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Abstract

The article presents the causes of electrical energy losses in distribution
networks and defines criteria for determining and evaluating these losses across
different voltage levels.
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IOTePh NIeKTPOIHEPIMM Ha y4acTKax HallpsDKeHVIA.

KiroueBsbie cjioBa

JIeKTpUYecKe CeTy; IIOoTepsi 3JIeKTpO3HepIuny; MOJe/IpOBaHue; yCJIOBHBIE
IIOCTOSIHHBIE T10TePb; ITOJICTaHIIV

At present, accurate calculation of electrical energy losses and the
development of methods to reduce them are among the main challenges in power
systems. According to international experts, the relative total losses in electricity
transmission and distribution networks are considered acceptable if they do not
exceed 4-5%. In Russia, this value reaches 11-13%, while in Japan and Western
Europe it does not exceed 6-7%. According to official data, in the Republic of
Uzbekistan these losses average 16-18% [3]. Therefore, research on electrical energy
losses is a pressing issue in our country.
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The high level of electrical energy losses in distribution networks is mainly
associated with the following factors: technical parameters of network elements;
non-optimal operating modes, lack of regulation tools, absence or insufficient
compensation of reactive power, high unevenness of electrical loads, inefficiency of
electricity metering systems, increase in installed capacity of nonlinear and
asymmetric loads.

In addition, actual imbalances in distribution networks often exceed
permissible values. Their dynamics are characterized by randomness and a
tendency to increase both at substations and across the entire network. As a result,
inaccuracies in electricity metering lead to unreliable initial data for calculating,
analyzing, and forecasting energy losses [1].

In this article, we consider the calculation of electrical energy losses in low-
voltage (0.4, 6, and 10 kV) networks.

The actual value of standard electrical energy losses over a certain period is
calculated using the following formula:

AWnorm = AWshd + AWk + AWyuk + AWix + Wyz + AWnay

Where AWshg - conditional constant electrical energy losses; AWk - climate-
dependent losses; AWyuk - load-dependent losses; AW.x - losses caused by
permissible errors in metering systems; W, - electricity consumption for substation
auxiliary needs during the reporting period; AWmay - seasonal component of
standard losses for the reporting period.

The actual value of standard electrical energy losses as a percentage is
calculated as follows:

Awnorm % =

Where:
Wxaq - the actual amount of electrical energy transmitted through the

AWnorm

* 100%

network.

The actual values of energy loss standards and their components are
calculated from the beginning of the year on a monthly, quarterly, and calculated
basis [6].

Methods for Calculating Electrical Energy Losses

The following methods are used:

1.In the energy system of Uzbekistan and its subdivisions, energy losses are
calculated based on data obtained from electricity metering systems.

2.In 35-750 kV networks, loss standards are determined using main network
parameters, active and reactive power graphs, and data recorded by digital devices.
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3.In 0.38-10 kV networks, loss standards are determined using network
parameters, power graphs, data recorded at 6-10 kV inputs of 35-750 kV
substations, and actual or typical consumer load graphs.

If active and reactive power graphs for 35-750 kV network elements are
unavailable or incomplete, they are modeled using seasonal measurements. Based
on this, general patterns of power node fluctuations are identified [2].

The total technical losses of electrical energy in networks during a reporting
period are equal to the sum of losses recorded in individual network elements.

Conditional Constant Electrical Energy Losses. Conditional constant losses
depend on:

-losses in electrical equipment operating under no-load conditions
(independent of climate);

-losses in devices not directly dependent on network load;

-losses in devices with constant parameters regardless of load level;

-losses that are actually load-dependent but are determined by established
standards due to calculation difficulties.

Conditional constant losses are calculated using the following formula [6]:

AW ghg = AWZ20-750 4 AW35-110 4 Ayy038-10

Where:

AWZ227750 AW3S 7110 AWS38-10 — conditional constant losses for 220-750 kV,
35-110 kV, and 0.38-10 kV networks.

For 220-750 kV networks, AWZZ)"7°° — conditional constant losses are
determined by:

AWSZhZ(g 750 = AWklx + AWTrx + AWshr + AWsk + AWrsk + Aer + Avakch + Awkt
+ AWy cnie + AW, oy

Where:

AWy, —losses in cable line insulation; AWy, —no-load losses in power
transformers; AWy, —losses in shunt reactors; AWy, —losses in synchronous
compensators; AW,y —generator losses in compensator mode; AW, —losses in
surge arresters; AW,,.., —losses in overvoltage limiters; AW, —losses in voltage
transformers; AW, cp —losses in  high-frequency communication devices;
AW, ,,; —losses in substation busbars and connection wires.

For 35-110 kV networks:

AWE 10 = AWy + AWppy + AWy, + AW + AW, g + AW, + AW, 0 + AW,
+ AWyuchk + AWp.u.l
For 0.38-10 kV networks:

Publishing centre of Finland 484



HQ_FARS’ International Journal of Education, Social Science & Humanities.
—PUBLISHERS _ Finland Academic Research Science Publishers
ISSN: 2945-4492 (online) | (SJIF) = 8.09 Impact factor

Volume-14| Issue-4| 2026 Published: |22-04-2026|

AW = AWy, + AWppy + AW, + AWy + AW, + AW, 40 + AWy + AWy
+ AWp.u.l

Where:

AW,,;s —losses in electricity meters directly connected to the network.

Conclusion

Based on the analysis, it can be concluded that electrical energy losses in
networks are calculated separately for each voltage level, and the total energy loss
in the network is equal to the sum of losses across all voltage levels.
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