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Relevance: The operating conditions of power supply systems are changing
rapidly. This is due to changes both on the power supply side and on the load side.
The stable operation of the power supply system is based on mathematical models
and  operating  rules.  Under  changing  conditions,  there  is  a  likelihood  of  an
inadequate description of  the situation and,  accordingly,  erroneous operation of
electrical  equipment  and the power  supply system as a  whole.  To prevent  this
situation, it  is necessary to check the parameters of the regime and the applied
calculation methods for adequacy.

The most important criterion for the operation of the power supply system is
the  level  of  electricity  losses.  Under  changing  conditions,  the  magnitude  and
components of electricity losses change. In the current situation, it is necessary to
analyze these processes and make adjustments to the applied models. 

For this study, it is envisaged to conduct: a review of documentation on the
calculation of energy losses; instrumental studies of mode parameters; analysis of
applied  methods  for  calculating  electricity  losses;  consideration  of  influencing
factors on the magnitude and components of energy losses. Based on the results of
the  formation  of  the  database  by  mathematical  methods,  their  processing  is
envisaged to obtain dependencies on factors affecting the level of energy losses. 

The end result will be the development of an improved model for calculating
electricity losses and a computer program for calculating typical cases, it is also
envisaged to introduce them into educational and production processes..

The object of research is 110 kV electrical networks.
The  purpose  of  the  work  is  to  create  an  improved  methodology  for

determining  the  added  power  losses  caused  by  asymmetry  and  non-sinusoidal
currents in the ES, as well as its implementation in a software environment.

Research  methods.  In  the  course  of  research  were  used:  the  theory  of
matrix calculus, methods and techniques of mathematical modelling, methods of
physical and computational experiments, comparison of the results of instrumental
surveys with the results of calculations. Synthesis of the results of theoretical and
experimental studies will make it possible to assess the adequacy of the adopted
solutions,  reliability  of  the  obtained  results.  Conducting  instrumental
measurements of mode parameters: voltage and current (RMS, AC + DC, peak,
fundamental  frequency);  frequency  (at  50  Hz);  power  (VA,  VAreact);  power
factor; current and voltage harmonics.

As  a  result  of  the  research,  a  software  application  was  developed  to
estimate power losses due to asymmetry and non-sinusoidality of currents.  The
"Instruction on Loss Calculation for Electric Grid Companies on the Use of the
Programme "Calculation of Losses on Power Transmission Lines" was developed.
On the  basis  of  the  methodology for  calculating  basic  and  incremental  losses,
recommendations were developed,  which set  out  the accounting of  incremental
losses  in  the  regulation  of  commercial  relations  between  the  power  supplying
organisation and the consumer, recommendations for assessing incremental losses



of  electricity  and  their  accounting  in  the  formation  of  tariffs,  as  well  as
recommendations  for  reducing  the  share  of  incremental  losses  of  electricity.
Educational and methodical manuals for implementation in the educational process
have been developed.

Degree  of  implementation.  The  obtained  results  are  used  at  network
enterprises for processing the results of instrumental survey during energy audit.

Scope of application. Electricity grid companies to determine the structure
of losses and assess their quantitative characteristics.

Члены исследовательской группы:
1)  Zhantlessova  Assemgul  Beisembayevna (26.12.1982)  -  head,  PhD

"electric power engineering". Participates in the preparation of a utility model and
development of a computer program for calculating the main and additional losses
of electricity from non-symmetry and non-sinusoidality in power supply systems,
in  project  risk  assessment,  preparation  and  publication  of  articles.  Author  ID:
57195505692. ORCID icon http://orcid.org/0000-0003-3730-0579. h-index=3.  A
total of 41, 7 copyright certificates, patents, 4 of which are published in Thomson
Reuters.

2)  Akimzhanov  Temirbolat  Baltabayevich-performer,  PhD  "electric
power". In the project, he develops a utility model and a computer program for
calculating  losses  of  automatic  reactive  power  compensation  devices,  prepares
methodological  guidelines  for  the  developed  program,  prepares  articles  and
reports, and participates in conferences.  Certified energy auditor, is the head of the
center  for  "energy  Conservation  and dissemination  of  knowledge".  Author  ID:
56485979700. the h-index:2.

3)  Zhumazhanov  Serik  Karatayevich-candidate  of  technical  Sciences
"Eletrotechnical  complexes  and  systems".  In  the  project,  he  develops  a  utility
model and a computer program for calculating the main and additional losses of
electricity  from  asymmetry  and  non-sinusoidality  in  power  supply  systems,
prepares methodological guidelines for the developed program, implements project
developments,  prepares  articles  and  reports,  and  participates  in  conferences.
Author ID: 54950223000. h-index: 2.

4) Yermek Zhaslanovich Sarsikeev  (26.02.1987) -  PhD "Electric power
engineering".  In  the  project,  he  is  preparing  a  utility  model  and  a  computer
program  for  calculating  the  main  and  additional  losses  of  electricity  from
asymmetry and non-sinusoidality in power supply systems in engines, pumps and
fans, and writing a methodological guide to the developed program, implementing
developments  on  the  project,  preparing  articles  and  reports,  participating  in
conferences.  Author ID:  56252099900.  ORCID icon http://orcid.org/0000-0002-
7209-5024. h-index: 5.

5) Zhanat Beisembayevich Issabekov- PhD "Electric power engineering".
In the project, he develops a utility model and a computer program for calculating
the  main  and  additional  losses  of  electricity  from  non-symmetry  and  non-
sinusoidality  in  power  supply  systems  in  transformer  substations,  prepares
methodological  guidelines  for  the  developed  program,  implements  project



developments,  prepares  articles  and  reports,  and  participates  in  conferences.
Author ID: 57194215799. h-index: 2.

6)  Issabekova  Bibigul   Beisembayevna- PhD  "Electric  power".  In  the
project,  he prepares a utility model and a computer program for calculating the
main and additional losses of electricity, grounding the neutral of electric networks
and  implementing  developments  on  the  project,  preparing  articles  and  reports,
participating in conferences. Author ID: 56826203500.

7) Amir Yerlan Kamalievich- master's degree. In the project, he develops a
utility  model  and  a  computer  program for  calculating  the  main  and  additional
losses  of  electricity  from  asymmetry  and  non-sinusoidality  in  power  supply
systems,  implements  project  developments,  prepares  articles  and  reports,  and
participates in conferences. 

Information for potential users: 
As a  result  of  the  work carried  out,  a  method for  calculating  electricity

losses will be developed, taking into account the influence of asymmetry and non-
sinusoidality,  implemented  in  the  form of  a  computer  program and  a  training
manual for implementation in the educational process, as well as instructions for
implementation in power grid and other organizations.
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Results
1. The developed software application that allows to estimate power losses

from asymmetry and non-sinusoidality of currents (the certificate of inclusion of
information  in  the  state  register  of  copyrighted  objects  No.  29086-1  dated  5
October 2022 was obtained). This software application allows to calculate power
losses when taking into account asymmetry and non-sinusoidality of currents, can
also be used in the processing of the results  of  instrumental energy surveys of
overhead lines  of  power  systems,  in  the study of  voltage and current  patterns,
levels of added losses depending on the dimensions of supports, wires and cables.
When assessing the level of additive losses in the network, a sufficient number of
overhead lines surveyed for this purpose is established based on the results of a



complete energy survey of the power network by investigating the additive loss
factor in overhead lines of the power system. 

2. In 2021, the results of experimental studies of power quality indicators
from LLP "Energy On Track" were received data of field experiments in the form
of results of daily instrumental measurements of modes of overhead and cable lines
of  110 kV electric  network  of  JSC "Astana  REC"  in  the  amount  of  22  lines,
including single-circuit and double-circuit. In 2022, measurements were carried out
in  the  power  grids  of  South  Kazakhstan  region  and  West  Kazakhstan  region.
Instrumental  measurements of  regime parameters were carried out  to determine
power quality indicators for formation of experimental database using Fluke 437
power quality analysers, as well as three-phase power quantity and quality analyser
S.A. 8336 and MI 2892, purchased under the project.

The  obtained  experimental  data  were  processed  on  the  basis  of  GOST
13109-97 standard "Electrical Energy. Electromagnetic compatibility of technical
means. Standards of quality of electric energy in general purpose power supply
systems". On the basis of the obtained data the evaluation of electric power quality
indicators was performed 

3.  Testing  and  debugging  of  the  developed  methodology  and  software
applications on the basis of experimental data, taking into account typical and non-
typical cases. An improved mathematical model and methodology for calculating
power losses and its implementation in a software environment were developed
and a certificate of inclusion of information in the state register of copyrighted
objects No. 36231 dated 25 May 2023 was obtained. 

4. Recommendations on the implementation of the proposed solutions in the
educational  and  production  environment  have  been  developed  (Appendix  B,
Appendix  Z).  There  is  an  implementation  in  the  educational  process  of  ENU
named after  L.N.  Gumilev,  Toraigyrov University  and KazTIU named after  S.
Seyfullin, as well as in LLP "ESG TREND", "LeaderCom", "Kazakhstan Centre
for Energy Saving and Energy Efficiency", "Energy Op Track".  

A textbook for universities and instructions on loss calculation for power
grid companies were developed.







 






