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PeCuliAriTieS of eleCTriC Power loSS CAlCulATion in Power 
SuPPly SySTeMS wiTh CoMPenSATinG DeViCeS

Purpose. Improvement of calculation accuracy of electric power losses in power supply systems of the oil and gas complex with 
reactive power compensation by applying the method of graphical integration of power losses and the choice of optimum capacity 
of compensating devices.

Methodology. The improved method for determining the time of the largest losses, taking into account the largest power losses 
separately from the active and reactive power transmission, has allowed increasing the accuracy of the energy loss determination. 
The method for determining the optimum capacity of compensating devices is proposed.

findings. The necessity of taking into account the form of charts of active and reactive capacities and the power of compensat
ing devices during calculation of electric power losses in power supply systems is substantiated. It has been shown that the effi
ciency of reactive power compensation in order to reduce the power losses significantly decreases with high values of the power 
factor.

originality. The method of unregulated compensating devices optimum power calculation is proposed, provided the minimum 
power losses in the power supply system. The method of electric power loss calculation in power supply systems with compensating 
devices is improved by means of separate account of active and reactive power components during determination of the time of the 
largest losses, which allows increasing accuracy and reducing errors of calculations. The structure of the determination method of 
energy losses in the network is synthesized, which, unlike the existing one, allows taking into account the influence of the differ
ence in the maxima of active and reactive load on the accuracy of calculations and optimizing the power of compensating devices.

Practical value. Improved accuracy of calculation of electricity losses. Selection of optimal power of unregulated compensating 
devices, which corresponds to the minimum power losses in the power supply.

Keywords: energy losses, compensating device, compensation efficiency

introduction. The annual electricity losses in the energy 
systems of the European Union make up an average of 2 to 
12 %, according to the ERGEG program of reduction of losses 
by network operators [1]. At the same time, the European En
ergy Efficiency Directive requires all Member States to assess 
the energy efficiency potential and specify measures to im
prove it. Reducing losses is a real challenge for all European 
countries.

One of the most effective technical measures to reduce 
electricity losses in electric networks of oil and gas complexes 
(NGCs) is the compensation of reactive power load [2, 3], 
which allows reducing electricity losses and charges for its pay
ment and improving the quality of electric power. Methods of 
calculation of electric power losses when choosing the eco
nomically feasible power of compensating devices (CD) 
should provide acceptable accuracy for calculations in the case 
of availability of relevant information on the load, which in 
most cases is characterized by limited completeness and prob
ability. Under the conditions of operation, electricity losses are 
mostly determined by the approximate method during the 
time of the largest losses t [4]; therefore, additional questions 
arise regarding the improvement of the accuracy of the calcu
lation of losses and the correct choice of power of the CD.

literature review. A large number of scientific papers are 
devoted to issues of compensation of reactive power load of 
power supply systems, improved means of compensation and 
methods for selecting the optimal capacity of compensating 
devices, including taking into account the payment for the 
flow of electricity between the transmission company and its 
customers.

In [5, 6], the method for choosing the type and optimal 
reactive power of sources of compensation of reactive load of 

consumers is considered on the criterion of minimum dis
counted costs, which include expenses for generation and 
transfer of reactive power to consumers, capital investments 
for installation of compensating devices and expenses for their 
operation.

In [7] the method of complex estimation of efficiency of 
installation of sources of reactive power in electric networks 
has been developed. The efficiency indicator was obtained by 
combining the method for assessing the quality of functioning 
of the electricity grids on the basis of Markov networks and the 
method of interval analysis of electricity losses.

The paper [8] investigated the effect of compensation of 
reactive power on the parameters of the regime and the stabil
ity of the electric system, established allowable levels of com
pensation of reactive power and their influence on the stability 
of load nodes. The technical and economic efficiency of the 
degree of compensation of reactive power on the parameters of 
the regime of the electric system according to the “deep input” 
scheme is established, taking into account the daily uneven
ness of the load.

In [9] the problem of optimization of reactive energy flows 
by distribution electric networks is considered on the basis of a 
complex criterion, which takes into account expenses for the 
operation of reactive power sources (RPS), losses and the 
quality of electric power. The optimality conditions for con
struction of a distributed control system with automatic local 
control are proposed.

The works [10, 11] consider the increase in the efficiency 
of the use of compensating installations by developing and 
implementing a system for the introduction of reactive power 
compensation systems in the distribution electrical grids on 
the basis of their decomposition.

The monograph [12] examines the methods for determin
ing the losses of active electricity from the flow of reactive 
power in electric networks of consumers and power supply 
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companies, which allows forming conditions for optimal com
pensation of reactive power.

In [13], the methodology and implementation of a new dy
namic analysis for estimating power losses in distribution net
works with distributed sources was developed and used. The use 
of new inverter technologies with reactive power regulation al
lows for the integration of higher installed generation power ca
pacities, without significant additional network enhancements.

To calculate losses, use daily or annual load schedules in 
duration [14, 15]. The annual load schedule S(t) can be ob
tained on the basis of daily charts of active P(t) and reactive 
Q(t) loads. In the absence of the graph Q(t), it is assumed that 
the reactive power of the load varies as actively and when de
termining the full power use the average value of the coeffi
cient of power cos javer, which is conditionally accepted con
stant during the year.

The method of graphical integration of power losses is 
characterized by high accuracy, but is very labor intensive [4]. 
In order to simplify the calculations, in practice, preference is 
given to daily charts for characteristic periods of time. To do 
this, they set the number of characteristic days within the bill
ing period. However, as studies [2, 8] have shown, this method 
does not provide the necessary precision due to the continu
ous influence on the power system of regular and irregular dis
turbances, since the scheme, regimes and energy losses do not 
remain stable during the calculation period.

Charts of electric loads P(t), Q(t) are not always given, so 
when determining energy losses they often use approximate 
methods of calculation. One of the most common approximat
ed methods of calculation is the calculation of losses during the 
time of the largest losses t, during which the maximum load of 
Sm energy losses would be the same as for the variable load dur
ing the year. However, in most cases, t takes into account a 
constant value that adds an additional error to the calculation. 
In case of compensation of the reactive load, the time of the 
largest losses t, which depends on the area of the quadratic load 
plot, varies depending on the power of the CD. Therefore, this 
dependence must be taken into account when calculating the 
electricity losses and choosing the optimal power of the CD.

unsolved aspects of the problem. The choice of economi
cally feasible power of the CD in the electricity supply systems of 
the NGC is made on the basis of their variant comparison taking 
into account the cost of electricity losses, capital investments for 
the installation of CD and their operation. In addition, account 
should be taken of the charge for the flow of reactive electricity 
between the transmission company and its customers [16]. 
When determining the energy losses, the dependence of the time 
of the largest losses on the change in the schedule of reactive 
loads is not taken into account, which adds an additional error to 
their calculation and the choice of optimal power of the CD.

Purpose. The purpose of the work is to assess the accuracy 
and further improve the method for calculating the losses of 
electricity over time of the largest losses and the choice of op
timal power of unregulated CD in the electricity supply sys
tems of the NGC.

To solve the problem, the following tasks are formulated:
 analysis of methods for calculation of electric power loss

es according to the schedules of electric loads;
 estimation of errors of calculation of electric power losses 

in time of the largest losses depending on the power of the CD;
 analysis of the time dependence of the largest losses on 

active, reactive and total capacities at different values of the 
power of the CD;

 choice of optimum power of the CD with allowance for 
restrictions;

 estimation of the efficiency of compensation of reactive 
load power.

results. If the load of the electric network varies over time, 
then total energy losses during the estimated period can be de
fined as the sum of energy losses under different Si modes of 
operation as

 2
2

1 1
,

n n

i i i i
i i

RW P t S t
U= =

D = D D = D∑ ∑  (1)

where DPi is power loss at time interval Dti; R is active resis
tance of the electric network; U is average voltage at the load 
node; Si is load power, attributed to the time interval Dti; n is 
the number of time intervals of the schedule of electrical loads.

Since the voltage levels at the load nodes are unknown in 
most cases and vary in small limits, then during the calculation 
of electricity losses we take U = Unom .

The annual losses of active power in the line over time are 
the largest losses calculated by
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where DРm is loss of active power in the mode of maximum loads.
The time of the largest losses t is determined by calcula

tion for characteristic charts of the load of consumers of vari
ous branches from the expression
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and refer to the reference, depending on the time of use of the 
largest load Tm and the average power factor. The approximate 
value of t can also be determined by the empirical formula
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In order to take into account the configuration of the load 
schedules, the actual values of power factors, the possible in
consistency of the maximum active and reactive power in time 
within the time period of the day and year, it is possible to 
calculate the losses of electricity from the active and reactive 
power flows separately. For this, according to the schedules of 
the duration of active and reactive loads, we calculate the time 
of the greatest losses for the ta active and tr reactive power
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after which we determine the electricity losses as
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or for loads given by currents,
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Under conditions of operation of electric networks, the 
loss of electricity is mostly determined by the approximate 
method during the time of the largest loss t by (2), while the 
time of using the largest load Тm is calculated by the annual 
lifetime of active loads
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or the annual consumption of active electricity WP as

.m
m

WPT
P

=

In case of compensation of a reactive load the time of the 
largest losses can be calculated as

( )( )
( )
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where PS, QS are active and reactive powers that correspond to 
the maximum value of full load power Sm; Qk is power of com
pensating devices.

explanation of scientific results. Let us calculate annual 
losses of electricity over time, the largest losses in the line volt
age of 10 kV and active resistance R = 5 Ohms for the daily 
charts of active and reactive loads given in Fig. 1 in the as
sumption of their uniform form throughout the year, and ana
lyze the dependence t = f (Qk) for different variants of reactive 
power compensation.

For a given schedule of active loads, the annual consump
tion of active electricity is (kWh)

WP = (1 ⋅ 8 + 1.5 ⋅ 8 + 0.8 ⋅ 8) ⋅ 365 = 9636,

with the time of using the maximum load (h)

9636 6424.
1.5m

m

WPT
Ð

= = =

Calculate the time of the largest losses under the empirical 
(2), h

2
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Determine the loss of active power in the mode of maxi
mum load in the absence of compensation, MW
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Annual losses of active electricity will approximate, MWh

DWappr = DPmt = 0.131 ⋅ 5145 = 671.

Determine the actual time of the largest losses under the 
quadratic full load graph (h)
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Actual electricity losses for the year will amount to, MWh

DW = DPmts = 0.131 ⋅ 5969 = 779.

A similar result can be obtained directly by the method of 
graphical integration of power losses by (1).

The error of determining the energy losses by the approxi
mate calculation method is (%)

671 779 13.8,
779
-

d = = -

which is significant.
Let us analyze the influence of the form of the active load 

schedule on the error of the approximate method of calcula
tion of electric power losses Approximately t is determined by 
the empirical formula (2) during the use of the largest load Тm, 
whose magnitude depends on the form of the active load 
schedule. In order to analyze the dependence of the error of 
the approximate method of calculating the electricity losses, a 
series of calculations for various values of the maximum active 
load was performed. At the same time, the active loading in 
other periods of time and the schedule of reactive loading re
mained constant. The results of calculations are given in Ta
ble 1.

According to the calculations, we see that in the case of a 
decrease in the maximum load of Pm from 1.5 to 1.1 MW, the 
magnitude of Тm increases from 6424 to 7698 hours due to the 
equalization of the active load schedule, while according to 
(2), the approximate value of τappr will increase from 5145 to 
6998 hours, and the approximate value of electricity losses in 
the absence of compensation will be (MWh)

2 2

2
1.1 0.6 5 6998 0.09 6998 573.

10appr mW P +
D = D t = ⋅ ⋅ = ⋅ =

Time of maximum losses is determined by the quadratic 
load schedule ts = 7647 hours, with the actual value of electric
ity losses, MWh

DW = DPmt = 0.09 ⋅ 7647 = 627,

and the error of calculation of losses will decrease and make up 
(%)

573 627 100 8.5.
627
-

d = ⋅ = -

Fig. 1. Daily load schedules before and after reactive power 
compensation

Table 1
Results of calculation of electric power losses at different 

values of maximum active loading

Pm, 
kW

Тm, 
hours

tappr, 
hours

ts, 
hours

DWappr, 
kWh

DWs, 
kWh d, %

1 8176 7767 7273 637 596 6.8

1.1 7698 6998 7647 573 627 -8.5

1.2 7300 6389 7341 575 660 -13.0

1.3 6963 5895 6802 604 697 -13.3

1.4 6674 5487 6305 636 737 -13.7

1.5 6424 5145 5968 671 778 -13.8

1.6 6205 4855 5645 708 824 -14.1
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In case of a decrease in the maximum load to 1 MW, the 
error of calculation of electricity losses becomes positive and 
will amount to d = 6.8 %.

As we see from the calculations, the error of calculation of 
electric power losses over time of the largest loss depends on 
the form of the schedule of active loads. In case of an increase 
in the unevenness of the graph (form factor), the error from 
the positive gradually changes to negative and increases in ab
solute magnitude.

Let us analyze the effect of compensation of the reactive 
load on the error of the approximate method of calculation of 
electric power losses. Let us consider for the given example the 
variant of compensation of reactive loading power by unregu
lated CD by power QC = 0.5 MVAR. At the same time, the 
consumption of active energy will not change, and the usage of 
reactive energy will decrease.

We calculate the annual electricity losses, taking into ac
count the compensation of reactive power
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DW = DPmt = 0.113 ⋅ 5213 = 589,
where tS in hours; DPm in MW; DW in MWh.

Let us determine the loss of electricity from the transmis
sion of active and reactive power separately
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DWa = 0.113 ⋅ 5048 = 568;

DWr = 0.008 ⋅ 2644 = 21;

DW = 568 + 21 = 589,
that is, the results of calculation of electric power losses coin
cide with the previous calculation; DPa.m, DPr.m in MW; ta, tr in 
hours; DWa, DWr, DW  in MWh.

If we do not take into account the time dependence of the 
greatest losses on the change in the full load graph and set t a 
constant value, then the loss of active electricity per year will 
be (MWh)

DWappr = 0.113 ⋅ 5146 = 581.

The error of calculating the power losses over time with the 
largest losses, determined by (2), will be (%)

581 589 100 1.4,
589
-

d = ⋅ = -

and its value in comparison with the absence of compensation 
decreases as a result of the reduction of the reactive compo
nent of the load power and its effect on the value of full power.

The analysis showed that the time of the largest losses t 
depends on the configuration of the active and reactive load 
schedules, their duration, and the power of the CD. In the 
same configuration of graphs and the same ratio between ac
tive and reactive load, the time of the greatest losses from the 
transmission of active, reactive and full power is the same, 
since load power factors are unchanged throughout the calcu
lation period

2

1
2 .

n

i i
i

à r
m

S t

S
=

D
t = = t = t

∑

In case of reactive load power compensation, the configu
ration of the schedule of reactive loads changes, so the time of 
the greatest losses from the transfer of reactive and complete 
capacities is changing. At the same time, the value of maxi
mum power losses changes.

Thus, the magnitude of the error is influenced by the 
change in the configuration of the schedule of reactive loads. 
In order to analyze the time dependence of the largest losses 
from the power of compensating devices, a series of calcula
tions for various compensation options was carried out. The 
results of the calculations are presented in Tables 2, 3. Depen
dency graphs t = f (QC) and DWP = f (QC) for given loading 
schedules are shown in Figs. 2, 3.

The calculation results show that the error in determining 
the energy losses by the approximate method can be signifi
cant and depends on the configuration of the active and reac
tive load schedules and the power of compensating devices QC. 
In case of overcompensation, it becomes positive, that is, 

Table 2
Results of calculation of electric power losses at different 

power compensation values QC

QC, 
kVAR t, hours DPm, kW DWappr, 

MWh
DW, 

MWh d, %

0 5969 0.131 671.4 778.9 -13.8

0.1 5787 0.125 643.1 723.4 -11.1

0.2 5616 0.121 620.0 676.7 -8.4

0.3 5459 0.117 602.0 638.8 -5.8

0.4 5324 0.115 589.1 609.6 -3.4

0.5 5213 0.113 581.4 589.1 -1.3

0.6 5133 0.113 578.8 577.4 0.2

0.683 5090 0.113 580.6 574.4 1.1

0.7 5084 0.113 581.4 574.5 1.2

0.8 5069 0.115 589.1 580.4 1.5

0.9 5085 0.117 602.0 595.0 1.2

1 5131 0.121 620.0 6183 0.3
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losses calculated by the approximate method will be greater 
than actual losses (Table. 2).

Choosing the optimum power of compensating devices. Par
tial optimization criterion is the minimum of total electric 
power losses in the electric network from the transfer of active 
and reactive power. As calculations have shown, in the case of 
using unregulated CD, the minimum power losses correspond 
to the condition when the amount of consumed reactive elec
tricity during the calculation period is equal to the amount of 
electricity generated in the system as a result of overcompensa
tion

 WQcons = WQgen. (3)

Total electricity losses consist of losses from the transmis
sion of active and reactive power

DW = DWa + DWr.

In case of fulfillment of condition (3), the component of 
losses DWa remains constant, while losses DWr from the trans
fer of reactive power, and hence total power losses, reach the 
minimum values due to the alignment of the loading schedule 
and the reduction of the maximum load of the line.

The optimum power of unregulated CD can be determined 
from condition (3), equalizing the total area of the reactive 
load schedule to zero

 ( )
1

0,
n

i C cons C
i

F Q Q t WQ Q T
=

= - D = - =∑  (4)

where Qi is reactive load power at the second interval of the 
graph; WQcons is the amount of consumed reactive energy; QC is 
power unregulated CD; T is the duration of the billing  period.

According to (4)
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Q t
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∑

that is, the optimum power of the CD is equal to the average 
reactive power of the load during the estimated period.

For the annual schedule of reactive loads

1
365

,
8760 8760
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Q t
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D
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∑

where WQcons is the annual amount of consumed reactive en
ergy, which in the conditions of operation can be determined 
by the data of accounting devices.

For the reactive load graph given in Fig. 1, annual electric
ity consumption is (MVARh)

WQcons = (0.8 ⋅ 4 + 0.6 ⋅ 16 + 0.9 ⋅ 4) ⋅ 365 = 5986,

and power unregulated CD, MVAR

5986 0.6833.
8760CQ = =

With such a power of unregulated CD, the amount of en
ergy consumed per year will decrease and make up (MVARh)

WQcons = ((0.8 - 0.683) ⋅ 4 + (0.9 - 0.683) ⋅ 4) ⋅ 365 = 486.7,

and the generation of reactive energy into the network 
(MVARh)

WQgen = ((0.6 - 0.6833) ⋅ 16) ⋅ 365 = - 486.7.

The mode of partial recombination of reactive power in 
order to reduce electricity losses can be allowed in electric net
works of power supply companies provided that the voltage 
deviations are allowed. As for the compensation of reactive 
load of consumers, when choosing the optimal power of un
regulated CD, we should also take into account the payment 
for the flow of reactive electricity between the energy supplying 
organization and its customers [16].

The general criterion for optimizing the reactive power 
mode is the minimum of discounted costs [17]

 ,e loss Q
dc

C C C
C K

E
+ +

= +  (5)

where Ce is maintenance and repair costs for the CD; Closs is 
the cost of electricity losses in the electricity network; CQ is 
charge for the flow of reactive electricity; K is capital invest
ments for the establishment of a CD; E is discount rate, which 
takes into account depreciation due to inflation.

The optimal power of the CD can be determined by mini
mizing the target function (5), in which the cost of losses in the 

Table 3
Results of calculation of electric power losses from active 

and reactive power transmission

QC, 
kVAR

ta, 
hours

tr, 
hours

DPa.m, 
kW

DPr.m, 
kW

DWa, 
MWh

DWr, 
MWh

DW, 
MWh

0 5048 5209 0.113 0.041 567.9 211.0 778.9

0.1 5048 4859 0.113 0.032 567.9 155.5 723.4

0.2 5048 4440 0.113 0.025 567.9 108.8 676.7

0.3 5048 3934 0.113 0.018 567.9 70.8 638.8

0.4 5048 3329 0.113 0.013 567.9 41.6 609.6

0.5 5048 2646 0.113 0.008 567.9 21.2 589.1

0.6 5048 2109 0.113 0.005 567.9 9.5 577.4

0.683 5048 2746 0.113 0.002 567.9 6.4 574.4

0.7 5048 3285 0.113 0.002 567.9 6.6 574.5

0.8 5048 6205 0.113 0.002 567.9 12.4 580.4

0.9 5048 6002 0.113 0.005 567.9 27.0 595.0

1 5048 6296 0.113 0.008 567.9 50.4 618.3

Fig. 2. Graphs of dependence of the maximum loss time on the 
power of compensatio

Fig. 3. Graph of dependence of electric power losses on compen-
sation powe
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electrical network is taken into account depending on the full 
load power, while the partial criterion of the minimum total 
energy losses can take into account only the component of 
losses from the transfer of reactive power, as the component of 
losses from transmission of active power practically remains 
constant. The minimum total power losses correspond to the 
minimum loss of reactive power transmission.

It is necessary to consider that in the modes of minimum 
loads in case of unregulated CD, unacceptable excess voltage 
overhead in the nodes of the electrical network is possible, 
therefore, at the same time, it is necessary to control the volt
age levels in these nodes.

In general, the problem of choosing the optimal power of a 
CD by criterion (5) needs to be solved with allowance for tech
nical constraints

max

min max

max

0 ;
;

.

C n

i

i i

Q Q
U U U

I I

≤ ≤
≤ ≤
≤

Let us analyze the efficiency of compensation of reactive 
load power. We establish the dependence of the losses of active 
power in the electric network on the power factor cos j, ex
pressing them as

 
2 2

2 2 2 .
cos

S PP r r
U U

D = =
j

 (6)

As we see from (6), the loss of active power in the network 
depends inversely quadratically on the power factor.

In case of active load (cos j = 1) active power loss will be 
minimal

2

min 2 .PP r
U

D =

In case of an activelyinductive nature of the network load 
on it, in addition to the active, reactive power is transmitted. 
At the same time, the power factor decreases and power losses 
increase. For example, in case of cos j = 0.85 an increase in 
power losses will be

2
min

1 1.38,
0.85

P
P
D

d = = =
D

that is, compared with the transfer of only active power, the 
relative increase in losses in this case will be (%)

min

min
100 38.P P

P
P

D - D
d = =

D

Table 4 shows the results of calculating the growth and 
relative increase in power losses in the network depending on 
the load factor.

Fig. 4 shows the graphical dependence of the relative in
crease in power loss on the power factor.

As we see from the calculations, the efficiency of increas
ing the load factor to reduce power losses is brought down, 
especially at high cosφ values. For example, in case of growing 
of cos j from 0.7 to 0.8, the power loss is reduced by 48 %, and 
from 0.8 to 0.9 ‒ only by 33 %.

Let us evaluate the efficiency of transverse compensation 
of the reactive load by analyzing the change in the active pow
er losses in the power line from the reactive power transfer at 
different levels of its compensation.

The loss of active power in the line from reactive power 
transmission Q over time t in the absence of compensation is

2

2 ,r
nom

QW rt
U

D =

where Unom is rated line voltage; r is active line resistance.
The loss of active power in the line in the presence of com

pensation depends on the magnitude of the power compensat
ing devices QC, switched on in parallel with the load,

( )2

2 .C
C
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Q Q
W rt

U

-
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The relative amount of electricity losses will be

( )2

2 ,CC

r

Q QW
W Q

-D
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D

and the relative reduction of electricity losses from reactive 
power transmission, expressed as a percentage,

( )2

2

% 100

1 100 1 100.

r C
r

r
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W W
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W

Q QW
W Q

D - D
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For example, for partial compensation of reactive power 
QC = 0.25Q, the relative reduction of losses will be

( )2

2

0.25
% 1 100 43.75.r

Q Q
W

Q

 - d = - ⋅ =  
 

Similarly, the loss of active (similarly, reactive) electricity 
for other values of QC can be determined, and with full com
pensation of the reactive load QC = Q and dWr = 100 %. The 
calculation results are given in Table 5.

Fig. 5 depicts the dependence of the relative reduction of 
electricity losses on the level of reactive power compensation 
(RPC).

As can be seen from Fig. 5, with the RPC level increasing, 
the amount of energy savings initially grows up rapidly, after 
that the relative increase in electricity savings begins to reduce. 

Table 4
The results of calculating the relative increase in active power 

losses depending on the power factor

Power 
factor cos j

1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6

Relative 
growth of 
losses d

1 1.08 1.23 1.38 1.56 1.78 2.04 2.37 2.78

Relative 
increase in 
losses dP, %

0 10.8 23 38 56 78 104 137 178

Fig. 4. Graph of the relative increase in active power losses from 
the load factor
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For example, with an increase in power QC from zero to 50 % 
the power loss in the line from the reactive power transfer has 
lowered at 75 % and with a further rising of QC from 50 to 
100 % only by 25 %.

Consequently, the compensation efficiency due to the 
power factor increasing is significantly reduced, therefore, the 
optimal power of the CD should be selected on the basis of 
feasibility study taking into account the cost of electricity loss
es, capital investments and payments for the electricity flow 
between the transmission company and its customers [4, 5].

Conclusions.
1. The analysis of electric power loss calculation errors is 

carried out by the approximate method accourding to the larg
est loss time, which is given by the constant value depending 
on the time of using the largest load.

2. It is shown that the error of calculation of losses by the 
approximate method depends on the configuration of the 
graphs and the duration of active and reactive loads. The abso
lute value and the error sign depend on the ratio and magni
tude of these loads.

3. The dependence of electric power losses and time of the 
greatest losses on the power of compensating devices is ana
lyzed. Failure to take into account the change in the time of 
the greatest losses from the change in the schedule of reactive 
loading leads to significant errors during the feasibility study.

4. It is shown that in the case of reactive load compensation, 
the electric power loss calculation error by the approximate 
method decreases as a result of reducing the effect of this load on 
the magnitude of complex power, while the time of the largest 
losses decreases and reaches the minimum value for the com
pensation power that corresponds to the minimum power losses.

5. In case of using the unregulated compensating devices, 
the minimum power losses correspond to the condition of the 
equality of the amount of consumed electricity during the cal
culation period and generated electricity in the system during 
the overcompensation. In this case, the power of unregulated 
compensating devices is equal to the average reactive power of 
the load during this period, which can be determined by the 
readings of the measuring devices.

6. The mode of partial overcompensation of the load reac
tive power in order to reduce the losses of electric energy can 
be allowed in electric networks of power supply companies in 
the conditions of providing the permissible levels of voltage in 
the nodes of the electrical network. The general criterion of 
optimization is the minimum of discounted costs for installing 
compensating devices and their operation taking into account 
the cost of electricity losses and payments for the reactive elec
tricity flow between the transmission company and its custo
mers.

7. The analysis showed that with the power factor increas
ing, the relative efficiency of compensation is reduced, so the 
optimal power of compensating devices must be determined 
by minimizing the function of discounted costs. In the analy
sis, the generated power can be considered conditionally as the 
load capacity of the line with a positive sign and the power 
losses should be determined regarding the time of the greatest 
losses.

8. In order to increase the accuracy of electricity loss cal
culations in power supply systems, it is recommended to deter
mine graphical integration according to the data of modern 
information systems of electricity accounting.
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Особливості розрахунку втрат 
електроенергії в електропостачальних 

системах з компенсувальними пристроями

Ю. Ф. Романюк, О. В. Соломчак, П. М. Николин, 
У. М. Николин

ІваноФранківський національний технічний універси
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Мета. Підвищення точності розрахунку втрат елек
троенергії в системах електропостачання нафтогазового 
комплексу з компенсацією реактивної потужності на
вантаження шляхом застосування методу графічного ін
тегрування втрат потужності та вибір оптимальної по
тужності компенсувальних пристроїв.

Методика. Удосконалена методика визначення часу 
найбільших втрат з урахуванням найбільших втрат по
тужності окремо від передачі активної й реактивної по
тужностей дала змогу підвищити точність визначення 
втрат електроенергії. Запропонована методика визна
чення оптимальної потужності компенсувальних при
строїв.

Результати. Обґрунтована необхідність урахування 
форми графіків активної й реактивної потужностей та 
потужності компенсувальних пристроїв під час розра
хунку втрат електроенергії в системах електропостачан
ня. Показано, що ефективність компенсації реактивної 
потужності з метою зменшення втрат електроенергії сут
тєво знижується за високих значень коефіцієнта потуж
ності.

Наукова новизна. Запропонована методика розрахун
ку оптимальної потужності нерегульованих компенсу
вальних пристроїв за умови забезпечення мінімальних 
втрат потужності в електропостачальній системі. Удо
сконалено метод розрахунку втрат електроенергії в сис
темах електропостачання з компенсувальними пристро
ями шляхом окремого врахування активної й реактивної 
складових потужності під час визначення часу найбіль

ших втрат, що дозволяє підвищити точність і зменшити 
похибки розрахунків. Синтезована структура методу ви
значення втрат електроенергії в мережі, що, на відміну 
від існуючих, дає змогу врахувати вплив різночасності 
максимумів активного й реактивного навантаження на 
точність розрахунків і оптимізувати потужність компен
сувальних пристроїв.

Практична значимість. Підвищення точності розра
хунку втрат електроенергії. Вибір оптимальної потуж
ності нерегульованих компенсувальних пристроїв, що 
відповідає мінімуму втрат потужності в мережі жив лення.

Ключові слова: втрати електроенергії, компенсуваль-
ний пристрій, ефективність компенсації

Особенности расчета потерь электроэнергии 
в системах электроснабжения 

с компенсирующими устройствами

Ю. Ф. Романюк, О. В. Соломчак, П. М. Николин, 
У. М. Николин

ИваноФранковский национальный технический уни
верситет нефти и газа, г. ИваноФранковск, Украина, 
email: ulanda@gmail.com

Цель. Повышение точности расчета потерь электро
энергии в системах электроснабжения нефтегазового 
комплекса с компенсацией реактивной мощности на
грузки путем применения метода графического интегри
рования потерь мощности и выбор оптимальной мощно
сти компенсирующих устройств.

Методика. Усовершенствованная методика опреде
ления времени наибольших потерь с учетом наибольших 
потерь мощности отдельно от передачи активной и реак
тивной мощностей позволила повысить точность опре
деления потерь электроэнергии. Предложена методика 
определения оптимальной мощности компенсирующих 
устройств.

Результаты. Обоснована необходимость учета формы 
графиков активной и реактивной мощностей и мощно
сти компенсирующих устройств при расчете потерь 
электроэнергии в системах электроснабжения. Показа
но, что эффективность компенсации реактивной мощ
ности с целью уменьшения потерь электроэнергии суще
ственно снижается при высоких значениях коэффици
ента мощности.

Научная новизна. Предложена методика расчета оп
тимальной мощности нерегулируемых компенсирующих 
устройств при условии обеспечения минимальных по
терь мощности в электроснабжающей системе. Усовер
шенствован метод расчета потерь электроэнергии в си
стемах электроснабжения с компенсирующими устрой
ствами путем отдельного учета активной и реактивной 
составляющих мощности при определении времени наи
больших потерь, что позволяет повысить точность и 
уменьшить погрешности расчетов. Синтезирована 
структура метода определения потерь электроэнергии в 
сети, которая, в отличие от существующих, позволяет 
учесть влияние разновременности максимумов активной 
и реактивной нагрузки на точность расчетов и оптимизи
ровать мощность компенсирующих устройств.

Практическая значимость. Повышение точности рас
чета потерь электроэнергии. Выбор оптимальной мощ
ности нерегулируемых компенсирующих устройств, ко
торая соответствует минимуму потерь мощности в сети.

Ключевые слова: потери электроэнергии, компенсиру-
ющее устройство, эффективность компенсации
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