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What is Power Quality ?

Power Quality means different for different people. But power quality

can be better understood in context with relevant International

standards e.g. IEC61000-2-4 which is considered to deal with power

quality criteria with regards to different electrical power distributionquality criteria with regards to different electrical power distribution

systems.

Power Quality covers four major topics:

1. Voltage  : Voltage sags/swells, variations, transients, etc.

2. Frequency : Variations more than 1% e.g. noise

3. Harmonic Distortion : Non-linear waveforms

4. Power Factor : Differential between active and apparent power
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4. Power Factor : Differential between active and apparent power

However, power quality covers numerous issues….



1. Reactive Power Compensation – PF Correction
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Basics of Power Factor Correction

Metering Cubical

KVA KVA

KVArKW KW KVAr

Transformer 1000 KVA

415 V Bus

Circuit Breaker

Capacitor
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Capacitor

Load Bus



KW KVAr1 KW KVAr2

Basics of Power Factor Correction

Supply bus
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KVA1 KVA2

Motor drawing reactive power 

from supply bus

Motor drawing reactive power 

from PFC capacitor

PFC capacitor



Advantages of PF Correction
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Economics of PF Correction

For 500 KVA Transformer industrial load

A) Maximum Demand In KVA

KW/PF = 425/0.85 = 500 KVA

Monthly Demand Charges

A) Maximum Demand In KVA

KW/PF = 425/0.99 = 430 KVA

Monthly Demand ChargesMonthly Demand Charges

(Rs. 125)*(500KVA) = Rs 62,500/-

B) Units Consumed

(425Kw)(0.5 LF)(30Days)(24hrs)

= 1,53,000 KWH (units)

Monthly KWH Charges @Rs 5.00

= Rs. 7,65,000/-

C) Penalty 

Every 0.01 reduction in PF below 0.9

penal Charges would be 5.5%

(Rs. 8,27,500)* 5.5% = Rs. 45,512/-

Monthly Demand Charges

(Rs.125)*(430KVA) = Rs 53,750/-

B) Units Consumed

(425Kw)(0.5 LF)(30Days)(24hrs)

= 1,53,000 KWH

Monthly KWH Charges @ Rs 5.00 

= Rs 7,65,000/-

C) Penalty -- Nil

D) Incentive – For every 0.01 increase 

in PF above 0.95, incentive will be

4.0 %. (Rs. 8,18,750/-) x 4.0%

= Rs. 32,750/-

D) Total
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(Rs. 8,27,500)* 5.5% = Rs. 45,512/-

D) Total

A+B+C = Rs. 8,73,012/-

D) Total

A+B+C-D = Rs. 7,86,000/-

E) Savings Rs. 8,73,012 – Rs. 7,86,000/-

= Rs. 87,012/-



For improving pf from 0.85 to 0.99

Multiplying Factor = 0.47 ( from the PF selection table)

Economics of PF Correction

Calculation of payback period

Multiplying Factor = 0.47 ( from the PF selection table)

Total load = 425 KW.

Capacitor required for improving pf to 0.99

= Total load x Multiplying Factor.

= 425 KW x 0.47 = 200 KVAr.

Cost of a good quality Industrial Duty Capacitor @ Rs. 250/- per KVAr

= Rs. 50,000/-.
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Savings per month : Rs. 87,012/-

Payback period is less than one month…. !!!



How to select PFC capacitor rating
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Schemes of PF Correction

1. Localised compensation – Fixed /Auto PF capacitors installed at 

individual load ends.

2. Centrallised compensation – Fixed / Auto PF capacitors 2. Centrallised compensation – Fixed / Auto PF capacitors 

installed at main power bus for all loads together.

3. Hybrid scheme – Mix of both the two above

� APFC panels – Automatic Power Factor Correction Panels 

installed at main load bus or at feeders of load groups.

Two types available – Contactor switched (Conventional)

- Thyristor switched (Latest fast acting)

These both can be designed with or without harmonic filters.
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These both can be designed with or without harmonic filters.



Comparision between contactor & thyristor switched panels
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2. Harmonics

What does harmonics mean ?

Harmonic currents or voltages are integer 
(whole number) multiples of the
fundamental frequency.

Harmonic
order

F 3rd 5th 7th

Frequency 50 150 250 350

i
s

i
s

3
rd

 Harmonic

Fundamental

5
th

 Harmonic

fundamental frequency.
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Origin of Harmonics

Non linear loads

Loads which have non linear voltage-current characteristics are called non linear loads. When

connected to a sinusoidal voltage, these loads produce non-sinusoidal currents. Modern power

electronic systems result into non-sinusoidal currents when connected to the sinusoidalelectronic systems result into non-sinusoidal currents when connected to the sinusoidal

networks. 

The non linear devices can be classified under the following three major categories:

1. Power Electronics: e.g. rectifiers, variable speed drives, UPS systems, inverters, ...

2. Ferromagnetic devices: e.g. transformers (non linear magnetizing characteristics)

3. Arcing devices: Arcing devices, e.g. arc furnace equipment, generate harmonics due to the

non linear characteristics of the arc itself.
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Harmonic disturbances are created by non-linear loads !!!



Why more Harmonics now ?  

Changing load structure
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Problems caused by Harmonics 
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Examples of Harmonics generating loads 

6/12 pulse rectfier

100%

20%

40%

60%

80% 6-pulse

12-pulse
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0%

Order number

6-pulse 100,00% 29,00% 9,00% 6,00% 3,50% 2,50% 2,00% 1,20% 1,10%

12-pulse 100,00% 2,90% 0,90% 6,00% 3,50% 0,25% 0,20% 1,20% 1,10%

1 5 7 11 13 17 19 23 25



Examples of Harmonics generating loads 

Single phase loads - SMPS
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Predominant harmonic spectrums for common loads

Load
Load 
Type 3rd 5th 7th 9th 11th 13th

Distorted 
Composite 
Waveform

Personal Computer
Single 
Phase

Office equipment
Single 
Phase

Electronic Lighting
Single 
Phase

High-bay Lighting
Single 
Phase

Main frame 
computer

Three 
Phase

UPS
Three 
Phase
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6-pulse VFD
Three 
Phase

12-pulse VFD
Three 
Phase

Note: loads shown above produce smaller amounts of harmonics not specifically highlighted



Harmonics is electricity pollution !!!
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Problems caused by Harmonics 
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Effects of Harmonics 

PQS Electrolink (I) P. Ltd., Ahmedabad         www.powerquality.co.in



Effects of Harmonics 
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Practical example of harmonics in a Commercial bank in 

KL - Malaysia
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Practical example parallel resonance in a 

Industry in KL - Malaysia
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Limits of harmonics as per IEEE 519 standards 
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Remedial measures for harmonics 
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Does harmonic mitigation & pf correction gives  advantage ?   Example in 

transformer
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Does harmonic mitigation & pf correction gives  advantage ?   Example in motor
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Means “ORGANS”Means “DAMAGE”
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i.e. Harmonics damages the organs of the industries



Customer benefits of harmonics filteration
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Typical  example of benefit of power quality system
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Safety

Maintenability

Reliability Availability

PQS Electrolink (I) P. Ltd., Ahmedabad         www.powerquality.co.in                    2013 34



Typical  Passive Harmonics Filter system 
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Active Harmonics Filter system 
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Actual system harmonics                                            AHF                                                       After installation of AHF



Composite

Basics of Active Harmonics Filter system 

1 3 5 7 9 11 1 3 1 5 17 1 9

1 3 5 7 9 11 1 3 1 5 17 1 9

Composite

+ 180o Phase 

Shifted harmonics

=Fundamental
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Parameters Detuned filter Tuned filter Active filter

Type Passive Passive IGBT based digitally controlled

Compensation Only compensates power factor
Compensates Harmonic Multiple tuned filters are required, one

for each harmonic

Compensates PF and Harmonics. One filter can compensate multiple harmonics

simultaneously

Suitability
Not suitable in case of more voltage distortion and

current distortion

Performance varies over frequency variation and variation in

voltage distortion. Performance is dependent on load level

Performance remains constant over frequency and voltage variation.

Suitable in any type of environment

Resonance
Possibility of resonance. This results in prematurePossibility of resonance if tuned at higher frequency.

No possibility of resonance. Stable operation

Comparision of various filtering systems

Resonance
Possibility of resonance. This results in premature

failure of capacitor.

Possibility of resonance if tuned at higher frequency.

Performance depends on source impedance
No possibility of resonance. Stable operation

Size and weight Bulky in size Bulky in size when multiple harmonics are to be compensated Light weight. Size does not change even if required to compensate more harmonics

Life
Limited life in case of more voltage and current

harmonics
More life as compared to capacitor filter Longer life, since performance remains constant and resonance is avoided

Cost Cheap Costlier as compared to capacitor filter Initial cost is more as compared to both the filters

No load condition

Imposes capacitive PF when load is reduced.

Contactors are required to compensate for leading

pf.

Imposes leading PF at fundamental frequency. So not suitable

for generator source. Compensated filter is required for

generator. Performance is tuned at full load

No capacitive PF at no load. Smooth PF compensation. No problem to Generator 

source.

Performance remains constant over load variation

3rd harmonic compensation Not possible Becomes very bulky Same filter can be used to compensate 3rd harmonic without increasing the size

Selectivity

And harmonic No selectivity Physical components are required to be changed
Stability through software. Cost vs. performance is easily possible. This makes it more

cost effective and flexible
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And harmonic 

Compensation

No selectivity Physical components are required to be changed
cost effective and flexible

Capacity increase Possible by adding more capacitor Redesigning is required for change of load. More units can be added later on for increasing capacity

Safety

To take care of resonance problem, lot of fuses

must be used. Also resonance causes failure of

other sensitive circuits

Breakers and fuses must be added per tuned filter. Also

transient voltage absorbers must be used to avoid failure of

other circuitry in case of resonance

Only one set of Breakers and fuses are required for all harmonics

Power loss Low loss More loss Moderate losses



Manufacturing Unit and Reg. Office :
At  Moraiya – 15 kms from Ahmedabad city

Total Shop floor area : Around 10,000 sq ft

Our manufacturing set-up
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Intelligent microprocessor control - Contactor switched APFC  

Product range : 10 to 2400 KVAR / 110 to 850 VAC / 1 or 3 ph

Available with /without harmonic filters 

Outstanding features:

APFC – Contactor switched Auto PF correction panels

Outstanding features:

• Intelligent APFC with microprocessor based controller and SIEMENS/EPCOS components

•Automatic switching of PFC capacitors based on load variations of plant and KVAr required.

•Designed to achieve p.f. near to unity to get the optimum power utilization and reduced demand

•Systems available for balanced as well as un-balanced loads, 1-ph an 3-phase

•Less maintenance by optimized design, low loss and has long service life

•Display of all major electrical parameters like KW, KVAr, KVA, p.f., harmonics, V, I , Hz, etc.

•Alarm output for low p.f., capacitor failure, overcompensation, over temp., undervoltage, etc.

•Auto/Manual Mode facility, back-up fuse/MCCB protection for each capacitor feeders
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•Auto/Manual Mode facility, back-up fuse/MCCB protection for each capacitor feeders

•Data logging /operational facility through GSM mobile, ethernet, RS485/232

•Iron core harmonic filter reactors with Copper/Aluminum winding, low loss, high linearity

•Intelligent MP based APFC / RTPFC controllers, Capacitor duty contactors, Thyristor switches



Thyristor switched Real time PFC  - High speed electronically switched 

Product range : 18 to 1800 KVAR / 110 to 525 VAC / 1 or 3 phase

Available with /without harmonic filters

RTPFC - Thyristor switched  PF correction panel 

Available with /without harmonic filters

Outstanding features:

•Latest thyristor zero-voltage switching system – cycle-to-cycle correction 

•High speed – transient free switching of PFC capacitors within 40 to 60 millisec.

•Designed to achieve precisely unity p.f. near to unity to get max pf rebate and avoid leading p.f.

•Suitable for rolling mills, welding loads, DG set loads, ports, steel mills, cement and paper, etc

•Systems available for balanced as well as un-balanced loads, 1-ph an 3-phase

•Enhanced capacitor life due to transient-free, zero inrush current switching

•Maintenance-free because of static switching, no wear and tear of contactors

•Display of all major electrical parameters like KW, KVAr, KVA, p.f., harmonics, V, I , Hz, etc.

•Alarm output for low p.f., capacitor failure, overcompensation, over temp., undervoltage, etc.
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•Alarm output for low p.f., capacitor failure, overcompensation, over temp., undervoltage, etc.

•Auto/Manual Mode facility, back-up fuse/MCCB protection for each capacitor feeders

•Hybrid version also available – contactor + thyristor switching for cost effectiveness.

•Enclosures with CRCA sheet steel, pretreated for anti-rust and powder coated 

•Data logging /operational facility through GSM mobile, ethernet, RS485/232 - optional



MV (upto 11 KV)  APFC panel 
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Detuned Harmonic Filter Reactors 
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Detuned Harmonic Filter Reactors 
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Selection chart for Capacitor – Reactor for detuned circuit 
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Thyristor Switch Modules (TSM) for high-speed capacitor switching
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PFC capacitors and accessories – LV & MV
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Active Harmonic Filters

PQS Electrolink (I) P. Ltd., Ahmedabad         www.powerquality.co.in                    2013 48



COMPARISION   – Thyristor  vs Contactor switching 
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Fast Return on Investment

1 - Reduces KW Demand

2 - Reduces KWH Consumption

3 - Eliminates Power Factor Penalty

4 - Reduces Monthly Electricity Bill

5 - Reduces Maintenance & Downtime

1 - Improves Voltage

2 - Balances Three Phases

3 - Damps Surges, Transients

4 - Filters Harmonics

5 - Improves Power Factor

+
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Satisfied
Customer
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Now its time to say
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For further details, please write to sales@powerquality.co.in

or call 09825007261 


