
 

1. Introduction 

Electricity has gained the status of the most popular and most 

frequently used form of energy [1, 2]. The process of generating, 

transmitting and using electricity is fully mastered. Energy has 

become an object of purchase and sale. The main factor deter-

mining the price the consumer must pay is, of course, the amount 

of energy he uses. However, the feature that determines its use-

fulness for electrical loads is its quality [3]. 

The best power quality is one in which the voltage curve is 

uninterrupted and perfectly sinusoidal, and its frequency is 

rated. The value of the rated voltage is equal to the root mean 

square (RMS) voltage [4]. The ideal state is impossible to 

achieve, so for each customer, sufficient electricity quality pa-

rameters are determined that do not adversely affect the opera- 

tion of the facility. All deviations from the ideal are subject to 

examination and evaluation [5–7]. The basic place of measure-

ment, observation and testing is most often the point of connec-

tion to the power grid. The next measurement place is the point 

on the loads terminals [8].  

Power quality is one of the most serious dilemmas in the 

modern world [9]. It is expected that in the near future, the vast 

majority of electricity users will have to face, to a greater or 

lesser extent, complications caused by the issue of energy qual-

ity. 

2. Power quality parameters 

The dynamic development of devices containing high-power 

semiconductor elements has begun a new and most dynamically  

 

Co-published by 

Institute of Fluid-Flow Machinery 

Polish Academy of Sciences 

Committee on Thermodynamics and Combustion 

Polish Academy of Sciences 

 
Copyright©2025 by the Authors under licence CC BY-NC-ND 4.0 

 
http://www.imp.gda.pl/archives-of-thermodynamics/ 

The influence of seasonality of microgrids connected to the power 
system on selected power quality parameters 

Marta Bątkiewicz-Pantuła 

Wrocław University of Science and Technology, Faculty of Electrical Engineering, Institute of Electrical Power Engineering.  

Wybrzeże Wyspiańskiego Str. 27, 50-370 Wroclaw, Poland  

Author email: marta.batkiewicz-pantula@pwr.edu.pl 

 

Received: 29.12.2023; revised: 30.12.2024; accepted: 09.02.2025 

Abstract 

The article presents an assessment of the parameters of power quality obtained from renewable sources. The assessment was 
based on the Decree of the Minister of Climate and Environment of March 22, 2023 on detailed conditions for the operation of 
the electricity system (Dz. U. 2023 r., 819) and the EN 50160: 2010 standard  Parameters of supply voltage in public power 
grids. The analysis was carried out on the example of actual measurements of power quality parameters. The measurements were 
made with a Fluke 1760 power quality analyser. The analyser was installed at the point of connection to the renewable energy 
grid. The article analyses and compares renewable energy sources. The assessment of power quality parameters was carried out 
on the basis of the discussed analyses. The article presents the influence of seasonality on the parameters of power quality. 
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Nomenclature 

a – initial value at t = 0 

b – function trend 

n – speed, rpm 

Pst – short-term light flicker 

Plt – long-term light flicker 

p – number of analysed data 

r – height, m 

SOi – cleaned seasonality indicators 

𝑆𝑡 
𝑖  – difference between empirical and model values 

T – time, month 

t – time, month 

𝑦̂ – regression function 

𝑦̂∗ – regression function taking into account seasonality 

𝑦̂𝑇
𝑃 – forecasting 

 

Abbreviations and Acronyms 

HV – high voltage 

LV – low voltage 

MV – medium voltage 

RES – renewable energy sources 

RMS – root mean square  

 

developing chapter in the field of power quality. The focus be-

gan to be on removing potential sources of power quality degra-

dation by introducing new technical solutions [10–13].  

Power quality is an interdisciplinary field that is difficult to 

interpret clearly. It means something different to the supplier 

and the consumer of energy, and manufacturers of electrical 

equipment understand the concept of power quality even differ-

ently. The most appropriate definition of power quality is as fol-

lows [3]: 

"Power quality is a set of parameters describing the proper-

ties of the process of supplying energy to the user under normal 

operating conditions, determining the continuity of the power 

supply (long and short interruptions in the power supply) and 

characterizing the supply voltage (value, asymmetry, frequency, 

shape of the time course)". The normal operating conditions de-

scribed in the definition mean: 

 a state in which power produced is equal to demand, 

 connection works in networks proceed without disruptions, 

 short circuits are removed by automatic protection equip-

ment, 

 factors such as did not occur:  

o temporary electricity supply contracts, 

o a non-compliance with standards or technical require-

ments by users of electrical installations and devices 

(connections and operation), 

o extraordinary events: 

 events caused by nature (difficult atmospheric con-

ditions, natural disasters), power shortage resulting 

from external events, 

 undesirable actions of third parties, 

 actions of public authorities, 

 strikes, 

 forces majeure. 

The term power quality is often replaced by electromagnetic 

compatibility, which is not entirely correct. This is most likely 

due to the mutual overlap of fields, for example in the context 

of the emissivity of conducted disturbances and their impact on 

voltage parameters [14]. 

The PN-EN 50160 [15–17] standard applies mainly to en-

ergy suppliers and specifies the parameters of the supply voltage 

in terms of value, frequency, correct shape and phase voltage 

asymmetry. The standard also specifies the permissible levels of 

deviations of power quality parameters from the rated voltage. 

The standard regarding electromagnetic compatibility of 

electrical devices PN-EN IEC 61000-4-11:2020-11 [18] de-

scribes the levels of interference emission for loads. Electro-

magnetic compatibility applies not only to disturbances and the 

impact of electrical equipment on the power quality, but also to 

the condition of the power system. 

2.1. Power quality assessment 

The measurement of quality parameters should be continuous 

for a period of at least one week that is representative for a given 

network [19]. Each measured parameter is averaged over 10 mi-

nutes. The concept of a representative week refers to the normal 

state of network operation (normal network operation and no 

emergency events). If emergency events occur, they should be 

omitted in the assessment of power quality parameters. 

There are three methods of assessment: 

 specifying the number or percentage of values that exceed 

the permissible values, 

 comparison of maximum measured values with permissi-

ble values, 

 comparison of statistical parameters of measured quanti-

ties with limits. 

Permissible limits define parent and child documents. The 

superior document in the process of assessing the power quality 

is the Decree of the Minister of Climate and Environment of 

March 22, 2023 on detailed conditions for the operation of the 

electricity system (Dz. U. 2023 r., 819) [20]. A subordinate doc-

ument is the PN-EN 50160 standard: Parameters of supply volt-

age in public distribution networks, which has been updated six 

times so far, i.e. in 2008, 2010, 2015, 2018, 2020 and 2023 [17]. 

The basic disorders encountered in installations are: 

 voltage fluctuations, 

 voltage dips, 

 voltage increases, 

 power outages. 

Voltage fluctuations occurring for various reasons in low 

voltage (LV), medium voltage (MV) and high voltage (HV) net-

works are transferred to the low-voltage network, causing the 

phenomenon of flickering light (flicker). It is the impression of 

instability of visual perception caused by a light stimulus whose 

luminance or spectral distribution changes over time. Measuring 

the flicker phenomenon is an indirect way of assessing voltage 

fluctuations [21–23]. 
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The measure of the nuisance of light flicker is the short-term 

light flicker severity factor (Pst) and long-term light flicker se-

verity factor (Plt). The nuisance of light flickering caused by 

voltage fluctuations depends on both the amplitude of the fluc-

tuations and the frequency of their occurrence. 

Table 1 specifies the permissible limits of the power quality 

parameter [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysing Table 1, it can be seen that the limit value of the 

power quality parameter has been increased in standard PN-EN 

50160 [17] compared to previous regulations and the period ful-

filling the set limit values has been increased from 95% to 100% 

of the observation time. Additionally, limit values have been de-

fined for the Pst coefficient. 

3. Evaluation of power quality parameters for re-

newable energy sources 

Connecting renewable energy sources (RES) to the power sys-

tem results in decentralized generation, which involves [24]: 

 bidirectional energy flow, 

 access to a large number of power electronic devices (in-

verters, controllers), 

 stochastic nature of renewable energy generation. 

The quality of energy in a microgrid is influenced by three 

sides at the same time: 

 load side, 

 distributed generation side, 

 energy network site. 

This approach significantly complicates the analysis and 

control of the power system [25]. Therefore, attention to the is-

sue of power quality in microgrids is becoming increasingly 

common [26–34].  

Analysis of selected power quality parameter was carried out 

for two different renewable energy sources: a wind farm and 

a hydroelectric power plant. 

The analysis of only one selected parameter, which is flicker, 

i.e. an indirect way of assessing voltage fluctuations, was carried 

out due to the expected basic disturbances encountered in the 

network cooperating with RES. Only the values of indicators re-

lated to voltage fluctuations are analysed, while other qualitative 

parameters such as the value of the voltage asymmetry coeffi-

cient, voltage distortion and power are not its purpose and will 

not be included in this analysis. Due to the specific nature of the 

studied objects, it was assumed that variable weather conditions 

and changes in load or energy production may lead to voltage 

fluctuations in the grid cooperating with RES, and the analysed 

Pst and Plt are key parameters in the analysis of voltage fluctua-

tions. 

Figure 1 shows the general conceptual diagram of the meas-

urement system for all analysed renewable sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The analysed wind farms consist of two wind turbine towers 

with a height of 24.5 m. Three-propeller wind turbines of the 

type: VESTAS HSW 250 T (250 kW) and VESTAS V-20-100 

(100 kW) with dimensions r = 8.75 m, total height 33.50 m and 

a 0.4 kV cable line from two wind turbine towers and a 0.4 kV 

cable-distribution cabinet.  

The VESTAS V 20-100 wind farm is equipped with an asyn-

chronous generator with a power of 110 kW, generator voltage 

400 V, frequency 50 Hz. Synchronous rotation speed  

n = 45.05 rpm. Speed in generator operation: n = 45.86 rpm. 

The HSW 250T power plant is equipped with two asynchro-

nous generators with a capacity of 80 kW and 250 kW. The gen-

erator voltage is 400 V, frequency 50 Hz. The generator is 

equipped with a set of protections that control the parameters of 

the power grid and prevent the generator from island operation. 

The generator protections will cause it to be switched off in the 

event of an increase or decrease in voltage and an increase in the 

generator frequency above 50.5 Hz and a decrease in frequency 

below 49.8 Hz.  

The analysed small hydroelectric power plants are equipped 

with two asynchronous generators with a capacity of 200 kW 

each. The first power plant is equipped with Francis and Kaplan 

turbines, in a vertical arrangement with a transmission belt, 

while the second is equipped with Kaplan turbines, in a vertical 

arrangement with a transmission belt. Connection to the network 

via a MV/LV transformer 21000/400 400 kVA. The system is 

equipped with fully automated capacitor banks. Control of 

switching the turbines on and off is fully automated, e.g. in the 

event of voltage failures on the network side. Operation is some-

times switched to manual control, e.g. during maintenance ac-

tivities. 

 

Fig. 1. General conceptual diagram of the measurement system. 

Table 1. Permissible limits for light flicker. 

Param-
eter 

Factor Time 

Permissible limits 

Regulation 
[20] 

Standard 
PN-EN50160 [17] 

Flicker 

Pst 10 min – 

Up to 35 kV: 1.2 for 95% 
measurement data set 
Over 35 kV: 1.0 for 95% 
measurement data set 

Plt 2h 
Plt ≤ 1 for 95% 
measurement 

time 

Up to 35 kV: 1.0 for 100% 
measurement data set 

Over 35 kV: 0.8 for 100% 
measurement data set 
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The full observation time of the recorded parameters was one 

week, which is consistent with the assumption [17] regarding 

the assessment of the quality parameters of electric power con-

cerning a representative measurement period. 

The measurements of the quality of electric power for two 

wind power plants and two hydroelectric power plants presented 

in the work were carried out at the same measurement time for 

a given group of RES sources. The mentioned power plants of 

a given type were installed in similar locations. The measure-

ment points designated in this way were intended to check the 

impact of the power system on the mentioned power plants and 

to exclude any possible interference from the network on the 

discussed selected parameters of the quality of electric power. 

Figures 2 and 3 show sample graphs for a representative 

measurement period for two different wind farms. In Figs. 2 and 

3, Plt is marked in red, while the Pst coefficient is marked in blue. 

The description of the X-axis data in Figs. 2 and 3 is the meas-

urement time in the format day, hour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysing Figs. 2 and 3, it can be seen that increasing most 

of the limit values of power quality parameters significantly af-

fects the conditions for meeting the normative restrictions, re-

sulting in their failure to meet them. 

Figures 4 and 5 show sample graphs for a representative 

measurement period for two different hydropower plants. In 

Figs. 4 and 5, Plt is marked in red, while the Pst coefficient is 

marked in blue. The description of the X-axis data in Figs. 4 and 

5 is the measurement time in the format day, hour. 

Analysing Fig. 4, it can be seen that despite exceeding the 

Pst coefficient in some measurement data values, the coefficient 

meets the standard requirements for 95% of the measurement 

data set. Analysing Fig. 5, it can be seen that increasing most of 

the limit values of power quality parameters significantly affects 

the conditions for meeting the normative restrictions, resulting 

in their failure to meet them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Seasonality of renewable energy sources 

One type of statistical series is a time series, which can be de-

fined as a sequence of observations of a phenomenon in subse-

quent units of time, e.g. years, quarters, months [35,36]. The 

phenomenon under consideration may be subject to certain reg-

ularities, the detection and description of which is the aim of 

time series analysis [37].  

The basic functions of the time series include: 

 the regression function described by the formula:  

 

Fig. 3. Sample graph for a representative measurement period  

for the second wind farm. 

 

Fig. 2. An example graph for a representative measurement period  

for the first wind farm. 

 

Fig. 5. Sample graph for a representative measurement period  

for the second hydroelectric power plant. 

 

Fig. 4. Sample graph for a representative measurement period  

for the first hydroelectric power plant. 
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 𝑦̂ = 𝑎 + 𝑏𝑡, (1) 

 the difference between empirical and model values de-

scribed by the formula: 

 𝑆𝑡
𝑖 = 𝑦𝑡 − 𝑦𝑡̂ , (2) 

 seasonality index described by: 

 𝑆𝑖  =
∑ 𝑆𝑡

𝑖𝑚
𝑖=1

𝑝
, (3) 

 determination of modified theoretical values taking into 

account seasonality described by: 

 𝑦̂∗ = 𝑦̂+𝑆𝑂𝑖 , (4) 

 forecasting described by: 

 𝑦̂𝑇
𝑃 = 𝑏  𝑇+a+𝑆𝑂𝑖 . (5) 

Based on the observations of the flicker Pst variability, the 

type of seasonality can be identified. In the example discussed, 

it is additive in nature. 

Figures 6 and 7 show example charts of the seasonality func-

tion for two different wind farms. Analysing the charts (Figs. 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and 7) it can be observed that the seasonality function has a pos-

itive trend. The measure of model fit is low. This is most likely 

due to the nature of changes in the flicker coefficient for a wind 

farm. 

Figures 8 and 9 show example charts of the seasonality func-

tion for two different hydropower plants. Analysing the charts  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Figs. 8, 9) it can be observed that the seasonality function has  

a positive trend. The model fit measure is higher. This is most 

likely due to lower variability of changes in the flicker coeffi-

cient for a hydropower plant. 

By determining the basic functions of time series in accord-

ance with the relationship (1) and (5), the regression function 

and forecasting take the form: 

 for wind power plants: 

o first power plant: 

 𝑦̂ = 0.19 + 0.00021𝑡, (6) 

𝑦̂𝑇
𝑃 = 0.00021  24+0.19+0.005 = 0.20004, (7) 

o second power plant: 

 𝑦̂ = 0.17 + 0.00019𝑡, (8) 

𝑦̂𝑇
𝑃 = 0.00019  24 + 0.17 + 0.007 = 0.1815, (9) 

 for hydroelectric power plants: 

o first power plant: 

 𝑦̂ = 0.09 + 0.00015𝑡, (10) 

Fig. 6. An example chart of the seasonality function  

for the first wind farm. 

 

Fig. 7. An example of a chart of the seasonality function  

for the second wind farm. 

 

Fig. 8. An example of a seasonality function chart for the first  

hydroelectric power plant. 

 

Fig. 9. An example chart of the seasonality function for the second  

hydroelectric power plant. 
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 𝑦̂𝑇
𝑃 = 0.00015  24 + 0.09 + 0.072 =  0.1656, (11) 

o second power plant: 

 𝑦̂ = 0.09 + 0.00015𝑡, (12) 

 𝑦̂𝑇
𝑃 = 0.00015  24 + 0.09 + 0.0071 =  0.1646. (13) 

From the analyses performed, it can be concluded that the 

seasonality for hydropower plants is constant and remains at the 

same level. The forecast growth of flicker for a period of  

24 months is 0.16. 

Data for wind farms are more volatile. This is directly related 

to the nature of the installation's operation. The forecast growth 

of flicker for a period of 24 months is between 0.18–0.20. 

5. Conclusions  

The seasonality of microgrids connected to the power system 

affects the power quality parameters only for specific renewable 

sources. 

From the analyses carried out, it can be concluded that for 

wind farms, the tightening of normative requirements has an im-

pact on the flicker, resulting in a failure to meet the require-

ments. Connecting the installation does not affect the values of 

other parameters. Based on such a modified seasonality model 

for a wind farm, future values can be predicted with greater pre-

cision, but the forecast accuracy is not high. 

However, for a hydroelectric power plant, there are no power 

quality parameters that are influenced by the installation despite 

the stricter requirements. Flicker has no influence on the season-

ality of network operation. Based on such a modified seasonality 

model for a hydropower plant, future values can be forecast with 

much greater precision and accuracy. 

Research and assessment of the power quality are an im-

portant and necessary element in the reliability and safety of the 

power system operation [38]. In installations using renewable 

energy sources, various loads with non-linear current-voltage 

characteristics are often used. Loads such as power electronic 

devices, due to their widespread use and non-linear characteris-

tics, are the most common cause of poor power quality [39]. The 

share of non-linear loads in the overall balance of power in-

stalled at a single consumer increased to the level that new phe-

nomena appeared in the supply voltage. It can therefore be con-

cluded that the structure of microgrids may be a source of addi-

tional problems with power quality. The designated measure-

ment points were intended to exclude any possible interference 

from the network on the selected parameters of the power qual-

ity discussed. The measurements of selected parameters of the 

power quality conducted and presented in the article are the first 

approach to the analysis of the mutual influence of various RES 

located in similar locations. The analysis of selected parameters 

of the power quality conducted was intended to verify the need 

for mutual, synchronous measurements in the future in order to 

determine the characteristic features of the given RES. The con-

ducted studies were also intended to check whether similar RES, 

located close to each other, negatively affect each other, which 

was not observed in the studied measurement period. 
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