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ARTICLE INFO ABSTRACT
Article history: The planning of electrical installation in a residential building
Accepted needs to be carefully considered because of the variation of load

usage, which will lead to the requirement of standard electrical
installation. Improper installation will cause a failure in the
protection system such as electrical shortage and a reduction in
terms of the usage of electrical equipment. In this paper, a
harmonic study is conducted on an electrical network that is caused
b); the non-linear load usage in two-story building with a size of 80
m~. The study is aimed to be one of standards of electrical
installation by analyzing harmonic current and voltage as well as
its impact to the protection system of residential building. A type
of passive filters, that are high pass filter and double tuned filter are

Keywords: ] applied to dampen the harmonic. The simulation result shows that
Double tned filter total harmonic disorder (THD) of non-filter electrical installation
High Pass Filter has a current harmonic value of 98% and voltage harmonic of
Total Harmonic Distortions (THD) 1,3%. On the other hand, there is a significant reduction of

harmonic in the electrical installation with a passive filter installed
of which the current harmonic value drops to 21%.
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I. Introduction

Urban areas are densely populated areas where most of the people choose to live in housing area.
Residential areas are also called the areas with the second largest electricity consumption after
industrial areas. Problems arise due to the massive use of non-linear electrical load variations, which
is not comparable to the quality of electrical installations in housing which is under the Indonesian
National Standard or better known as SNI. Linear loads are loads that have a sinusoidal waveform,
while non-linear loads have non-sinusoidal waves because their harmonic currents have been
distorted. Electronic equipment that has non-linear properties and is used in housing includes air
conditioners, computers, televisions, energy-saving lamps, irons, refrigerators, electric welding and
other equipment that has an electronic ballast system. Non-linear loads have the characteristics of
causing harmonics due to the converter component in the form of a voltage rectifier that converts
alternating voltage into direct voltage. The converter component is a semiconductor circuit that acts
as an automatic switch in electronic circuits. Non-linear loads can also cause failures in the electrical
equipment protection process, this is caused by a distorted current due to the nature of the
semiconductor components in the load used. Failure of the protection causes damage to the laminate
layer on the conductor. Attempts to reduce the current harmonics are done by using a passive filter,
with the configuration of two types of High Pass Filter and Double Tuned Filter. Passive filter
consists of a series of resistance (R), inductance (L) and capacitance (C).

In this paper, a study will be conducted on the analysis of current harmonics in a 2-storey
building with an area of 80 m’. The results are then simulated and used as a reference in designing
the passive filters.
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II. Method

This study is conducted with the following stages.

C - D

Harmonic measurement

.

Filter design calculation

A. Flowchart of the research
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Figure 1. Research methodology

Figure 1 describes the stages of harmonic attenuation study in residential electrical installations.
The first step is to measure the harmonics of current and voltage at the point of common coupling
(PCC). then the value of the Total Harmonic Distortion (THD) of current and voltage will be known.
The second step is to calculate and simulate the filter design that can reduce the number of
harmonics based on the THD measurement data. The third step is to apply a passive filter and carry
out re-measurements at the PCC point. The results of these measurements will determine if the
passive filter can reduce the number of harmonics or whether it must be reconfigured.

B. Data

This study uses direct data collection method and simulation using MATLAB software. The
direct data collection methods include:

a. Electrical data of buildings in housing.
b. Data of installed power capacity and load variables.

Load data sheet installed.

&

Configuration data of passive filter installation.
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C. Data Analysis
Data analysis was carried out in several stages, including:

a. Performing measurements of total harmonic distortion (THD) at the point of common
coupling (PCC).

b. Simulating non-linear load variables.

c. Analyzing the value of passive filter components and harmonic attenuation.

I11. Results and Discussion

From the measurement results of the point of common coupling (PCC) of electrical installations
in housing area with variable of loads, the voltage harmonic values obtained are in accordance with
the permissible value limits as stated in IEEE 519-1992 (shown by Table 1), while the current
harmonic values exceed the permissible limits are shown in Table 2.

Table 1. Voltage harmonic measurement results (THDy)

Main Distribution Measurement result IEEE 519-1992 Standard Remarks
Panel Voltage ~ THDv(%)  Voltage THDv (%)
2200VA 220V 1.6 <69 kV 5 As per standard

Table 2. Current harmonic measurement results (THDy)

Main Distribution Measurement result IEEE 519-1992 Standard Remarks
Panel T/, THD: (%) TsoL THD: (%)
2200VA/10A 100 — 1000 98 =1000 20 Exceeding the
Standard

A. Load Variable Simulation

The non-linear load variables in the building installation are Vs = 220V; f = 50Hz. The
simulation results of non-linear load modeling used in buildings are shown in Figure 2. The results
of the current harmonic simulation and the harmonic spectrum are shown in Figure 3 and Figure 4,

respectively.
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Figure 2. Non-linear loading simulation
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Figure 3. Current harmonic wave simulation results
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Figure 4. Current harmonic spectrum simulation results

B. Passive Filter Analysis

123

In order to design a passive filter, it is necessary to firstly know the total system load. The total
system load is 1200W, assuming that the average load usage is 4 to 8 hours per day. The parameter

values are determined as follows:
a. It has been known that the load variable is capacitive
AQL =P (tan By,n — tan Oeng)
= 1200 (1,20 —0,20)

= 1200 var
b. Determine the value of the inductor
VZ
=
2 fl="2
v2 220°
X=X =—_20 ____(128H

T AQL T 2.(3.14).(50).(1200)

c. Determine the value of the capacitor to eliminate the 3rd and 5th order, then:

1

Cisonz = DL 88 uF
1

Casonz = @i 3,1 uF
1

Casonz = @i 1,6 uF

d. Determining the quality factor

The quality factor is determined by the variables Q = 50 and 80

Hy=X.=X, _2mflL Xy
R="t—c L _Z 2 -0
50 50 R

Table 3. Passive filter component calculation results

Filter Type Filter Order C L
High Pass 3 (150 Hz) 8.8 uF 0,128 H 1Q
5(250 Hz) 3,1 pF 0128 H
Double Tuned 7 (350 Hz) 1,6 uF 0,128 H 1Q
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C. Harmonic attenuation with passive filter

The analysis results of passive filter components calculation will previously be simulated before
being applied to direct measurements in order to determine the impact of installing filters in the
electrical load system used. After the addition of passive filter, the current harmonic results and
spectrum are shown in Figure 4 and Figure 5, respectively. The types of filters that will be used are
high pass filters and double tuned filters, which both will be configured into the system as shown in
Figure 6.

Figure 5. Current harmonic wave simulation results
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Figure 6. Current harmonic spectrum simulation results

IV. Conclusion

Based on the results of the analysis in simulations and measurements of harmonics in residential
buildings, the following conclusions were obtained:

a. The value of current harmonics before the installation of passive filters in residential
buildings exceeds the specified standard, which is 98%. The value of voltage harmonics
before the passive filter is installed according to the specified standard is 1.6%. After adding
a passive filter, the value of the current harmonics decreases. The value of the current
harmonics after the installation of the filter reaches the standard value of 20.89% while the
value of the voltage harmonics shows a fixed value of 1.6%.

b. The simulation results of non-linear load modeling in residential buildings shows that the
current harmonic value exceeded the standard, which is 98%. Meanwhile, in the simulation of

non-linear load modeling using a passive filter, the value of harmonics has decreased by
36.31%.
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