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ABSTRACT

The development of renewable energy sources (RES) and energy storage technologies is a key element of the trans-
formation of modern power systems. The growing importance of solar energy, as one of the cleanest and most acces-
sible energy sources, requires the optimization of its use in local power systems. This study analyzes the parameters
of local power system (LES) devices with solar power plants and energy storage devices and determines their operat-
ing modes during different periods of power outages. As part of the research, an analysis of the reliability of electric-
ity supply to LES recipients were carried out using the REopt platform for 4 different dates — December 22, June
22, March 22 and September 22. In the second step, the solar energy system modes were analyzed using the System
Advisor Model (SAM) software. The analysis showed that the orientation of the module subassemblies with devia-
tions of £ 45° from the south direction allows for higher power output in the morning and evening hours. It was also
shown that the arrangement of the modules in two subassemblies allows for reducing the power cut-off by the invert-
ers at noon, so with one module arrangement, the cut-off value is 1.743%, and with two subassemblies — 0.339%.

Keywords: solar power plant, battery, local electrical systems, REopt platform, System Advisor Model, critical
load, grid outages.

INTRODUCTION

One of the critical factors affecting Ukraine’s
ability to resist the military aggression of the
Russian Federation, ensure the necessary level
of industrial development and create the neces-
sary conditions for the population’s living is the
state of the country’s energy sector. As of the end
of the autumn-winter period of 2024, due to the

destruction and occupation, the energy system
of Ukraine temporarily lost 44% of nuclear gen-
eration, 78% of thermal power plants (TPP) ca-
pacity, 42% — block TPP, 72% — non—block TPP,
59% — hydroelectric power station (HPP), 16%
— hydro storage power plants, 70% — wind gen-
eration and about 20% — solar generation [1]. As a
result of massive missile and drone strikes by the
enemy, the losses of Ukraine’s power system as
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of June 2024 amount to about 9 GW, the expected
capacity deficit in the summer period will be up
to 4 GW, and in the winter —up to 5 GW [2, 3].

One of the ways to solve the energy crisis
in Ukraine is the creation of distributed electric-
ity generation based on local electrical systems
(LES), in particular from renewable energy
sources [4, 5, 6].

The most promising type of energy for LES
is solar energy, as evidenced by its rapid develop-
ment in the world. So, over the past two decades,
the share of solar electricity in the structure of the
world electricity industry has grown from 0.01%
in 2000 to 4.5% in 2022 [7]. Renewables are set
to contribute 80% of new power capacity to 2030
in the Stated Policies Scenario STEPS, with so-
lar PV alone accounting for more than half. So-
lar has become a major global industry and is
set to transform electricity markets. But there is
significant scope for further growth given manu-
facturing plans and the technology’s competitive-
ness. By the end of the decade, the world could
have manufacturing capacity for more than 1 200
GW of panels per year [8]. Solar manufacturing
growth is outpacing the rise of solar PV deploy-
ment, creating some risks of imbalances but huge
opportunities for the world to accelerate energy
transitions. Global solar electricity generation in
2022 was 220 GW of the 640 GW generated by
renewable energy sources. The projected genera-
tion of solar power plant (SPP) in 2030 will be
500 GW out of 1260 GW. Renewable energy will
continue to expand quickly in 2024, with com-
bined solar and wind energy consumption grow-
ing by about 11% year on year [9, 10]. In addi-
tion, the production of energy from renewable
energy sources (RES) has a significant impact on
ecological benefits, contributing to the protection
of the natural environment and sustainable devel-
opment. The use of solar or wind energy allows
for the reduction of greenhouse gas emissions,
which are the main cause of global warming and
climate change [11,12].

The state of renewable energy development
in Ukraine and legislative support
for this development

Ukraine has a high energy potential of solar
energy, so according to the Institute of Renew-
able Energy of the National Academy of Sciences
of Ukraine, the theoretical installed capacity of
SPPs is 82,768 MW, and the annual potential of
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electricity production of SPPs in Ukraine is about
100 billion kWh/year [13, 14]. Renewable energy
in Ukraine developed rapidly before the start of
the war and continued its development during the
war. Thus, at the beginning of 2022, the installed
capacity of RES facilities was 9.5 GW. During the
war years 2022-2023 in Ukraine, more than 660
MW of new RES capacities have been put into
operation, in particular, in 2022, SPPs with a ca-
pacity of 220.1 MW, including household SPPs —
206 MW, and in 2023—-150 MW. Today, the energy
system of Ukraine has 7.6 GW of RES capacity.
Such a rapid development of renewable energy is
possible on the basis of the existing legal frame-
work and government support. So, in June 2024,
the Cabinet of Ministers of Ukraine approved the
National Energy and Climate Plan (NECP) for the
period up to 2030 [15, 16]. NECP is a strategic
document aimed at harmonizing environmental,
energy and economic policies for the sustainable
development of Ukraine. Among the main goals of
NECEP, in particular, are: reduction of greenhouse
gas emissions by 65% compared to the level of
1990; achieving a 27% share of renewable energy
sources in the total final energy consumption.

In addition, Ukraine has adopted other laws
that contribute to the development of renewable
energy, in particular the Law of Ukraine “On
Amendments to Certain Laws of Ukraine Regard-
ing the Development of Energy Storage Facili-
ties” [17, 18], which entered into force on June
16, 2022, aims to contribute to the increase in
the use of RES in Ukraine, in particular through
the development of the market for balancing and
auxiliary services. The implementation of energy
storage facilities (ESF) is an important stage in
the optimization of the electricity grid. The use of
ESF will help to balance and increase the stability
of the unified energy system (UES) of Ukraine,
since such installations are able to store excess
electricity produced by SPP in periods when
demand is low, and then use it in times of high
demand, as well as contribute to increasing the
stability of microgrids. Another law that stimu-
lates the development of renewable energy is
the Law of Ukraine “On Amendments to Certain
Laws of Ukraine Regarding the Restoration and
“Green” Transformation of the Energy System
of Ukraine” No. 3220-IX of June 30, 2023 [19,
20]. This law introduces a mechanism of self-
production, which is an analogue of the support
mechanism widely used in the world for renew-
able energy facilities - Net Energy Billing.
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The successful development of local electri-
cal networks with renewable energy sources and
energy storage facilities is possible on the basis
of a comprehensive technical and economic jus-
tification of such projects, which would consider
the peculiarities of their operation and interaction
with the networks of UES of Ukraine.

Feasibility studies of a local energy system
with a solar power plant and electric batteries
using the REopt platform

Feasibility studies of local electrical sys-
tems with solar electricity and electric batteries
are possible using the REopt platform [21, 22],
that is allows make an analysis services optimize
planning of generation, storage, and controllable
loads to maximize the value of integrated distrib-
uted energy systems for buildings, campuses, and
microgrids and also estimate how long a system
can sustain critical load during a grid outage.

Since the biggest problem in Ukraine today is
constant power outages, which can be up to 50%
of the time during the day, the task of the research
is to determine the optimal parameters of the
equipment of the local electric network, which
consists of a solar power plant, an energy storage
installation, and which is connected to the UES of
Ukraine. The local electrical network [23], which
supplies a group of household consumers con-
nected to a transformer substation with a capacity
of 63 kVA, in the territory of the village of Utkiv-
ka, Merefyansk territorial community, Kharkiv
region, was chosen as the object of the study.

The input parameters of the REopt platform
are the following indicators: location of LES,
composition of LES elements, load profile, mag-
nitude of critical load and duration of power out-
ages. Depending on these parameters, the REopt
platform determines the optimal size of the SPP,
the power and capacity of the storage batteries,
and also evaluates the economic performance of
the LES [24]. The location of the SPP LES is de-
fined as an area with coordinates of 49.79 degrees
north latitude and 36.01 degrees east longitude.

The estimated annual consumption for LES
is approximately 200 MWh. Modeling using the
REopt platform to analyze economic indicators
and the reliability of electricity supply to LES
consumers was conducted for four specific dates.
Simulation scenarios were chosen for the smallest
and largest SPP capacities (December 22 and June
22, respectively) and for the equinoxes (March 22

and September 22). The selected days represent
extreme (maximum and minimum) and moderate
solar radiation conditions during the year. Analy-
sis of these days allows for the assessment of the
solar system’s performance at different times of
the year, which is crucial for designing a system
that is resilient to changing conditions. In addi-
tion, comparing the results from low and high
generation days allows for the assessment of how
much energy storage is needed to ensure continu-
ous power supply. December 22 is the day with
the shortest sunlight duration in the year, when
solar power plants generate the least amount of
energy. Analysis of such a day allows for the as-
sessment of the efficiency of the system with en-
ergy storage in difficult conditions and the ability
to work at low intensity of solar radiation. In pho-
tovoltaic (PV) systems with energy storage, the
analysis of high and low energy production days
allows for system optimization. High-generation
days, such as June 22, allow for the assessment
of the storage capacity of the storage facilities to
store surpluses and manage energy transmission.
In turn, low-generation days, such as December
22, require precise design of storage capacity to
ensure continuity of power supply. Considering
seasonal differences in energy generation allows
for the assessment of system stability over a lon-
ger time horizon. Additionally, the analysis of the
equinoxes allows for the design of an efficient in-
stallation under variable annual conditions. The
duration of disconnection from the grid was set
at 24 hours, beginning at 8:00. Additional input
parameters were specified, including allowing the
grid to charge the battery, setting the critical load
at 50%, the minimum battery state of charge at
20%, and the initial battery state of charge at 50%.

The optimal parameters of SPP and battery
were previously determined to ensure Resilience
and Financial. The optimal parameters are the
SPP power of 207 kW on direct current (DC) and
the battery power on alternating current (AC) of
27 kW and capacity of 245 kWh. Such param-
eters ensure the minimum cost of energy during
the period of operation of the LES and have opti-
mal economic indicators.

The analysis of the operating modes of the
LES equipment in normal mode was carried out
for the most critical days of the year for June 21
and 22 (Fig. 1).

As can be seen from the graphs, the start of
SPP generation begins at 5 o’clock (black circle)
and all the energy is directed to cover the load
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Figure 1. Operating schedules of local electrical network equipment when it connected
to the network on June 21 and 22 (capacity of SPP is 207 kW)

of the LES and charge the battery, the minimum
charge of which was 20%. On June 21, from 6 to
10 a.m., SPP generation was sufficient to cover
the load and charge the battery, and excess elec-
tricity was exported to the grid. From 10 o’clock,
SPP generation decreased, so around 11 o’clock
(black circle), part of the load was covered by bat-
tery discharge. From 16 hours on June 21, energy
from the grid was used to meet the load. During
the night period from June 21 to June 22, the load
was supplied by the battery. On June 22, the so-
lar radiation was less intense, resulting in lower
SPP generation, but there was enough electricity
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Capacity (kW)
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to charge the battery. On June 22, a significant
part of the load was supplied by electricity from
the grid, with a minimum battery charge level of
45% on June 22.

Another mode of operation of the LES is ob-
served on December 22 (Fig. 2), when the genera-
tion capacity of the SPP is not enough to cover the
load, so the demand is met at the expense of the
UES. No energy is used from the battery and the
charge level remains at 100%.

The analysis of the graphs on the days of out-
ages showed that the stability of the LES on March
22 (Fig. 3) is ensured even at zero level of battery
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Figure 2. Operating schedules of local electrical network equipment when it connected
to the network on December 22 (capacity of SPP is 163 kW)
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Figure 3. Chart of meeting the critical load of local energy system by PV and storage
on outage 22 March at 8 am (capacity of SPP is 207 kW)
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charge. At the moment of shutdown, the critical
load of the system is provided by the SPP, from 8
am the battery start charging from the SPP, which
continues until 3 pm. The maximum value of the
battery charge reaches about 70% at 3 pm, the
maximum capacity of the SPP on March 22 reaches
about 140 kW. From 4 pm on March 22 to 6 am on
March 23, the critical load will be supplied exclu-
sively by the battery. Starting from 6 am on March
23, the load will be supplied by SPP generation.

A feature of the provision of LES consumers
during the disconnection from the grid on June 22
is that the SPP generation in some hours exceeds
the needs of consumers and the battery charge,
therefore, the peak SPP generation, which reaches
a capacity of more than 80 kW, is cut.

The maximum battery charge level on 22 of
June reaches a value of about 85%, providing con-
sumers with 50% critical load during the period of
disconnection from the network is ensured at zero
battery charge level at the time of disconnection
(Fig. 4). The peculiarity of the operation of the
LES, with its optimal parameters determined by
REopt, when it is disconnected from the network
on December 22, is that the generation of the SPP
is insignificant and to cover the load is provided by
the battery, the charge level of which at the time of
disconnection should be about 95% (Fig. 5).
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The REopt web tool reports results for up to
three cases: Business-as-Usual, Financial, and
Resilience. In the case Business-as-Usual, the
site purchases energy solely from the utility. In
the case Financial is defining the minimum pres-
ent value of all future energy costs over the anal-
ysis period by a combination of utility, PV and
battery [25]. The case Resilience is optimized to
sustain a critical load in the event of a grid outage
while minimizing the present value of all future
energy costs over the analysis period. The inter-
active graph Net Load Duration (Fig. 6) shows
the reduction in peak load that occurs when the
REopt recommended technologies are imple-
mented. The total number of hours during which
the LES reduces consumption from the UES is
about 4.600, that is, these hours make up about
52.5% of the LES’s operating hours.

Determination of SPP and battery parameters
and equipment when creating a local
electrical system based on the existing
electrical network

A transformer substation with a capacity of
63 kVA is used to supply consumers of the elec-
trical network under investigation. To determine
the optimal configuration of the LES, the issue
of building two network SPP of households with
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Figure 4. Chart of meeting the critical load of local energy system by PV and storage
on outage 22 June at 8 am (capacity of SPP is 207 kW)
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Figure 5. Chart of meeting the critical load of local energy system by PV and storage
on outage 22 December at 8 am (capacity of SPP is 207 kW)
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Figure 6. Interactive graph Net Load Duration of local electrical system

a capacity of 36 kW of photovoltaic modules
(PVM) and a capacity of 30 kW of inverters is
considered. These values were adopted depend-
ing on the factor that the permitted power of SPP
of households installed on land plots should not
exceed 30 kW by inverters [26, 27] and DC/AC
the ratio 1.2 is economically feasible [28, 29].

Preliminary studies of SPP parameters were
carried out with the help of the program Photo-
voltaic Geographical Information System (PV-
GIS) [30] which made it possible to determine the
optimal angles of inclination and azimuth of the
PVM surface to determine the maximum genera-
tion when all modules are oriented to the south.
The obtained values are as follows: inclination
angle 360, azimuth angle -10. The annual genera-
tion of the SPP with the installed capacity of the
modules of 72 kW according to the PVGIS pro-
gram is 81,662 kWh.

Since the task of a local electrical network
with SPP and energy storage facilities is to pro-
vide consumers with electrical energy in the event
of a disconnection from the unified energy sys-
tem, it is advisable to place the surfaces of the
stations with different orientations relative to the
south, which will allow for more uniform genera-
tion during daylight hours [31, 32].

Comparative analysis of SPP operation at dif-
ferent azimuths of PVM surface orientation was
performed with the following options: PVMs of
one station are installed with an azimuth of -45°,
and of the second - with an azimuth of +45° rela-
tive to the south. Using the PVGIS program, the
optimal angles of inclination of the surfaces at
such azimuths were determined. Accordingly,
the optimal angle of inclination of the modules
of the first station was determined at 330, and the
angle of inclination of the surface of the modules
of the second station was determined at 310. As
a result of this placement of the PVM surfaces of
the stations, their total generation will be lower
by 6% compared to the generation when the PVM
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surfaces are placed to the south, but this will al-
low to increase the generation in the morning and
evening hours and reduce losses due to power cuts
in the hours close to noon [33, 34]. Total losses in
the system during calculations in the PVGIS pro-
gram were taken as 14%.

Technical issues of designing and research-
ing solar energy systems (SES) modes were car-
ried out using the System Advisor Model (SAM)
program [35, 36]. SunPower SPR-M400-BLK
FEMs with a power of 400 W (W) were select-
ed for SPP, which have a nominal efficiency of
21.41%, maximum voltage at maximum power
V,, =391V, open circuit voltage V. =48.1V ,
temperature coefficient of power is -0.29 %/°C
or -1.161 W/°C. Two Huawei Technologies Co
— LTD inverters were chosen to convert direct
current from the FEM to alternating current:
SUN2000-30KTL-US [480 V] with a maximum
DC power of 30562 W, and a maximum AC
power of 30000 W , weighted efficiency 98.146
% and nominal AC voltage 480 V . The MPPT
DC voltage values are next: minimum MPPT
DC voltage 560 V,, maximum MPPT DC volt-
age 800 V,, nominal DC voltage 730 V,. The
configuration of the SPP is shown in Fig. 7. The
total number of station modules was 192 units,
which were connected in 6 strings of 16 modules.
Ground coverage ratio SPP is 0.3.

The program SAM was used to analyze the
generation schedules in different configurations
of module placement, which is developed by the
National Renewable Energy Laboratory (NREL).
The analysis of the generation schedules for dif-
ferent configurations of the placement of modules
was carried out for May 21 and 22, when there
was no cloud cover. The analysis showed that the
orientation of subarrays of modules with devia-
tions of +£45° with respect to the direction to the
south, allows to obtain higher capacities in the
morning and evening hours. So, for example, the
power of the SPP with two subarrays at 5 am on
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-AC Sizing Sizing St y
Number of inverters Nameplate DC capacity 76.874 [kwdc Number of modules 192
DC to AC ratio 1.28 Total AC capacity 60.000 kWac Number of strings

Size the system using modules per string and strings
in parallel inputs below.

Total inverter DC capacity 61.125 |kWdc

Total module area 359.040 |m?

System and subarray capacity and voltage ratings are at module reference conditions shown on the Module page.

Al

Battery maximum power 5.124 |kWdc

[ Estimate Subarray 1 configuration

rDC Sizing and Ct

ation

To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a system with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Subarray 1 Subarray 2 Subarray 3 Subarray 4
-Electrical Configuration
(always enabled) Enable [JEnable [JEnable
Modules per string in subarray [ 16 | l 16 |
Strings in parallel in subarray ‘ 6 | ‘ 6 |
Number of modules in subarray 96 96
String Voc at reference conditions (V) 769.6 769.6
String Vmp at reference conditions (V) 625.6 625.6

Figure 7. The configuration of the SPP

May 21 was 10 kW, at 6 am — 18 kW, at 7 am — 28
kW, at5pm—19kW, at 6 pm—11 kW, at 7pm—5
kW (Fig. 8, 9). The SPP capacity with one array
of modules at the same hours on May 21 has the
following values: at 5 am — 3 kW, at 6 am — 11
kW, at 7am—26 kW, at 5 pm— 10 kW, at 6 pm — 3
kW, at 19 pm — 1 kW. In this way, the placement
of photovoltaic modules with two sub-arrays with
the azimuth of one sub-array at 135° and the sec-
ond one at 225° allows to obtain higher capaci-
ties in the morning and evening hours, which is
an especially important factor for covering peak
loads. In addition, the placement of modules in
two subarrays allows reducing the power cut by
inverters in the noon hour (Fig. 8, 9), so with one
array placement of modules, the amount of cut is
1.743%, and with two subarrays — 0.339%.

The optimal parameters of the LES battery at
the SPP capacity of 72 kW were determined us-
ing the REopt platform and have the following
indicators: power of 27 kW, capacity of 261 kWh.
For the analysis, we selected days with different
solar activity, so on June 19, the sun’s activity
was high, and on June 22, the sun’s activity was
not high (Fig. 10).

The simulation of the operation mode of the
LES with the SPP capacity of 72 kW when it is
disconnected from the network on June 19 at 8:00
am for 24 hours showed that the minimum battery
charge level to pass this shutdown period should
be around 10%, the maximum battery charge lev-
el will be around 55% (Fig. 11).

In case the system was disconnected from
the grid on June 22, the minimum battery

60|

Inverter AC output power (kW)
8

) \

May 21-22

03 06 09 12 15 18 21 00

Figure 8. Inverter AC output power, kW (azimuth of PV modules is 179°)
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Figure 9. Inverter AC output power, kW (azimuth of PV modules of 1-st subarray is 135°, 2-d — is 225°)
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Figure 10. Operating schedules of local electrical network equipment when it connected
to the network on June 19 (capacity of SPP is 72 kW)
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Figure 11. Chart of meeting the critical load of local energy system by PV and storage
on outage 19 June at 8 am (capacity of SPP is 72 kW)
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Figure 12. Chart of meeting the critical load of local energy system by PV and storage
on outage 22 June at § am (capacity of SPP is 72 kW)
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charge level to pass the outage period must be
at least 90% (Fig. 12).

A feature of the provision of LES consumers
during the disconnection from the grid on June
19 is that the SPP generation from § am to 3 pm
exceeds the needs of consumers and the battery
charge, therefore, the peak SPP generation, which
reaches a capacity of more than 55 kW, is cut. The
nature of consumer load coverage on December
22 at the SPP capacity of 72 kW has almost not
changed, since the load is provided by batteries,
their minimum charge level should be around 97%.

The analysis of the performance indicators of
the LES on June 19 showed that the SPP genera-
tion was 432 kWh, of which 148 were consumed,
124 were used to charge the battery, 159 kWh were
trimmed by inverters, the Battery Serving Load was
139 kWh. The analysis of the performance indica-
tors of the LES on June 22 showed that the SPP
generation was 192 kWh, of which 135 were con-
sumed, 57 were used to charge the battery, the Bat-
tery Serving Load was 257 kWh. The analysis of
the performance indicators of the LES on Decem-
ber 22 showed that the SPP generation was 7 kWh
and the Battery Serving Load was 245 kWh.

For the energy system of Ukraine today, dis-
connection from the network of consumers several
times during the day is an urgent issue [30, 36].
Depending on the number of outage queues, the
duration of outages during the day can be more
than 12 hours. The study of LES parameters, for
the case of four disconnections from the network
per day for 3 hours, for June 22, were carried out
using the REopt platform. According to the results
of the calculation the optimal parameters of the
SPP were defined as a power of 60 kW, a battery
power of 24 kW, and a battery capacity of 93 kWh.

During the first shutdown from 0 am to 3 am,
the minimum battery charge level to cover the criti-
cal load must be 22%, during the second shutdown

from 6 am to 9 am, the load is covered by the SPP,
the total generation of the SPP during this time pe-
riod was 109 kWh, of which 43 kWh were spent on
the load, and 93 kWh were spent on charging the
battery, 16 kWh of electric energy were cut by in-
verters. Thus, during the second power outage, the
power of SPP was sufficient to provide consumers
and charge the battery to full charge.

During the third disconnection from the net-
work from 12 pm to 3 pm, the load is covered by
the SPP, the total generation of the SPP during
this time period was 136 kWh, of which 80 kWh
was spent on the load, 109 kWh of energy was
lost due to cutting by inverters, battery charging
was not occurred because they are fully charged.
When disconnecting from 18 pm to 21 pm, the
minimum battery charge level to cover the critical
load should be 75%. When studying the param-
eters of the LES on December 22 with 4 outages
in the same time intervals as on June 22, it was
established that during the first outage from 0 am
to 3 am, the minimum battery charge level to cover
the critical load should be about 40%, while the
consumption of battery will be 32 kWh. During the
second disconnection from 6 am to 9 am, the load
is covered by the battery that was charged from the
network from 3 am to 6 am, and the minimum lev-
el should be 55%, the consumption of electricity
from the batteries during this time period was 44
kWh. The largest amount of electricity consumed
from the batteries on December 22 with 4 outages
is when the grid is disconnected from 18 pm to 21
pm, which is 62 kWh, the minimum battery charge
level at 18 pm should be 75%.

The results of a comparative analysis of op-
tions for the stability of the LES, equipment pa-
rameters and net present value are shown in Fig.
13. The first two options determine the param-
eters of the batteries at the same SPP capacity of
72 kW. The first option is aimed at determining

. RESILIENCE RESILIENCE RESILIENCE RESILIENCE
Evaluation Mepega Mepega Xapbkosckan Mepega Mepega XapbKoscKaR

C om p a rl son o6nacTb YkpawHa 62472  obnacTe YKpawHa 62472  o6nactb Ykpawha 62472  o6nacTb YKpauHa 62472
2024-07-18 12:16 PM 2024-07-18 12:12PM 2024-07-18 9:56 AM 2024-07-18 9:51 AM

ID: 5276 ID: 7a25 ID: be62 1D: cdb9®

Net Present Value $97,951.23 $92,661.98 $78,552.92 $29,886.11
Lifecycle Cost SNaN $NaN SNaN SNaN

Initial Cost S0 $0 $0 $0

Hours of Resilience not evaluated

not evaluated

not evaluated not evaluated

PV Size 72 kW

Battery Capacity 92 kWh

Battery Power 24 kW

T2 kW 135kW T2 kW

65 kWh 251 kWh 257 kWh

16 kW 38 kW 31 kW

Figure 13. Comparative analysis of the composition of the LES under different variants
of the duration of disconnections from the network and power of the SPP
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the stability of the LES during four three-hour
outages at equal intervals during June 22, the
second option determines the battery parameters
during the same outages on December 22. As
can be seen, to ensure the stability of the LES on
June 22, a larger battery capacity and power is
required, since the loads on this day are greater
than on December 22, the net present value for
these options does not differ significantly, by only
5.5%. The third option determines the optimal
size of the LES equipment, when the power of
the SPP is 135 kW, and the capacity and power of
the battery are 252 kWh and 38 kW, respectively.
The fourth option determines the parameters of
the battery at a SPP capacity of 72 kW. As can be
seen, battery capacity differs by 2.3%, power by
22.6%, and net present value by 62.8%. The third
option is more economically feasible during the
period of operation of the LES of 25 years, but the
fourth option is less economically costly, which is
a determining factor in the current economic and
energy circumstances.

CONCLUSIONS

The losses of Ukraine’s power system are
about 9 GW, the expected capacity deficit in the
summer period will be up to 4 GW, and in the
winter - up to 5 GW. In winter, energy demand
will increase even more, mainly due to heating
and shorter days, which increase electricity con-
sumption. In the summer months, the demand for
electricity will exceed the available capacity in
the system by up to 4 GW. This may be due to
greater needs related to air conditioning, indus-
trial production or economic reconstruction. One
of the ways to solve the energy crisis in Ukraine
is the creation of distributed electricity generation
based on local electrical systems, in particular
from solar power plants and batteries.

Successful design of local electrical systems
with renewable energy sources and energy stor-
age facilities is possible based on the use of mod-
ern software, in particular the REopt: Renewable
Energy Integration & Optimization platform and
the System Advisor Model.

The input parameters of the REopt platform
for determining the optimal sizes of equipment of
local electrical systems are the following indica-
tors: location and composition of LES elements,
load profile, magnitude of critical load and dura-
tion of power outages.
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When introducing SPPs and energy storage fa-
cilities to the existing electrical network, it is nec-
essary to consider the capacity of the transformer
substation. The analysis carried out showed that:

e stability of the LES on March 22 is ensured
even at zero level of battery charge,

e implementing the recommended REopt tech-
nologies results in the total number of hours
that the LES reduces consumption from the
UES is approximately 4600, which means that
these hours represent approximately 52.5% of
the LES operating hours,

e to ensure LES stability on June 22, more bat-
tery capacity and power are required due to the
heavier loads on that day,

e the required battery capacity for the third op-
tion (SPP power 135 kW) is 251 kWh and the
battery power is 38 kW,

e the battery capacity of the fourth option studied
differs by 2.3%, power by 22.6%, and net present
value by 62.8% compared to the other options,

e decisions regarding LES stability and option
selection must consider both economic costs
and long-term operational benefits,

e cenergy consumption from the grid at critical
moments highlights the importance of appro-
priate selection of battery and SPP parameters
for the energy independence of the system.

Research into increasing the efficiency of
photovoltaic (PV) installations plays a key role in
energy transformation. The increase in panel effi-
ciency allows for better use of solar energy, which
is particularly important in the face of growing
energy needs and climate change. Modern PV
technologies can significantly reduce the costs
of energy production, making it more accessible
to society and supporting the development of a
green economy. The research undertaken in the
article can be continued in the area of modern PV
technologies, such as sun tracking systems (track-
ers), which allow for the optimization of the op-
eration of panels by setting them at an ideal angle
to the sun’s rays, which significantly increases the
amount of energy generated [37].
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