Ha pexcumu pobomu enepzocucmemy ma nioGUWYsamu eeKmusHicme NIAHYE8AHHS PO3SUMKY MepediC.

Kmouoei cnoea: modentosanus, posnoodinena zenepayis; enekmpuuni mepedici; inmezpayis; pezynio8anus Hanpyau;
cmabinvricmv mepedici.
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