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REDUCING POWER AND VOLTAGE LOSSES IN ELECTRIC NETWORKS
OF OIL FIELDS USING THE MOTH FLAME OPTIMIZATION ALGORITHM

Abstract. Modern methods of optimizing power flow distribution modes to reduce the technological
consumption of electricity for its transmission are widely used for central and remote areas of electrical
networks. One of the most effective ways is the integration of distributed generation. Several measures have
been taken in Kazakhstan to stimulate the introduction of renewable energy, one of which is solar energy.
The use of photovoltaic (PV) panels in the oil field as a distributed generation will allow regulating the
voltage, which will reduce power and voltage losses in distribution networks of10/0.4 kV. At the same time,
low-power capacitor banks can be used as an additional means for optimizing the modes. However, one of
the most difficult tasks in electrical distribution networks is the selection of connection points for PV panels
and capacitors (Cap) to effectively reduce power and voltage losses, based on the limitations of the number
and volume of power of distributed generation sources (PV panels and capacitors). To solve this problem, the
most effective method is based on the Moth-flame optimization algorithm. This article discusses the results
of modeling the optimization of the flow distribution in the IEEE 69 test circuit using the heuristic Moth-
Flame Optimization algorithm to find the optimal power ratio of distributed generation sources (PV panels
and capacitors)in electric networks of oil fields. The application of the new heuristic optimization algorithm
MFO allows, in conditions of constraints, to find the optimal connection points for sources of active and
reactive power to minimize power losses and voltage deviations in load nodes, which increases the efficiency
of operation of distribution electrical networks.

Key words: power losses, distribution electric networks in oil field, power supply of oil fields, heuristic
optimization algorithms, MFO algorithm.

Introduction. Reducing the technological consumption of electricity transmission is always a priority
for distribution power grids. Under the conditions of increasing consumption of electric power, it is obvious
that variable losses of electric power in electric networks of 10 / 0.4 kV will increase [1]. In this regard, it is
necessary to optimize the flow distribution to minimize voltage and power losses using distributed generation.
This is especially true in connection with the widespread use of renewable energy sources in Kazakhstan [2],
in particular, the adopted regulatory documents [3-4] promote the use of solar installations (solar panels,
inverters, storage devices) by residents of cities, suburbs and industry to cover their energy consumption.
The problems of using distributed generation in the oil sector have been previously studied [15-16]. But
along with this issue, the problem of the distribution of distributed generation sources remains topical [17].
However, it is relevant to a search for the optimal connection points for PV panels and capacitors in the
distribution electrical network in conditions of limited unit power to minimize power and voltage losses [5].
A review of recent literature shows that algorithms such as Particle swarm optimization (PSO), Ant Lion
Optimization (ALO), Symbiotic Organisms Search (SOS), Gray Wolf Optimization (GWO), Optimal Power
Flow (OPF) [5-10] and Dragonfly Algorithm [11] are used in different branches of science, including in the
distribution of the optimal location of objects to minimize electricity losses. However, despite the advantages
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of these methods, the considered heuristic ones are limited by the peculiarities of the search behavior of
natural subjects. Therefore, the most effective method is Moth-flame optimization (MFO) [12], which has a
spatial orientation in 3-dimensional space.

MFO Algorithm. The functional basis of the MFO algorithm is based on the lateral orientation of the
moths. The phenomenon of moths is their navigation at night using moonlight, a navigation mechanism called
lateral orientation. Following this navigation mechanism, the moth flies, maintaining a fixed angle relative
to the moon, which is very effective when traveling long distances along a straight path. Since the moon is
far from the moth, this mechanism ensures flight in a straight line [13]. However, when a closer artificial
light source appears, the moths spiral around the lights. This is due to the inefficiency of lateral orientation,
which is useful for traveling long distances in a straight line when the light source is very far away. When
moths see artificial light, they try to maintain a similar angle with the light to fly in a straight line to reach
their target. This behavior is embedded in the Moth-Flame Optimization (MFO) mathematical algorithm. In
the MFO algorithm, the solution object is the moths, and the problem variables are the position of the moths
in space. Therefore, moths can fly in 1-D, 2-D, 3-D, or in hyperdimensional space with a change in their
position vectors, which is a significant advantage over other algorithms [5-11]. Since the MFO algorithm is a
population-based algorithm, the set of moths is represented as a matrix as follows:

my; My - 7 Mg
M = mz; m,, -+ " g4
my; My, - Mp,q

where n is the number of moths and d is the number of variables (measurement). For all moths, we assume
that an array exists to store the corresponding best suitability values as follows:

OM = 0¥2

OM,
)
where n is the number of moths. That being said, the best value is the return value of the fitness function
(target) for each month. The position vector (for example, the first row in the M matrix) of each moth is
passed to the best values function, and the fitness function output is assigned to the corresponding moth as

its fitness value (for example, OM1 in the OM matrix). Flame is another key component of the proposed
algorithm. A matrix similar to that of moths is calculated as follows:

Fi1 Fipo oo oo Fia
F= F2:.1 Fzz.z F?,d
Fn,l Fn,Z Fn,d (3)

where n is the number of moths and d is the number of variables (measurement). It can be seen in matrix
(5) that the sizes of the arrays M and F are equal. For flame, it is also assumed that an array exists to store the
corresponding suitability values as follows:

OF,

OF = OP

OF, )

where n is the number of moths. Moths are search agents that navigate the space of options, while flame
sources are the best position for agents, that is, the most optimal solution to the problem. In our case, the space
of variants is an electrical network consisting of an n-th number of nodes. Flame sources can be considered as
the most optimal nodes for placing sources of distributed generation. The number of flame sources depends
on our limiting conditions. In this work, the limiting conditions are the number of distributed generation
sources and the range of their capacities. The objective or object function is to reduce voltage losses and

104



ISSN 2224-5278 Series of Geology and Technical Sciences 5. 2021

active power. With a set of these limiting conditions, search agents - moths - can search for the most optimal
sites for installation - sources of flame. After finding nodes for installing distributed generation sources, the
MFO algorithm selects their powers. As a result, the MFO algorithm provides a solution in the form of nodes
for connecting distributed generation sources and the amount of power.

Simulation conditions. In this paper, the results of a study on the optimal choice of places for connecting
PV-panels and capacitors, based on the range of output power to maximize power and voltage losses, using
the MFO optimization algorithm based on the IEEE 69-node test circuit, are presented. We can assume that
IEEE 69-node test circuit can be shift camp of workers. Modeling of the MFO algorithm was performed in
the Matlab software package using the OpenDSS package for the following options shown in Table 1:

Table 1 — Conditions limiting P, and Q of distributed generation

Case 1 Case 2 Case 3 Case 4
P 150 =200kW | P 100 =200 kW P 75 +200 kW P 25 +200 kW
Q 75+100kVAr | Q 50 +100 kVAr Q 25 +100 kVAr Q 5-+100 kVAr

In Table 1 where P is the range of variation of the unit power PV - panels with a quantity of 8 pieces; Q
range of variation of the unit power of § capacitors;
Optimization criteria are two parameters for reducing active power losses:

ny
AP = Z AP; = min
(5)

And minimizing the voltage deviation in the supply centers of the loads:

ny,
AV = Z AV; = min
i=1 (6)

Based on the optimization criteria, the mathematical model (7) is presented as follows:

wnrepaunii Ny3en Nisrepanuit

N,
min ; Z[(vi—1)2]+ ; AP

Xi(i=1,2,...n)
Niterations (t = 1,2,...n)
conditions { min < P} < max, (G=12,..n)
min < Q; <max, (j=1,2,..n)
VYm (m= 2,3,..m)

(7

Sequence optimization is achieved by adjusting the input data of the MFO algorithm, under the following
conditions:
« set the population of moths M. equal to 16 units;
* set the number of flame sources F, equal to 16 units;
« the number of iterations N . - 1000 times;
* limited the number of installed generation sources to 16 units;
» 8 sources of active P, and 8 sources of reactive power Q;
* limited their rated power within the specified cases 1,2,3.4;
* excluded the first node from the considered candidates Y| to accommodate the generation.
Results and discussion.
The simulation results for finding the optimal connection points for distributed generation sources using

the MFO algorithm are shown in Figures 1-4.
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Figure 1 - Case 1.Connecting PV panels and capacitors to the electrical network with different options
for the power output ranges.
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Figure 2 - Case 2. Connecting PV panels and capacitors to the electrical network with different options
for the power output ranges.
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Figure 4 - Case 4. Connecting PV panels and capacitors to the electrical network with different options
for the power output ranges.
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Cases 1, 2, 3 and 4 differed in the range of variation of the output power for PV - panels: 150 kW - 200 kW,
100 kW - 200 kW, 50 kW - 200 kW, 25 kW to 200 kW, for capacitors: 75 kVar - 100 kVar, 50 kVar - 100 kVar,
25 kVar - 100 kVar, 5 kVar up to 100 kVar. Based on the simulation results, it can be seen that search agents
in the form of moths with a population of 16 units and several flame sources (PV - panels, and capacitors) of
16 units chose different connection points that have, as well as different power of PV - panels and capacitors.
Table 2 summarizes the results.

Table 2 Summary results of the total power of PV - panels, and capacitors for different options

Case 1 Case 2 Case 3 Case 4
2P 1350 kW P 1250 kW >P 975 kW >P 1025 kW
2Q 725 kVAr 2Q 650 kVAr 2Q 525 kVAr 2Q 340 kVAr

From the analysis of the simulation results, it can be noted that the MFO optimization algorithm for option
1 chose the highest unit power of PV - panels, and capacitors. At the same time, the optimization consisted of
smooth regulation of the output of active and reactive power relative to the central nodes of the loads. Since
with an increase in the range of power generation by PV panels and capacitors, their unit power decreased.
In this case, the criterion for the effectiveness of different optimization options is the maximum reduction in
power and voltage losses. Figures 5 and 6 show the results of optimization modeling for reducing voltage
deviation and power losses for different options.
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Figure 5 - Change in voltage deviation at load nodes with different connection options
for PV-panels and capacitors

Analysis of the change in the voltage profile relative to each node shows that the voltage drop before
connecting PV - panels and capacitors at a remote section of the investigated network is 15% or exceeds the
permissible voltage deviations of 5%. Studies of the efficiency of optimization of flow distribution modes
with the connection of PV - panels, and capacitors for 4 options have shown that the first option is the most
effective. Option 2,3 and 4 also show their effectiveness, however, in terms of the voltage deviation level, they
have a difference in deviation of 0.2 kV for each option on a remote section of the electrical network. At the
same time, all 4 options for connecting PV - panels and capacitors show voltage equalization at remote points
of power consumption, which can be used to regulate the voltage in the daily profile as «counter-regulationy.

The change in the value of active power losses for different cases relative to each node of the distribution
network shows that after modeling with the MFO optimization algorithm, the reduction in losses averaged
30%. At the same time, the most effective is the first option, which has a power output limitation range P =150
+200 kW, Q =75 + 100 kVar, and a total maximum injection for the active power of 1350 kW, for reactive
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power of 725 kVar. Other options 2, 3, and 4 are less effective than option 1, especially in branched radial
branches, the difference in efficiency is 0.1-0.2 p.u of active power losses. Thus, the results of optimization
modeling according to the criteria for maximum reduction of power and voltage losses have shown that the
first option is the most effective. It should be noted that the effectiveness of the first option in comparison
with other options lies in the peculiarities of the operation of the MFO optimization algorithm, which, under
conditions of limited power output P, Q (150-200 kW, 75-100 kVar), the population of moths M_i, (16 units
) and the number of flame sources F_i (16 units) set the maximum volumes of unit power of PV panels and
capacitors.
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Figure 6 - Change in power losses in load nodes with different connection options
for PV-panels and capacitors.

Conclusion. The studies on optimization of modes with the MFO algorithm on a test circuit of 69 nodes
showed that out of 4 options for the range of limitations for the output of active and reactive power, the first
option is the most effective. The results obtained are useful for finding the optimal connection points for sources
of active and reactive power, which ensure the maximum reduction in power losses and voltage deviations in
load nodes under conditions of a limited number and uniform power of PV panels and capacitors. The results
of optimization modeling of modes with the connection of PV-panels and capacitors showed that the use of
distributed generation of reactive power in electric networks allows regulating the voltage according to the
«counter law» of control, the voltage at the terminals of the near and remote power consumers is entered
within the permissible limits.
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MOTHFLAMEOPTIMIZATIONAJITOPUTMIH KOJIJAHBIII MYHA KEH OPHBIHJIAFbI
JIEKTP KEJIJIEPIHIH KYAT ’KOHE KEPHEY HIbIFBIHAAPBIH TOMEHIAETY

AHHOTaIUs. DIEKTP SHEPTHACHIHBIH Tapalybl PeXKUMACPIH/E IEKTP KeIIePiHiH OPTaIbIK KOHE IIajIFai
ayJaH/iapbl YIIiH OHbI OHTAWJIAHIBIPY/IbIH 3aMaHayd 9/IicTepl KCHIHECH KOJIJaHbUIAbl. THIMII ToCUIIepaiH
0ipi - TapaTbUIFaH TeHEpAlMSICHIHBIH MHTerpauusichl. KazakcTanaa >KaHapTBUIATBIH SHEPTHAHBI CHII3Yl
BIHTANaHABIPy OolibIHIIA OipKaTap mapanap KaOblIIaH/Ibl, OHBIH 0ipi - KYH SHEPTrHACHL. TapaTblIFrad reHepanus
peTiHne MyHaii KeH eHAipy cekTopbinaa PV - manenbaepin naiinanany KepHeyai peTTeyre MyMKiHAIK Oeperi,
oy 10/ 0,4 xB Tapary xemninepineri Kyar NeH KepHEY WILIFbIHBIH a3aiTaabl. COHBIMEH KaTap peKuMaepIi
OHTAMNIaHIBIPYJbIH KOCBIMILIA KYpallbl PETiHAC a3 KyaTThl KOHJCHCATOp OaHKTEpiH mMaiinanaHyra OoJalbl.
Anaiifa, snMeKTp Tapary JKeliiepiHieri Kypaedl MiHAeTTepAiH Oipi - TaparblIaThlH TeHepalus Ko3AepiHiH
KyaTbIHBIH CaHbl MEH KOJIEMiHiH HICKTeyJepiHe HEri3lesireH KyaT MeH KepHEYAiH bIChIpanTapblH THIMJI
TOMEH/ETY YIIiH PV maHenbaepi MeH KOHIEHCATOPIapbIHBIH KOCBUTY HYKTEJEpiH Tanmay. byn moceneHi
mienry YuiH eH THiMAi oxic. byn makanana mMyHail KeH OpBIHIAPBIHBIH AJIEKTP KeJIepiHae TapaTbUuIFaH
reHepanust ke3nepiniy (PV manensaepi MeH KOHAEHCATOpaphl) OHTAMIIBI KyaT KodQ@uIueHTiH Taly YIiH
sBpuctukaibik Moth-Flame Optimization anroputmin kongauein IEEE 69 ceiHak Ti30eriHjeri aFrbIHHBIH
TapajyblH OHTAMIAHIBIPYAbl MOJAECIbBACY HOTHKENIEPi TalKbulaHa/ bl JKaHa 9BPUCTUKAIBIK OHTAHIaHABIPY
anroput™in Kongany MFO 1mekreysnep »araaiblHaa KyaTThlH LIBIFBIHBIH JKOHE JKYKTeMe TYHiHAEpiHZIeri
KEpHEY/iH aybITKYbIH a3aiiTy YIIIH TapaTry >KYMBICBIHBIH THIMIUIITIH apTThIPaThlH aKTUBTI KOHE PEaKTHBTI
KyaT Ke3JepiH KOCY/IbIH OHTAHIIbl HYKTeNepiH TadyFa MyMKIiHIIIK Oepef.

Tyiiinai ce3aep: smekTp KyaTbIHBIH LIBIFBIHBL, MYHall KEH OPHBIHJAFBI TapaTy JEKTp Kejliepi, MyHal
KEH OpPBIHJApBIH JIEKTPMEH KaOAbIKTay, 9BPUCTUKAIBIK OHTalIaHAbIpy anroputMaepi, MFO anropurmi.
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CHUWXEHUE INOTEPb MOIHOCTU U HANIPS)KEHUSA SJIEKTPUYECKHUX
CETEI HE®TAHBIX MECTOPOXKJIEHUI C UCNTOJIb30BAHUEMAJITOPUTMA
MOTHFLAMEOPTIMIZATION

Annoranusi. CoBpeMEHHBIE CIOCOOBI ONTHMHU3AIMHM PEKHMOB IOTOKOpPACTIPEACICHHS MOUIHOCTH
JUISL CHHJKEHUSI TEXHOJIOTHYECKOTO0 pacxoja 3JIEKTPOIHEPIHM Ha €€ IlepeAady LIMPOKO UCIOJIb3YEeTCs I
LEHTPaJIbHBIX U OTIAJICHHBIX PAHOHOB NMEKTpUUYecKuX cerTeil. OmHUM U3 3PPEKTUBHBIX CIIOCOOOB SIBISIETCS
MHTerpanus pacnpezeneHHol reuepanuu. B Kazaxcrane npenpuHAT psii Mep IO CTUMYJIMPOBAHUIO BBOJA
BO300HOBIISIEMON SHEPIeTHKH, OAHOM M3 KOTOPBIX SIBISETCS CONHEUHAs SHepreTuka. Mcnonb3oBanue PV —
naHesiel B HETAHBIX MECTOPOXKICHUSAX B KaueCTBE paclpeeiIiCHHOW I'eHepaliy MO3BOJIUT PETyIMPOBaTh
HanpspKEeHHUe, YTO CHU3UT MOTEPH MOLIHOCTH M HaNpsDKEHUS B pacrpenenutenbHbix cersix 10/0,4kB. [pu
9TOM JIOTIOTHUTENBHBIM CPECTBOM JUISl ONTHMHU3AIMH PEKUMOB MOTYT OBITh MCTIOJIb30BAHBI MaJIOMOIIIHBIC
KOHZIeHCaTopHble Oarapen. OnHAKO OJHOW M3 CIOXKHBIX 33/ad B PACHPEACIHTENBHBIX 3JIEKTPHYECKUX
CeTsIX sIBJISIETCS BHIOOp ToYeK mofkitoueHust PV-maneneit n konaencatopoB it 3h(HEKTHBHOTO CHHKCHUS
MOTEPh MOIIHOCTU ¥ HANPSHKEHUSI, UCXOJIsl M3 OTPAaHUYCHUI KOMUYECTBA U 00BEMOB MOIIHOCTH HCTOYHHUKOB
pacnpenencHHol reneparuu (PV-naneneiét u konueHcaropo). s pemieHusi AaHHOHM 3amauu Hauboliee
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3¢ (eKTUBHBIM SIBISIETCS METOJ, OCHOBaHHBIA Ha anroputme Moth - flameoptimization. B nHacrosimeit
CTaThe PACCMOTPEHBI PE3YNbTAaThl MOJCIUPOBAHUS ONTUMH3ALUU IOTOKOPACIIPEICICHNs B TECTOBOM
cxeme IEEE 69 y310B ¢ npuMmenennem sppuctuueckoro anroputma Moth-Flame Optimization ans moncka
ONTUMAJBHOTO COOTHOIIEHHSI MOIIHOCTH HCTOYHHKOB pacnpeaeieHHoN renepauuu (PV-maneneit u
KOHJICHCATOPOB) B 3JICKTPHUCCKUX CETIX HETIHBIX MECTOPOXKACHUH. [[puMeHeHe HOBOTO HBPUCTHYECKOTO
onTUMH3anuMoHHOro anroputMa MFO mo3Boisier B yCJOBUSIX OTpaHMYCHMH HAWTH ONTHMaJIbHBIE TOYKH
MOAKIIIOYEHHSI ICTOYHUKOB aKTHBHOM M PEAaKTHBHOW MOIIHOCTH C LEJIbI0 MAKCUMAaJIbHOTO CHHKEHHUS [T0TEPh
MOIITHOCTH U OTKJIOHEHHUSI HAIPsDKEHUSI B y37laX Harpy30K, YTO MOBBILACT 3(PPEKTUBHOCTD AKCIUTyaTallun
pacrpenenuTeIbHbIX MEKTPUIECKUX CEeTeH.

Ki1roueBble ciioBa: morepu 3IEKTPOIHEPTHH, paclpeeuTeIbHbIC JIEKTPUIECKUE CETH Ha HEe(TIHBIX
MECTOPOXKACHUSX, DJICKTPOCHAOKEHHE HE(PTAHBIX MECTOPOKICHHUH, ONTHMU3AIUOHHBIC IBPUCTHUYECCKHE
anroputMsl, anroputm MFO.
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