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ABSTRAK

Laporan ini membentangkan projek yang direka untuk membetulkan faktor
kuasa secara automatik bagi industri perubatan di Malaysia dengan harapan untuk
memjadikan penggunaan kos dan tenaga yang cekap, kerana sumber tenaga kini
semakin berkurangan disebabkan peningkatan populasi. Faktor kuasa ialah nisbah
kuasa sebenar dan kuasa nyata. Takrif ini secara matematik diwakili sebagai kW /
kVA di mana kW adalah kuasa aktif dan kVA adalah kuasa nyata (aktif + reaktif).
Kuasa reaktif adalah kuasa yang dihasilkan oleh beban magnetik dan induktif untuk
menjana fluks magnetik. Peningkatan daya reaktif meningkatkan kuasa jelas supaya
faktor kuasa akan berkurangan. Faktor kuasa yang rendah akan menyebabkan
industri perlu memenuhi permintaan yang tinggi dan menjadikan penggunaan tenaga
kurang cekap. Matlamat utama projek ini adalah untuk meningkatkan faktor kuasa
semasa industri perubatan dari 0.85 hingga 0.90. Pampasan faktor kuasa
menyumbang kepada pengurangan arus dan meningkatkan kecekapan tenaga sambil
mengembangkan kebolehpercayaan perancangan untuk rangkaian tenaga masa
depan. Apabila teknologi berkembang, penalti kos dan kecekapan yang beransur-
ansur harus dikurangkan. Oleh itu, peranti pampasan faktor kuasa automatik harus
menjadi alat yang kos efektif dan lebih kecil dari masa ke masa. Inilah sebabnya
projek ini menggunakan peranti boleh atur kerana ia merupakan peranti binaan

miniatur.

Kata kunci-faktor kuasa (pf); fluks magnet; kuasa reaktif



ABSTRACT

This paper present the project designed to correcting power factor for medical
industries in Malaysia automatically. Which with hope to make the cost and energy
usage efficient, because the energy source are depleting due to increase in population.
Power factor is the ratio of real power and apparent power. This definition is
mathematically represented as kW/kVA where kW is active power and kVA is
apparent power (active + reactive). Reactive power is the non-working power
generated by the magnetic and inductive load to generate magnetic flux. The increase
in reactive power increase the apparent power so the power factor will decrease. Low
pF will cause the industry to meet high demand thus making it less efficient. The main
aim of this project is to increasing the current power factor of medical industries from
0.85 to 0.90. Power factor compensation contribute to reduction in current-dependent
losses and increase energy efficiency while expanding the reliability of planning for
future energy network. As technology develops, the gradual cost and efficiency
penalty should reduce. Therefore, automatic power factor compensation device should
become cost-effective and smaller device over time. That is the reason this project is

using programmable device as it is a miniature architecture device.

Keywords—power factor (pf); magnetic flux, reactive power
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CHAPTER 1

INTRODUCTION

1.1  Project Background

Electrical power has been proven to be one of the most important resource in Malaysia
and due to its high demand and widely used, it has become a very expensive resource.
The cause of its high cost is mainly because of the generation cost, transmission cost
and distribution cost. Plus, the demand of commercial and industrial customers varies
greatly throughout the day and for them (the industrial consumers) the maximum
demand plays and important role in their overall electricity bills. Therefore, they need
to ensure that their max demand is low as possible for their substantial savings. This
is the main purpose of this project where it is to overcome the unwanted problem,
power factor need to be improved by installing Automatic Power Factor Compensation
(by adding capacitor load to offset the inductive load present in the power system).
The capacitors can be installed at the service entrance of the plant or on the load side
of the metering equipment. These capacitors may supply part, or all of the reactive
power required by the plant. There are many benefits by having Automatic Power
Factor Compensation device. For the industrial usage, the equipment will have a longer
life span and the maintenance costs remain low. According to Sandesh, Singh and
Phulambrikar (2012), power factor improvement leads to a huge drop of apparent
power drawn from the ac source which in turn protects energy and minimizes the

transmission losses.



1.2 Motivation

This project will make the consumers actually see the effect of high and low power
system in their consumption of energy. When the power factor is very low, the may be
able to see the effect and reach out to make the operation system change as needed.
They can increase the power factor by using the automatic power factor compensation
which use capacitor and microcontroller as the main components. Thus, this will help
in improving the power factor of a system. Plus, the current demand on energy is
increasing day by day and the industries growth are inclining. Plus, according to
Ministry of Health Malaysia (MoH), medical industries had been tremendously grow
for the past decades, 8% to 10% annually. But on the other hand, the energy sources

are depleting due to increase in population.

1.3 Problem Statement

Power factor or wasted energy capacity is something that is often being overlooked by
the consumer as it does not really give a big effect to them (referring to the residential
area) as they do not have to pay any penalties from the TNB and their tariff based on
the amount of energy (kWh) used only. On the other hand, TNB imposes on all
industries and large power consumption (LPC) to maintain their power factor to no
less than 0.85 and failing to maintain their power will result on a penalty being imposed
to them. In fact, power factor can result in poor reliability, safety problems and high
energy costs as mentioned by Tagwira (2014). The lower the power factor is, the less
economical the power system operates. All these problems stated are related and due
to low power factor and the current power factor produced by the medical industries
(the industry this project focus on) in Malaysia is around 0.9 and the aim is to increase
it to 0.95 or nearest to unity so that it can give benefits to both the supplier and

consumers.



1.4 Objective

The main objectives of this project is:
1. To identify the most suitable software to be used.
ii. To design a circuit for automatic operation for Power Factor Compensation.

iii. To develop a programming code for the Automatic Power Factor

Compensation (APFC) device.

1.5 Project Scope

This project is focusing on:
i. Improving existing power factor on medical industries in Malaysia.
ii. To ensure that power factor is more than 0.9.
iii. To design an automatic function of the device.

iv. To determine the value of reactive power (Q).



CHAPTER 2
LITERATURE REVIEW

2.1  Introduction

In this chapter, it emphases more on the important theory and assessment related to the
work required in developing the project. A thorough research had been done on the
factors that affect power factor and the type of corrective instruments used to execute
the desired objectives. Besides, it also shows and proves how it can give benefits to

the industries that use high voltage supplies.

There are two type of power factor correction which are fixed and automated, and this
project focuses on the automated system. There are few main reasons why the power

factor correction (or compensation) need to be automated:

1. Stability — A stable power system means stable voltage supply and fewer faults
that can reduced costs (especially in the electricity tariff).
ii.  Safety — The needs of automated controls is to ensure that the plant must be

safe to operate even when there is instability of power system.

2.2 Power factor

Ware, J. (2006) described that power factor is the ratio between the useful (true) power
(kW) to the total (apparent) power (kVA) consumed by an item of alternating current
(A.C) electrical equipment or a complete electrical installation. It is a measure of how
efficiently electrical power is converted into useful work output. The ideal power
factor is unity, or one. Anything less than one means that extra power is required to

achieve the actual task at hand. Power factor is expressed as a percentage (%).



p for — Real power (kW) < 100
ower factor = Total power (kVA)

Real power or true power, P is the power that is used to do work on the load. Active
power is measured in watts (W) and in the electricity billing, it is stately in kilowatt-
hours (kWH). It is the power drawn by the electrical resistance of a system doing useful

work. Reactive power is the power not used to do work on the load.

Reactive power, Q is measured in volt-amperes reactive (VAR) and stored in and
discharged by inductive motors, transformers or solenoids. The reactive power
required by inductive loads increases the amount of apparent power and it is measured
in kilovolt amps (kVA) in the distribution systems. But reactive power are not stated
in the electrical tariff. Increasing the reactive and apparent power causes the power

factor, PF to decrease.

Total power or apparent power is the combination of real power and reactive power.
Apparent power is the power supplied to the circuit and is measured in volt-amperes
(VA). Total power is the electrical billing statement is measured in volt-ampere-hour

(kVAH).

Kanchi et al. (2013) have described that generally, power factor is called as the cosine
of angle between the voltage and current. In an a.c circuits there is generally a phase
difference between voltage and current. If the circuit is inductive, the current is lags
behind the voltage and the power factor is called lagging power factor and if the circuit
1s capacitive then current leads to voltage and power factor is said to be leading power

factor.

Eeactive

Power (Q) Total Power (3) measured in EVAH

Meazured in
KVAR

Eeal Power (P) measured in KW

Figure 2.2.1: Power triangle (source: Tagwira, 2014)


http://www.efxkits.us/difference-between-insulated-gate-bipolar-transistor-igbt-and-mosfet/

The power factor of an alternating-current device or circuit is the ratio of the active
power P to the apparent power S. Power factor is expressed as a simple number, or as

a percentage. It is given by the equation
Power factor = P/S
where; P = active power delivered or absorbed by the circuit or device [W]
S = apparent power of the circuit or device [VA]

The power factor never exceed 100 percent or unity because the value of active power
can never be greater than apparent power. Power factor is also a measure of the phase

angle between voltage and current. Where this leads to another equation,

P
Power factor = S

EL,

~EI
= p/1
= cos @

Neha Shrivastava (2015) stated that the AC circuits are made of resistive, inductive
and capacitive components. For purely resistive load like incandescent lighting, the
current and voltage are in phase where the current follows the voltage. For inductive
loads case, the current is out of phase with voltage where it lags behind the voltage
except for a few purely resistive loads and synchronous. However, in a capacitive load
the current leads the voltage thus means the current and voltage are out of phase. The
most common capacitive loads are the capacitors used for the correction of power

factor of the load.

2.3  Power factor correction

Power factor correction can be applied by the electrical utility to improve the stability
and efficiency of the transmission network or, it can be installed by the electrical

consumer to reduce costs charged by the electrical provider.



Wildi, T. (2006) mentioned that power factor correction (or improvement) is
economically practicable whenever the decrease in the annual cost of electricity
exceed the pay back cost of installing the required capacitors. In some cases, the
customer has no choice but must obey with the minimum power factor specified by
the utility company. The power factor may be amended by installing capacitors at the
commercial enterprise or at the service entrance of the factory. In other cases, if the
power factor is particularly low, it may be necessary to correct the power factor of the

device or machine individually.

Power factor compensation can be defined as a process of correcting the lagging
current by producing leading current so that the angle between voltage and current
reduces. There will be no power loss if the current and voltage are in phase, thus it can
improve the power factor value to nearly unity or even unity. The process is done by
connecting few capacitors at the service entrance where the power factor is attuned by

an adequate value of capacitance.

The electrical loads that work on alternating current need apparent power which is the
product of real power and reactive power. The reason why the electrical load has power
factor less than one is, the existence of reactive power makes the apparent power higher
than real power. The reactive power increases the current flow from the power sources
and the load. When this happens, power losses increases in both distribution and
transmission lines. Thus, this results in financial losses for the power provider like
Tenaga Nasional Berhad (TNB) which made them require their consumers and
customers, especially those who use large loads to maintain their power factor above

0.85 or higher.

Besides the increased in operation costs, reactive power requires the use of higher
current capacitance components like wires, switches, transformer and circuit breakers.
Power factor can be improved by few methods such as installed capacitor banks in

parallel, synchronous condenser and phase advancer.



2.3.1 Passive power factor compensation

Passive PFC needs lager inductor than active PFC but it still cost less. This is an easy
way to correct the nonlinearity in a load by using capacitor bank but it is not as
effective as active PFC. According to Amin (2012), the simplest way to control the
harmonic current is to use a filter: it is probable to design a filter that passes current
only at line frequency (50 or 60 Hz). This filter decreases the harmonic current, which
means that the nonlinear device now looks like a linear load. At this point the power
factor can be conveyed to near unity, using capacitors or inductors as requisite. This
filter needs large-value high-current inductors which are huge and costly. Passive
PFCs are typically more power efficient than active PFCs. A passive PFC on a
switching computer PSU has a typical power efficiency of around 96%, while an active

PFC has a typical efficiency of about 94%.

2.3.2 Active power factor compensation

Active PFC is a power electronic system that modified the wave shape of current
drawn by a load to correct the power factor. The reason is to make the power factor
corrected appear purely resistive so that the voltage and current are in phase and the
reactive power consumption is zero. This allows the most efficient distribution of
electrical power from the power company to the consumer. There are few types of
active PFC which are Boost, Buck and Buck-boost. Amin (2012) also mentioned that
the active power factor correctors can be single-stage or multi-stage. In the case of a
switched-mode power supply, a boost converter is inserted between the bridge rectifier
and the main input capacitors. The boost converter efforts to keep a constant DC bus
voltage on its output while drawing a current that is always in phase with and at the
same frequency as the line voltage. Another switch mode converter inside the power
supply produces the preferred output voltage from the DC bus. This method needs
extra semiconductor switches and control electronics, but permits inexpensive and
smaller passive components. It is normally used in practice due to their very wide-
ranging input voltage, many power supplies with active PFC can automatically alter
to operate on AC power from about 100 V (Japan) to 230 V (Europe). That feature is

mostly wanted in power supplies for laptops.



2.4  TNB power factor surcharge

According to Tenaga Nasional Berhad (TNB), for customers taking supply at 33 kV
or below, the value of the power factor to be retained is more or equal to 0.85. For
customers taking supply at 132 kV or above, the value of the power factor to be
retained is more or equal to 0.90. If the consumers cannot oblige the value needed,
they will be penalised by the power provider in power factor surcharge. A high Power
Factor index (e.g. above 0.85 or 0.90) indicates an efficient level of electricity usage.
On the other hand, a low Power Factor index (e.g. under 0.85 or 0.90) shows an

inefficient use of electricity, indicating electricity wastage.

Plus, according to Ministry of Energy, Green Technology and Water (KeTTHA)
regulates the electricity tariffs charged by the utilities to final consumers in Peninsular
Malaysia and Sabah in pursuance of the Electricity Supply Act 1990. Among the

principles applied in determining tariff rate is:

e The tariff should reflect the cost supply.

e Provide adequate revenue for the development of the power sector.

e Competitiveness among the industries and services.

e Affordability of the consumers and social economic objectives of the

government.

TNB imposes on all industrial and low power consumer to maintain their power factor
to no less than 0.85. Failing to maintain the required PF will result on a penalty being
imposed on them. The penalty is incorporated into the tariff structure. The consumer
should use their best endeavours to obtain highest possible in PF in the operation of
any of their electrical installation. Based on TNB, power factor below 0.85 and up to
0.75 (0.85 > PF = 0.75) lagging, a supplementary charge 1.5% of the bill for the
month for each 0.01 unit below 0.85 and up to 0.75 lagging PF will be added to the
bill for that month. On the other hand, power factor below 0.75 lagging, in addition to
the charge payable under the above condition, a supplementary charge of 3% of the
bill for that month for each 0.01 unit below 0.75 lagging PF will be added to the bill
of the month.

Effectively, on 1% June 2011, the electricity tariff was reviewed. It is structured to

balance between protecting low income group and sustaining the nation’s



competitiveness. Prior to that, the last review was carried out in 1% March 2009. The

electricity tariff rate are based on the following guideline:

e The amount of energy consumed (kWh)

e The maximum demand at which energy consumed (kW)
e Peak or off peak period

e The power factor of the load

e The connected load

The explanations on load and power factor surcharged can be proven or showed by a
simple example which is to make a comparison between two different factory
(indicates the industry). Consider two factories A and B consume the same amount of
energy (kWh) and have the same maximum demand (kW). However, the power factor

of A is unity (1) while B is 0.5.

Maximum demand = 1000 kW
Apparent power = 1000 kVA
Power factor = 1.0

Current bill = RM 3000

Factory A
Maximum demand = 1000 kW
Apparent power = 2000 kVA
Power factor = 0.5
Current bill = RM 4000
Factory B

From the equation of apparent power, (S = I.V) it can be seen that the line current
proportional to the apparent power and factory B draws twice as much current as
factory A. The line conductors, transformers, circuit breakers, and other devices
supplying energy to B must have twice the rating to those supplying to A. Besides, the

utility company must invest more capital to factory B; consequently it is logical that

10



factory B should pay more for its energy, even though it consumes the same amount.

As for the TNB power factor surcharged,

e Factory A
POWER FACTOR =0.60
SURCHARGE = No surcharge as the PF is above 0.85
TOTAL BILL = RM 3000.00
e Factory B
POWER =0.50
FACTOR

SURCHARGE _ [0.85—0.75
N 0.01

TOTALBILL =RM 6600.00

0.7 .5

From the example shown, it can be seen that low power factor will cause the industry
to be penalised by TNB and this will make them spend more just to settle their penalty.
Therefore, rather than paying higher monthly bill, the power factor should be improved

or corrected by using a suitable power factor compensation method.

2.5  The uses of capacitors in APFC

Capacitors are widely used in electronic circuits for hindering direct current while
permitting alternating current to pass, in filter networks, for smooth out the output of
power supplies. An automatic power factor correction unit have a number of capacitors
that are switched by means of contactors. These contactors are controlled by a
regulator that measures power factor in an electrical network or individual motors.
This assures that only the needed capacitor is energized depending on the load and
power factor of the network to ensure the power factor remains above a selected value.
For this type of application, usually a fixed capacitor is used because it is the simplest

and cheapest way of power factor correction, based on Tagwira (2014) research.
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