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Abstract. The need for electrical energy is increasing in line with the growth of population. As
consequences of high demand, electrical power network is also extended massively. A wider
distance between the power generator to far load centers also consider as drawback in
performances due to power loss along the transmission. The problem of power loss and voltage
drop in the distribution system can be solved by installing DSTATCOM. This paper aims at
finding the effect of DSTATCOM installation on real power losses and reactive power, as well
as its effect on voltage profiles on the North Makassar Distribution System. The simulation
results show that by installing DSTATCOM on 92 Bus North Makassar Distribution System on
several buses, increasing of performances can be achieved. The average active power loss
decreased by 2.5%, declining of the reactive power loss averaged 26.7% and the average voltage
profile improved by 0.12% (2.5 kV).

1. Introduction

Electrical energy is one of the needs that cannot be separated ﬁom people's lives in the era of
globalization. The dependence of electrical energy is very large in various activities of modern human
life can be found in many sectors such as in the world of transportati@g (two-wheeled and four-wheeled
vehicles such as motorcycles and cars) in the service sector and industry, government sector, and
housing sector. The use of electrical energy increases as the demand for new pairs increases. The
electrical energy produced by power plant centres is generally located far from load centres. The
senerated electricity will be channelled to load centres through transmission and distribution networks.
A considerable distance in the delivery of power from the plant to the consumer will cause a decrease
in voltage which results in a power loss. Voltage drop is one of the problems of electric power quality.
There are many ways to reduce voltage drops in transmission and distribution systeg@s. At present,
various controllers are very flexible, utilizing power electronic components, providing fast and reliable
control of transmission parameters such as voltage, channel impedance and phase angle between the
sender and receiver ends known as FACTS.

FACTS is an el@gronic-based equipment that maintains the quality of electric power by maintaining
better power flow by changing the pagggcters of voltage, impedance, and phase angle. On the other
hand, special power equipment is used to improve power quality in the distribution system. This special
power equipment functions are similar to FACTS, which includes special power equipment is D-
SATCOM, UPQC, DVR including D-STATCOM which is most often used because it provides a low
cost in compensating for reactive power [1]. D-STATCOM can handle a variety of functions, namely
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minimizing active and reactive power losses, harmonics, and their size is relatively small and
inexpensive [2,3].

The passive control of the STATCOM-level converter integrat ith the distribution transformer
has been carried out resulting in good performance integrated with D-STATCOM with reactive power
compensation and financing functions [4.5]. D-STATCOM analysis and control under unbalanced
voltage conditions, contribute when the voltage is not balanced between phases [6,7]. Then the D-
STATCOM design uses high power based on the dual converter topology in an isolated system that has
been carried out by Sreenivasarao et al. which aims to optimize the volfge using a converter. Gupta and
friends have developed a vag@ty of load models to determine the D-STATCOM allocation on the
distribution network [8]. The optimal placement of D-STATCOM using sensitivity in the distribution
system that is affected by varying load growth [9-10]. The reactive power compensation using
DSTATCOM, giving results that conceptually are similar to STATCOM on transmission [11]. The
control scheme gyt be such that it provides better compensation for reactive power and profile stress
so0 as to improve power quality at the end ow distribution [12].

Much research has been done before to reduce power losses and increase voltage profiles in
distribution systems, besides using D-STATCOM also uses shunt capacitors, synchronous condensers.
However, the results of the study show that shunt capacitors and synchronous condensers have
disadvantages, that is, for shunt capacitors cannot supply variable reactive power while synchronous
condensers are expensive and require routine maintenance [ 13]. For the northern Makassar distribution
system, for now, it still uses shunt capacitors and has a network topology that is long enough to allow
for considerable voltage drop and power losses when there is a dynamic load. Theref@gy this is very
interesting to study which aims to improve the efficiency and quality of utilities on the distribution
network. (o]

In this paper, D-STATCOM 15 used to increase the voltage profile and reduce power losses, with the
following arrangement: in the first part the background is explained, the second part is the distribution
system, the third part is the explanation of D-STATCOM, 4 simulation results and fifth conclusion.

2. Distribution systems

Distribution System of North Makassar (DSNM) is shown in Figure 1 which is used to analyse the
system load especially the Mandai substation, having an average voltage value of 0.964 pu (graph of
voltage profile shown in Figure 2.), total power losses of 195.94 kW and 68.36 kVar. This amount is
before installation of DSTATCOM, by installing DSTATCOM, it will increase the voltage value and
reduce the number of power losses.
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Figure 1. Distribution system of North Makassar,

To install DSTATCOM on the Distribution system of North Makassar in improving the voltage profile
and reducing losses based on the load flow system using steps as shown in Figure 3.
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Voltage Profile In Makassar Distribution System
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Figure 2. Voltage profile before D-STATCOM installation.
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Figure 3. Flow chart to determine the voltage and amount of losses.

3. @stributiun static compensator (D-STATCOM)
To analyze the Distribution System of North Makassar, the equivalent circuit of the distribution system
is modeled in Figure 4, which is a simplification of Figure 1.
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Figure 4. Equivalent circuit model of Distribution System of North Makassar.

D-STATCOM is an inverter-based volfage source which is a special power device, connected in parallel
to the power system and can supply reactive power to increase the voltage profile and reduce power
losses on the channel [14]. The main components of D-STATCOM include VSC (Voltage S e
Converter), energy storage equipment, transformers, and a controlleggfor more details, the basic
structure of D-STATCOM can be seen in Figure 5. The basic principle of D- TCOM installed in a
distribution system will produce an ac voltage source that can be controlle avoltage source converter
(VSC). The output voltage of D-STATCOM can control the exchange of active and reactive power
between D-STA M and the distribution network system. Very flexible output voltage control from
VSC is utilizing high frequency switching with pulse width modulation (PWM) technique at constant
de voltage source, then the average of the output voltage waveform is obtained to get the fundamental
voltage component that can be adjusted by its magnet The PWM technique provides advantages in which
low-order harmonics are reduced so that it will reduce the number of harmonics and harmonic filters.
The higher the frequency ratio of transmission to the fundamental frequency, the lower the low-order
harmonics that appear, but this can cause additional loss.
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Figure 5. D-STATCOM Basic structure in distribution system.

4. Simulation results

The distribution system of north Makassar consisting of 92 buses has been modeled using the following
scenario: case | is the condition before the installation of D-STATCOM, cases 2, 3,4 and 5 are to add
D-STATCOM to each bus on bus 20, bus 335, bus 51 and bus 81.
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The simulation results from the North Makassar Distribution System with several scenarios result in
a significant increase in voltage and uction in losses shown in Table | and Table 2. Table | is the
voltage on the bus and Table 2 is the total active and reactive power losses of the simulation results by
installing D- STATCOM is 250 KV.

Table 1. Voltage on the bus.

Voltage (pu)

Scenario Bus 20 Bus 35 Bus 51 Bus 81
Case 1 0.97000 0.96616 0.96132 0.95249
Case 2 0.97101 0.96718 0.96233 0.95351
Case 3 0.97101 0.96742 0.96258 0.95375
Case 4 0.97101 0.96742 0.96301 0.95418
Case 5 0.97101 0.96742 0.96301 0.95548

Ehle 2. Total active and reactive power losses.

Total Losses Case 1 Case 2 Case 3 Case 4 Case 5
Aktif Power (kW) 195.94 192.49 191.44 190.79 189.60
Reaktif Power (kVar) -68.36 -53.68 -51.82 -49.50 -45.38

Tables 1 and 2 show that the gstallatiun of D-STATCOM on a bus will increase the voltage profile and
reduce active power losses and reactive power losses. Of the five scenarios, the most effective D-
STATCOM installation is in case 5, namely bus 81, g@ulting in an increase in voltage profile of 3.24%
and reduction in a reactive power I¢g§ of 33.6% and active power loss of 3.2%.

The graph of the comparison of active power losses and reactive power losses for various scenarios
on the 92 buses system is shown in Figure 6., Figure 7., and Figure 8.
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Figure 6. Comparison of Active power loss for different cases DSNM in 92 bus.
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Figure 8. Comparison of Active power and Reactive power loss for different cases DSNM in 92
bus.

For voltage profiles on each bus on the Distribution System of North Makassar 92 buses are shown in
Figure 9, Figure 10, Figurel 1, and Figurel2. Figure 9, D-STATCOM installation on bus 20, in Figure
10, D-STATCOM installation on bus 35, in Figure 11 is an installation D-STATCOM on bus 51 and
Figure 12 mounting D-STATCOM on bus 81.
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Figure 9. Installation of D-STATCOM in bus 20.




MEE 2019

IOP Publishing

P Conf. Series

altaga (pu}

Voltage (pu)

: Materials Science and Engineering 850 (2020) 012009 doi:10.1088/1757-899X/850/1/012009

Vaoltage (pu} va Bus Numbar
T T T

T T =
—— Woliage Gafos Installaton O-STATCOM
———— Voltage after Instakason D-SATCOM on bus 35 ||

100

Bus numbars
Figure 10. Installation of D-STATCOM in bus 35.
Voltage (pu) vs Bus Number
T T T T T T
F—rPr——p—
o - ——— Violtage afer Instaliation D-SATCOM on bus 51 _|
095 1 1 1 1 1 1
Bus numbers
Figure 11. Installation of D-STATCOM on bus 51.
Voltage {pu) vs Bus Number
1 T T T T T T T T T -
— Voitage before instalaticn D-STATCOM
0,956 ¥ - Vollage ater Ingtallation D-SATCOM on bus 81
0,985 |
098 F
0975
04Tt
0.985 1~ -1
a6 - |
0,988 — -
0.95 L 1 1 1 1 1 1 1 1 1

0 3 40 50 60 0 B0 an 100
Bus numbers

Figure 12. Installation of D-STATCOM on bus 81

The graph in Figure 13 illustrates the comparison of the stress profile of each bus in five scenarios.
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Figure 13. Comparison of voltage profiles in five scenarios on DSNM 92 bus.

5. Conclusion

Simulations are carried out on Distribution System of North Makassar 92 buses, especially Mandai
Substation with several scenarios. With the installation of@-STATCOM in several scenarios, the
simulation results show an increase in voltage profile and active and reactive power losses. Case 1
(without D-STATCOM) s@ws a voltage value of 0.970pu on bus 20, la: 35: 0.966pu, bus 51: 0.961pu
and bus 81: 0.952pu while the total active power loss is 195.94kW and total reactive power loss is 68.36
kVar. Case 2 (installation of D-STATCOM on bus 20) shows a voltage value of 0.97 1pu on bus 20, bus
35: 0.967pu, bus 51: 0.962pu and bus 81: 0.953pu while total active power loss is 192.49kW and total
reactive power loss is 53.68 kVar. Case 3 (installation of D-STATCOM on bus 35) shows a voltage
value of 0.971pu on bus 20, bus 35: 0.967pu, bus 51: 0.963pu and bus 81: 0.953pu while total active
power loss is 191.44kW and total reactive power loss is 51.82 kVar. Case 4 (installation of D-
STATCOM on bus 51) shows a voltage value of 0.971pu on bus 20, bus 35: 0.967pu, bus 51: 0.963pu
and bus 81: 0.954pu while total active power loss is 192.49kW and total reactive power loss is 53.68
kVar. Case 5 (installation of D-STATCOM on bus 81) shows a voltage value o' 0.97 Ipu on bus 20, bus
35: 0.967pu, bus 51: 0.963pu and bus 81: 0.955pu while total active power loss is 189.60kW and total
reactive power loss is 45.38 kVar.

The simulation results show that the conclusion of this paper with the installation of D-STATCOM
on the Makassar North 92 Distribution System can increase the average profile of 0.12% (2.5 kV) and
the reduction in active power losses by an average of 2.5% and reactive power losses 26.7 %. The most
effective installation of the five scenarios is case 5, namely on bus 81 with an increase in voltage profile
of 0.16% (3.2kV) and a reduction in an active power loss of 3.24% and reactive power loss of 33.61%.
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