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Abstract
REACTIVE POWER STATIC COMPENSATION BY USING CONDENSATOR
by
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Electrical and Electronic Engineering Department

Eastern Mediterranean University
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This project is about reactive power compensation by using condenser. The reactive power drawn from the electrical power stations increases the cost of the energy produced and reduces the efficiency of energy systems. The reactive energy should be compensated at the load sides in order to reduce the consumption of the reactive power. In this study, an ISIS Proteus applications and Micro Code Studio applications model have been designed and implemented to control the reactive power compensator (RPC) with a condenser. Since the ISIS model obtained has a flexible structure, it can easily be adapted to the real time applications. Finally, this report helps us to figure out elimination of reactive power and to obtain importance of power factor.
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INTRODUCTION

 Energy consumption is too high for the companies. In this situation compensation system is very important for the companies. The reactive power drawn from the electrical power stations increases the cost of the energy produced and reduced the efficiency of energy systems. So the reactive energy should be compensated at the load in order to reduce the consumption of the reactive power. Nowadays, the compensation system is needed for industrial companies which have inductive and capacitive loads.
This report will be about reactive power compensation by using condenser. Generally you will found information about the application of condensers in compensation system. This report will include methods which are needed for the design structures of compensation system by using some simulation programs. This project has some main circuit parts which are likely capacitors it’s connected parallel to reactive loads, relays will be used for control condensers to make ON-OFF control, PIC control to observe power factor, also it will include a rectifier circuit to drive electronic circuit which has needed 5 Vdc. 

The report has three parts which are (1) identify the meaning of reactive power, the importance of power factor those are will be supported by using some mathematical calculations, types of compensation (2) to understand the working principles of compensation system and some simulation applications figures and program will be introduced, (3) benefit of the capacitor in compensation system, implementation results and discussion of other alternative system also my aim to choose this project will be include.

1.REACTIVE POWER

Electrical energy is generated, transmitted, distributed, and utilized as alternating current (AC). However, mostly alternating current system will include inductive or capacitive specification. One of these is the necessity of reactive power that needs to be supplied along with active power. Reactive power can be leading or lagging. While it is the active power that contributes to the energy consumed, or transmitted, reactive power does not contribute to the energy. Reactive power is an inherent part of the ‘‘total power.’’ Reactive power is either generated or consumed in almost every component of the system, generation, transmission, and distribution and eventually by the loads. The impedance of a branch of a circuit in an AC system consists of two components, resistance and reactance. Reactance can be either inductive or capacitive, which contribute to reactive power in the circuit. Most of the loads are inductive, and must be supplied with lagging reactive power. It is economical to supply this reactive power closer to the load in the distribution system.
1.1 Power Factor And Compensation
Power factor is shown efficiency of electrical energy. When the power factor value is high this mean the using of electrical energy is efficiently. If the power factor is low in generated and distributed electrical energy system, the apparent power is high. That mean all electrical equipments will have big power which are likely size of cable, size of circuit elements and the measurement device should have big power. Reactive power compensation system is providing high power factor to neglect that cause. The aim of the reactive power compensation system is to make the power factor unity. The reactive power compensation has two ways to adjust power factor system. One of them synchronous motor application and another one which I preferred for my project is capacitors application. The capacitor applications are the most preferred system on reactive power compensation because of low cost, easy maintenance and high efficiency. Capacitive compensation system has two types of connection which are such as shunt and series. 
A power factor of one or "unity power factor" is the goal of any electric utility company since if the power factor is less than one, they have to supply more current to the user for a given amount of power use. In so doing, they incur more line losses. They also must have larger capacity equipment in place than would be otherwise necessary. As a result, an industrial facility will be charged a penalty if its power factor is much different from unity value. 

Industrial facilities tend to have a "lagging power factor", where the current lags the voltage (like an inductor). This is primarily the result of having a lot of electric induction motors - the windings of motors act as inductors as seen by the power supply. Capacitors have the opposite effect and can compensate for the inductive motor windings. Some industrial sites will have large banks of capacitors strictly for the purpose of correcting the power factor back toward one to save on utility company charges. 
Figure 1 shows power triangle to understand calculation of active, reactive and apparent power.  
              [image: image2.jpg]Q= PX = B sin ©

Reactive Power
(VARS)

s=Prz=g
Apparent Pawer
(va)

P = PR =E s O
True Power (WATTS)




      

Figure 1.1  Power Triangle
Some Basic Mathematical Approaches of Power:


S=U.I (VA) (apparent power)



Q=U.I.sinΦ (Var) (reactive power) 
P=U.I.cosΦ(W) (active power)
1.2 Phasor Relations In AC Circuits
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Figure 1.2  a,b,c Phasor Diagrams showing voltage and current relationship for an AC circuit: (a) resistive cicuit; (b) inductive circuit; (c) capacitive circuit.

1.3 Types of  Static Compensation
Shunt and series reactive compensation using capacitors has been 3 widely recognized and powerful methods to combat the problems of voltage drops, power losses, and voltage flicker in power distribution networks. The importance of compensation schemes has gone up in recent years due to the increased awareness on energy conservation and quality of supply on the part of the Power Utility as well as power consumers. This amplifies on the advantages that accrue from using shunt and series capacitor compensation. It also tries to answer the twin questions of how much to compensate and where to locate the compensation capacitors.
i.Shunt Capacitor Compensation
Since most loads are inductive and consume lagging reactive power, the compensation required is usually supplied by leading reactive power. Shunt compensation of reactive power can be employed either at load level, substation level, or at transmission level. It can be capacitive (leading) or inductive (lagging) reactive power, although in most cases as explained before, compensation is capacitive. The most common form of leading reactive power compensation is by connecting shunt capacitors to the line.

As figure 1 is shown basic shunt capacitor compensation system.
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Figure 1.3 Basic Shunt Capacitor Compensation System
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Figure 1.4 Three phase compensation block diagram
2.PARTS OF IMPLEMENTATION

2.1 Main Circuit
The main circuit design for inductive load which absorb from supply reactive power. Capacitor bank of the circuit placed parallel with load. Pic 16f877 is referring measurement part of the circuit which is used for the shown phase difference between voltage and current.
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Figure 2.1 Main circuit which have measurement, capacitor bank and inductive load parts 




When the circuit is run, 240 V AC supply applied the inductive load and load absorb reactive power from the source. If capacitor banks are not ON, phase difference exists which is shown figure 2.2. It is referring inductive load current and voltage phase relationship. To neglect phase difference, the capacitor banks will be ON to obtain unity phase difference. It will provide us handle almost resistive or neglect reactive part (Q) of circuit.
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Figure 2.2 Phase difference when the capacitor bank is OFF 
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Figure 2.3 Phase difference when the capacitor bank is ON 
Easily to obtain phase difference is drawn supply in figure 2.2. And figure 2.3  voltage and current are in same phase. When capacitor bank is run, phase difference can neglected. In the circuit there are three capacitors those are running depends load reactive effect. If load reactive is low, maybe one capacitor is enough to catch unity phase. If load reactive power is high, maybe three of them should be run.
2.2 Zero – Hold Detector Circuit


Zero – hold detector circuit block is shown below. The aim of this circuit to understand measurement parts of phase’s difference between current and voltage. As the figure is shown, there is AC- motor is connected the supply and sensor will take current and voltage information to send zero hold detector to convert the signal digital form. Then using of timer specification of PIC 16F877, circuit is obtain phase difference. 
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Figure 2.4 Zero – hold detector to obtain phase difference 
2.3 Rectifier Circuit
A rectifier circuit is converting AC to DC. Performing of rectifier circuit is providing us to run PIC part of my project. Because of the electronic circuit is working 5Vdc. The rectifier circuit has mainly 4 sections which are transformer part, rectifier part (bridge diode), filtering part and regulation part.
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Figure 2.5 Rectifier circuit
3. BENEFIT OF THE CAPACITOR IN COMPENSATION SYSTEM

The compensation is used technically to neglect phase difference of voltage and current. Because when the phase difference is not unity this mean our load is not resistive. So it is the meaning of for companies to pay for useless energy of reactive power. Depending on the initial power factor, capacitor installations can perform. Also synchronous motor can use for this application but use of capacitor has low cost than synchronous motor. And capacitor maintenance is easier than synchronous motor. When capacitor applied the load apparent power will decrease and the component of system will have low capacity and low size of cable for transmission and distribution line. So all that things make high cost to prevent high cost use either capacitive compensation synchronous compensation. 
Thus, the following benefits are to be considered in an economic analysis of compensation requirements.
a) Benefits due to released generation capacity.


b) Benefits due to released transmission capacity.
c) Benefits due to released distribution substation capacity.
d) Benefits due to reduced energy loss.
e) Benefits due to reduced voltage drop.
f) Benefits due to released feeder capacity.
g) Financial Benefits due to voltage improvement.
CONCLUSION
In this project, I gave some information about reactive power compensation, power factor, power factor correction by using capacitor banks. I performed some applications and calculation which I shared for my project. I claimed that why the companies needed compensation and which method application I use for performing this implementation. I have done all simulations by using ISIS and MICROCODE STUDIO programs. In addition, I used some mathematical approach to proof my project. I explained compensation benefit which is directly affect cost. And I compared capacitor and synchronous system and why the capacitor system will use generally. The capacitor bank system cost is lower than synchronous motor system. And maintenance of capacitor bank is easier than synchronous motor system. I hoped that, my project will help people who are interested that project and guide the people to make their work.  
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