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Abstract. This paper justifies a transition from a compensatory approach to a sys-

tem of penalty surcharges for distorting consumers, the size of which is determined based 
on the level of higher harmonics and asymmetry at the point of common coupling. The 
objective of this work is to develop a scientific approach to economically incentivize dis-
torting consumers to implement measures reducing the emission of voltage waveform and 
symmetry distortions in the electrical network and to normalize power quality indicators. 
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distortion voltage at the point of common coupling, is proposed, which correctly accounts 
for the non-additive nature of distortion voltages. The method is implemented in MATLAB 
using stochastic mode simulation. A system of penalty surcharges to the tariff has been 
developed, proportional to the volume of consumed electricity and the degree of consumer 
influence on distortions. It is shown that penalty collection facilitates the formation of a 
fund for implementing power quality normalization equipment. Modeling based on a 6 kV 
point of common coupling confirmed the economic feasibility of installing filter-compen-
sation devices, with a payback period of up to 8.25 years from penalty funds. The proposed 
approach creates direct economic incentives for distorting consumers, ensures a fair distri-
bution of responsibility for voltage distortion, and can serve as the basis for regulatory 
frameworks in the field of power quality. 
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Fig. 1. Equivalent circuit diagram of a consumer's load connected 
to the point of common coupling with a power system containing distortion sources 

(a) and without distortion sources (b)
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Installed load capacities of power consumers 
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Fig. 2. Calculation diagram of the point of common coupling (a) 
and equivalent impedance of the point of common coupling at higher harmonics (b) 
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 Fig. 3. Time variation graph of the 7th harmonic component  

of the positive-sequence voltage at the point of common coupling buses 
  

K < 0). 
KU(7) 



392026 1

k- kK k -
k = 0.

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

-4000
-2000

0

0 1000 2000 3000 4000 5000 6000 7000 8000 90000
0.5

1
1.5

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
-2
-1
0 x 104

0 1000 2000 3000 4000 5000 6000 7000 8000 9000-1

0

1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
-2

-1

0 x 105

,  K

,  K

,  K

,  K

,  K

,  t

,  t

,  t

,  t

,  t

Fig. 4. Time variation graphs of the influence coefficients of each participant
in the power supply system

2

,  t ,  t

4

2

2

4

4

2

4

Fig. 5. Calculation results of 2 electricity cost consumed by distorting loads at 
feeder 2 (a), and 4 electricity cost at feeder 4 (b), without and with consideration of 

the penalty factor, presented as a cumulative total



40  
 

 
 

 
 Table 2. 

Results of the calculation of annual overpayments  
for deterioration of power quality caused by distorting consumers 
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