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Abstract: The contribution of energy storage systems (ESS) to the electricity system is the 
subject of this paper. There were implemented aspects that are extremely popular and 
typical in power system setup according to distribution network characteristics. For this 
reason, a power network included sources like wind farms and solar farms, and in some 
unfavorable situations, the distribution network link was used as a backup source of 
electricity. In this power system, load was seen as having constant power. Energy storage 
systems were put into place throughout the simulation to make up for lost power until a 
particular stage of discharge, at which point connections to the distribution system (DS) 
were made. Simulations were carried out in the Matlab/Simulink environment, to examine 
the collaboration of the aforementioned elements, over a 48-hour period, under various 
conditions. 
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1 Introduction 

Households or companies who produce extra fuel or energy and occasionally 
supply it to the national (or local) distribution network, while also consuming the 
same fuel or energy from the network, are considered to be consumers of 
renewable energy sources (RES) (when their fuel or energy requirements exceed 
their own production). To do this, households install rooftop PV panels that 
produce electricity [1-3]. Additionally, these homeowners have the option to use 
battery storage to increase the amount of PV energy they consume on their own; 
this practice is called as prosumer in the literature. Businesses that produce biogas 
and feed it into the gas grid can also do this while using gas from the same grid at 
various times or in other locations. 
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The power network may already use such an element to regulate the power in the 
network if prosumers take part in benefit programs and so give free capacity for 
the network operator's aims. For this aim, the research discussed in this paper will 
be applied, in which the prosumer (Energy Storage System (ESS)) [17] [29] is 
used as a typical storage device and, in the case of a network power loss, the 
prosumer serves as an energy producer. The Simulink software, which was used to 
model a variety of potential circumstances in the electrical network, was used to 
examine the impact of such a prosumer's operation. 

2 Simulation of a Case Study 

The presented case study concerns the connection of the on-grid electrical network 
with the distribution system (DS) for the purposes of delivery, or power sales, and 
vice versa. This connection is made at the 22 kV node (designated M1 in 
Figure 1). The necessary power is obtained from the DS in the event that there is 
not enough energy to support the load. This model also includes other sources, 
including a wind farm (WPP) and a photovoltaic power plant (PVP) [4], [12-15]. 

 
Figure 1 

The environment of the Simulink program includes a schematic connection of the electrical circuit 

In the distribution system, the M1 node creates the link between the distributor 
and prosumer. The prosumer is made up of a photovoltaic power plant (PVP), a 
wind power plant (WPP), and an energy storage system (ESS) at nodes M5 and 
M6. The measurement site for a load measurement system is also a load 
measuring at node M2. 
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The model offers measurements of critical parameters in real-time. In addition to 
current and active power flow, voltage monitoring in each node, frequency 
monitoring, and condition monitoring of the SoC (State of Charge) ESS are 
included. 

The model also offers a comparison of the active power of production and non-
production units. The identical components used to build the prosumer system 
depicted in Figure 1 were also used to build these systems. 

1.1 The Predetermined Design Parameters 

• A photovoltaic power plant (PVP) that is linked and has a total installed 
capacity of 1800 kWp, a useable area of 12000 m2 and a 15% efficiency 
[17] [25] 

• The 2-day sun diagram was used to determine the solar radiation 
properties (Figure 2). 

 
Figure 2 

Properties of solar radiation 

• A load with a peak power of 1 MW (with the option to attach additional 
technical devices as a load with a total power of 3×50 kW in case of RES 
excess power) 

• Load characteristics are determined using Figure 3 

• The term “ESS” (Energy Storage System) can refer to a variety of 
potential energy storage technologies, including flywheels, compressed 
air, supercapacitors, etc. 

 



D. Medved et al. Energy Storage System Utilization in Distribution Power System 

 – 100 – 

 
Figure 3 

Graph illustrating the load throughout a 48-hour simulation (per units) 

• Linked wind power plant with Pi = 400 kW at nominal wind speed of 
vnom = 9 m/s 

• The set ESS parameters are in accordance with Figure 4, with the 
exception of parameter no. 5, i.e., the maximum permitted power 
obtained from the DS has been adjusted from the original 400 kW to 
250 kW 

The Energy Storage System (ESS), similar to the Battery Energy Storage System 
(BESS), comprises four components: the control unit (ESS Control), the State of 
Charge (SoC) status computation, current sources that emulate ESS functionality 
(similar to a photovoltaic unit), and a 0.4 kV/22 kV transformer (Refer to Figure 
4) [24]. 

 
Figure 4 

The ESS block subsystem is composed of four integral parts 
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The ESS, akin to the BESS, gets its charge from the distribution system (DS) 
during low tariff periods, which in this simulation model are set from 24:00 to 
6:00. The system only permits charging when the ESS capacity is under the 
nominal ESS capacity. 

The ESS control block incorporates several variables, including combined 
voltages and currents in node M1, active power computation, a constant for the 
maximum active power that can be sourced from the DS, and a constant for the 
maximum charging power [30]. 

The control block compares the immediate active power measurement with the 
maximum allowable active power consumption. Should the prosumer exceed the 
maximum allowable power consumption from the DS, the control block outputs 
the difference between the immediate active power value and the maximum 
permissible active power consumption, leading to the discharge of the ESS. This 
control function is only valid during the period between regular charging cycles, 
that is, from 6:00 to 24:00. 

The “Charging Logic” block manages the charging behavior, outputting a logical 
“1” during the designated charging time and comparing it with the SoC state.  
If the SoC level falls under a set parameter, the ESS initiates charging at a 
specified interval [20-22]. 

To accurately simulate the ESS behavior, it is critical to monitor the SoC in real-
time, which is accomplished using the Stored Energy Calculation block.  
The primary purpose of the ESS is to supplement the load when the maximum 
power consumption from the DS is exceeded. 

 
Figure 5 

ESS's default settings 
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Legend (parameters) for Figure 5: 

1 Represents rated power in kW 

2 Represents nominal ESS capacity in kWh 

3 Represents initial ESS capacity in % 

4 Represents system efficiency in % 

5 Represents the maximum permitted power consumption in kW from the 
distribution network after which the ESS will start supplying power 

6 Represents constant of the integration regulator 

7 Represents range of usable battery capacity in % 

8 Represents maximum charging power in kW 

 
Figure 6 

Diagram provides a comprehensive view of the distribution and management of dynamic and static 
loads within an energy system 

The Load Block subsystem, depicted in Figure 6, is bifurcated into two sectors: a 
dynamic load and a static load. 

The dynamic load incorporates the connection of several hundred households, 
along with the nearby industrial components. This is analogous to a dynamic 
network where the load varies over time. The static load, on the other hand, 
represents the technological equipment link, such as multiple electric boilers 
utilized for Domestic Hot Water (DHW) production. This connection operates in 
three stages (3 × 50 kW) when there's a surplus of active power on the side of the 
prosumer and the asynchronous motor [14]. 
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The subsystem connection of the Load Block is shown in Figure 6. The dynamic 
load offers the capability to determine the nominal power in megawatts and to 
adjust the power factor, which influences the magnitude of the reactive power 
drawn by the load and the load characteristics. All electrical quantities are 
measured at the M2 node (22 kV), taking transformer losses into consideration. 

For dynamic loads, analogous to Photovoltaic (PV) or Energy Storage System 
(ESS) units, there are current source connections operating on the same principle. 
However, the regulation of these sources is dependent on the load characteristic, 
and these sources contribute negative alternating current to the circuit. 

3 An Outline of Transients 

We took into account the beginning conditions of the model setup and separated 
the observed time (48 hours) into discrete intervals where we documented the 
evolution of power, voltage, frequency, and other significant features. 

 
Figure 7 

Characteristics of active powers 

Fig. 7's active power characteristics are described as follows: 

• Power from the wind power plant (WPP) and from the DS is utilized to 
cover the load in the I. interval between 0 and 6 o'clock. ESS has finished 
charging. 

• It begins providing PVP power to the network at the start of II. interval, 
which reduces the amount of power drawn from the DS. 

• The extra electricity from RES is given to the DS during the III. interval 
with the intention of selling it. The technological equipment is connected 
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as a load in three states with a combined power of 3×50 kW if the power 
supplied to the DS from RES exceeds the value of 50 kW, with the 
shutdown of technological equipment being coupled not only to the value 
of power supplied to the DS from RES but also for a specific period of 
time when they draw power from the network. This indicates that even if 
the RES does not supply power to the DS, these technological devices 
can still draw power from the network. 

• Because the prerequisites for their continued operation are not satisfied, 
technical equipment is disconnected during the IV. interval. 

• It will begin sending ESS power to the network at the start of the 
V. interval since the need of the maximum permitted power taken from 
the DS, namely 250 kW, has been satisfied. 

• The period is set aside for charging the ESS during the VI. interval, 
which lasts between 24. and 30. hours. Even when fully charged to its 
built-in rated capacity in this time zone, the ESS cannot power the 
network. 

• The wind farm supplies a rated output of 400 kW from around 34. o'clock 
in VII. interval, practically to the end of the simulation, which is 
characterized by a lower delivery of electricity from PVP than the III. 
period. Similar to III. interval, technical equipment is linked as a load in 
the event that there is extra electricity from RES. 

• When it is becoming dark and the power from the PVP is fast decreasing 
in the last VIII. period, it is once again turned on by the ESS, which 
stabilizes the power obtained from the DS at 250 kW. Figure 13's 
depiction of the ESS SoC shows that the ESS capacity stabilized at 60% 
SoC. Table 1 shows that WPP, with a total of 16.17 MWh of power 
delivered to the network over the whole monitored period, was the main 
supplier, followed by PVP (9.85 MWh). 19.93% of the total power 
needed to handle the load was used by the prosumer from the DS. 

Table 1 
Usage of electricity during case simulation 

W [MWh] LOAD TOTAL ESS GRID PV FARM WIND 
FARM 

WIN_A* 29.94 0.00 –0.71 –1.54 –0.51 0.0 
WOUT_A** 0.00 29.94 0.48 6.19 9.85 16.17 

* WIN_A is the electricity consumed by the load, accordingly in the form of losses 

** WOUT_A is electricity delivered by production units 

The following graphs show the courses of the relevant quantities in nodes M0 to 
M6. 



Acta Polytechnica Hungarica Vol. 20, No. 11, 2023 

 – 105 – 

 
Figure 8 

Electrical parameters that were measured at the M0 node 

 

 
Figure 9 

Electrical parameters that were measured at the M1 node 
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Figure 10 

Electrical parameters that were measured at the M2 node 

 

 
Figure 11 

Electrical parameters that were measured at the M3 node 
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Figure 12 

Electrical parameters that were measured at the M4 node 

 

 
Figure 13 

Electrical parameters that were measured at the M5 node 
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Figure 14 

Electrical parameters that were measured at the M6 node 

 

 
Figure 15 

The network's frequency fluctuation throughout the measured period 
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Figure 16 

The ESS's active power and state of charge state 

 

 
Figure 17 

Wind power plant characteristics that have been observed (blade rotation, wind speed, rotor speed) 
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The network's frequency characteristics are described in Figure 15: 

I. The progressive connection of the load, or technical equipment, in three 
stages of 3×50 kW results in a fall in frequency below the nominal value fn 

II. The gradual disconnection of the load, or technological equipment, results 
in a rise in frequency above the nominal value fn 

III. The charging of the ESS causes the frequency to fall below the nominal 
value fn, and the disconnection of the ESS causes the frequency to rise (end 
of charge, SoC = 95%) 

IV. The connection of the ESS as a result of the prosumer exceeding the 
maximum permitted power consumption from the DS, which is 250 kW, 
causes the frequency to grow over the nominal value fn 

V. The connection or disconnection of the load, where the regulation was 
decreased or raised by the power supply from DS, is again the cause of the 
frequency falling below or rising over the nominal value 

Conclusions 

In the case scenario, a WPP with an installed power of 400 kW at a wind nominal 
speed of 9 m/s was added to the prosumer's electrical circuit design. The solar 
panels' useable area was 12000 m2, and their efficiency was 15%, increasing the 
PVP plant's installed capacity to Pi = 1800 kWp. The parameter for the ESS, 
which originally set the maximum permitted power consumption from the DS at 
400 kW, was adjusted to 250 kW. 

In the case scenario, an extra active power demand in the form of technical 
equipment (such as an electric boiler) was connected in three stages of 3×50 kW, 
which resulted in the consumption of 29.94 MWh of electricity within the allowed 
time period. Direct usage of RES electricity to meet the load accounted for 
80.07% of the total (23.97 MWh). Also included in the extra RES electricity sent 
to the DS was a volume totaling 1.54 MWh. 

When evaluating the quality of the electricity according to STN 50160 for LV and 
MV, we can determine that there were no dangerous phenomena in the entire 
interconnected electricity network when the load or production unit was connected 
or disconnected, respectively, and that the voltages and frequencies, the two key 
quality indicators, were kept within acceptable bounds. According to the 
frequency characteristics, the power control frequency errors for the on-grid 
system were in the order of tenths and did not exceed 0.5 Hz. 
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