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Abstract: This paper proposes an efficient shunt active filter for 

harmonic reduction in hospital building electrical installation. 
Harmonic installation in distribution system is caused by 
non-linear electrical loads, especially those containing coils, such 
as air conditioners, pump machines, fans, and others. Harmonic 
can cause excessive heat in a distribution transformer that 
supplies an electrical installation in a multi-storey building. This 
heat is a power loss and has the potential to shorten the life of a 
distribution transformer, so that efforts are needed to reduce 
harmonics. One effective method to reduce harmonics is to use 
active filters. In this study, a shunt active filter application in the 
electrical installation of a hospital building was carried out. The 
results showed that the filter was able to reduce harmonic currents 
significantly, so that the harmonic threshold was still in 
accordance with the IEEE standard. 

Index Terms: Active filter, harmonic, hospital building.  

I. INTRODUCTION 

The power factor or work factor is the ratio between active 
power expressed in watts and apparent power expressed in 
VA [1]. Another definition of power factor is the cosine value 
from the angle formed between real power and apparent 
power. In electric power distribution systems, high-value 
reactive power causes the angle between real power and 
apparent power to become significant. This large angle results 
in a low power factor value [2]. Inductive electrical loads are 
the cause of the low value of a system's power factor [3] - [4]. 

An ideal condition will be achieved when the electrical 
load that is served by electric power feeders is resistive. This 
resistive load has a power factor of one. In this condition, the 
maximum power transferred is equal to the capacity of the 
distribution system [5]. Thus, with the load induced and if the 
power factor ranges from 0.2 to 0.5, the capacity of the power 
distribution network becomes depressed. Thus, the reactive 
power (VAR) should be as low as possible for the same kW 
output in order to minimize the total power requirement (VA) 
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[6]-[7]. Power Factor describes the phase angle between 
active power and apparent power. Low power factor is 
detrimental because it results in high load current. These 
power factor improvements use capacitors [8]-[10]. 

Power factor plays an important role in determining the  
power quality of a power system, including electrical 

systems in office buildings. A good power factor is also able 
to save significant electrical energy consumption [11]-[13]. 
However, it is important to carefully calculate the capacitor 
capacities required for the improvement of power factor. A lot 
of research has been done to improve power factor of electric 
power system, among others improvement of load motor 
power factor, power factor improvement on industry, and 
others [14]-[15]. 

In this research, the power factor improvement on the 
electrical installation of the multi-storey building uses the 
bank capacitor. The object of research is the hospital building 
electrical installation in Yogyakarta. First of all do the audit of 
electrical energy on the installation of the building. This 
energy audit aims to get actual data about power factor 
condition. Based on the actual conditions then calculations 
are made to determine the capacity of capacitors needed to 
increase the power factor of the system. In this research, 
reactive power injection was carried out by installing 
capacitor banks. The power factor and some other variables 
have been measured after the bank capacitor was installed. 
The results of the measurements were analyzed to obtain 
conclusions about the successful installation of bank 
capacitors for the improvement of electric power factor.  
  

II. LITERATURE REVIEW 
 

Power Factor in Power System 
Quality electricity is electricity that has voltage and a 

constant frequency according to its nominal value. Within the 
specified range, the frequency is stable and very close to the 
nominal value. Problems that often occur in the quality of 
electrical power are electrical power problems that 
experience deviations in voltage, current, and frequency, 
causing failure or operation error on the equipment. Electric 
power supply from the generator to the load is operated within 
the tolerance limits of the electrical parameters such as 
voltage, current, frequency, and waveform.  
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Changes and deviations outside the tolerance limit of these 
parameters are very influential on the quality of the power, 
which causes inefficient operation and can damage the device. 
Power quality is much influenced by the type of load that is 
not linear, unbalanced loading, harmonic wave distortion that 
exceeds the standard, and others.  

The decrease in power quality can cause an increase in 
losses on the load side, even cause a decrease in power 
capacity at the source of the plant. 

The advantages of power factor improvement through the 
installation of capacitors are [16]-[17]: 

1. For Consumer, especially company or industry: 
•  Only one investment is required for the purchase and 

installation of capacitors and no ongoing costs. 
•  Reduce the cost of electricity for the company, 

because: 
(a) reactive power (kVAR) is no longer supplied by 

utility companies so total demand (kVA) is reduced 
and 

(b) the value of a fine paid if operating at a low power 
factor can be avoided.  

•  Reduced distribution loss (kWh) in network / factory 
installation. 

•  The voltage level at the end load increases so as to 
improve motor performance. 

2. For electric utility suppliers, 
•  The reactive component on the network and the total 

current in the end-end system is reduced. 
•  The loss of power I squared R in the system decreases 

due to the decrease of the current. 
•  The capacity of power distribution networks increases, 

reducing the need to install additional capacity. 
Installation of capacitors can be divided into 3 parts, 

namely: 
1. Global compensation 

Along with this method the capacitor is installed in the 
parent panel. The descending current from the installation 
of this model is only in the interface between the MDP 
panel and the transformer. While the current passing after 
the MDP does not decrease thereby the loss due to heat 
dissipation in the conductor after MDP is not affected. 
Moreover the installation of power with a fairly long 
delivery Delta Voltage is still quite large. 

2. Sectoral Compensation 
With this method a capacitor composed of several 
capacitor panels mounted in the SDP panel. This method 
is suitable for industries with large installed load capacity 
up to thousands of kva and the distance between the MDP 
and SDP panels is quite far apart. 

3. Individual Compensation 
With this method the capacitor is directly mounted on each 
load, especially having a large power. This method is 
actually more effective and better from the technical point 
of view. But there are drawbacks that must provide a space 
or a special place to put the capacitor so as to reduce the 
aesthetic value. 

Electricity load is defined as the amount of electric power 
used by consumers. Electrical loads can be divided into 
balanced loads and unbalanced loads. At a balanced load, the 
amount of power generated by a three-phase generator or the 
power absorbed by a three-phase load is obtained by adding 
up the power of each phase. In a balanced system, the total 

power is equal to three times the phase power, because the 
power in each phase is the same. In large DC currents, 
inductive loads and capacitive loads do not affect the circuit, 
so that the load is only pure resistive load. In the AC circuit, 
capacitive and inductive loads will affect the circuit, so that 
the working load is resistive, inductive load, and capacitive 
load. Here is the understanding of resistive, capacitive, and 
inductive loads. 

A resistive load is generated from a circuit consisting of a 
resistor in the form of a pure resistor. This load only absorbs 
active power and does not absorb reactive load at all. At 
resistive loads, the current and voltage will be in phase. The 
inductive load is a load that absorbs active and reactive power 
by lagging power factor, ie when the voltage precedes the 
current by an angle ɵ. Inductive loads are generated from 

electrical components that contain a coil of wire wrapped 
around an iron core. Examples of electrical equipment that are 
inductive loads are motors and transformers. Inductive loads 
are generated from circuits that contain passive components, 
in the form of inductors. The capacitive load is a load that 
contains passive components, namely capacitors. Capacitive 
loads absorb active power and emit reactive power. The 
waveform of a capacitive load is the current that precedes the 
voltage. Here are the waves generated at capacitive loads, as 
shown in Figure 1. 

The quality of a voltage in distribution networks always 
experiences dynamics. One of the dynamics that occurs is a 
decrease in electrical voltage. This decrease in voltage can be 
caused by electrical loads that suck up substantial currents. 
This phenomenon can be caused by enormous reactive power 
consumption. High reactive power consumption is generally 
caused by electric motor loads that have a tremendous power 
capacity. When this large power capacity electric motor starts 
to run, the absorbed current is substantial. Therefore a power 
capacitor is needed to overcome the problem of voltage drop 
when the motor starts.  

 

 

 

Figure 1. Effect of capacitor for the power factor 
improvement 
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The power capacitor functions to compensate for the 
sizeable reactive power. With the power capacitors, reactive 
power can now be supplied to large-capacity motors. In the 
end, the installation of capacitors can reduce reactive power 
demand from distribution system centres or substations. 
Power capacitors will usually be activated after the reactive 
power needs of the electrical loads consist of large-capacity 
motors. The effect of installing power capacitors on a 
distribution network can be shown in Figure 1. 
Power Factor Improvement 

In general, in the industrial sector that operates large 
capacity, electric motors have a moderate motor power factor. 
Based on several surveys conducted by the researchers, there 
are about 62% of the loads of the electric motor that have a 
power factor which results in an accumulation of the overall 
system power factor to below. Electric motors have low 
power factors because they consist of inductive load coils. 
The power factor of this electric motor varies, from 0.30 to 
0.95. This power factor generally depends on motor capacity 
and operating conditions when run. This low power factor is 
very detrimental to operational costs because of the use of 
electricity that is not optimal and efficient. Therefore, in any 
industry, the amount of power factor is always a concern for a 
method to solve it.  

Series capacitors are capacitors that are installed in series 
with lines. Use of series capacitors to compensate for 
inductive reactance. In Figure 2, it can be seen that the 
capacitor is a negative reactance and will reduce the inductive 
reactance, which is positive. The use of series capacitors can 
minimize voltage drops caused by channel inductive 
reactance and increase the voltage. 
 

 
 

Figure 2. Series compensation curve 
In general, the voltage drop equation after a series 

capacitor compensation can be shown in the following 
equation: 

   =    cos   +   (   -   ) sin              (1) 

If the capacity selection of the series capacitors is too large 
compared to the desired inductive reactance compensation 
value, it will cause easy over compensation so that the system 
will experience a leading power factor. Besides, the 
installation of series capacitors will cause a ferrous resonance 
in transformers, subsynchronous resonance while starting at 
the motor load, and the difficulty of installing protection 
systems for series capacitors, the application of series 
capacitors is rarely used in distribution systems. 

The shunt capacitor is a capacitor that is installed in parallel 
with the line, and is often applied to distribution systems 

because it can overcome voltage drop, reduce power losses, 
and improve the value of the power factor, and easy to apply 
protection systems. The use of parallel capacitors can provide 
reactive power compensation to the load. The current injected 
by a parallel capacitor can change the current vector in the 
leading direction so that the voltage drop due to the inductive 
load of the channel can be overcome, and the voltage at the 
load is maintained at the desired condition. 

The capacitor bank is a capacitor consisting of more than 
one unit of capacitors connected in parallel and in series to 
inject reactive power into the electric power system to 
minimize the voltage drop and power losses. In a distribution 
system, if a network does not have reactive power sources in 
the area around the load, all of its reactive load needs are 
borne by substations that are supplied from generators at the 
power plant. The reactive current will flow in the network 
resulting in a power factor decrease, voltage drop, and 
increased power losses so that the installation of capacitor 
banks can improve the quality and stability of the system in 
good condition. 

Bank capacitor models used in distribution systems include 
fixed capacitor banks and automatic capacitor banks. The 
difference between the two capacitor bank models is that the 
automatic capacitor bank can switch each unit of the capacitor 
and each capacitor segment in it so that the determination of 
the reactive power capacity injected can be adjusted to the 
needs of the system. In contrast, the fixed capacitor bank only 
has the capability of large-scale injection fixed reactive 
power. While based on the configuration, the bank capacitors 
consist of one phase and three phases. Single-phase bank 
capacitors have capacitors units that are connected in parallel 
in one segment, each segment of capacitors can be connected 
in series or parallel as needed, it is also owned by a 
three-phase capacitor bank. However, the three-phase 
capacitor bank has a delta and star winding configuration 
according to the needs of the capacitor. 

In general capacitor bank with delta winding configuration 
is used to compensate for reactive power in three-phase motor 
loads. Its use is found in the industrial world, while bank 
capacitors with star/wye configuration are used to compensate 
for reactive power in electric power systems at the distribution 
level and transmission. 

III. METHODOLOGY 

The main target in this research is the improvement of 
power factor using the installation of capacitor bank. Based 
on the theory, the installation of capacitors is also able to 
increase the system voltage profile. With the improvement of 
power factor system, then the energy saving of electricity will 
also be obtained, because electric power can be utilized 
optimally. 
The research steps are: 
1. Conducting audit of electrical installation at the hospital 

building electrical installation in Yogyakarta. This audit 
is done to get actual data about electrical installation 
that is voltage system, nominal current, power factor, 
harmonics, and power frequency. 

2. Conducting the design of proper electrical installation to 
improve the system power factor, including the 
installation plan of the 
capacitor installation. 
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3. Perform the capacity of capacitor calculations to be 
used for power factor improvement in order to improve 
the system voltage profile, using the power factor 
improvement table as shown in Figure 2. 

4. Conducting the installation of bank capacitors on the 
installation of the hospital building electrical 
installation in Yogyakarta. 

5. Conducting measurements of voltage, power frequency, 
and power factor after the installation of the capacitor. 

6. Conducting an analysis of the results of the installation 
of a bank capacitor for the improvement of power factor 
and the system voltage profile. 

7. Make conclusions and recommendations. 

Figure 2. The power factor improvement table for 
determining the capacitor capacity 

IV. RESULTS AND DISCUSSION 

In this research there are several variables observed are 
frequency system, system voltage profile, harmonic system, 
and system power factor. This observation is done by doing 
direct measurement on electric installation of the hospital 
building in Yogyakarta using power analyzer measuring 
instrument. The measurement results are shown in Figure 3, 
Figure 4, Figure 5, and Figure 6. 

Figure 3 shows the frequency of the hospital electrical 
installation system in Yogyakarta. In general, the frequency of 
the installation system is relatively stable. In this study, 
frequency measurements were carried out for 24 hours. 
However, there are frequency fluctuations in the first 4 hours, 
although not large. This can be seen if seen in detail. The 
maximum power frequency is 50.3 Hz. This increase in 
frequency occurs in changing office buildings, which occur at 
11:30 a.m. to 1:00 p.m. At this time duration the activity in the 
office building was relatively quiet because the employees 

were resting. Changes in power frequency in this duration are 
not large, so that not the whole affects the system. 

 
Figure 3. Power frequency of the hospital building 

electrical installation system in Yogyakarta 
 

 
Figure 4. Voltage profile for single phase of the electrical 
installation system of the hospital building in Yogyakarta 

Figure 4 shows the voltage profile for a single phase of the 
electrical installation system of a hospital building in 
Yogyakarta. This voltage is the result of the system voltage 
profile after installation of a capacitor bank with a capacity of 
36 kvar. Based on Figure 4 it is observed that phase 1 voltage 
is 211 volts, phase 2 voltage is 216 volts, and phase 3 voltage 
is 216 volts. Phase 1 RMS voltage value is the result of the 
lowest voltage measurement. This happens because in phase 1 
there is a load that is relatively greater than the other two 
phases, so that the phase voltage decreases significantly 
compared to the other phases. Based on Figure 4, it can also 
be seen that with the installation of bank capacitors, the 
voltage of each phase is still within tolerable limits. 
Furthermore, the voltage profile for the phase to phase of the 
electrical installation system of hospital buildings in 
Yogyakarta is shown in Figure 5. It should be noted that the 
system voltage is the system voltage profile after the 
installation of a capacitor bank with a capacity of 36 kvar. In 
Figure 5 it can be seen that phase 1 voltage is 368 volts, phase 
2 voltage is 378 volts, and phase 3 voltage is 369 volts. Phase 
1 RMS voltage is the result of the lowest voltage 
measurement, because in phase 1 there is a load that is 
relatively greater than the other two phases.  
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As a result, the phase voltage decreases significantly 
compared to the other phases. Installing this bank capacitor of 
36 kvar also produces a voltage for each phase still within 
tolerable limits. The highest phase to phase voltage in this 
case occurs in phase 2 because the load under this phase is 
relatively lower than the other phases. 

 
Figure 5. Voltage profile of the hospital building electrical 

installation system in Yogyakarta 
 

 
Figure 6. THD of the hospital building electrical 

installation system in Yogyakarta 
 

 
Figure 7. Power factor of the hospital building electrical 

installation system in Yogyakarta 
The next investigation is the total harmonic authority (THD) 
of the electrical installation system of the hospital building in 
Yogyakarta. The THD of the electrical installation system is 
shown in Figure 6. The THD shown in the Figure is the result 

of observations after the installation of 36 kvar capacitors. In 
general, the results showed that THD has decreased 
significantly. The highest THD occurred in phase 3 which was 
11.8%. This THD value exceeds the expected threshold, 
which is a maximum of 5% according to IEC standards. 
However, in other phases the THD is relatively small, which 
is below 5%. 

The power factor of the system of electrical installation of 
hospital buildings in Yogyakarta is shown in Figure 7. This 
investigation of the power factor is the last observed variable. 
The power factor of the measurement results in Figure 7 is the 
system power factor after the installation of a capacitor bank 
with a capacity of 36 kvar. It can be seen in Figure 7 that the 
average power factor of the system is 0.85, which is relatively 
better than before the installation of power capacitors which is 
0.68. Based on the measurement results shown in Figure 7 it 
can be observed that phase 1 power factor is 0.899, phase 2 
power factor is 0.916, and phase 3 power factor is 0.706. 
Phase 3 power factor is the lowest because in this phase there 
are many inductive electrical equipment, namely electric 
motors in AC. 

V. CONCLUSION 

Some of the variables observed in this work are frequency 
systems, system voltage profiles, harmonics, and power 
factors. In this study direct measurements were made on the 
electrical installation system of hospital buildings in 
Yogyakarta using a power analyzer. An important result of 
this study is that the installation of 36 kvar capacitors is able 
to improve system power quality well. Installing 36 kvar bank 
capacitors can increase system power factor from 0.68 to 
0.85. Installation of capacitors proved to be able to improve 
the performance of the electrical installation system in the 
hospital building. 
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