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This paper describes the process to reduce dieléosises for underground
cable distribution system. As already known, thattesm is an alternative
solution to energy distribution systems in urbaeaar Influence of large
capacitance is a separate issue that needs tsblead. Large capacitance
effect on Express Feeder of 10 miles long has tesith power losses more

than 100 MW per month. In the no-load conditionrrent dispatch has

recorded 10 Amperes, and has increased the vatageeiving end by 200-
Keyword: 500 Volts, with leading power factors. Installatiohthe inductor to reduce
cable loss dielectrics is done by changing the pofaetor (pf) to 0.85

lagging. After installation of the inductor, whicis 5 mH/700 kVAR,

dielectric losses is reduced to 3.57%, which isnft65,983 kW to 102,195
kWh per month. The capacitive leakage current tes lzeen reduced from
249.61 Ampere to 245.17 Ampere.

Dielectric Losses
Underground Cables
Distribution System
Capasitance

Copyright © 2012 Institute of Advanced Engineering &cience.
All rights reserved.

Corresponding Author:

Hamzah Eteruddin

Departement of Electrical Engineering,

LancangKuning University,

YosSudarsoRoad, km 8 — Rumbai, Pekanbaru28265n&sitn
Email: hamzahl128@gmail.com

1. INTRODUCTION

The most important things required in the powettesysis a matter of quantity and quality of the
received energy on the consumer side. Delivery tifyais required to distribute electric power td al
consumers in a region or area served, so the berfiefin the existence of electric energy can bebiglthe
public. Increasing the quantity of electric powstidbution will increase the electrification ratio an area.

At the same time, the quality of distribution oéetrical energy is required to maintain the avdlitgbof
electrical energy consumers in accordance wittstaedards used.

Quantity and quality of electric energy distributicn urban areas often face problems, such as
difficulty in getting right of way (ROW) for transigsion and distribution networks. The land acqigsit
process for this purpose is not an easy thing tatdbis time. This is due to the limited land tbah be used
for over head line.

Underground cable distribution system is an altiéraasolution to distribute electrical energy in
urban areas, so the city will be looked magnificemd clean. However, the construction cost of ugrdemd
cable per km was much higher than over head liheO#&velopment of distribution network is relatiyel
tougher because the branching process (tappingiuch harder when compared to the airways. Anyhow
underground cable is more protected from wind, thgig strikes, and disturbances of animals (like
monkeys), which may cause short circuit.

Musabaqoh Tilawatil Qur'an (MTQ) national level at/gvas held in the mid-1980s at Pekanbaru,
which is the capital of Riau province. In meetimg tdemand of electric power to serve all activjtibe
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feeder in the district of "Simpang Tiga" and sumding areas can no longer serve it. Thus, it nekes
additional feeder in order to serve the requiremeifpecific loads around the location of the ¢ven

At the same time, the problem of urban congestimhtae limited land that can be used as well as
encouragement to pay attention to issues of beantlyscenery of Pekanbaru city should be tackleés Th
consequence is not possible for the addition of femders by using a medium-voltage over head OidL().
Hence the utility (PLN Pekanbaru)has constructegréss Feeder using underground cable distribution
between substation (SS) TelukLembu (TLB) and stibstdTQ, to continue to serve the power demand.

1.1. Literature Review

The difference of voltage level between the sending the receiving end is due to the parameters
of the line system (R, L, C). If the voltage leelthe receiving end is lower than on the sendirdjteen it
is caused by the influence of R and L, so it isiraductive load. Meanwhile, if the voltage level tag
receiving end is larger than the sending end,ithcaused by the influence of R and C, so it ispacitive
load. Both cases can be described from the phadagramn as shown in Figure 1, wherg=/Voltage at
receiving end, ¥=Voltage at sending end, R=Line Resistance, X=IReactance, Z=Line Impedance, I=
Line current,a= phase angle between voltage and currentat regeamd,6= phase angle betweeriy\and
Vs.

Vg

Ve >

1 a. Inductive Load LR b. Capasitive Load

Figure 1. Power system phasor diagrams

Rules or standards used by the PLN (Persero) tordheived voltage tolerance on the customer
side is +5% and -10% of the working voltage (sy$tg2h A large voltage drop will result in the los$
electric service to consumers and producers. Thenpal differences between the sending and theivig
end cannot be avoided. To keep the voltage difterés not too high on both sides, inductive re@cpewer
or capacitive reactive power compensation is contynosed.

A lot of research has been done in an attempt foraxe the voltage level at transmission or
distribution line. When the voltage level at theewing end is less than the sending end, a capacit
reactive power compensation is to be performedhéf voltage at the receiving end is greater than th
sending end, then inductive reactive power compgensaas to be performed. Improvement of the vatag
levels will reduce the power loss in the line. Téneel of improvement is determined by the valueeaictive
power, which can be obtained by installing industor capacitors. Most research conducted is tease
the voltage at the receiving end due to an indadidad. However, few researches has been undertaken
reduce the voltage. Indrayanti (2011) installs mductor at the sending end based on the load flata d
obtaindon average at 17.00. Then the results weed to calculate the magnitude of dielectric losses
underground cables. [3].

On the other hand, there is also the voltage diffee between the conductors and cable sheath. The
voltage difference will affect the capacitancevabfethe cable.The flux distribution in alternatingrrent
(a.c) cable insulation is complex and shown in Fég2. The stress is a maximum at the conductoaserf
and varies throughout the insulation. It was desirgpwith distance from the conductor surface, beeaof
the differing permittivities of the components ahe distribution of the flux at various times. Téereened
cable used for alternating voltages has a cleagfindd stress pattern, while that of cables usedlicett
current (d.c) transmission has a changing pattepeiding on temperature due to cable loading [4].

1.2. Underground Cable Capacitance

A single core cable is infact an electrostatic c#tpabecause it has two electrodes, the coreef th
cable and the sheath separated by dielectric raht&igure 3 shows, the capacitance of the undaergto
cable a single-core. By definition, capacitancéhis ratio of the charge on one of electrodes tem!
difference between the electrodes [5, 6]. Capaoitaf the single core underground cable can beiledéx
using the equation (1) [6].

IJAPE Vol. 1, No. 1, April 2012 : 37 — 46



IJAPE ISSN: 2252-8792 a 39

__ Core insulation
o

Filler

5 Flux tangential
companent in
1his region

Figure 2. Flux distribution that occurs in a thaee Figure 3. Capacitance of a single core cable.
cable.
207
C= [Farad 1)

Where; C = capacitance value for single core urrdergl cable;= the inner radius of the sheatls radius
of the conductor=cable lenghtg=permittivity of the dielectric material.

While for the three-core cable, the capacitanceevabln be calculated, if the dielectric is assumed
uniform between the core and the sheath. Howewemally it is not so and, therefore, it is desieatw find
the capacitance by measurements. In a three cble, cheath is at earth potential and the threewttors
are at supply potentials. There are six capacigrfioen between these systems. Three capacitanees ar
between the sheath and the conductors and the thitesr capacitances are between the conductors. The
capacitance of three cores underground cable dmuthlculated using the equation (2) [6].

2D

G
In| —
rC

Where D = conductor spacing.

If the distance between the conductorsareassunmadhsirical, and voltage stressesare uniformly
distributed on the cable insulation. Then, as showfigure 4, the capacitance value can be caktlasing
equation (3).

[Farad )

Figure 3. Capacitancesbetween cores and to shkatthiee core cable.

C, = C,+3[T, [Farad 3)

Where G = capacitance value for three cores undergrouhlbc@; = the capacitance between conductor
and the sheath, and € the capacitance between each conductor.

Table 1 shows the data from the electrical undemgocable of XLPE insulation materials.
Compounds that have good electrical propertiegeqaired for distribution cables with operating tagles
above 3 kV. IEC502 standard requires that produatist have a dielectric loss angle (DLA) and the
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permittivity is not greater than 0.75 with a rarafeangles 85 °C ambient. Besides, DLA at 80 °C nmast
exceed the value at 60 °C. This requires that where is an open-circuit fault occur, while the leals
being energized with a high voltage, the wires tlhot even though there is no current flowingdimst [6,
7]. Figure 5 shows the physical shape of the undergl cable NA2XSEFGbY used in this analysis. The
technical data is as shown in Table 2 [8].

Ji
Co = C1+3C;

=C4+3Cy

Figure 4. Equivalent capacitance of a three cobéeca

Table 1. Electrical Data Crosslinked PolyethyledERE) cable

Description Value
Type GP 8
Volume resistivity (min) 4
at 20°C Q m) 1x10
Permittivity at 50 Hz 2.3-5.2
tanc at 50 Hz 0.0004-0.005

Figure 5. Underground Cable NA2XSEFGbY (Courtesiabel Metal Indonesia)

Aluminium Conductor
PVC Filler

Conductor Screen
XLPE Insulation
Insulation Screen
Copper Tape Screen
ID Tape
Non-hygroscopic Tape
PVC Inner Sheath
Galvanized Steel Tape
Galvanized Steel Flat
Wire Armor

PVC Sheath

/\ Co= 01% b

The value of Inductor needs to compensate theiveapbwer can be determined by knowing the
power factor at the sending and the receiving Bydusing these two values, the addition value dfigtive
reactive impedance that required can be obtainétbiry and VAr.

Table 2. Electrical and Mechanical Data of NA2XSBNM®40 mni.

Description

Value Description

Value

Cross Section of Conductor (m
Conductor Diameter (mm)
Insulation Thickness (mm)
Insulation Diameter (mm)

Armor Thickness (mm)

Sheath Thickness (mm)

Cable Weight (kg/km)

Min. Bending Radius (mm)
Overall Cable Diameter (mm)

240 DC Resistance at 20 ((Ykm)
18.7  AC Resistance &@@/km)
55 DC Insulation Resiseaat 20C (MQ.km)
31.3 Current Carrying Capacity in Air (A)
0.80  Current Carrying Capaititground (A)
3.6 Capacitance per ph&gkn)
9.600 Inductance per phadd/km)
78.0 Max short circuitreumt of screen (kA/sec)
85 Max short circuitrent of conduct (kA/sec)

0.125
0.162
700
453
385
0.307
0.302
4.53
22.98
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1.3. Underground cable Energy L osses

An underground cable consists of three main commsnenamely the conductor, dielectric
materials, and sheath. When the cable is enerdigedvoltage electric, current will flow, and wilkat the
cable. The temperature rise of a cable body depgpais the rate of generation and dissipation of hgahe
body. Thermal effects that occurred will resultdgsses. The losses are; (1) conductor losses,i¢Bcttic
losses, and (3) sheath losses [6].

This paper discusses the dielectric losses in gndend cables, which is one of the three types of
electric losses associated with an undergroundecasl already known, that if it is energized witteanating
current there will be a large capacitance effetit svill involve the phase voltages and power dast For
single core cables, the dielectric loss can beutatlied using the equation (4) [4, 6].

R, =20rf [CHano V? [ Wat} (4)
where :
PDl = Dielectric Loss [Watt]

f Frequency [Hz]

C = Capasitance [Farad/meter]
Vv = Line to netral Voltage [Volt]
tanc = Dielectric Loss Angle (DLA)

While for a three-core cable, the dielectric loss®s be calculated using the equation (5)
PD3 = 3EPD1 [Watl] (5)

There are several models that can be used in anglyke transmission and distribution lines.
Transmission or distribution lines can be modeledell on the value of its capacitive leakage curigmis
value is influenced by several things, including bngth of lines, the system voltage level, arddistance
conductor to ground (earth).

For a small capacitance value, it can be ignordis Tisually occurs in over head lines that are less
than 80 km (short-line model). Meanwhile, if thgpaaitance values ismedium, it must be includeche t
analysis. There are two models that could be dérst, by assuming that the capacitance is distadut
equally on both ends of lines (model "phi'TH. Alternatively, it assumed to be unity at the teerof the
lines (Model "T"). It usually called the medium dirmodel, which is the overhead distribution lingstesm
with length< 240 km. Meanwhile, if capacitance value is latte, value of distributed capacitance should
be analyzed along the line. In the overhead linssally it is called a model of long line (> 240)kj8, 10].

2. SYSTEM ANALYSIS

Distribution lines medium-voltage underground caktleat join the TLB - MTQ, installed 80-100
cm under the surface of the road. Track is usdd tsace the roadside of TanjungRhu, Dr. SutommdHa
Tuah, Pattimura, and General Sudirman streetssifigée-line diagram is as shown in Figure 6.

150/20 kV

MTQ SS

TLB SS

Express Feeder I D _

E:

10 km

Figure 6. One line diagram Distribution Line Telwthbu Substation — MTQ Substation.
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Express Feeder is 10 km in length using an alumimemductor XLPE insulation right (Cross
Linked Poly Ethylene) of the type NA2XSEFGbY meaisgr3 x 240 mr Feeders finally managed by PT.
PLN (Persero) Region SimpangTiga, whichreceivedpsujfrom the TelukLembusubstation (SS), using
underground cable distribution line 20 kV [11]. XERnsulated cable has the dielectric loss lowen tha
other types of insulation such as PVC (Polyvinybcide) and EPR (Ethylene Propylene Rubber) [4, 12]

Furthermore the voltage and current profiles armiobd at TelukLembu SS, based on hours of
operation on December 6, 2010. The data is as slowable 3. From the table, it is shown that tlealp
load begins at 18:00 hours until 21:00 pm. Wheeerttaximum load occurs at phase 'T' at 19:00, vhi¢h t
average peak load is equal to 237.66 Ampere. THii@oalsubstantial load occurs during hours o0D7to
18:00 pm. The increase reached 17%, where at h®Mhew average weight of 190.66 Ampere with a
voltage of 20.3 kV Amperes, while at 18.00 pm rtizs224.33 Ampere. The minimum peak load occurred at
06.00 am, with the largest decrease occurred ip¢hied from 9:00 p.m. to 22:00 pm.

Table 3 also shows that, the maximum peak voltagers at 18.00 pm, which is 20,600 Volts. As
been seen, the peak voltage occurs when the laadgeis quite large (224.33 Ampere). The minimeakp
voltage of 19,200 Volt occurred at 1:00 pm. Theeotthing is at 1:00 to 2:00, system voltage is thes20
kV. It could be a period before where interruptinrthese lines will take place.

Table 3. Express Feeder TLB — MTQ Profile Table 4. MTQ SS Load Data
MTQ Exp Feeder Current (A) Volt .
Time . . Incommg
PhaseR  pPhaseS PhaseT (V) Time ~ OutgoingLine Line Volt
- (Amp) A (kV)
01:00 167 167 178 19,200 (Amp)
02:00 165 165 175 19,900
' L1 195 L1 192
03:00 160 160 172 20,100
' 17:00 L2 201 L2 200 20,500
0500 185 13 165 20200 L3 200 13 1%
: ' L1 211 L1 206
06:00 150 150 160 20,300 .
07:00 154 153 163 20,500 18:00 tg gig tg gg 20,700
o000 170 177 113 20000 L1209 L 25
10:00 176 179 178 20,200 19:00 tg ggg tg ggi 20100
11:00 182 187 185 20,200 1 240 L1 236
igfgg iig igz ig; gg’ggg 2000 L2 242 L2 239 20,800
14:00 187 195 191 20,200 ti ggg ti ggg
15:00 190 197 196 20,300 .
16:00 185 186 194 20,300 21:00 tg ;22 tg 322 20,400
17:00 187 187 198 20,300
18:00 220 219 234 20,600
19:00 233 233 247 20,100
20:00 231 231 245 20,200
21:00 220 220 235 20,200
22:00 195 196 196 20,100
23:00 199 182 187 20,100
24:00 193 192 190 20,200

3. RESEARCH METHOD

The method used in analyzing underground cableldigion system which is 10 km long, uses two
circuit models: (1) nominal "pi"n) circuit, and (2) nominal "T" circuit. At the nomal "pi" () circuit, it is
assumed that the capacitance is evenly distribaiteny the cable,the model is divided equally orhbtds
of lines, while the inductive impedance is in theldhe of lines. Figure 7.a. shows that theadd G are the
capacitance of the lines which is at the sendind) thie receiving end. For the nominal "T" circuit,id
assumed that the capacitance is evenly distribalugy the wire, modeled as a capacitance which ikea
center of the lines, while the inductive impedaixenodeled equally divided on both ends of linesthB
model of theses circuit are as shown in Figure 7.

The use of underground cables resulted in theexdst of capacitance effects in the system. In this
system, the power factor is 0.9 leading. Therefirés necessary to have an inductive reactive powe
compensation. Considering the system is a capaciactive power, it needs to be installed indectiv
reactive power. So that's why, inductor as a seppli inductive reactive power should be installed.
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IJAPE

ISSN: 2252-8792

43

§1,5370

(a). Nominal Phi “TT”

| Line

ANA—YYY

ZLine

Figure 7. Gl TelukLembu — GH MTQ Distribution Limeodel

I

osa]]

(a). Nominal Phi “IT”

Figure 8. Inductor installed at the sending endie@ukLembu Substation

(b). Nominal T

|

(b). Nominal T

This analysis is conducted with the addition of ithductor with 2 (two) scenarios. First scenario is
to place or install the inductor at the sendingher TLB SubStation side. Then do the analysis efsystem.
The circuit is as shown in Figure 8. The secondaide is to place or install the inductor on theeiging
end or MTQ substation side. The circuit is as shawirigure 9. Afterwards an inductive reactive powe
requirement of the system is calculated. Then u#ireg data, the similar analysis using scenariond a
scenario 2 is conducted. The calculation is dorth thie help of Matrix Laboratory software (MatLabhe

calculation is performed at every hour, from 01h@@rs until 24.00 pm.

ILine

A=

ZLine

j1.5370

4. RESULTSAND ANALYSIS
The results of the analysis conducted on the tbircuit of Figures 7, 8 and 9 are as shown in

Table 5.

4.1. Exsisting Condition

(a). Nominal Phi “IT”

Figure 9. Inductor installed at the sending enM®Q Substation

11,5370

(b). Nominal T

Under these conditions is seen that the averagagmlon the GH MTQ 2.43% is larger than its
sending end (TLB SS). The total capacitive leakagaent that occurs during the 24 hours is 249.61
Ampere. The dielectric loss that occurred in lis@dgual to 3.53 MW. Assuming a month is 30 daystaad
profile of the system every day for a month is famithen its losses amounted to 105.98 MW per mont
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Voltage Voltage
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20,500 | 20,500 / /\‘ / l-/\ A\
20,250 20,250 \~ Vo —~—r
20,000 / / 20,000 ////-'
19,750 —f / 19,750 +f I
19,500 / 19,500 l
19,250 19,250
time H
19,000 — T T T T T T T T T T T T T T T T T T T T T 19,000 . tl‘me‘
8883888888388388388883883888838 8838888883855 88¢8838888s8¢88
TN o0 g dd2I 8532923 dNmER OO0 g gy SE8S323582N
—— Existing Voltage TLB —— Existing Voltage MTQ ——— Existing Voltage TLB ——Existing Voltage MTQ
e Scenario 1 Voltage MTQ e Scenario 2 Voltage MTQ = Scenario 1 Voltage MTQ —Scenario 2 Voltage MTQ
H 13 il H W "
(a). Nominal “Phi"T1 (b). Nominal “T

Figure10. Voltage graph profiles that occur in three cormditi

Table5. Voltage and current profiles before and afterinstallation of Inductc

Existing Conditiol Inductor at TLB Inductor at MTQ
Time LB Voltagl\jTQ ArusBoco Tglsic V'\(;II_trzge ArusBocor sztljuggn V'\(/)Il.tlfge ArusBocor DnglseSc
Vo] [Voli Al whl volg A fwhl  [vor (Al kwh]
01:00 19200 19,625.27 9.89 132.96 19,223.46 9.85 131.73 19,196.6 9.72 128.53
02:00 19900 20,318.84 10.24 142.67 19,922.73 10.21 141.43 19,894.9: 10.08 138.15
03:00 20100 20,507.61 10.34 145.45 20,121.85 10.31 144.23 20,093.8 10.18 141.00
04:00 20200 20,599.00 10.39 146.82 20,221.19 10.36 145.63 20,193.0: 10.24 142.44
05:00 20200 20,593.02 10.39 146.78 20,220.76 10.36 145.60 20,192.6 10.24 142.47
06:00 20300 20,680.14 10.44 148.13 20,319.80 10.40 146.99 20,2915 10.29 143.93
07:00 20500 20,888.56 10.54 151.09 20,520.33 10.51 149.92 20,491.7 10.39 146.77
08:00 20000 20,431.60 10.30 144.19 20,023.61 10.26 142.89 19,995.7; 10.13 139.51
09:00 20000 20,431.60 10.30 144.19 20,023.61 10.26 142.89 19,995.7. 10.13 139.51
10:00 20200 20,642.58 10.40 147.13 20,224.33 10.36 145.79 20,196.1! 10.23 142.29
11:00 20300 20,760.46 10.46 148.71 20,325.58 10.42 147.30 20,297.2! 10.28 143.64
12:00 20300 20,750.20 10.46 148.63 20,324.84 10.42 147.26 20,296.5; 10.28 143.68
13:00 20500 20,954.35 10.56 151.57 20,525.07 10.52 150.18 20,496.4 10.38 146.53
14:00 20200 20,676.75 10.41 147.38 20,226.79 10.37 145.92 20,198.6! 10.23 142.16
15:00 20300 20,785.23 10.46 148.89 20,327.36  10.42 147.39 20,299.0: 10.28 143.55
16:00 20300 20,769.85 10.46 148.78 20,326.26 10.42 147.34 20,297.9. 10.28 143.61
17:00 20300 20,775.83 10.46 148.82 20,326.69 10.42 147.36 20,298.3! 10.28 143.59
18:00 20600 21,161.94 10.64 153.83 20,632.77 10.59 152.04 20,603.9 10.42 147.57
19:00 20100 20,696.43 10.39 146.81 20,135.44 10.34 14493 20,107.3. 10.16 140.32
20:00 20200 20,791.24 10.44 148.21 20,235.03 10.39 146.34 20,206.7' 10.21 141.75
21:00 20200 20,743.39 10.43 147.86 20,231.59 10.38 146.17 20,203.3! 10.22 141.92
22:00 20100 20,588.78 10.36 146.03 20,127.69 10.32 14453 20,099.6 10.17 140.71
23:00 20100 20,572.54 10.36 145.91 20,126.53 10.32 144.47 20,098.4 10.18 140.77
24:00 20200 20,678.46 10.41 147.39 20,226.91 10.37 14593 20,198.7. 10.23 142.16
4.2. Scenariol

The inductor is placed at the sendend or TLB SS (see Figure 10)hi§ configuratioris created
for the improvement of the systeiThe voltage at the receiving end (MTQ) decrezon the average of
2.25% than before installing the indor, or only up to 0.13% from the sending end. Whihe tota
capacitive leakage current is also decreased 824 10 248.55 Ampere, where previously 249.61 Amg
This also resulted in lower power losis reducedo 3.49 MW. With the same assumpti of similar profile
for a month, thenhe power loswill decrease 1.16 MW (model Phi) and 1.02 Mivodel “T").

4.3. Scenario 2

Meanwhile, for thesecond scenario, the results obtained are better e first scenario. Tt
average voltage at the receiving end is almoss#me as the sending end, which is on average &r by
0.01%. Capacitive leakage current decreased tdlZ24&mpere only. Tls resulted in dielectric losses in
line dropped to 126.25 kW, compared with the emgstconditions, of 3.41 MW. Furthermore, wt
compared to scenario 1, the losseswas reduced.88 &W. With the same assumptions (similar every
for a month), the the losses per month could be save from 3.79 l\W706) for model Phi and 3.65 M'
(3.45%) for model “T".
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Figurell. Graph of power loss that occurs during the @4r4

Moreover, using both scenarios,it can be seenthigaselection of the location of the installatiar
placement of the inductor location also ats the performance of the system. Both the first aeconc
scenarios are have shown improvement in the systtowever, result obtained when using the sec
scenario is much better. This can be seen fronvéltage at the receiving end, leak currentacitive and
line losses which are decreased.

Hence, by using the second scenario it will proda¢echnically better system. In addition, the
PLN (Persero) will be able to save the technicabés occurs on their systems. By using almostdhe
codg, certainly the second scenario is a better chaiivge the results are significantly bet

Table 6. Comparison of Losses Model "Phi" and tted® T before and after the installation of Indu

Description Model Phi Mode T
[kW] [kW]
Dielectriclosses per day before installing indu 3,5632.7i 3,528.23
Dielectric losses per dayafter installing induabsending er 3,494.2: 3,494.27
Saving losses 38.55 33.96
Saving for a month 1,156.5 1,018.91
Dielectric losses per dayafter installinductor at receiving end 3,406.5: 3,406.54
Saving losses 126.2° 121.69
Saving for a month 3,788.2 3,650.60

5. CONCLUSION

Based on the description abovecan beseen that the second scenario is much better kgafirst
scenario, where the positiai the inductor is placed at the receiving or thEQ/SS. It can save losses
PT. PLN (Persero) per month of 3.788 MW (3.57%) rfaydel Phi and 3.65 MW (3.45%) for model *
When compared with the first scenario just savé. b6 MW (1.09%) only per mith for model Phi and 1.C
MW (0.9 %) for model “T".
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