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Abstract. The problem of improving power quality (PQ) in the integrated power grid of Russia is an 

urgent task. The article analyzes the number of power consumers’ calls to Kromskiye District Power 

Networks “Orelenergo”, a branch of the PJSC “IDGC of the Center” for the issue that power quality indices 

go beyond the standards established in the regulations. The most common complaints of power consumers 

are low voltage, high voltage, voltage fluctuations. This is primarily due to physical and obsolete 

depreciation of the main power grid equipment of the power supply organization, disinterest of consumers 

and the power supply organization in maintaining power quality at the level of regulations, as well as the 

lack of power supply or-ganization’s software products that allow real-time voltage loss calculations and 

offer measures to improve the power quality. The presented algorithm, based on calculations of voltage 

losses, suggests measures to improve the power quality. The application of the proposed algorithm of the 

program will allow to increase PQ by means of timely determination of voltage losses. 

1 Introduction  

According to the Civil Code of the Russian Federation, 

the electric power supplied to consumers must meet the 

requirements of state standards and power supply 

contracts. The responsibility of the power supply 

organization to consumers for the reliability of providing 

them with electric power and its quality, in accordance 

with technical regulations and other mandatory 

requirements, is defined in the “Federal Law on Electric 

Power Industry”. According to [1-5], consumers need to 

be supplied with electric power of appropriate quality. 

Power quality (PQ) is one of the factors affecting the 

work of electrical receivers, switching devices, etc. The 

authors in [6-14] indicate that Russia has created a large 

number of regulations that establish requirements for 

PQ, but in practice they are not always effective. 

Distortion of power quality indices (PQI) leads to 

undersupply of products, changes in its parameters, 

reduction in the number of produced products, 

equipment downtime due to breakdowns, failure of 

switching equipment of power supply companies [15-

23], etc. Therefore, improving of PQ in power grids of 

power supply organizations is an urgent task. 

2 Research methodology  

The analysis of the number of electric power consumers’ 

calls to the Kromskiye District Power Networks 

“Orelenergo”, a branch of the PJSC “IDGC 

(Interregional Distribution Grid Company) of the 

Center” regarding the inconsistency of PQ with the 

guideline values was made, the results of the analysis are 

presented in Figure 1. 

 

Fig. 1. The number of calls from consumers to the Kromskiye 

District Power Networksfor the in-consistency of power quality 

with guideline values. 

The results presented in Figure 1 allow us to 

conclude that in the period from 2013 to 2017, the 

number of consumers’ calls for the issue that power 

quality indices go beyond the guide line values was 246, 

the largest number of calls was observed in 2016 and 

was equal to 82. It is also necessary to note that the so-

called “active consumers” usually apply for the 

inconsistency of PQ with the regulations. 

The most common complaints of power consumers 

are low voltage, high voltage, voltage fluctuations. The 

number of calls for the above reasons is presented in 

Table 1. 
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Table 1. The number of calls from power consumers to the 

Kromskiye District Power Networks “Orelenergo”, a branch of 

the PJSC “IDGC of the Center” in 2017-2018. 

Number of calls for2017-2018 

Low voltage 
Voltage 

fluctuation 

High 

voltage 
Others 

26 15 24 10 

 

Most consumers complain about voltage fluctuations. 

This is due to the fact that it is possible to visually 

determine the distortion of power quality only by the 

PQI distortion related to voltage distortion; at the same 

time, the electric grid company could prevent the power 

quality distortion by applying a set of measures aimed at 

improving the PQI related to voltage. A large number of 

consumers’ calls for the inconsistency of PQ with 

regulatory levels are primarily related to the slow pace of 

the power grid recovery of the Kromskiye District Power 

Networks, as well as the lack of an effective program of 

improving power quality in 0.38 kV power networks of 

the Kromskiye District Power Networks “Orelenergo”, a 

branch of the PJSC “IDGC of the Center”. 

3 Results and discussion 

In order to prevent consumers’ complaints about the 

power quality distortion, the power supply company can 

determine the likely section with a power quality 

distortion; it isn’t necessary to perform "global" 

analyzes, but simply enough to calculate electric power 

losses of existing transmission lines. It is also important 

to calculate the power loss, which is necessary for the 

feasibility study of future activities aimed at improving 

power quality. 

The practical implementation of the above mentioned 

idea is presented below, while the calculations were 

made for some transmission lines of the Kromskiye 

District Power Networks “Orelenergo”, a branch of the 

PJSC “IDGC of the Center”. 

Voltage losses were determined by the following 

formula: 

                     ∆𝑈 =
𝑆𝑟𝑎𝑡·(𝑟0·𝑐𝑜𝑠𝜑+𝑥0·𝑠𝑖𝑛𝜑)·𝑙

𝑈𝑛
2 · 100 %  (1) 

where S𝑟𝑎𝑡 – load at the section of overhead lines, 

kVA (taken according to the power supply contracts); l – 

length of the section, km; Un– nominal line voltage, kV; 

r0 – resistivity of the wire, Ohm/km; cosφ – power 

factor; x0 – inductive resistivity of the wire, Ohm/km. 

The power loss for the year was determined by the 

expression:  

                    ∆𝑊 =
𝑆𝑟𝑎𝑡

2 ·𝑐𝑜𝑠𝜑·𝑙·∆𝑈

𝑈𝑛
2 · 100%      (2) 

The results of calculations of voltage losses and 

power losses in transmission lines of the Kromskiye 

District Power Networks are presented in Table 2.  
The results of calculations show that the greatest 

voltage losses and deviations are observed at the 

Cabinet-type CTS-9-19 “Gorki”, overhead line-0.4 kV, 

No. 2. The lowest voltage losses are observed at the 

Cabinet-type CTS-9-2 “Kotovka garages”, overhead 

line-0.4 kV, No. 2 and make up 1.69%. The calculations 

show that voltage deviation is much more than the 

allowable value at the 85% of the CTS of the Kromskiye 

District Power Networks, this is primarily due to 

physical and obsolete depreciation of the main power 

grid equipment of the power supply organization, 

disinterest of consumers and the power supply 

organization in maintaining power quality at the level of 

regulations, as well as the lack of power supply 

organization’s software products that allow real-time 

voltage loss calculations and offer measures to improve 

the power quality. 

The authors have developed an algorithm that can be 

taken as the basis for a program that could, based on 

calculations of voltage losses, propose measures and 

make decisions to improve PQ. The algorithm of the 

program, that allows proposing measures to improve the 

Table 2. Calculation results of voltage losses and power losses in some transmission lines of the Kromskiye District Power 

Networks. 

Complete Transformer Substation (CTS), No. ∆𝐔, % ∆𝐔, V 
∆𝐖,  

kw/h 

Cabinet-type CTS-9-19 “Gorki” overhead line-0.4 

kVNo.1 
29.64 112.84 2728.16933 

Cabinet-type CTS-9-19 “Gorki” 

overhead line-0.4 kVNo.2 
34.7 137.01 2691.69524 

Cabinet-type CTS-9-2 “Kotovka garages”, 

overheadline-0.4 kVNo.1 
12.12 46.18 1366.25241 

Cabinet-type CTS-9-2 “Kotovkagarages”,overheadline-

0.4 kVNo.2 
1.69 6.42 372.40304 

Cabinet-type CTS-9-4 “Kotovka Pole Transformer 

Substation”, overheadline-0.4 kVNo.1 
35 132.6 27268 

Cabinet-type CTS-9-4 ““Kotovka Pole Transformer 

Substation”, overheadline-0.4kVNo.2 
2.99 11.37 350.58864 

Cabinet-type CTS-9-3 “Kotovka”, 

overhead line-0.4 kVNo.1 
20.9 79.35 1639 

Cabinet-type CTS-9-3 “Kotovka”, 

overhead line-0.4 kVNo.2 
24.41 93.02 1913.62958 
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power quality, based on an analysis of the calculated 

voltage losses, is presented in Figure 2.  
The beginning of the algorithm provides for data 

entry: the load at the section of overhead or cable lines, 

the length of the section, the nominal line voltage, the 

resistivity of the wire, the power factor, inductive 

resistivity of the wire. The specified data is updated each 

time a new calculation of power lines. Block 3 

determines the voltage loss at the minimum, average and 

maximum loads of power lines. Blocks 4, 5, 6 perform 

the function of comparing the actual voltage loss with 

the guideline value. When voltage losses go beyond the 

guideline value Block 7 sends a signal to conduct PQ 

measurements. Next, block 8 determines the level of PQI 

distortion. Based on the number of PQI distortions that 

go beyond the guideline values and the regulatory level, 

measures are proposed to improve the power quality. 

Then, block 10 displays information about the proposed 

measures. Block 11 displays information about technical 

devices and organizational measures that will improve 

PQ. 

This program can be applied as a stationary (installed 

on a computer, laptop, etc.), and in the implementation 

of "smart" networks. The use of the proposed program 

will allow to improve PQ by means of early (timely) 

determination of voltage losses, proposing measures 

aimed at improving PQ. 

4 Conclusions 

Improving the power quality in the integrated power grid 

of Russia is an urgent task for power supply companies. 

To improve the power quality, an algorithm has been 

developed that can be used in a program that offers 

measures to improve the power quality, based on 

calculations of voltage losses. This program can be 

applied as a stationary (installed on a computer, laptop, 

etc.), and in the implementation of "smart" networks. 

The application of the proposed algorithm of the 

program will allow to improve PQ by means of early 

(timely) determination of voltage losses.  

 

Fig. 2. The algorithm of the program that, on the basis of power loss calculations, proposes measures and makes decisions on 

improving PQ. 
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