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Abstract. The article presents the main types of electricity losses depending on the operating parameters and 
parameters of distribution networks, as well as their structural components. The existing methods of obtaining 
information about operating parameters in 220-110-35-10-0.4 kV networks, the volume of measurements of 
operating parameters at substations of various voltage classes are described  
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1 Introduction 

As you know, the production, transmission and 
distribution of electricity are accompanied by the inevitable 
use of some of the generated energy for the implementation 
of these processes. The share of this energy is characterized 
by technological losses and is consumed to carry out work on 
the transport of electricity through electric networks from 
power plants to consumers. 

Тhe technical and economic indicators of the electrical 
system as a whole significantly depend on the value of 
electricity losses (EE), the cost of EE losses is included in the 
reduced costs and annual operating costs for the transmission 
of EE. There is a certain relationship between the cost of the 
electrical network and the energy losses in it [1-8]. 

The projected electrical network must provide an optimal 
balance between these two indicators. However, during 
operation, energy losses can increase, degrading the 
performance of the system. Thus, the ultimate goal of 
calculating and analyzing losses is to reduce them with the 
help of economically feasible measures. 

During the operation of EPS, the concept of actual 
(reported) electricity losses has become widespread, which is 
defined as the difference between the EE supplied to the 
network and released from the network (productive supply), 
determined according to the data of the electricity metering 
system (Fig. 1). 

 
Fig. 1. Actual losses of electricity in networks 

2 Main part 

The division of losses into components can be carried out 
according to different criteria: the nature of losses (constant, 
variable), voltage classes, groups of elements, production 
units, etc. For detailed analysis and rationing of losses, it is 
advisable to use an enlarged structure of electricity losses, in 
which the losses are divided into components, based on their 
physical nature and specificity of methods for determining ix 
quantitative values. 

Based on this criterion, the actual energy losses (EFL) can 
be broken down into four enlarged components, each of 
which has its own physical nature [9-14]: 

technical losses (TechPE) -∆Wt due to physical 
processes occurring during the transmission of electricity 
through electrical networks and expressed in the conversion 
of part of the electricity into heat in the elements of electrical 
networks; 

electricity consumption for auxiliary needs of 

substations (RESNP) -∆Wps, necessary to ensure the 
operation of the technological equipment of substations and 
the life of the service personnel; 

underestimation of electricity (PEPPU) -∆Wу, due to 
large negative errors of metering devices for consumers in 
comparison with similar errors of devices that record its entry 
into the network. Errors of metering devices in passport data 
are characterized by two-sided errors (plus - minus), 
however, for a number of reasons, there is a systematic 
negative error in the electricity metering system at the 
facility, which includes hundreds and thousands of measuring 
complexes. This error leads to an underestimation of 
electricity, therefore the term “losses” is applied to it. Under 
the current operating conditions of metering devices, the 
underestimation of electricity turns out to be significant; 

The sum of the first three components of losses due to the 
technology of the production process of transmitting 
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electricity through networks and instrumental accounting of 
its receipt and supply is called technological losses (TPE). 
Commercial losses (ComPE) -∆Wk, caused by theft of 
electricity, a discrepancy between meter readings and 
payment for electricity by household consumers and other 
reasons in the field of organizing control over energy 
consumption.  

In accordance with the above, the reported losses can be 
presented in the following form (Fig. 2).  

Wо=∆Wt+∆Wps+∆Wu+∆Wk 

 

 
Fig. 2. Enlarged structure of energy losses in electrical 

networks 

The fourth component is the impact of the “human factor” 
and includes all manifestations of such an impact: deliberate 
theft of electricity by some subscribers by changing meter 
readings, energy consumption other than meters, non-
payment or incomplete payment of meter readings, 
determination of the useful electricity consumption by 
subscribers by calculation, temporarily connected without 
meters, etc [15-19]. 

Commercial losses do not have an independent 
mathematical description and, as a result, cannot be 
calculated autonomously. Their value is determined as the 
difference between the actual losses and the calculated 
process losses. It is obvious that each enlarged component 
has its own more detailed structure. Technical losses can be 
divided into element-wise components, electricity 
consumption for auxiliary needs of substations includes 23 
types of electrical receivers, under-accounting of electricity 
includes components due to measuring current and voltage 
transformers and electricity meters, commercial losses can 
also be divided into numerous components that differ in the 
reasons for their occurrence. We call such a loss structure 
detailed structure of electricity losses. (Fig. 3) 

 
Fig. 3. Detailed structure of electricity losses 

According to the peculiarities of schemes and modes, as 
well as information security of electrical networks in the 
energy system of Uzbekistan, the following four groups of 
networks are distinguished: 

-Main electrical networks 220 kV and above and some 
110 kV networks; 

- Distribution (open) networks 35-110 kV; 
- Distribution networks 6-10 kV; 
- Electric networks 0.4 kV. 
To solve a complex of problems of calculation, analysis, 

planning and control of the operating modes of EPS networks 
and the level of losses in them, it is necessary to have a large 
amount of information about the parameters of circuits and 
modes that change significantly during the working period. 
The circuit parameters include the totality of all its 
constituent elements: power lines, transformers, generators 
and other elements. 

As a rule, information about the structure of the circuits is 
given in a numerically unambiguous form and does not 
change during the considered period of the system's 
operation. All network elements are represented by 
corresponding equivalent diagrams. The parameters of the 
equivalent equivalent circuit are: if the branch consists of a 
cable or overhead transmission line, then set: active and 
reactance (for branch i-j, zij=rij+jxij) and capacitive line 
conductivity (bij). If the branch consists of two (or three) 
winding transformers, then the following are set: active and 
reactance (for three winding transformers, the resistances of 
the HV, MV and LV windings are set), the transformation 
ratio (Ktij=Ui/Uj) and the installed power of the j-th node 
transformer (Sycmj). 

The operating parameters are the parameters of the loads 
given in various forms and the corresponding voltages. 

In the power system, information about the mode is 
incomplete both in terms of the description of the mode in 
time and in the number of measured parameters. Moreover, 
the quality and completeness of information decreases in 
medium and low voltage networks. So the most accurate 
information about the parameters of the mode is available for 
the main networks in which the voltage and power of the 
lines are controlled, however, the control is carried out only 
for the most important elements of the power supply circuit. 
Telemetry systems are installed on the generator voltage 
buses of all stations of the system, supplying and receiving 
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ends of lines above 220 kV and main transmission lines of 
220 kV. 110kV lines are equipped with a limited telemetry 
system. In the absence of telemetry, many 110kV substations 
are controlled by a dispatcher. So, on the main networks there 
is hourly information on energy flows, power connections 
and voltage levels in the nodes [20-23]. 

As you know, RS 35-110 kV operate according to a radial 
redundant scheme. Several feeders depart from each 
substation, which supply consumers with electricity. 
Information on electricity consumption at load nodes is 
obtained by seasonal measurements made at substations on 
the days of control measurements (typical winter and summer 
days). The most reliable measurements are carried out by the 
substation duty personnel, which are transferred to the 
control room. These include measurements at the head 
section of open-loop RS feeders departing from large 
substations, where voltages, active and reactive power and/or 
effective current values are measured, recorded in the 
schedule by the dispatcher. Some central substations of 
regional significance are controlled by a dispatcher. They are 
also measured by feeders four times a day or twice a month. 
Thus, in the RS 35-110 kV, the main source of operating 
information is the data of seasonal measurements, performed 
manually not more than twice a year by the operating 
personnel. 

RS 6-10 kV, as well as 35-110 kV networks, are also 
open-circuited. Information about loads is single 
measurements on operating days of currents at substations 
10/0.4, which are performed by measuring clamps during the 
period of the assumed maximum load (19-23 hours). 
Measurements are carried out twice a year and can take up to 
two months for all PCs, since one operational team can 
service 8-10 TPs per working day. The accuracy of such 
measurements is low. The random nature of the change in the 
measured current can lead to an error of 15-20%.  More 
reliable and reliable data on the loads of the lines leaving the 
distribution transformers of the supply feeders. 

In this case, the measurement error is 5-10%. For supply 
lines and substations of consumers, it is possible to determine 
data on electricity consumption in a given period of time. 
From this it can be concluded that in 6-10 kV RS, the data of 
the head section specified in the form of electricity supply or 
current measurements carried out 1-2 times a year are used as 
operating information [24-27]. 

Electric networks of 0.4 kV (380 / 220V) are, as a rule, 
radial lines connecting 0.4 kV lines of 6-10 / 0.4 kV 
distribution transformers with input devices of consumers. 

Electric networks of 0.4 kV are distinguished by a large 
number of switching switches and are practically not 
equipped with a measurement system. Therefore, the 
information received about the mode parameters is the least 
complete and reliable.    

Today, for 0.4 kV networks, it is possible to determine 
only the maximum currents or electricity supply for the 
substation, selectively measure currents or determine the 
voltage losses in the lines outgoing from the transformer 
substation. 

Based on the foregoing, it can be concluded that the 
volumes of measurement of operating parameters at 
substations of various voltage classes are different, and it is 
also incomplete both in terms of the description of the mode 
in time and in the number of measured parameters. 

Moreover, the quality and completeness of information 
decreases in medium and low voltage networks. 
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