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Introduction  
 

For many years now most of us involved with electrical distribution and power 

systems in industrial/commercial environments have been aware of, suffered from or 

made corrections to poor power factor cond itions, which can result in penalty 

payments on utility bills.  

 

At the same time, electrical people (engineers, technicians, etc.) have been aware of 

another phenomenon in electrical distribution systems called ñHarmonicsò. 

 

The rapid increase over the pas t few years in the use of non - linear loads (electronic) 

in electrical systems has created the potential of generating dangerous, damaging 

ñHarmonicsò. 

 

 

Typical examples of non - linear loads (harmonic sources) are:  

 

Office area     Lighting     Plant areas  

Computers     Fluorescent     Arc Furnaces  

Printers     Mercury Vapor    Robotics  

Fax Machines     Sodium     DC Drives  

Electronic Equipment    Neon      SCR 

Controlled Equipment  

 

 

The most unfortunate aspects of this potential hazard is the seemingly unrelated 

even ts, i.e. breakdown or problems that occur for no apparent reason. In the 

majority of cases, the tendency is to put them down to faulty equipment, poor 

quality or just plain bad luck.  

 

Examples of these situations would be:  

 

ü Electrical component failures & nuisance fuse failures  

ü Computer lock -up or ñCrashò 

ü Erratic operation of electronically controlled equipment  

ü Unusually high lighting failures  

ü Occasional transformer shut down  

ü Escalating electrical maintenance costs  

 

 

If any of these conditions exist in your  facility an analysis of your system will 

pinpoint the problem.  

 

With todayôs non-linear loads it is extremely difficult to correct for poor Power Factor 

without increasing existing harmonic distortion thereby trading one problem for 

another. The simple an swer is to treat both problems simultaneously. Depending on 

your utility and geographic area, a Power Factor less than 90% in your facility will be 

penalized, and although there are no penalties paid for the level of harmonics, their 

presence in the system  can be far more costly than the Power Factor penalties.  
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Total Harmonic Distortion (THD) of more than 5% is potentially dangerous to your 

equipmentôs health (and your pocketbook). Random Power Factor correction alone 

could severely increase this potential . When implementing Power Factor Correction 

be sure to consider the current and voltage THD as well as the Power Factor.  

 

Harmonics can be corrected but the correction needs to be designed for each 

individual environment. Hence a good reason to do an analy sis of your system.  

 

The Power Utility provides ñcleanò usable power for the distribution system. Most 

harmonic problems (99.9%) are generated within the facility but can in extreme 

cases be imported or exported by a facility. Harmonics can be likened to a  noxious 

chemical dumped into the river, it contaminates everything in its path ñdownstreamò. 

In fact, the time may come when harmonic pollution will not be allowed.  

 

An analysis of the electrical distribution system will determine the presence, the level 

and the source of harmonics.  

 

Should you have concerns about these potential hazards, we are here to help. In 

some cases, for as little as the cost of replacing a couple of blown fuses, we can 

quickly analyze your system to see exactly what is happening. T hen if required, we 

can design, build and if you wish, arrange installation of suitable mitigation 

equipment to improve and correct your system.  

 

The cost of poor Power Quality may be much greater than simply the penalties 

involved.  

 
ñCos Phi Inc. is a solution company.ò
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Facts About Power Factor Correction  
 

Principle of Power Factor Correction  
 

The Total Electrical Power (Kilo Volt Amperes or KVA) used by the industrial or 

commercial facility has two components:  

 

ü Productive Power  (Kilowatts or KW) which pr oduces work  

 

ü Reactive Power  (Kilovar or KVAR) which generates the magnetic fields 

required in inductive electrical equipment (AC motors, transformers, inductive 

furnaces, ovens, etc.)  

 

Reactive Power produces no productive work  

 

Because the inductive elect rical equipment employing magnetic fields requires this 

Reactive Power, which produces no productive work, the Total Power (KVA) provided 

by the generating source must be greater than the Productive Power.  

 

Power Factor is a measure of system electrical ef ficiency  

 

The ratio of Productive Power (KW) to Total Power (KVA) is Power Factor. It is a 

measure of system electrical efficiency in an alternating current circuit, and is 

represented as a % or a decimal.  

 

 

 

 
 

The Relationship between KVA, KW and KVAR is  non - linear and is expressed:  

 

KVA2 = KW 2 + KVAR 2.  
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Why Improve Power Factor  
 

ü Reduce Utility Power Bill  

 

Removing system KVAR improves the Power Factor and reduces the Utility 

Power Bill. Most utility bills are influenced by KVAR usage.  

 

ü Increase System C apacity  

 

Improving the Power Factor releases system capacity and permits additional 

loads (motors, lighting, etc.) to be added without overloading the system. In 

a typical system with a .80 P.F., only 800 KW of productive power is available 

out of 1000 KVA  installed. By correcting the system to unity (1.0 P.F.), the 

KW = KVA. Now the corrected system will support 1000 KW, versus the 800 

KW at the .80 P.F. uncorrected condition; an increase of 200 KW of 

productive power.  

 

ü Improved system operating characteri stics  

 

A good power factor (.95) provides a ñstifferò voltage, typically a 1-2% 

voltage rise can be expected when power factor is brought to + \ -  .95.  

 

Improving power factor will lower losses in the distribution system of the 

facility since losses are prop ortional to the square of the current.  

 

 

Methods  
 
ü Static or fixed Power Factor Correction  

 

Compensation on the load side of the AC motor starter (motor switched or ñat 

the loadò). A good application for essential or constant loads over 40HP. 

 

ü Central Power  Factor Correction  

 

Compensation for electrical systems with fluctuating loads. Usually installed at 

the main power distribution.  

 

The capacitors are controlled by a microprocessor -based relay, which 

continuously monitors the reactive power requirements. T he relay then 

connects or disconnects capacitors to supply capacitance as needed.  

 

When harmonic distortion is a concern systems are built based on the 

principles explained under Harmonic Distortion and power factor correction.  
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Harmonic Distortion & Power  Factor Correction  
 

In recent years the way electricity is used has changed significantly. Developments 

in semi -conductor technology have created a major increase in thyristor and 

converter -  fed loads. Electronic equipment, particularly that using solid s tate 

devices, can have a detrimental effect on the electrical power system in a facility to 

the point where operation of electrical and electronic equipment is disrupted. Solid 

state devices generate Harmonics into the electrical system, i.e. they generate  

frequencies that are integer multiples of the fundamental line frequency of 60Hz. The 

harmonics lead to a higher capacitor current, because the higher frequencies are 

attracted to the capacitor. The impedance of the capacitor decreases as the 

frequency in creases.  

 

Harmonic Distortion can result if any or all of the following:  

 
ü Premature failure of capacitors 
ü Nuisance tripping of circuit breakers and other protective devices 
ü Failure or malfunctioning of computers, motor drives, lighting circuits and other sensitive 

loads 

 

The rising capacitor current can be accommodated by design improvements of the 

capacitor. However, resonating circuits may occur between the power factor 

correction capacitors and the inductance of the feeding transformer as well as the 

mai n feeders. If the frequency of such a resonating circuit is close enough to a 

harmonic frequency, the resulting circuit amplifies the oscillation and leads to 

immense over -currents and over -voltages.  

 

Detuned Capacitor Banks  
 

The installation of de - tuned ( reactor -connected) capacitors is designed to force the 

resonant frequency of the network below the frequency of the lowest harmonic 

present. This ensures that no resonant circuit and no amplification of harmonic 

currents exist. Such an installation also ha s a partial filtering effect, reducing the 

level of voltage distortion on the supply, and is recommended for all cases where the 

share of harmonic -generating loads is more than 20% of overall load to be 

compensated.  

 

Tuned or Filtered Capacitor Banks Or Ha rmonic Filters  
 
A filter circuit presents a very low impedance to the individual harmonic current, diverting the 
majority of the current into the filter bank rather the supply. The resonance frequency of a de-
tuned capacitor is always below the frequency of the fifth harmonic. 
 
Reactive Power Compensation can be properly planned with the aid of the diagram shown at the 
left. 
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Planning Reactive Power Compensation  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Planning Reactive Power Compensation Chart  

What is the purpose  

of the equipment?  

Improve Power Factor  Reduce Harmonics  

Is < 20% of the load  

Harmonic Generating?  

YES No 

Is < 50% of the load  

Harmon ic Generating?  

Standard  

Capacitor  
Assemblies  

Detuned  

Capacitor  
Banks  

Custom  

Designed  
Harmonic Filter  

YES No 
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Typical Locations for Power Capacitors  
 

Befor e power capacitors can be placed in the Facility system, the following factors 

must be addressed:  

 

Meter Location: The physical location of the utility meter should be determined since 

all Power Capacitors must be installed ñDownstreamò of the meter 

 

There  are four basic locations for Power Capacitors  

 

1.  Load side of the utility transformer on the distribution bus  

 

2.  Bank installation at Feeders, Sub -stations, or Transformers  

 

3.  Load side of the AC motor, commonly referred to as ñat the loadò or ñmotor 

switchedò 

 

4. Small motors operating from a common starter  
 

 

 
 

 

 
 

 
A Typical Facility System Line Diagram  
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Formulas and Calculation Examples Relating to 

Power Factor Correction  
 

Determine Reactive Power (kVAR)  
 

480V and 1200A are measured at the load side of the facil ities transformer and the 

facility load is 800 KW.  

 

A, What is the Power Factor?  

B. How much Reactive Power (kVAR) is in the system?  

 

Solutions.  

 

A.  To calculate the Power Factor, we must first calculate the kVA in the 
system . 

 

 

 

 

 

 

Next we substitute the kV A into the Power Factor Formula  

 

 

  

 

 

 

B.  To calculate the Reactive Power (kVAR) in the system, requires re -

arranging the formula kVA 2 = KW 2 + kVA 2 and solving for kVAR.  

 

 

 

 

 

How to Determine Potential Demand Savings  
 

Known information taken from Hydro bill ing about electrical system:  

kVA = 1000, KW = 800, kVAR = 600, P.F. = .80  

 

Typical Billing Structure Examples:  

 

A. 90% Billing Structure  -  Where demand billed is based on 90% of the kVA or 

100% of the KW -  Whichever is greater. Because the facility has a p ower factor of 

.80 they will pay demand rates on 90% of the kVA 1000 x .90 = 900 kVA because it 

is the larger number (900 kVA > 800 KW). Thus the facility is paying a penalty on 

100 kVA of unproductive power. Correcting the facilityôs Power Factor to 90% +will 

eliminate this penalty cost.  

 

KVA  =  =  
V  x  A  x  

1000  

3 480 x 1200 x  

1000  
=  

3 
1000kVA  

=  P.F.  =  
KW  

kVA 
.80 or 80% P.F.  

800  

1000  
=  

kVA 2 ï KW2 kVAR =  =  1000 2 ï 800 2 =  600kVAR  



Page 

 
Cos Phi Inc. , 199 Anglesea Street , Goderich, Ontario, N7A 0A1 , Canada  

Ph: (519) 440 -0454   Fax: (519) 440 -0446   email: info@cosp hi.com  
 

updated  3/18/2005 11:46:00 AM  

12  

B. 100% kVA + 100% KW Billing Structure  -  Where one rate is applied to 100% 

of the KVA and another rate is applied to 100% of the KW. Both are then added 

together to determine the total demand charged on the bill. If we c orrect the power 

factor to unity (kVA = KW or 800 kVA = 800 KW) we can recover costs paid on 200 

kVA at *kVA rates.  Assuming an equal rate is being paid for kVA and KW  -  

Rather than pay Demand costs on 1000 kVA + 800 KW = 1800 if the Power Factor = 

Unity we will pay Demand costs on 800 kVA + 800 KW = 1600. Savings = 1800 -  

1600 = 200.  

 
*Note: Generally the cost per kVA is greater than the cost for KW. Thus the savings would be greater by 

correcting the power factor to unity.  

 

 

Increase System Capacity  
 

Kno wn values for electrical system:  

kVA = 1000, KW = 800, kVAR = 600, P.F. = .80  

 

The uncorrected system can only support 800 KW of Productive Power at a P.F. of 

.80.  

 

Increasing the system P.F. to 1.0 (unity), kVA = KW. The corrected system is now 

capable of  supporting 1000 KW of productive power.  

 

The system capacity has been increased by 200 KW.  

 

 

Lower Losses  
 

Assume Facility system wide losses = 5%  

Increase P.F. from .80 to 1.0  

 

% Reduction in (I2R) losses =  

 

100 -  100(Original P.F./Corrected P.F.) 2  100 -  100(.64) = 36%  

 

The original facility system losses of 5% are reduced by .36 x 5 = 1.8%  

 

As a result the monthly kWH billing is reduced by 1.8%, an additional savings.  
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Calculating kVAR Required for System Correction  
 

1000 kVA and 800 KW are measured in the system.  

 

How much Power Capacitor kVAR is required to operate the system at a P.F. of .95 

while providing the same productive power of 800 KW.  

 

1.  Determine system kVAR and P.F. before correction  

 

 

 

 

 

 

 

 

2.  Determine system kVAR after correction  

 

 

 

 

 

 

 

 

3.  Determine Power Capacitor kVAR Rating  

 

Power Capacitor kVAR = kVAR(uncorrected) ï kVAR(corrected)  

 

= 600 ï 265 = 335  

 

If the KW load, Uncorrected Power Factor and the Desired Power Factor are know, 

using the KW Multiplier Table on the next page is an alter native method for 

calculating Required kVAR.  

 

Improved System Operating Characteristics  
 

Provides a ñstifferò voltage, typically a 1-2% voltage rise.  

 

% voltage increase = (kVAR added x transformer % impedance) / transformer kVA

kVA 2 ï KW2 kVAR =  =  1000 2 ï 800 2 =  600kVAR  

=  P.F.  =  
KW  

kVA 
.80 or 80% P.F.  

800  

1000  
=  

=  kVA  =  
KW  

PF 
843  

800  

.95  
=  

kVA 2 ï KW2 kVAR =  =  843 2 ï 800 2 =  265kVAR  



Page 

 
Cos Phi Inc. , 199 Anglesea Street , Goderich, Ontario, N7A 0A1 , Canada  

Ph: (519) 440 -0454   Fax: (519) 440 -0446   email: info@cosp hi.com  
 

updated  3/18/2005 11:46:00 AM  

14  

 

KW Multipliers Table  
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Sug gested Wire Sizes and Unimproved Power 

Factor by Industry  

 


