
 
 261 

 

Трета меѓународна конференција ЕТИМА 

  Third International Conference ETIMA  

ANALYSIS OF THE BACKWARD IMPACTS OF A PHOTOVOLTAIC 

POWER PLANT ON THE DISTRIBUTION SYSTEM 

Radovan Šikuda1, Miroslava Farkas Smitkova1 Michal Vajanský2 

1Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and Information technology, 

Ilkovicova 3, 812 19 Bratislava, Slovakia, 

 email: xsikuda@stuba.sk, 

email: miroslava.smitkova@stuba.sk  
2Západoslovenská energetika, a. s. (ZSE), Čulenova 6, 816 47 Bratislava 

Abstract 

The article deals with the theoretical analysis of the backward impacts of photovoltaic power plants (PVPP) on 

the distribution system (DS), including phenomena such as increased voltage, changes caused by manipulations, 

flicker, harmonics, asymmetry, and commutation dips. The work is based exclusively on theoretical knowledge 

and available technical literature and is currently in the development stage [1]. 

The practical part will be carried out in a specific location in western Slovakia on a real network with overhead 

lines. Using SCADA and DECALK simulation tools, the impacts of connecting 1-phase and 3-phase PVPPs on 

voltage conditions in the network will be analyzed. The aim is to verify theoretical knowledge through calculations 

and simulations, quantify backward impacts according to the type of source, and identify critical operating states. 

It is assumed that single-phase sources may have up to six times greater impact on voltage quality than three-

phase sources [1]. 
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Introduction 

Photovoltaic power plants (PVPP) have become an important part of distribution systems in 

recent years, mainly due to the growing demand for renewable energy sources. However, with 

their increasing share, the occurrence of technical problems associated with backward impacts 

on the network is also increasing. These impacts can affect the quality of supplied electricity, 

operational reliability, and the possibilities for further integration of new sources [1]. 

Backward impacts of PVPP include increased voltage, flicker, harmonic distortion, voltage 

asymmetry, and commutation dips. Their character and intensity depend on the type and power 

of the connected source, network configuration, distance from the transformer, and other 

parameters [1]. 

The aim of this work is to analysed individual backward impacts in detail from a theoretical 

point of view and to prepare the groundwork for their verification in practical conditions. In the 

practical part, a specific section of the distribution network in western Slovakia with overhead 

lines will be examined. Simulations will be performed for various connection variants (1-phase 

vs. 3-phase source) using SCADA and DECALK tools [1]. 

This study is based on available technical literature, standards and regulations, as well as expert 

knowledge in the field of electricity quality and integration of distributed sources [1]. 
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1. Literature review  

 

The issue of backward impacts of photovoltaic power plants (PVPP) on the distribution system 

(DS) is the subject of a growing number of scientific and technical studies. The most frequently 

studied phenomena include voltage increase at the point of source connection, the occurrence 

of flicker, the formation of higher harmonic components, voltage asymmetry, and the 

occurrence of commutation dips [1]. 

In the literature, various approaches can be found, ranging from analytical models to numerical 

simulations of real distribution networks. Most studies focus on three-phase PVPPs with higher 

installed power, while less attention is paid to single-phase sources and their effect at the low-

voltage level. Some works focus exclusively on the impact on voltage, while others address 

more complex impacts, including the impact on electricity quality according to the requirements 

of the EN 50160 standard [1]. 

Despite existing research, however, there is a lack of a comprehensive view on the comparison 

of backward impacts of single-phase and three-phase sources when they are connected to an 

existing network with a real configuration. This work focuses precisely on this area. It provides 

a theoretical analysis of individual types of backward impacts and prepares the groundwork for 

their verification through simulations of a real network section. At the same time, an extreme 

case is also taken into account, in which a larger number of smaller sources will be connected 

in a network branch. Such a configuration is often neglected in the available literature, although 

it can lead to more significant deviations from the standardized values of electrical quantities 

[1]. 

 

2. Backward impacts   

 

Backward impacts in the distribution system manifest themselves mainly as changes in voltage, 

frequency, harmonic distortion, flicker, and voltage asymmetry. Their sources can be mainly 

electricity generation devices that are connected to the system, large loads with a non-traditional 

character, or specific technological processes [1]. 

According to the standards and technical conditions of the distribution system operator, it is 

necessary to monitor these impacts and keep them below the limit values [1]. 

2.1 Limit emission values of backward impacts 

Limit values are defined based on legislation, standards, and technical manuals, and represent 

the limits that ensure the safe and reliable operation of the distribution network and the 

protection of user equipment [1]. 

 
Table 1 Limit values of back impacts in the distribution system 

Parameter Limit value Note 

Relative voltage change 
≤ 2 % of nominal voltage (HV, MV) Un For HV, LV 

≤ 3 % Un For LV 

Long-term flicker severity Plt ≤ 0.46 For HV and LV 

Short-term flicker severity Plt ≤ 0.8 % For HV and LV 

Voltage unbalance rate ≤ 0.7 % For HV and LV 

Source: [2] 
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2.2 Increased voltage 

 

One of the most significant problems with PVPP connection is the voltage increase in the 

distribution system, especially in cases where the network is undersized and has long lines with 

a small cross-section. The paper states that these situations are critical because when power 

flows back towards the transformer, the voltage increases, especially at the ends of the lines [1]. 

This phenomenon is also examined in the practical part, where it is planned to simulate the 

network operation before and after the activation of a small source, assuming a maximum 

permissible voltage drop of 3 %. If the connection conditions are met in terms of back impacts, 

the production facility can be operated [1]. 

The relative voltage increase ΔuAn can be determined analytically. It is assumed that the 

electricity supply is realized to one connection point of the distribution network (e.g., multiple 

production facilities connected to the same point of the network) [1]. 

 

The calculation is given by the relation: 

 

𝛥𝑢𝐴𝑛 =
𝑆𝑟𝐸𝑚𝑎𝑥

𝑆𝑘𝑉
∗ cos(Ѱ − 𝜑𝐸) [%] 

(1) 

 

ΔuAn relatively increased voltage  

SkV short-circuit power at the connection point [VA]  

SrE maxmaximum supplied power [VA]  

Ѱ network impedance angle [°]  

 

2.3 Possible measures for problems with increased voltage 

If the permissible voltage value is exceeded due to the operation of the production source and 

it is not possible to ensure its stable operation, it is necessary to take technical measures to 

eliminate this back impact. The most frequently recommended solutions include [1]: 

 Connection to a network location with higher short-circuit power – increasing the 

network stiffness reduces the voltage susceptibility to changes caused by the connection 

of the source. 

 Increasing the short-circuit power of the network by technical modifications – for 

example, by changing the line, interconnections, or replacing the transformer with a 

more powerful one. 

 Reactive power management or regulation – for example, using power electronic 

devices that allow dynamic voltage regulation at the connection point. 

 Reducing the maximum supplied power of the source – operating the PVPP at a lower 

power during times of increased voltage. 

 

By introducing these measures, it is possible to ensure that the production facility meets the 

operating conditions in accordance with the applicable technical standards and operating 

regulations of the distribution company [1]. 

 

2.4 Changes caused by manipulations 

 

When connecting or disconnecting decentralized sources, sudden voltage changes may occur. 

The impact depends on the type of generator [1]: 
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 Inverter sources cause a load change ΔSA, which corresponds to their rated power. The 

connection usually takes place gradually, which limits the impact on the network. 

 Synchronous generators, when synchronization conditions are met, do not cause 

significant voltage changes. 

 Asynchronous generators can cause a load of up to 4 times the rated power. During the 

first half-wave, current surges of up to 8 times the rated current occur, which can lead 

to voltage fluctuations and activation of protections. 

 

The following figure (Fig. 1) shows an example of the relationship between the short-term 

voltage change ΔU, caused by the connection of an asynchronous generator (e.g., during 

manipulation interventions), and the steady-state voltage increase ΔUAn\ ΔU, which arises due 

to the supply of energy to the network [1]. 

 

 
Umax maximum supply voltage [V] 

UV voltage at the connection point [V]  

Un supply voltage [V]  

∆UAn increased voltage (in relation to the supply voltage) [%]  

∆U voltage change [%] 

 
Fig. 1 Connection between short-term voltage change and steady-state voltage increase [1] 

2.5 Flicker 

 

The work suggests that rapid changes in PV power, e.g., due to sudden shading or changes in 

solar radiation intensity, can lead to voltage fluctuations. This phenomenon is particularly 

problematic for single-phase sources with inverters, which are prone to rapid reactions [1]. 

Although the work does not provide an exact calculation of the fluctuation, it emphasizes that 

such fluctuations can be significant, especially with a higher concentration of PV in the area. 

Therefore, the practical part plans to verify the behavior of the network even in "extreme cases" 

where "every other house has a source" [1]. 

Within the worst connection point in the network, the total value of long-term flicker Plt (in a 

2-hour period) produced by all production facilities can be set at 0.46. For individual 

calculations, we will consider the formula below: For one production facility [1]: 
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𝑃𝑙𝑡 = c ∗
𝑆𝑟𝐸

𝑆𝑘𝑉
∗ |cos(Ѱ + 𝜑𝑓)|   

 

(2) 

In the case of multiple production facilities, the same formula is used, multiplied by the square 

root of the number of production facilities and without the cosine term. Flicker level assessment 

is usually only required for wind power plants, as devices, especially those with asynchronous 

generators, can reach flicker levels up to 50 [1]. 

 
2.6 Harmonics 

 

In relation to harmonic distortion, the work states that PV systems, especially those connected 

via inverters, generate higher harmonic components into the grid. These harmonics can 

negatively affect the stability and voltage quality in the distribution system, cause equipment 

overheating, or disrupt the functionality of sensitive appliances. Since we will be examining the 

impact of connecting a small source in this work, we will focus on other reverse impacts that 

will have a more significant impact on the network in this case, and we will also examine this 

impact in individual software [1]. 

 
2.7 Commutation Dips 

 

The relative depth of the commutation dip represents the measure of deviation of the 

instantaneous value of the grid voltage from the ideal waveform of its fundamental harmonic 

component at the moment of the largest dip caused by commutation. This deviation relates to 

the maximum, i.e., peak value of the fundamental harmonic voltage, thereby quantifying the 

level of deformation caused by commutation phenomena. In order to ensure the required quality 

of electricity, emission limits are set, which determine the maximum permissible value of this 

deviation. Production facilities can contribute a maximum of 50% to these limit values. A 

higher permissible value of the relative depth of the commutation dip is set for devices 

connected to low-voltage networks, while in the case of high-voltage networks, this value is 

stricter [1]. 

The assessment of commutation dips is carried out exclusively in the case of devices 

that supply electrical energy through grid inverters [1]. 
 

Production facilities can reach a maximum of 50% of the emission limits [1]. 

𝑠𝑖𝑒ť 𝐿𝑉: dKom  =  0,05  (3) 
𝑠𝑖𝑒ť 𝐻𝑉: dKom  =  0,025  (4) 

2.8 Asymmetry 

 

Voltage asymmetry occurs with uneven loading or asymmetry of parameters in three-phase 

systems. Single-phase systems or single-phase inverters, compared to three-phase inverters, 

have up to six times higher reverse impact on the grid. This is because they increase the voltage 

in a different phase than the one to which they are connected, which significantly increases the 

asymmetry between the phases. It can be expressed according to the following formula, which 

provides a normalized measure of voltage asymmetry between individual phases. The 

maximum degree of asymmetry is recorded in (Table 1). This value must be set for 10 minutes 

[1]. 
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Possible measures 

To ensure the reliable operation of distribution systems and reduce negative reverse impacts, it 

is necessary to implement adequate measures, which can be divided into measures on the 

customer side and measures on the network side [1]. 

Measures for customers 

 Use of motors with low inrush current or with its limitation to reduce the surge load on 

the network. 

 Installation of inertial masses and flexible couplings to dampen surge currents and 

mechanical shocks. 

 Introduction of blocking mechanisms to eliminate superposition dynamic effects. 

 Even distribution of single-phase loads among all phases to reduce asymmetry. 

 Use of compensation devices such as series reactors, adjustable reactive loads, 

controlled reactors, or capacitor banks for active reactive power correction. 

Measures on the distribution network side 

 Increasing the short-circuit power at the connection point by reinforcing lines, using 

points with higher short-circuit capacity, and replacing transformers with more powerful 

ones with lower short-circuit voltage. 

 Connecting devices to a higher voltage level to reduce current load and improve 

stability. 

2.9 Reactive Power Compensation 

In situations where a network user exhibits high inductive reactive power consumption, it is 

usually necessary to deploy devices to improve the power factor, with compensation capacitors 

being the most commonly used. However, these capacitors, in combination with the network 

impedance, can create a resonant circuit, which poses a significant risk in terms of power quality 

[1]. 

In regulated compensation systems, the number of connected stages changes dynamically, 

causing a shift in the resonant frequency. Such a shift increases the likelihood of undesirable 

resonance in the network, which can have serious negative consequences [1]. 

 

The resonant frequency frez is given by the relation: 

 

𝑓𝑟𝑒𝑧 = 50√
𝑆𝑘𝑄

𝑄𝑉 + 𝑄𝐾
  [𝐻𝑧] 

(5) 

  
SkQ Short-circuit power at the common point of connection  

QV charging power of the network  

QK compensation power  

The occurrence of resonance can lead to voltage distortions, interference with control signals, 

such as ripple control, as well as excessive harmonic currents. These phenomena cause 
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increased stress on transformers and other network components, which can lead to premature 

failures and reduced reliability of the distribution system. 

 

Conclusion 

 

Theoretical analysis confirms that the impact of PV systems on the distribution network 

depends on the type of connection, source power, and network characteristics. These effects are 

not negligible, especially in the case of low-voltage networks with longer overhead lines, where 

significant deviations from the standardized voltage quality parameters can occur. 

It has been shown that the type of source connection (single-phase vs. three-phase), its power, 

and the point of connection are key factors that influence the occurrence of reverse phenomena 

such as: increased voltage, flicker, harmonics, commutation dips, asymmetries, reactive power 

compensation. 

For each of these influences, mathematical models and formulas were presented that allow their 

quantitative evaluation. These calculations are in accordance with the valid technical standards 

STN EN 50160 and STN EN IEC 61000-3-3 and represent the basis for the design of connecting 

PV systems to the distribution network. The practical part of the work will focus on the 

simulation and calculations of real cases and verification of these relationships in SCADA and 

Decalk software. 
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