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FINANCIAL IMPACT DUE TO POWER QUALITY 

ISSUES 
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What is Power Quality? 

In an ideal case, the voltage and 

current each have the following 

caracteristics: 

• nominal magnitude  

• Nominal frequency 

• Sinusoidal waveform 

• 3 phases symetrical 

One or more of these 

constitutes a Power Quality 

issue. 



How much can one hour of downtime cost? 



6 Confidential Property of Schneider Electric Power Solutions 

How much does one Power Quality event cost? 

Source: LPQI 2015 (Leonardo Power Quality Initiative)_ 



7 Confidential Property of Schneider Electric Power Solutions 

30-40% of unplanned interruptions are due to Power Quality issues 

Power Quality issues cause many of these interruptions 

Most common power quality issues (US) Most common power quality issues (EU) 

Companies get sued & people get fired when this stuff happens 



CORRECTING POWER QUALITY ISSUES 
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Linear Load Non-Linear Load 

Understanding the root of Power 

Quality problems 

v 
i 
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Power Quality – A new Problem? 

In the past, Power Quality problems were reserved for large industrial users 

 Power Quality problems have existed since the early days of the Electrical Power 

System 

 By the mid 20th century, most utilities provided sufficient and stable power and few 

customers had Power Quality issues.  

 

Today, Power Quality is becoming everyone's problem 

 In order to consume less energy, we have developed equipment which draws less 

energy but draws it in an intermittent/jerky manner. 

 Today, generating capacity has been outpaced by energy demand and everyone is 

adding energy efficient devices to the grid 

 Renewable Energy is adding to the problem by adding generation with short term 

variations 

 The grid is not necessarily going to collapse, but the power is not always smooth 



Should we be concerned about harmonics ? 

“ We don’t have harmonics in our facility ” 

 

“ Our devices don’t cause harmonics “ 

 

“ Harmonics have never been a problem 
before…” 

 

 



How common is this power  

quality problem?  

Over $20 billion of power semiconductor products installed annually 

Computers and peripherals, IT devices, VFD, UPS, and industrial power 

supplies 

35 – 40% of all power flows through power semiconductors today 

Growth to 70% in the next few years 

Occasional 

Frequent 

Acute 

Problems 



Distortion: what is it ? 

A linear waveform is a sinusoidal and periodic 

waveform (current or voltage) 

 

A non-linear (or distorted) waveform is any 

periodic waveform (current or voltage) 

which is non-sinusoidal 



Distortion and Harmonics 

A distorted waveform can be represented 

as the sum of its Harmonics 
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Harmonic basics 

What are harmonics? 

A harmonic is a component of a periodic 

   wave having a frequency that is an integer 

   multiple of the fundamental power line frequency 

Characteristic harmonics are the 

predominate harmonics seen by the  

power distribution system 

Predicted by the following equation: 

 

 

Hc = characteristic harmonics to be expected 

n = an integer from 1,2,3,4,5, etc. 

p = number of pulses or rectifiers in circuit 

Harmonic Frequency

  

     1 60 Hz  

     2 120 Hz  

     3 180 Hz  

     4 240 Hz  

     5 300 Hz  

     6 360 Hz  

     7 420 Hz  

     :     :  

   19 1140 Hz  

 

 5th Harmonic 

 7th Harmonic 

Resultant Waveform 

1 npHc



Multipulse converters 

Hc = np +/- 1 

Hc = characteristic harmonic  

order present 

n = an integer 

p = number of pulses 

Hn

1 phase 

4-pulse

2 phase 

4-pulse

3 phase 

6-pulse

3 phase 

12-pulse

3 phase 

18-pulse

3 x x

5 x x x

7 x x x

9 x x

11 x x x x

13 x x x x

15 x x

17 x x x x

19 x x x x

21 x x

23 x x x x

25 x x x x

27 x x

29 x x x

31 x x x

33 x x

35 x x x x x

37 x x x x x

39 x x

41 x x x

43 x x x

45 x x

47 x x x x

49 x x x x

Harmonics present by rectifier design

Type of rectifier



Skin Effect 

The cables resistance may increase 

due to skin effect. Skin effect is a 

case where unequal flux linkages 

across the cross section of the cable 

causes the AC current to flow on the 

outer periphery of the conductor. 



What are Harmonics? 
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Examples of Voltage anomalies 

Voltage Distortion 

Multiple Zero Crossings 

Voltage Sag 



Total power factor 

TPF = (DPF) x (Distortion factor) 

DPF  = 
KW 

KVA f 
=  Cos f 

Distortion factor = 
1 

1 + THD(I)2 

TPF = Total or true power factor 

DPF = Displacement power factor 

Distortion factor = Harmonic power factor 

= Cos d  



Variable frequency drive (PWM type) 

DPF = 0.95 

 

THD(I) = 90%  

(no DC choke & no input line reactor)  

 

Distortion factor =  

 

 

TPF = 0.95 x 0.7433 = 0.7061 

1 

1 + 0.92 
= .7433 

Total power factor example 



Harmonic Basics  Total Power Factor (TPF) 

●Example: Variable speed drive (6-pulse PWM type) 
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TPF
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THDi

DPF

No DC choke & no input line reactor 3% Z input line reactor & no DC 

choke 



Other Power Quality Signs 



SOLVING POWER QUALITY ISSUES 
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Volt. Regulation LV Cap Banks 

Active Harmonic 

Filtering and 

VAR 

Compensation 

MV Equipment 
Harmonics 

Load imbalance 

Ficker 

PPC 

 

AccuSine PCS+ 

AccuSine PFV+ 

AccuSine SWP 

Mini-EVR 

SureVolt 

SagFighter 

 

 

Sags 

Swells 

VarSet 

AV6000 

AT6000 

 

 

 

LV PFC 

MV PFC 

 

 

 

 

Capacitors (Propivar NG) 

Metal Enclosed Banks 

Power Quality – the Key to 

electrical system Uptime 
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Power Quality  Problems 
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Benefits of Improving Power Quality Issues 



Volt. Regulation LV Cap Banks 

Active Harmonic 

Filtering and 

VAR 

Compensation 

MV Equipment 
Harmonics 

Load imbalance 

Ficker 

PPC 

 

AccuSine PCS+ 

AccuSine PFV+ 

AccuSine SWP 

Mini-EVR 

SureVolt 

SagFighter 

 

 

Sags 

Swells 

VarSet 

AV6000 

AT6000 

 

 

 

LV PFC 

MV PFC 

 

 

 

 

Capacitors (Propivar NG) 

Metal Enclosed Banks 

The PTPFC offer in Canada 



VOLTAGE SAGS AND SWELLS 
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Effect of Sags / Swells on sensitive equipment 

 The Information Technology Industry 

Council (ITIC) curve shows the voltage 

tolerances which sensitive electronic 

equipment must withstand 

 

 Voltages above the envelope may 

damage the equipment 

 

 Voltages within the envelope must permit 

normal operation of the equipment 

 

 Voltages below the envelope may cause 

the equipment to malfunction or shutdown 



Voltage Regulator / Sag Fighter 

External: Line Drops & Brownouts 



HARMONIC DISTORSION 
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3

5 

AccuSine PCS+ 



Schneider Electric 36 - Power / PFC – J. Peronnet – 2009  

Example 

Drives without line reactors 
● Transfo 1000 kVA 600V Z=5.75% 

 

● TDD=36% 

● Harmonic current= 177A 

● IEEE-519 not met. TDD target = 

8% 

● 130A harmonic filter 

● Power Factor= 85% 



Schneider Electric 37 - Power / PFC – J. Peronnet – 2009  

Inverter Converter 

DC bus 

M 

A 

B 

C 

Current: 

HIGH TDD 

between  35-

40% 

Basic PWM VSD 

Drive with 3% line reactor(or “DC bus 

choke”) 



Schneider Electric 38 - Power / PFC – J. Peronnet – 2009  

Example 

Drives with 3% line reactor 
● Transfo 1000 kVA 600V Z=5.75% 

 

● TDD=13.4% 

● Harmonic current= 78A 

● IEEE-519 not met. TDD target = 

8% 

● 48A harmonic filter 

● Power Factor= 90.5% 

● The addition of the line reactor 

has reduced the harmonic 

current by 99A and corrected 

the PF 



Schneider Electric 39 - Power / PFC – J. Peronnet – 2009  

Filtering harmonic currents with Active Filter 



Schneider Electric 40 - Power / PFC – J. Peronnet – 2009  

AccuSine PLUS theory of operation 
● AccuSine PLUS is a power electronic converter utilizing 

digital logic to inject corrective currents into a 3-phase 

power-source. These injected currents will compensate for 

existing harmonic currents from the 2nd to the 50th harmonic 

order drawn by non-linear loads connected to that grid. 

 



Schneider Electric 41 - Power / PFC – J. Peronnet – 2009  

AHF Power Diagram: Example based on AccuSine 

+ 
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Pre-charge  

Contactor 

Inductor 

Fuse 

Fuse 

Fuse 

AC 
Lines 

S4 

S5 

S6 

S1 

S2 

S3 

three phase AC 

line connection 

IGBTs manage the 

power flow to/from the 

DC bus caps 

remove the carrier frequency 

from the current waveform 

sent into the AC lines.   

decouples the filter board 

inductor/capacitor circuit 

from the AC lines 

200k AIC 



Schneider Electric 42 - Power / PFC – J. Peronnet – 2009  

  AS off  AS on  
 Order % I fund % I fund  
 Fund 100.000% 100.000%  
 3     0.038%     0.478%  
 5   31.660%     0.674%  
 7   11.480%     0.679%  
 9    0.435%     0.297%  
 11    7.068%     0.710%  
 13    4.267%     0.521%  
 15    0.367%     0.052%  
 17    3.438%     0.464%  
 19    2.904%     0.639%  
 21    0.284%     0.263%  
 23    2.042%     0.409%  
 25    2.177%     0.489% 
 27    0.293%     0.170%  
 29    1.238%     0.397%  
 31    1.740%     0.243%  
 33    0.261%     0.325%  
 35    0.800%     0.279%  
 37    1.420%     0.815%  
 39    0.282%     0.240%  
 41    0.588%     0.120%  
 43    1.281%     0.337%  
 45    0.259%     0.347%  
 47    0.427%     0.769%  
 49    1.348%     0.590%  
 % THD(I)          35.28%      2.67%  

Harmonic Mitigation with AccuSine® PCS  
  

AccuSine injection 

Source current 

At VFD Terminals 



Schneider Electric 43 - Power / PFC – J. Peronnet – 2009  

Example 

Drives with 3% line reactor and 94A AccuSine PLUS 

● Transfo 1000 kVA 600V Z=5.75% 

 

● TDD=2.8% 

● Harmonic current= 16.4A 

● IEEE-519 met . TDD target = 8% 

● Power Factor= 91.2% 

 

● Adding the Active Harmonic 

Filter exceeds IEEE standard 



Schneider Electric 44 - Power / PFC – J. Peronnet – 2009  

●Total Harmonic Distortion: Current  
● A measure of the amount by which a composite current waveform deviates from 

an ideal sine wave 

● Caused by the manner in which electronic loads draw current for only a part of 

a complete sine wave 

● Measured as THD: 

 

Causes additional heating in conductors and transformers, and leads to Voltage Distortion 

● Expressed as a %, THD is of little value 

● Total Demand Distortion is becoming accepted 
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Evaluating Severity of Harmonics 



Schneider Electric 45 - Power / PFC – J. Peronnet – 2009  

IEEE 519 
 TDD and THD(I) are not the same except at 100% load 

 As load decreases, TDD decreases while THD(I) increases 

 Example: 



Schneider Electric 46 - Power / PFC – J. Peronnet – 2009  

AccuSine PCS+ Performance 



Thank You  

Any Questions? 
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