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Abstract. Poor power quality creates big problems. With the poor power quality, the service life of the 

equipment is reduced. In connection with the creation and development of intelligent electrical power 

systems and the digital economy, the requirements for the power quality are increasing. Active harmonic 

filters began to used to solve problem with the poor power quality. The paper presents a methodical approach 

and computer programs for determining the power of the active harmonic filter. The power supply system 

of the Vietnamese coal sorting plant is considered to develop the methodical approach. The results of 

measurements of the power quality indices and the results of calculating the parameters of the modes of the 

electrical network of the plant at the fundamental frequency were used. To process a large amount of 

measured information, the special computer program was developed. On the basis of the methodical 

approach, the results of measurements of the power quality indices and the computer complex “Stationary 

permissible optimal mode”, the algorithm and the computer program have been developed to calculate the 

power of the active harmonic filter. The power of the active harmonic filter for the coal sorting plant was 

determined with the help of this program. 

1 Introduction 

Poor power quality creates huge problems for both 

power supply companies and consumers.  Currently, 

there are deviations from the regulatory requirements for 

the voltage value, voltage waveform, and balance of 

three-phase voltages [1-3]. When the power quality is 

poor, the service life of equipment shortens and 

additional economic damage occurs [4-6]. Due to the 

creation and development of intelligent electrical power 

systems and the digital economy, requirements for 

power quality are increasing. Active harmonic filters 

have become adopted to solve problems with the value 

and non-sinusoidal form of the voltage [7-8]. The paper 

presents the methodical approach to the selection of 

active harmonic filters, the computer program to analyze 

the results of measurements of the power quality indices 

and operation mode parameters, and the computer 

program to calculate the power of the active harmonic 

filter. The methodical approach and programs are 

illustrated by their use for the selection of the active 

harmonic filter for the power supply system of the coal 

grading plant of the Vietnamese company “Cua Ong-

Vinacomin”.  

 

2 Methodical approach to the selection 
of the active harmonic filter 

This includes the six steps presented below. 

  1) Analysis of power quality indices and 

operation mode parameters at the point of transmission 

of electrical energy or the node of connection of the 

power supply system of the enterprise to the electrical 

supply network, where the installation of the active 

harmonic filter is assumed.  

Measurements of power quality indices and 

operation mode parameters should be carried out in 

compliance with current regulatory documents [1-2]. 

Since active harmonic filters are installed to compensate 

for reactive power and eliminate current harmonics, it is 

necessary to analyze the following coefficients: voltage 

value deviation (±δU), total harmonic distortion of 

voltage and current  (KU, KI), coefficients of the n-th 

harmonic component of voltage and current (KU(n), KI(n)), 

coefficients  of voltage and current interharmonic 

components (KU(m+1/2), K2UI(m+1/2)),  the negative 

sequence voltage unbalance coefficient (K2U). Other 

parameters may be considered as well. For example, if 

necessary, the analysis of the load power factor (cosφ) 

can be performed. 

At the coal sorting plant, measurements of power 

quality indices and operation mode parameters were 

carried out at the node where the electrical network of 

the enterprise was connected to the network of the power 

supply organization on the 0.4 kV side of the supply 

transformer (Fig. 1). 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 289, 01001 (2021) https://doi.org/10.1051/e3sconf/202128901001
Energy Systems Research 2021

mailto:kovernikova@isem.irk.ru


 

45038

22 kV 6643

1000 kVA

22/0.4 kV

Coal grading plant

Shop No.1 Shop No.2
Electricity and 

water supply shopCoal 
warehouse

45039 45041

450 kVAr

EPS

4143

 

Fig. 1. Power supply system of the coal grading plant. 

Tables 1 presents the results of the analysis of 

measurements of ±δU, KU, K2U, cosφ, and their standard 

values [2]. Values that fail to comply with the regulatory 

requirements are shown in bold. Tables 2 presents the 

results of the analysis of measurements of KU(n), KI(n). In 

accordance with [2], the measured values of KU(n) should 

be less than or equal to 3%, and KI(n) 12%. 

Table 1. Measured values of δU, KU, cosφ, K2U, and their 

standard values. 

Parameter Phase А Phase В Phase С 

δUmax, % 4.1 4.5 4.6 

δUmin, % -1.3 -1.7 -1.4 

δUstd, % ≤ ±5,0 

KUmax, % 16.8 15.3 17.1 

KUstd., % ≤ 6.5 

cosφmax, p.u. 0.98 0.92 0.99 

cosφmin, p.u. 0.89  0.72 0.89 

cosφstd, p.u. ≥ 0.85 

K2Umax, % 0.4 

K2Ustd, % 5.0 

Table 2. Measured values of KU(n), KI(n), %. 
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3 2.5 3.9 2.0 7.1 3.9 3.6 

5 12.7 12.3 12.3 6.8 4.2 4.9 

7 12.8 11.8 12.8 6.7 1.7 3.3 

9 1.9 2.8 3.3 2.9 1.5 1.6 

11 4.6 4.6 3.6 3.9 0.8 1.2 

13 2.1 3.1 2.8 1.9 1.1 1.7 

17 3.3 2.7 3.4 2.3 0.5 1.5 

19 1.6 3.0 2.6 1.9 0.4 1.0 

21 2.1 2.3 1.5 2.3 0.2 0.6 

23 3.1 2.8 3.4 2.7 0.4 1.2 

25 1.9 2.5 2.6 2.4 0.4 0.9 

Tables 3 presents the results of the analysis of 

measurements of KU(m+1/2) and I(m+1/2). The standard 

values for them have not been established. 

Table 3. Measured values of KU(m+1/2), and I(m+1/2). 
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1.5 3.9 3.3 3.8 16.6 17.2 18.0 

3.5 1.1 0.8 0.9 6.0 4.8 7.3 

5.5 1.7 1.9 0.9 5.1 5.0 6.4 

7.5 1.8 1.9 1.2 4.3 2.7 5.3 

11.5 1.3 1.7 1.4 5.1 3.7 5.0 

13.5 1.3 1.0 0.9 5.1 2.2 5.2 

17.5 1.2 1.0 1.7 7.5 1.9 9.2 

19.5 1.5 1.3 1.7 8.5 2.7 9.7 

21.5 2.3 2.3 1.7 9.6 3.2 7.5 

23.5 2.9 2.5 1.3 13.1 3.0 5.7 

25.5 2.2 1.5 1.5 12.5 2.7 6.5 

2) Selection of the type of the active harmonic filter. 

There are two types of active harmonic filters that differ 

in purpose and the way they are connected to the 

network: serial and parallel filters [9-10]. The serial 

active harmonic filter is used to compensate for current 

harmonics and to make balancing adjustments of three-

phase voltages. The parallel filter is used to compensate 

for reactive power and eliminate current harmonics. It 

follows from the analysis of the measurement results 

shown in Tables 1-3 that δU, KU, KU(n) exceed the 

standard values, and K2U  and cosφ  are less than the 

established standard values. It follows from the results 

of the analysis that to solve the existing problems in the 

electrical network of the coal grading plant, it is 

necessary to install the parallel active harmonic filter.  

3) Analysis of the regulation capability of 

transformers supplying the electrical power supply of 

the enterprise to maintain the required values of 

voltages. 

The goal is to make an analysis of the supply voltage 

regulation range of the power supply system of the 

enterprise with the help of the regulating taps of the 

transformer to achieve the desired voltage value 

according to the principle of counterload voltage 

control.   

For example, the transformer, through which 

electrical energy is supplied to the power supply system 

of the coal grading plant, has 5 regulating taps: 0.38 kV; 

0.39 kV; 0.4 kV; 0.41 kV; 0.42 kV that allow changing 

the transformer ratio. The possibilities of voltage 

regulation by changing the transformer ratio must be 

taken into account when determining the power of the 

active harmonic filter. 

4) Selection of the node to install the active 

harmonic filter.  

The node to install the active harmonic filter can be 

designated based on the capabilities and characteristics 

of the network diagram of the power supply system of 
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the enterprise and switchgear. If there are no constraints, 

then all nodes of the electrical network of the enterprise 

can be considered as candidates for installation of the 

active harmonic filter. In either case, an array of 

candidate nodes is formed. A specific node in this array 

is determined by solving the optimization problem or in 

some other way.   

At the coal grading plant, node 45038 (Fig. 1) is 

designated for the installation of the active harmonic 

filter based on the location and configuration of the 0.4 

kV switchgear that serves electricity to all loads of the 

enterprise. Node 45038 is located 60 meters away from 

node 4143, where measurements of the power quality 

are made, and the electrical meter is installed.  

5) Determining the power of the active harmonic 

filter.  

For the power supply system of the coal grading 

plant, the power of the active harmonic filter is 

determined as a result of solving the optimization 

problem. Its objective function is a minimum of active 

power losses in the electrical network of the power 

supply system under the constraints set on δU, KU, KU(n), 

KI(n) , and cosφ [2]. Objective function 

minPΔPΔ
-1M

m
)/m(

N

n
)n( =∑+∑

1=
21+

1=

,        (1) 

where N – the largest harmonic number, M-1 – the 

largest interharmonic number, ΔP – active power losses 

in the electrical network subject to the following 

constraints 

   0.95≤ φcos  ≤1.0,                      (2) 

maximin UUU ≤≤ ,                     (3) 

max)n(UAF)n(Umin)n(U KKK ≤≤ ,        (4) 

maxUAFminU KKK ≤≤ ,              (5) 

max)n(IAF)n(Imin)n(I KKK ≤≤ ,            (6) 

where i is the network node number, AF – the active 

harmonic filter. Constraint (2) on cosφ is set by the coal 

company that owns the coal grading plant.   

6) Evaluation of the performance of the selected 

filter for different modes of operation of the enterprise.  

One can evaluate the performance of the selected 

filter by calculating the parameters of the network at the 

fundamental frequency (the first harmonic) and at the 

frequencies of the harmonic components for n>1. The 

power of the active harmonic filter for the coal grading 

plant was selected as the result of multivariate 

calculations of the parameters of the mode on of the 

electrical network at the fundamental frequency. As the 

result, we have selected the variant of the active 

harmonic filter power corresponding to the minimum 

active power loss in the network. To assess the 

performance of the power of the active harmonic filter 

at harmonic frequencies given n>1, it is also possible to 

perform operation mode calculations if the electrical 

networks are long and their lengths are comparable with 

the voltage and current wavelengths at the frequencies 

of these harmonics. Since the length of all electrical 

networks of the enterprise is about 12 km, the wave 

effect will not manifest itself even at the 50-th harmonic. 

Therefore, to determine the power of the active 

harmonic filter to eliminate harmonics, it is sufficient to 

use the results of measurements of harmonic voltages 

and currents at the node of the enterprise connection to 

the supply network.  

3 Program for analyzing the results of 
measurements of power quality indices 
and operation mode parameters 

Measurements of power quality indices were performed 

for 24 hours at 1-second intervals using a PQ-Box 150 

device [11]. The array of each measured parameter 

consists of 86,400 elements, which poses a significant 

difficulty for processing and analysis, requiring a large 

amount of time. The computer program was developed 

to facilitate the process of analyzing the measurement 

results [12]. The program is implemented in the MS 

Excel and Visual Basic programming environment for 

Windows applications. The program consists of six 

sheets. Fig. 2 shows the screenshot of Sheet 1 of the 

program. On the “Main” sheet (Sheet 1) of the program, 

one enters the measured values in the form of arrays of 

power quality indices and operation mode parameters at 

the measuring point. The information can also be deleted 

and replaced by other information.  From the first sheet 

of the program, one can navigate to the other five sheets.  

 

Fig. 2. Sheet 1 of the program for analyzing measurement 

results. 

Sheet 2 provides information on the standard values 

set for the values of power quality indices and cosφ in 

the regulatory documents in Vietnam. On Sheet 3, the 

analysis of currents and voltages is performed: it outputs 

plots of δU changes for three phases and standard values 

of ±δU, the table with maximum and minimum values 

of δU and the standard value; the plots of the effective 

values of the phase currents and statistical estimates of 

the values of the currents are displayed. Fig. 3 shows a 

screenshot of Sheet 3, which shows plots of changes in 

δU values in three phases over the measurement time 

and the standard values. 

Sheet 4 analyzes the active and reactive powers and 

load power factor: it displays the plots of active power, 

reactive power, and cosφ in three phases during the 
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measurement time and tables of statistical estimates of 

these parameters. 

 

Fig. 3.  Sheet 3 of the program for the analysis of measurement 

results.  

Sheet 5 (Fig. 4) analyzes the current and voltage 

harmonics: the program outputs the plots of changes in 

the total harmonic distortion of current and voltage and 

the table of their statistical estimates; the tables of 

statistical estimates are displayed for coefficients of the 

n-th  harmonic component of voltage and current.  

 

Fig. 4.  Sheet 5 of the program for the analysis of measurement 

results. 

Sheet 6 analyzes voltage and current interharmonics, 

for which the tables of statistical estimates are derived. 

4 Computer program for calculating the 
power of the active harmonic filter 

Based on the methodical approach presented above, the 

results of measurements of power quality indices and the 

“Steady-state allowable optimum operation mode” 

software package [13], we have developed the computer 

program for calculating the power of the active 

harmonic filter [14].  

The computer program solves the optimization 

problem represented by the expressions (1) - (6).  As the 

result of solving the optimization problem, the program 

determines the number of the filter installation node 

(JAF), the feeder transformer regulating tap voltage (UK), 

the active harmonic filter power (SAF), the minimum 

active power loss (ΔPmin), and cosφ. The flowchart of the 

program algorithm is shown in Fig. 5.  

The flowchart uses the following notation: QAF - 

reactive power that should be generated by the active 

harmonic filter to compensate for reactive power of the 

load; ΔP1 - active power loss; k -  number of regulating 

taps of the feeder transformer; cosφK - load power factor, 

corresponding to k - number of the regulating taps of the 

feeder transformer; Qmin, Qmax - calculated reactive 

power corresponding to the range of change from the 

maximum to the minimum  allowable value of  cosφK; 

ΔQ  - increment of the reactive power of the active 

harmonic filter; i - serial number of the network node 

from the array of candidate nodes for installation of the 

active harmonic filter; I - total number of candidate 

nodes for installation of the filter.     

The computer program is implemented in the MS 

Excel and Visual Basic programming environment for 

Windows applications. The program for calculating the 

power of the active harmonic filter consists of five 

sheets: Sheet 1: “Main”; Sheet 2: “Power of QAF”; Sheet 

3: “Power of harmonics Sn”, Sheet 4: “Power of 

interharmonics Sm+1/2”, Sheet 5: “Power of SAF”.  

Fig. 6 shows the screenshot of the Sheet 1 of the 

program. In accordance with the commands of Sheet 1, 

we perform the input of the information for calculating 

the operation modes of the electrical network at the 

fundamental frequency, analysis of the input 

information, calculation of the electrical network mode 

to determine the losses of active power and the values of 

voltages at the nodes of the network.  

The calculation is also performed for a comparative 

assessment of cosφK and UK values measured and 

calculated by means of the “Steady-state allowable 

optimum operation mode” software package at the node 

of the connection of the power supply system of the 

enterprise to the supply electrical network. Comparison 

of the calculated parameters with the results of 

measurements and their similar values attest to the 

correctness of the modeling of the electrical network of 

the enterprise. 

The commands of Sheet 2 are used to calculate the 

value of load reactive power (SQ) that the active 

harmonic filter is to compensate for. In the process of 

calculating the losses of active power based on their 

minimum value, the program selects the node of the 

electrical network to install the active harmonic filter, if 

it is not designated.  

Using the commands of Sheet 3 and Sheet 4 of the 

program we calculate the values of total apparent powers 

of harmonics (Sn) and interharmonics (Sm+1/2) that are to 

be eliminated by the active harmonic filter. To calculate 

the apparent power values, we make use of the results of 

measurements of the parameters of harmonic modes, 

interharmonics, and power quality indices at the node of 

the electrical network determined for the installation of 

the active harmonic filter.  
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 Fig. 5. Flowchart of the program algorithm. 
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Fig. 6.  Sheet 1 of the program for calculating the power of 

the active harmonic filter. 

The commands of Sheet 5 of the program enable 

calculating the total apparent power of the active 

harmonic filter SAF, designed to compensate for the 

reactive power of the load at the fundamental frequency 

and to eliminate harmonics and interharmonics. Sheet 5 

of the program with the table of calculation results is 

shown in Fig. 7. The table shows the number of the 

network node to install the active harmonic filter, the 

value of the minimum active power losses, the load 

power factor, the reactive power of the active harmonic 

filter to compensate for reactive load power, the 

apparent power of harmonics, the apparent power of 

interharmonics, and the total apparent power of the 

active harmonic filter. 

 

Fig. 7.  Sheet 5 of the program for calculating the power of 

the active harmonic filter. 

 

5 Applying computer programs to 
determine the power of the active 
harmonic filter for the power supply 
system of the coal grading plant of the 
“Cua Ong-Vinacomin” company 

The measured information was processed and analyzed 

using the measurement analysis program. The results of 

processing and analysis are presented above in Tables 1-

3.   Table 1 shows the results of the analysis of δU, KU, 

cosφ, K2U measured in three phases. Table 2 shows the 

results of the analysis of KU(n), KI(n) measured in three 

phases for eleven harmonics out of fifty at which the 

coefficients have the highest values. Table 3 shows the 

results of the analysis of KU(m+1/2), I(m+1/2) in three phases. 

According to the results of the analysis of power quality 

indices and operation mode parameters, it was decided 

to use the parallel active harmonic filter to solve the 

issues in the power supply system of the plant that were 

related to the power quality. With the help of the 

program for calculating the power of the active 

harmonic filter at the designated installation node – 

45038, we have determined the regulating tap of the 

feeder transformer – 0.42 kV, the total apparent power 

of the active harmonic filter – 621 kVA, the load power 

factor at the node of the connection to the supply 

electrical network – 1, and the minimum losses of active 

power in the electrical network of the coal grading plant 

– 110 kW.  

6 Conclusion 

A methodical approach is presented for determining the 

power of the parallel active harmonic filter for power 

supply systems of industrial enterprises. Based on the 

methodical approach, computer programs have been 

developed to automate the process of calculating the 

power of the parallel active harmonic filter, which 

generates reactive power consumed by the load and 

eliminates harmonics and interharmonics of currents. 

Methodical approach and computer programs are used 

to determine the power of the active harmonic filter for 

the power supply system of the coal grading plant of the 

Vietnamese company “Cua Ong-Vinacomin”. 

 
The research was carried out under State Assignment Project 

(No. FWEU-2021-0001) of the Fundamental Research 

Program of Russian Federation 2021-2030. 
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