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Abstract. The paper is aimed at developing technical and organizational measures to reduce the losses of electrical
energy during its transmission via main and distribution electrical grids, in power transformers and electric power trans-
mission lines. The focus of the study was on electrical grid modes in the Namangan Region of Uzbekistan (voltages of
220/110/35/10/6 kV), which were analyzed via technological calculation-based research methods using an equivalent
circuit representing the linear circuit currently employed in the regional electric energy system. In addition, electrical grids
were simulated using the software package “Program for calculating electrical grid modes” followed by the processing of
calculation results by means of the Microsoft Excel package. The paper calculates electrical modes for the equivalent
circuit of the regional electric energy system, as well as offering technical measures (installation of reactive power com-
pensation devices; adjustment of transformation ratios in power transformers) aimed at adjusting voltage to improve elec-
tric power quality in terms of voltage deviations and lower power losses. Voltage deviations in most grid nodes were
found to be inconsistent with GOST 32144-2013. Thus, in 35 kV, 10 kV, and 6 kV nodes, the largest underdeviation
amounted to 12.45 kV, 3.26 kV, and 2.09 kV, respectively. For the placement of reactive power compensating devices
having a total power of 67.82 MV-Ar, 35 kV nodes were used; in addition, the values of transformer ratios at transformer
substations (35-110 kV) were determined. Calculations indicate that the conducted activities can normalize voltage in the
35 kV, 10 kV, and 6 kV nodes while reducing power losses in the electrical grid by 9.35 MW. It is estimated that the pro-
posed measures will be paid back in approximately three years. By means of compensating reactive power and adjusting
transformer ratios, these measures can reduce electrical energy losses during transmission in the considered objects
and maintain a given voltage level.

Keywords: electric power quality, electrical energy losses, voltage deviation, grid mode, electrical equipment, trans-
former ratio
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Pe3rome. Llenb — paspaboTka opraHu3aLWOHHO-TEXHUYECKUX MEPONPUSATUIA NO COKPALLEHUIO MOTEPb 3NEKTPO3HEep-
MW NpK ee TPAHCMOPTMPOBKE B MarncTpanbHbIX U pacnpefenuTenbHbIX SNIEKTPUYECKUX CETSX, B CUIOBbLIX TPaHCHOpPM a-
TOpax M nNuHusX anekTponepeaadn. OBbEKTOM UCCMNeaoBaHUI SBUNNCH PEXUMbI paboTbl 3NeKT puyeckon cetTn HamaH-
raHckon obnactu Pecnybnuku Y3beknctaH HanpsixeHnem 220/110/35/10/6 kB. Wcnonb3oBanucb TeXHOMOrMYeckue Me-
TOAbl UCCNEeSOBaHNUS pacyeTHLIM NYTEM MO CXEME 3aMeLLeHUst AeNCTBYIOWEN NUMHENHONW CXEMbl 3NEKTPOIHEPTeTUYECKON
cuctembl obnactu. Takke MCMoNb30Banocb MOLENWPOBAHWE AMEKTPUYECKUX CETEl C MOMOLLbI MPOrpaMMHOro KoM-
nnekca «lporpamma pacyeTa peX1MMOB 3NEKTPUYECKUX ceTeil» n 0bpaboTka pe3ynbTaToB pacyeToB C NOMOLLbIO NakeTa
Microsoft Excel. B pesynbTaTte uccnegoBaHuii pacCcunTaHbl ANEKTPUYECKME PEXMMBI CXEMbI 3aMe LLIEHUS 3NEKTPO3Hepre-
TWYeckoW cucTeMbl obnactu, NpeanoXeHbl TEXHUYECKNe MEPONPUSATUS (YCTaHOBKA YCTPOCTB KOMMEHCALMN PEAKTUBHON
MOLLHOCTW 1 perynupoBaHue Ko3(UUMEHTOB TpaHChOpMaLmuu CUMOBbIX TpaHCOPMaTopoB) MO PerynupoBaHuio
HanpshkeHUs ONs NOBbILLEHUS Ka4eCTBa 3NIEKTPOIHEPTUN B YACTU OTKMOHEHWS HANPSKEHWIA W CHUKEHUIO MOTEPb MOLL-
HOCTW. YCTaHOBNEHO, YTO OTKNOHEHUS HanpshkeHWit B GONbLUMHCTBE Y3noB ceTu He cooTBeTcTByoT TOCT 32144-2013.
Tak, B y3nax ¢ HanpsbkeHuem 35 kB Hambonbluee oTpuuaTenbHOE OTKMOHEeHMe HanpskeHun coctaeuno 12,45 kB, Ha 10
kB — 3,26 kB, Ha 6 kB — 2,09 kB. OnpepneneHbl y3nbl ceTvt Ha cTopoHe 35 KB gns pa3melleHnst yCTPOMCTB KOMNEHcaLnm
peaKkTMBHON MOLLHOCTU, CyMMapHOe 3HauyeHue MOLLHOCTen coctaBuno 67,82 MB-Ap; Takke onpeaeneHbl BEMUYMHBI
K0adhhMUMEHTOB TpaHCcopMaLnn Ha TpaHCOPMaTOPHbIX NOACTaHUMAX, Haxoaswmxea B ananasoHe 35-110 kB. Pac-
yeTamu NoKasaHo, YTo NPOBEAEHHbIE MEPONPUATASA NO3BONSAOT YBENNYNTL HanpsxeHue B yanax 35, 10, 6 kB go Hopmbl,
a TaKke CHWU3WUTb NOTepM MOLLHOCTM B ceTn Ha 9,35 MBT. YCTaHOBNEHO, YTO pacyeTHas OKynaemoCTb NPeLnOXEeHHbIX
MeponpuaTuii coctasuT ~ 3 roga. Mpeanaraemble MeponpuaTUS NO3BONSAT COKPATUTL NOTEPU 3NEKTPOIHEPTUM NpU ee
TPaHCMOPTMPOBKE B M3YYeHHbIX 0ObEKTax 1 NOAJEP)KaTb HANPSKeHUs Ha 3agaHHOM YPOBHE 3a CHET KOMMEHCaUmMn peak-
TWBHOW MOLLHOCTU 1 perynmpoBaHus KoaULMEeHTOB TpaHchopmaLmu.

Knroyeeble ciiosa: KayeCTBO SNEKTPOIHEPrUM, NMOTEPU IMEKTPOIHEPTUM, OTKIIOHEHUE HAMPSIKEHUS, PEXUM 3nek-
TPpWUYeCKoit ceTu, anekTpoobopyaoBaHue, KoauLNEHT TpaHchopMaLum

Ana yumupoeanus: TuryHues C. I'., Axmegos C. b., YcmoHoB C. B. Pa3paboTka MeponpusaTiili N0 CHWKEHUIO Mo-
Tepb 3MEKTPO3HEPrUn B 3NeKTpuYeckux cetsax Hamanranckon obnactu Pecny6nukm YsbekucrtaH // iPolytech Journal.
2022.T. 26. Ne 3. C. 508-518. (In Eng.). https://doi.org/10.21285/1814-3520-2022-3-508-518.

INTRODUCTION

Electrical energy losses can be divided into
technical and commercial losses. Since tech-
nical losses are directly related to electric power
quality, it is necessary to develop methods for
assessing electrical energy losses depending on
the deviation of indicators characterizing electric
power quality from the normalized values.

Since electric power quality has a significant
effect on the operating conditions for both the
electrical grid of companies and process equip-
ment, the provision of electric power quality is
the second most important task undertaken by
power suppliers [1, 2].

The deviations of indicators reflecting electric
power quality from the normalized values char-
acterize the operating conditions for the electri-
cal equipment of power suppliers and consum-
ers, as well as possible damages both in the
industrial and residential sectors.

The most common types of current-using
equipment, widely used in various industries,
include electric motors and electric lighting sys-
tems. Electrothermal systems, as well as valve
converters, are also becoming increasingly
widespread. Electric motors are used in the
drives of various machinery. Systems that do
not require rotational speed control during oper-
ation use asynchronous and synchronous mo-
tors* [3].

Voltage deviation. Gradual changes in the
supply voltage (usually lasting at least 1 minute)
are typically associated with changes in the
electrical grid load.

Electric power quality indicators reflecting
slow changes in supply voltage include the un-
der- 6U.y and over- §Udeviations of supply

voltage from the nominal/matched value (%) at a
given point of an electrical system:

*Electricity, equipment. Available from: https://forca.com.ua [Accessed 25th February 2022] / EnekTpoeHepreTuka,
obnagHaHHs [OnekTpoHHbIi pecypc]. URL: https://forca.com.ua (25.02.2022).
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U, =[l, —Um(_))/UO]-lOO;
U, :[(Um(+) —Uy)/U,] '100'

where Up -y, Um(y) — values of supply voltage,
V, lower than U, and higher than U,, respective-
ly, averaged over a time interval of 10 min ac-
cording to subsection 5.12. of GOST
30804.4.30° [4-19]: U, — voltage equal to the
standard nominal value U,,,, or declared volt-
age U, V.

In low-voltage electrical grids, the standard
nominal supply voltage U,,,, amounts to 220 V
(between phase and neutral conductors for sin-
gle-phase and four-wire three-phase systems)
and 380 V (between phase conductors for three-
and four-wire three-phase systems).

In medium- and high-voltage electrical grids,
declared supply voltage U, is adopted instead of
the nominal supply voltage.

The following norms are set for the above-
mentioned indicators characterizing electric
power quality: over- and underdeviations at a
given point of an electrical system should not
exceed 10% of the nominal or declared voltage
value during a one-week period [19].

Effect of voltage deviations on the opera-
tion of an electrical grid and equipment. Load
losses of power and electrical energy in power
transformers and transmission lines are propor-
tional to the square of the current and inversely
proportional to the square of the voltage, while
no-load losses determined according to the ex-
pression for total power losses with voltage de-
viations are proportional to the square of the
voltage [5, 6]:

ISSN 2782-6341 (online)

AP = APy o - (m)z + APy nom

100
Too+ o0

where 4P, ;om AP nom — 10ad and no-load power

losses calculated at the nominal voltage, kw; U
— voltage deviation from the nominal value, %.

The increase (decrease) in power losses as
compared to the nominal value is determined as
follows [5]:

oU
0P = S0 (APNL.nom - APL.nom)’

where 6P — change in power losses, kW.

Provided that APy, om > AP nom N the grid,
it makes sense to reduce voltage, as at 6U < 0
the total losses will be (6P < 0) [5].

According to the level of electrical energy
losses, it is possible to derive conclusions about
the necessity and implementation scope of en-
ergy conservation measures.

Rising grid energy losses are attributed to
objective trends in the general development of
the power industry. The main trends include a
continuous increase in electrical grid loads as-
sociated with the natural rise in consumer loads
and the lower increase rate of the power transfer
capability as compared to the electricity con-
sumption increase rate® [7].

A reduction of grid energy losses constitutes
a complex problem that, among other things,
requires personnel training and significant capi-
tal investments essential for optimizing the de-
velopment of electrical grids, improving the elec-
trical metering systems, introducing new infor-
mation technologies in power supply activities,
and managing grid modes’ [8].

GOST 30804.4.30. Electric energy. Electromagnetic compatibility of technical equipment. Power quality measurement
methods. Moscow: Standartinform; 2014. / TOCT 30804.4.30. Onektpuyeckas aHeprust. COBMECTUMOCTb TEXHUYECKMX
CPEeLCTB anekTpomarHuTHas. MeTonbl U3MepeHUiA nokasaTerneit kayectsa anekTpuyeckon aHeprum. M.: N3n-Bo «CraH-
aapTuHdopmy», 2014,

°On approval of the Regulations on the Ministry of Industry and Energy of the Russian Federation. Decree No. 284 of
June 16, 2004. / O6 ytBepxaeHumn MonoxeHns o MuHMCTEpCTBE NPOMBILINIEHHOCTU W 3HepreTukn Poccuinckon depepa-
uum. MocTtaHosneHue Ne 284 ot 16.06.2004.

Vorotnickij V. E, Zaslonov S. V., Kalinkina M. A. Calculation, normalizing and reduction of electrical power losses when
transmitted through electrical networks: textbook. Moscow; 2006. / BopoTtHuukuit B. 3., 3acnoHos C. B., KanuHkuHa M.
A. PacyeT, HOpMUPOBaHWE U CHUXEHUE MOTEPb 3MEKTPO3IHEPrun MpU ee nepefadve no 3neKkTpuyeckum cetsam: yyeb. -
meTog. nocob. M., 2006 r.
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Due to the complexity of loss calculations
and the presence of significant errors, special
attention has recently been paid to the devel-
opment of procedures for normalizing electrical
energy losses.

The technical electrical energy losses in-
clude relatively constant and load (variable)
electrical energy losses. Relatively constant
losses constitute a part of technical losses in
electrical grids that does not depend on the
transmitted power. Load losses are losses in
lines, power transformers, and current-limiting
reactors depending on the transmitted load. The
normalization of electrical energy losses is
aimed at reducing losses or maintaining them at
a technically and economically reasonable level
[8].

The nominal voltage and active power are
typically specified for a grid element in the con-
sidered load mode. The amount of voltage loss
in a given grid element can be altered by chang-
ing its resistance and inductive reactance or re-
active power transmitted through it.

Changes in the amount of transmitted reac-
tive power affect voltage levels. Reactive power
can be produced by power plant generators, as
well as other reactive power sources, i.e., com-

pensating devices (CDs) and transmission lines.
By regulating the amount of reactive power gen-
erated by different sources, it is possible to ad-
just the grid load in the section between them
and the consequent amount of voltage losses in
that grid section® [11].

When developing grid development circuits,
the reactive power shortage is ascertained at
the stage of determining the balance between
active and reactive power in distribution nodes
for the calculation period. According to the cal-
culation data, issues related to the required
number of reactive power CDs, as well as their
placement points, are addressed in the circuit. It
is a priority to place CDs close to the consumer
since this factor significantly affects grid energy
losses and its quality at the consumer® [12].

Two-winding and three-winding transform-
ers, as well as autotransformers, can be in-
stalled at various points in electrical grids to in-
crease or decrease grid voltage. The voltage
mode at transformer installation points is typical-
ly unknown in advance; moreover, it may vary
due to changes in energy consumption modes
or grid parameters [13].

In order to effectively adjust voltage so as to
maintain the required voltage levels (as per

®Ananicheva S. S., Alekseev A. A., Myzin A. L. Electrical power quality. Regulation of voltage and frequency in power
systems: learning aids. Ekaterinburg; 2012, 93 p. / AHanuyeBa C. C., AnekceeB A. A., MbiauH A. J1. KauecTBo anekTpo-
3Heprvw| PerynupoBaHue HanpsikeHUs 1 4acToTbl B 3Heprocucremax: y4eb.-meroq,. n0006 Exatepun6ypr, 2012. 93 c.

Neklepaev B. N. Electrical part of power stations and substations: learning aids. Irkutsk, 1986. 640 p. / Heknenaes b. H.
SneKTqueCKaﬂ 4yacTb 3MEKTPOCTaHLUMIA 1 noacTaHuuin: y4eb.-metog. nocob. MpkyTtck, 1986. 640 c.

Strategy of energy efficiency improvement in municipalities. Available from: https://pandia.ru/text/78/270/67411.php.
[Accessed 27th February 2022] / CtpaTerms noBblleHWsI 3HeProadEKTMBHOCTM B MyHULMUNANbHbIX 06pasoBaHMUsAX
PJ‘IeKTpOHHbIVI pecypc]. URL: https://pandia.ru/text/78/270/67411.php. (27.02.2022).

"Akishin L. A., Prokopchuk K. 1., Starostina E. B., Snopkova N. Yu. Electric power systems and networks: methodologi-
cal guidelines for practice and course design. Irkutsk: Irkutsk National Research Technical University; 2015, 80 p. / Aku-
wuH J1. A, Mpokonuyk K. W., CtapocTtuHa 3. b., CHonkosa H. K0. SnekTpoaHepreTuyeckne CUCTEMbI U CETU: METOA. YKa-
3aH|/|9| NS NPaKT. 3aHATWUIA U KYyPCOBOro npoeKTMposaHm WpkyTck: U3a-so UPHUTY, 2015. 80 c.

“Idel'chik V. 1. Electrical power systems and networks: a textbook for universities. Moscow: Izdatel'skij dom Al'yans;
2009, 592 p. / Upgenbuuk B. N. Onektpuyeckne cuctemsl u ceti: yuebHuk ans sy3oB. M.: OO0 «M3paTenbckuit oom
AnbsHcy, 2009. 592 c.
13Fajbisovich D. L. Handbook on electrical network design. Moscow: Innovation Center ENAS; 2009, 392p. / ®ainbucosuny
LL . CnpaBoYHKMK Mo NPOEKTMPOBaHUIO anekTpuyeckux ceter. M.: HLL «9HAC», 2009. 392 c.

Neklepaev B. N., Kryuchkov I. P. Electrical part of power stations and substations. Reference materials for course and
diploma deS|gn|ng textbook for universities. 4th edition, revised. Moscow: Energoatomizdat; 1989, 608 p. / Heknenaes b.
H., KptoukoB W. T. SnekTpuyeckas 4yacTb 3NeKTPOCTaHUWA M noactaHuuin. CnpaBoyHble MaTepuarnsl AN KypcoBOro U
AVNAOMHOrO NpoekTupoBaHus: y4eb. nocob. ans By3os. 4-e w3d., nepepab. u gon. M.: M3g-Bo «OHeproatomusgaty,
1989. 608 c.

Rozhkova L. D., Kozulin V. S. Electrical equipment for stations and substations: a textbook for engineering vocational
schools. Moscow: Energoatomizdat; 1987, 648 p. / Poxkosa J1. [1., Kosynux B. C. OnektpoobopynoBaHue anst CTaHuuii v
NoACTaHUMIA: y4ebHUK Ans TexHUKymoB. M.: M3a-Bo «3HeproaTtomnagaty, 1987. 648 c.
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GOST 32144-2013") at consumer buses and
ensure energy-saving grid modes, it is necessary
to modify transformer ratios. Therefore, step-
down transformers and autotransformers are
produced to allow for a 10-20% variation of the
transformer ratio. If the highest nominal voltage
does not exceed 220 kV, taps are typically on the
supply side, i.e., on the high-voltage side in step-
down transformers. At higher nominal voltages,
grids are equipped with autotransformers featur-
ing either mid-taps or those placed at the neutral
point of common winding™**° [12].

At the main substations, voltage should be
adjusted via the counterload voltage control. In
the case of extended feeders, it is used to re-
duce electrical energy losses and ensure an ap-
propriate voltage level; self-regulating capacitor
banks or voltage boosters should be installed as
voltage regulators [13].

The paper examines the 220/110/35/10/6 kV
electrical grid in the Namangan Region of Uz-
bekistan, calculates operating modes, as well as
proposing technical measures aimed at adjust-
ing voltage so as to improve electric power qual-
ity in terms of voltage deviation and lower power
losses. The cost of the proposed measures was
estimated. The studies involved calculations ac-
cording to the linear circuit currently employed in
the regional electric energy system. In order to
simplify the calculations, a part of the circuit was
selected. Fig. 1 shows a simplified electrical cir-
cuit of the Namangan Region.

An equivalent circuit was designed to calcu-
late the modes. For each element (transformer,
line, reactor, and substation buses), resistance
and reactance, as well as the capacitive suscep-
tance of transmission lines, were calculated™®™*
[14-23]. For system transformers and autotrans-
formers, resistance, reactance, transformer rati-
0s, conductance, and shunt susceptance were
determined.

In the grid, 6-10 kV electricity consumers
were taken into account. Load values were ob-
tained from the results of control measurements
performed in 2016.

ISSN 2782-6341 (online)

The initial data were entered into the PRRES
computing system for calculating electrical grid
modes developed at the Irkutsk National Re-
search Technical University. The number of all
nodes amounted to 461. For convenience, the
nodes were numbered according to their volt-
age: for example, nodes numbered from 2000 —
220 kV, from 1000 — 110 kV, from 3000 — 35 kV,
from 4100 - 10 kV, and from 4600 — 6 kV. The
equivalent circuit parameters were entered in
“Data: Nodes” and “Data: Connections.”

Fig. 3 shows a graph representing the volt-
age level of 35/10/6 kV nodes. It can be seen
from the graphs that voltage deviations are in-
consistent with GOST 32144-2013", varying
across a wide range. Thus, in the 35 kV, 10 kV,
and 6 kV nodes, the largest voltage deviation
amounted to 12.45 kV (3105 Galaba node), 3.26
kV (4142 Gova node), and 2.09 kV (4626
Yangier node), respectively.

With the mode calculation results in mind, it
is proposed to select CD placement points and
reduce transformer ratios by 10% at 110-35 kV
transformer substations in order to reduce volt-
age deviations.

It is assumed that the proposed measures
can increase voltage in the 110/35/10/6 kV
nodes, as well as reducing grid power losses.

The studies revealed that the best CD
placement points are the 35 kV nodes. The cal-
culations yielded the following CD power values
in the 35 kV nodes (see table).

It can be seenin fig. 3 a and 3 b that the im-
plemented measures allow the transformer ratio
K: to be reduced by 10%, while the installation of
CDs enabled a voltage normalization in the 35
kV, 10 kV, and 6 kV nodes, as well as reducing
the grid power losses by 9.35 MW, which is de-
termined as the difference between active power
losses in the grid elements prior to (see fig. 2 a)
and following (see fig. 2 b) the CD installation.

ECONOMIC INDICATORS
For CD installation, 35 kV nodes with select-
ed placement points were used. Thirteen CDs

YGOST 32144-2013. Electrical Energy. Electromagnetic compatibility of engineering equipment. Standards for the quality
of electrical energy in general-purpose power supply systems. Moscow: Standartinform; 2014. / TOCT 32144-2013.
OnekTpuyeckas aHeprus. COBMECTUMOCTb TEXHUYECKUX CPeACTB 3NeKTpoMarHuTHas. Hopmbl kayecTBa anekTpu4ecKkon
3Hepruu B cMcTeMax anekTpocHabxeHus obulero HasHaueHusl. M. M3a-Bo «CtaHaapTuHgopmy», 2014.
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Fig. 1. Simplified linear circuit of the electrical grid in the Namangan Region
Puc. 1. YnpoweHHas nuHeliHasi cxema anekmpuyeckoli cemu HamaHzaHckoli o6nacmu
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E PE3yNLTaT: Cxema X
KOMM4YeCTEC NOOCHCTEeM
OTRIDYEHO CEASEl 0
norameHo Y3I0B 0
cyradapHue :  (MreT) / (MrBap) aKTHBHIE pPEeaKTHUBHES
smpafoTXa Ha CTaHUMAX 374.09 387.€3
Harpyska norpeburenei 335.71 251.68
Harpysxa B DVHTax 0.00 0.00
norepu 3 cBA3AX - QL 38.39% 135.95
YyCTaHOEBNeHHAA Harpy3xa 335.71 251.6€8
noTepH B JMHMAX 20.45 39.05
noTepK B NYHTaX JO4HMOL 0.00 0.00
renepauma JIZI0 = QL 0.00 52.20
norep B TpaHcdopMaTopax 17.94 149.10
noTepx B mMyHTaxX TpaHcd—pos 8.00 41.87
Banaxc W(x) :k-sHopa 0.00 0.00

a

™ pesynsTaT: cxema X
KOJIM4eCTEC NOOCHCTEM

OTKNIOYEHO CEBA3eNR 0

norameHo YsJOB 0

cymdapHee: (Mrer)/ (Mreap) aKTHEHEE pPEeaxTHEHEES
supaforka Ha CTaHIMAX 364.75 347.11
Harpyska norpefurenei 335.71 251.87
HETrpY3Ka B MyHTax 0.00 0.00
norepu B cBA3AxX - QL 25.04 95.24
YCTaHOBNEHHAA HATpY3Ka 335.71 251.87
noTepM B JMHMAX 13.53 28.84
noTepK B HMyHTaxX JIMHMA 0.00 0.00
renepauna JIZI0 = QL 0.00 54.08
norep B TpaHcdopmaTopax 15.52 120.4¢
noTepM B mMyHTax TpaHcd—-pos 8.73 45.50
Banaxc W(x) :k-Hopia 0.00 0.00

b

Fig. 2. General mode calculation results obtained in the PRRES program:
a—prior to the implementation of measures; b — following the implementation of measures
Puc. 2. O6ujue pesynsmamsbi pacyema pexuma e npozpamme «[TPECC»: a — peaynsmamsbi 3o ocyuw,ecmesieHus
Meponpusimul; b — pe3ynbmambl nocse ocywecmesieHuUss Meponpusmui

Power values of the compensating device
3HaueHNsi MOLLHOCTEN KOMMNEHCUPYIOWMX YCTPONCTB

Voltages before CD Power CD Voltage after installation

Node Name Node Number ins?allation, kV Mvar ’ of CD, kV
Hagigat 3042 25.24 2.02 35
Youngiyerr 3047 24.78 4.56 35
Momohon 3050 26.94 7.1 35
Navruz 3053 25.11 5.32 35
3057 3057 25.67 7.23 35
Mashrab 3081 24.67 5.34 35
Turakurgon-2 3088 23.55 7.83 35
30911 30911 23.01 6.13 35
Gova 3101 24.82 0.9 35
Galaba 3104 22.55 11.01 35
Marmar 3108 28.26 1.14 35
Tergachi 3111 27.88 5.08 35
3115 3115 28.06 4.16 35
Sum Qcp - - 67.82 -

having a total power of 67.82 Mvar were in-
stalled (see table).

The installation cost of a 1 Mvar CD comes
to $50,000 [16]. The average cost of electricity
per 1 kW/h amounts to $0.37 in the republic.

Thus, the CD cost comes to 67.82 - 50,000 =
$3,391,000.

The amount of electrical energy saved due
to the reduced active energy losses is deter-
mined as follows:

T
AW = AP - -,

=

514

where AP- reduction in active power losses in
the grid, MW; T— number of hours per year, h;
k — average load factor.

AW =9.35 8760—37400MW
ST 219 0 TV h '

Thus, the cost of electricity saved over one
year amounts to

AC = 37,400 - 37 = $1,383,800.
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Fig. 3. Graph representing the 35-10-6 kV voltage level: a — prior to the implementation
of measures; b - following the implementation of measures
Puc. 3. Mpachuk ypoeHs HanpsikeHul 35-10-6 kB: a — pesynbmamsbi 3o ocywecmeneHuss meponpusmud;
b — pesynbmamsi nocne ocyujecmenexHus meponpussmudi

It takes about three years for the measures
aimed at reducing active energy losses and
normalizing voltage deviations to be paid back,
le.:

3,391,000 + 1,383,800 = 2.45 = 3 years.

CONCLUSION
The conducted studies indicate that the

electrical grids of the Namangan Region in
Uzbekistan require the implementation of the
proposed measures: reactive power compen-
sation and transformer ratio adjustment to re-
duce electrical energy losses and maintain
voltage at a given level.

The proposed measures allow electrical
energy losses to be reduced by 24% while
saving $1.38 million a year and normalizing
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the voltage level in 6-10 kV consumers.
In case Uzbekistan grid companies take an

ISSN 2782-6341 (online)

interest in this work, it is possible to organize
cooperation.

References

1. Zaslonov S.V., Kalinkina M. A. Calculation of power
and electricity technical losses in 0.38-10 kV distribution
networks. Energetik. 2002;7:21-22. (In Russ.).

2. Dolinger S. Yu., Goryunov V. N., Plankov A. A., Sidorov
0. A. Schemes of active filtering of current in four-wire
three-phase network for improving power quality. Omskii
nauchnyi vestnik = Omsk Scientific Bulletin. 2011;3:214-
217. (In Russ.).

3. Sikorski T., Rezmer J. Distributed generation and its
impact on power quality in low voltage distribution net-
works. Power Quality Issues in Distributed Generation.
2015;1(6):34-41. https://doi.org/10.15199/48.2015.06.05.
4. Sudnova V. V. Quality of electrical energy. Moscow:
Energoservis; 2000, 80. (In Russ.).

5.Voinov S. L., Gamm A. 3., Golub I. I., Zhezhelenko .
V., Zhelezko Yu. S, Nejman V. V., et al. Rationing of elec-
trical power quality indicators and their optimization. Gliv-
ice — Irkutsk; 1988, 249 p. (In Russ.).

6. Goryunov V. N., Osipov D. S., Lyutarevich A. G. Calcu-
lation of power losses depending on higher harmonics.
Nauchnye problemy transporta Sibiri i Dal'nego Vostoka.
2009;2:268-273. (In Russ.).

7. Bushuev V. V., Lizalek N. N., Novikov N. L. Dynamic
properties of power systems. Moscow: Energoatomizdat;
1995, 320 p. (In Russ.).

8. Vittal V., McCalley J. D., Anderson P. M., Fouad A. A.
Power system control and stability. 3rd Edition. Hoboken:
Wiley-IEEE Press; 2002, 832 p.

9. Sadykova F. M. Analysis of electrical energy losses and
their reduction methods in the Makhachkala power grids.
Rationing of electrical energy technological losses. Sis-
temnye tekhnologii. 2014;12:90-95.

10. Andrianova L. P., Valeev R.|. Problems of ensuring
electrical power quality and methods to reduce losses in
0.4 kV rural distribution electrical networks. Mezhdu-
narodnyj nauchnyj zhurnal ‘Innovacionnaya Nauka’.
2018;03:20-24. (In Russ.).

11. Chen Yu, Xu Zhao, Ostergaard J. Frequency analysis
for planned islanding operation in the Danish distribution
system — Bornholm. In: 43rd International Universities
Power Engineering Conference. 1-4 September 2008,
Padova. Padova: IEEE; 2008.
https://doi.org/10.1109/UPEC.2008.4651467.

12. Nourollah S., Charehpetian G. B. Coordinated load
shedding strategy to restore voltage and frequency of
microgrid to secure region. IEEE Transactions on Smart
Grid. 2019;10(4):4360-4368.
https://doi.org/10.1109/TSG.2018.2857840.

13. Vadi S., Padmanaban S., Bayindir R., Blaabjerg F.,
Mihet-Popa L. A review on optimization and control meth-
ods used to provide transient stability in microgrids. Ener-
gies. 2019;12(18). https://doi.org/10.3390/en12183582.
14. Merkuriev G. V., Shargin Yu. M. Power system stabil-

516

ity. In 2 vol., vol. 2. St. Petersburg: Nonstate private edu-
cational institution of additional professional education
Center for Training Energy Personnel; 2008, 376 p. (In
Russ.).

15. Khan M. T. A review of electrical energy management
techniques: supply and consumer side (industries). Jour-
nal of Energy in Southern Africa. 2009;20(3):312-336.
https://doi.org/10.17159/2413-3051/2009/v20i3a3304.

16. Belyaev N. A., Egorov A. E., Korovkin N. V., Chudnyj
V. S. Consideration of capacity adequacy criterion in op-
timizing the prospective structure of electric power sys-
tem. Nadezhnost' i bezopasnost' energetiki = Safety and
Reliability —of Power Industry. 2020;13(1):11-16.
https://doi.org/10.24223/1999-5555-2020-13-1-11-16.

17. Tsumura T., Takeda T., Hirose K. A tool for calculating
reliability of power supply for information and communica-
tion technology systems. In: INTELEC 2008 - 2008 IEEE
30th International Telecommunications Energy Confer-
ence. 14-18 September 2008, San Diego. San Diego:
IEEE; 2008.
https://doi.org/10.1109/INTLEC.2008.4664080.

18. Volodarskii V. A. Estimation of distribution function
parameters with incompleteness of information on gradual
failures of electrical equipment. Promyshlennaya ener-
getika. 2019;8:8-13. (In Russ.).

19. Amuzade A. S., Tankovich T.I. Analysis of reliability
indicators of power supply systems. In: N. V. Kuz'mina,
V. A. Kozlova, N.M.Romanchenko (eds.). Resursos-
beregayushchie tekhnologii sel'skogo hozyajstva = Agri-
cultural resource-saving technologies. Krasnoyarsk: Kras-
noyarsk State Agrarian University; 2019, p. 61-66. (In
Russ.).

20. Khristinich R. M., Lukovenko A. S. Power transformers
reliability and mode of operation in the ultimate load pre-
diction. Sovremennye tehnologii. Sistemnyi analiz. Mod-
elirovanie = Modern technologies. System analysis. Mod-
eling. 2015;2:130-136. (In Russ.).

21. Karagodin V. V., Revyakov B. A., Rybakov D. V. An
approach to determination of power supply system reliabil-
ity. Trudy voenno-kosmicheskoj akademii imeni
A. F. Mozhajskogo = Proceedings of the Mozhaisky Mili-
tary Space Academy. Saint-Petershurg: the Mozhaisky
Military Space Academy. 2018, p. 121-125. (In Russ.).

22. Malafeev A., luldasheva A. The structural reliability
and adequacy assessment of the industrial electric power
systems with local power plants. Machines. Technologies.
Materials. 2018;12(4):165-168.

23. Ayuev B. I., Davydov V. V., Erokhin P. M. Fast and
reliable method of searching power system marginal
states. IEEE Transactions on Power Systems.
2016;31(6):4525-4533.
https://doi.org/10.1109/TPWRS.2016.2538299.

https://ipolytech.ru



Tiguntsev S. G., Akhmedov S. B., Usmonov S. B. Development of measures to reduce grid energy losses in the ...

TueyHyee C. I, Axmedoe C. b., YcmoHoe C. B. Paspabomka meponpusimuli o CHUXeHUK Momepb 371eKMPOo3HepauU ...

Cnucok ucmoyHukos

1. 3acnoxoB C. B., KanuHkuHa M. A. PacyeT TeXHUYecKnx
noTepb MOLLHOCTM W 3NEKTPO3IHEpPruu B pacnpesenu-
TenbHbix cetax 0,38-10 kB // OHepreTtuk. 2002. Ne 7.
C.21-22.

2. Donunrep C. 1O., TopioHoB B. H., MnaHkoB A. A., Cu-
poopos O. A. CxemaTuyeckue pelleHus akTUBHOW (unb-
Tpauun KpMBOW TOKa B YETHIPEXMPOBOAHON TpexdasHon
ceTn ans obecneyveHuns Ka4ecTBa 3NEKTPUYECKOA SHEPTUN
/I Omckuit HayuHbIn BecTHUK. 2011. Ne 3. C. 214-217.

3. Sikorski T., Rezmer J. Distributed generation and its
impact on power quality in low-voltage distribution net-
works // Power Quality Issues in Distributed Generation.
2015. Vol. 1. Iss. 6. P. 34-41.
https://doi.org/10.15199/48.2015.06.05.

4. CynHoBa B. B. KauecTBo anekTpuyeckon aHeprun. M.:
N3p-8o 3A0 «3Heprocepsucy, 2000. 80 c.

5.Bowutoe C.J1., Tamm A. 3., Tonyd W. U., XexeneHko
N. B., XXenesko 0. C., HeiimaH B. B. [n ap.]. Hopmuposa-
HUEe MoKasaTenen KavyecTBa INMEKTPOSHEPTUM U UX ONTHU-
Musauus: moHorpadgus. Imusuue — UpkyTck, 1988. 249 c.
6. loptoHoB B. H., Ocunos [1. C., Ilotapesuy A. . Pacyet
noTepb MOLWHOCTW OT BIMUSHWS BbICWIMX TapMOHUK [/
HayuHble npobnemel TpaHcnopta Cubupu n [anbHero
BocToka. 2009. Ne 2. C. 268-273.

7. bywyes B. B., Jlusanek H. H., Hosukos H. J1. JuHamu-
yeckme cBoOMCTBa 3Heprocuctem. M.: U3p-Bo «3Hepro-
atommsgaty, 1995. 320 c.

8. Vittal V., McCalley J. D., Anderson P. M., Fouad A. A.
Power system control and stability. 3rd Edition. Hoboken:
Wiley-IEEE Press, 2002. 832 p.

9. CagbikoBa ®. M. AHanu3 noTepb 3NEKTPUYECKON 3HEp-
TUW W MYTU WX CHUKEHWS B FOPOACKUX 3MEKTPUYECKUX Ce-
Tax r. Maxaukanbl. HopMupoBaHue TEXHOMOrM4eckux no-
Tepb 3NEKTPU4EcKon aHeprum // CUCTEMHbIE TEXHONOTUM.
2014. Ne 12. C. 90-95.

10. Angpuanosa J1. M., Banees P. U. MNMpo6nemsl obecne-
YEHMS1 Ka4yecTBa 3NIEKTPOIHEPrUM W MYTU CHUKEHWS no-
Tepb B CEMbCKUX PaCMpPEeRenUTENbHbIX 3NEKTPUYECKUX
ceTax 0,4 kB // MexgyHapoaHbld HayuYHbIA xypHan «UH-
HoBauwuoHHas Haykax». 2018. Ne 03. C. 20-24.

11. Chen Yu, Xu Zhao, Ostergaard J. Frequency analysis
for planned islanding operation in the Danish distribution
system — Bornholm // Proceedings of 43rd International
Universities Power Engineering Conference (Padova, 1-4
September 2008). Padova: IEEE; 2008.
https://doi.org/10.1109/UPEC.2008.4651467.

12. Nourollah S., Charehpetian G. B. Coordinated Load
Shedding Strategy to Restore Voltage and Frequency of
Microgrid to Secure Region // IEEE Transactions on Smart
Grid. 2019. Vol. 10. Iss. 4. P. 4360-4368.
https://doi.org/10.1109/TSG.2018.2857840.

13.Vadi S., Padmanaban S., Bayindir R., Blaabjerg F.,
Mihet-Popa L. A Review on Optimization and Control
Methods Used to Provide Transient Stability in Microgrids

I Energies. 20109. Vol. 12. Iss. 18.
https://doi.org/10.3390/en12183582.

14. Mepkypbes I'. B., Waprun K0. M. YcToiunBoCTb aHep-
rocuctem. B 2-x 1., 1. 2. C[16.: HOY «LleHTp noarotoBku
KagpoB aHepreTukuy, 2008. 376 c.

15. Khan M. T. A review of electrical energy management
techniques: supply and consumer side (industries) // Jour-
nal of Energy in Southern Africa. 2009. Vol. 20. No. 3. P.
312-336. https://doi.org/10.17159/2413-
3051/2009/v20i3a3304.

16. benses H. A., Eropos A. E., KoposkuH H. B., Yya-
Hblli B. C. YueT kputepus GanaHcoBOM HaOeXHOCTU Mpu
ONTUMM3aLMN NEPCNEKTUBHOM CTPYKTYPbl QHEPTOCUCTEMDI
/I HapgexHocTb 1 BesonacHocTb aHepreTuku. 2020. T. 13.
Ne 1. C. 11-16. https://doi.org/10.24223/1999-5555-2020-
13-1-11-16.

17. Tsumura T., Takeda T., Hirose K. A tool for calculating
reliability of power supply for information and communica-
tion technology systems // INTELEC 2008 - 2008 IEEE
30th International Telecommunications Energy Confer-
ence (San Diego, 14-18 September 2008). San Diego:
IEEE, 2008.
https://doi.org/10.1109/INTLEC.2008.4664080.

18. Bonopapckuii B. A. OueHka napameTpoB (YHKLMNA
pacnpefeneHus npu HenonHoTe MHgopMauum o nocTe-
MEHHbIX OTKasax anekTpoobopynoBaHus // TpoMblwneH-
Has aHepretuka. 2019. Ne 8. C. 8-13.

19. Amysape A. C., TaHkosud T. /. AHanu3a nokasatenei
HaJEeXHOCTW CUCTEM 3nekTpocHabxeHus // Pecypcocbe-
perawLime TEXHOMOTMW CeNbCKOro xo3ancTea: cb. Hayu.
cT. Boin. 11/ nog pea. H. B. Kyabmuna, B. A. Koanosa, H.
M. PomaHuyeHko. KpacHospck: M3g-so KpaclAY, 2019.
C. 61-66.

20. XpuctuHud P. M., TykoseHko A. C. lNporHosuposaHue
HAAEXHOCTU U PEXMMOB paboTbl TArOBbLIX TpaHctopMma-
TOPOB B YCNOBUSX NpeaenbHon Harpy3sku // CoBpeMeHHble
TexHonorun. CuctemHbl aHanua. MogenuposaHue. 2015.
Ne 2. C. 130-136.

21. KaparoguH B. B., Pesskos b. A., Peibakos [. B. Mog-
X044 K OMpPEeAeneHnto HagexHoOCTN CUMCTEM 3MeKTpocHab-
xeHus /[ Tpyobl BOEHHO-KOCMUYECKOW akaJeMun UMeHM
A.®. Moxaiickoro Bbin. 663. CI16.. M3g-Bo BoeHHo-
kocmuuyeckon akag. uMm. A. . Moxainckoro, 2018.
C. 121-125.

22. Malafeev A., luldasheva A. The structural reliability
and adequacy assessment of the industrial electric power
systems with local power plants // Machines. Technolo-
gies. Materials. 2018. Vol. 12. Issue 4. P. 165-168.

23. Ayuev B. 1., Davydov V.V., ErokhinP.M. Fast
and reliable method of searching power system
marginal states // IEEE Transactions on Power
Systems. 2016. Vol. 31. No. 6. P. 4525-4533.
https://doi.org/10.1109/TPWRS.2016.2538299.

https://ipolytech.ru

517



iPolytech Journal

2022. T. 26. Ne 3. C. 508-518.

ISSN 2782-4004 (print)

2022;26(3):508-518.

INFORMATION ABOUT THE AUTHORS

Stepan G. Tiguntsev,

Cand. Sci. (Eng.), Associate Professor,
Associate Professor of the Department of
Electric Power Plants, Networks and Systems,
Irkutsk National Research Technical University,
83 Lermontov St., Irkutsk 664074, Russia

Sardor B. Akhmedov,

Postgraduate Student,

Melentiev Energy Systems Institute SB RAS,
130 Lermontov St., Irkutsk 664033, Russia

Said B. Usmonov,

Master's Degree Student,

Irkutsk National Research Technical University,
83 Lermontov St., Irkutsk 664074, Russia

Contribution of the authors
The authors contributed equally to this article.

Conflict of interests
The authors declare no conflicts of interests.

The final manuscript has been read and approved by all
the co-authors.

Information about the article
The article was submitted 31.05.2022; approved after

ISSN 2782-6341 (online)

MHOOPMALIUA OB ABTOPAX

TuryHueB CtenaH MeoprueBuy,

KaHOMAAT TEXHUYECKUX HayK, JOLEHT,

LOLEHT kadbeapbl «AnekTpuyeckune cTaHLnm,
CUCTEMBI U CETUY,

MpKyTCKMIA HaLMOHanbHbIA UCCNeRoBaTENbCKUI
TEXHWYECKNUI YHUBEPCUTET,

664074, r. UpkyTck, yn. JlepmoHToBa, 83, Poccus

AxmepnoB Capgop BaxtusipoBuy,

acnupaeT,

VHCTUTYT CMCTEM SHEPreTUKN UM.

J1.A. MeneHtbeBa CO PAH,

664033, r. UpkyTck, yn. llepmoHToBa, 130, Poccus

YcmoHoB Caung baxtusaposuv,

MarucTpaHT,

MpKYTCKMI HaLMOHasbHbIN MCCNefoBaTenbCKUi
TEXHUYECKWUI YHUBEPCUTET,

664074, r. UpkyTck, yn. JlepmoHToBa, 83, Poccus

Bknap aBTOpOB
Bce aBTOpbl caoenanu  3KBMBASIEHTHbIN
MOAroTOBKY mybnukaLluu.

BKNag B

KoHdnukt uHtepecon
ABTopbl  3asBnswT 06  OTCYTCTBUM

MHTEpPECOB.

KOH(pmKTa

Bce aemopbl npoyumanu u 0006punu OKOHYamesibHbil
gapuaHm pykonucu.

WHdopmauus o ctatbe
Cratbs noctynuna B pegakumuio 31.05.2022; ogobpeHa
21.07.2022; npuHATa K

reviewing 21.07.2022; accepted for publication nocne  peLeH3MpoBaHUs
19.09.2022. ny6nukaumm 19.09.2022.
518

https://ipolytech.ru



