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FINANCIAL IMPACT DUE TO POWER QUALITY
ISSUES



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.
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How much can one hour of downtime cost?

Hourly Downtime
Industry Costs
Brokerage Operations $6.450,000
Energy $2.817 846
elecommunicabons & . 4
Manufactunng - $1.610,654
T Financial Institutons $1.495 134
information Technology $1.344 461
Insurance $1.202.444
Retal $1,107.274
Pharmaceuticals $1.082252
FoodB i Pioasiig 5604 192
| 192
I:C‘omm::%xu $185,719
Chemicals $704,.101
Transportation $668 586
Utibties $643.250
Healthcare $636.030

“Metals/Natural Resources $580.568 |




How much does one Power Quality event cost?

HOW MUCH ARE POOR POWER QUALITY EVENTS
COSTING YOU?

The following average costs by type of poor Power Quality event were calculated from the

survey results:
Surge or transient: €120,000 - 180,000
Long interruption: €90,000
Short interruption, service sectors: €18,000 - 36,000
Short interruption, industry: €7,000 - 14,000
Voltage dip: €2,000 - 4,000

Source: LPQI 2015 (Leonardo Power Quality Initiative)
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Power Quality issues cause many of these interruptions

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

W Voltage Sags/Swells W Transients and surges
B Harmonics
® Voltage dips
Wiring/Groungding h é
ortinterruptions
B Capacitor Switching

M Longinterruptions
B Load Interaction g P

m Other W Other

u EMF/EMI W Harmonics

® Power Conditioning

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



Understanding the root of Power Schneider

gElectric

Linear Load Non-Linear Load
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Scbhneider

Power Quality — A new Problem? TPElcctric

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 20" 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
10



Should we be concerned about harmonics ? SC%"E,eelCC!ﬁlc‘

“ We don’t have harmonics in our facility ”

“ QOur devices don’t cause harmonics “

“ Harmonics have never been a problem
before...”




How common Is this power

: Schneider
quality problem? dFPElectric

> 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

20

World Wide Trend

Acute
Problems

% voltage distortion

Frequent

Occasional

10 20 30 40 50 60 70 80 90
% of power passing through power semiconductors




Distortion: what is it ? Schneider

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




Harmonic basics Schneider

Resultant Waveform

What are harmonics?

> A harmonic is a component of a periodic SO 7" Harmonic
wave having a frequency that is an integer
multiple of the fundamental power line frequency

> Characteristic harmonics are the
predominate harmonics seen by the 5t Harmonic
power distribution system

> Predicted by the following equation:
|He=np=+1]

> H, = characteristic harmonics to be expected
> n = an integer from 1,2,3,4,5, etc.
> p = number of pulses or rectifiers in circuit

Fundamental

Harmonic Frequency

60 Hz

120 Hz
180 Hz
240 Hz
300 Hz
360 Hz
420 Hz

TN O WN R

19 1140 Hz



Multipulse converters Schneder
 Harmonics present by rectifier design

Type of rectifier
1 phase 2 phase 3phase 3phase | 3 phase

Hn 4-pulse | 4-pulse | 6-pulse | 12-pulse @ 18-pulse
3 X X
5 X X X
7 X X X
H.=np +/-1 9 X X
11 X X X X
H. = characteristic harmonic 13 X x X x
15 X X
order present 17 N N N «
. 19 X X X X
n=an mteger 21 X X
23 X X X X
p = number of pulses 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



Skin Effect Schneider

gElectric
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What are Harmonics? Schneider




Examples of Voltage anomalies

&

neider

Electric

POWER | [VOLTAGE | |CURRENT ] |
Freq 59.968 Hz
P1 0.0728Mw U1 119.09V 11 0.6225kA
P2 0.0872Mw U2 12017V 12 0.7303kA
P3 0.0717Mw U3 12051V 13 0.6059k4
Psum 0.2317Mw| THD-U1 4.78 %| THD-11 7.94%
S1 0.0741MVA| THD-U2 4.72 %| THD2 8.86%
s2 0.0878MVA| THD-U3 4.70 %| THD43 851 %
s3 0.0730MV4A Upk+1 163.45V Ipk+1 0.931kA
Ssum 0.2349MVA Upk+2 163.81 V| Ipk+2 1.112kA
a1 0.0139Mvar Upk+3 164.07 V| Ipk+3 0.939k4
Q2 0.0103Mvar Upk-1 162.38V Ipk-1 - 0.944kA
03 0.0137Mvar Upk-2 162,93V Ipk-2 -1.120kA
Qsum 0.0379Mvar Upk-3 163.74V Ipk-3 - 0.940kA
PF1 0.9824 Uave 119.92V | KF1 1.53
PF2 0.9930 Uunb 0.30 % KF2 1.47
PF3 0.9822 KF3 1.59
PFsum 0.9863 |lave 0.6529kA
lunb 618%

Voltage Distortion

WOLTAGEACURRENT WEVEFOAN Fo 12 12029063 06 577 W CHE
3

Voltage Sag

Voltage Fluctuation Event Graph [12/29 06:36:09.985 Dip) CH1. 2.3
10.00 V/div e KTt GRS =

100,00 S
I [Moltage Fluctuation Event Graph [12/29 06:36:09.985 Dip] CH1.2. 4
CH2 CH3
A 12/23 06:36:09.726 11948 12051 12094
80.00 t B 12/29 06:36:11.276 11933 11933 11838
00:00:01.550 - 017 -1.18 - 1.96
| MaX values 11978 12054 120.96
I : AVE values 117.35 117.23 116.42
MIN values 81.93 83.80 78.45
60.00 t 3 1
000 : aso 1.00 150 : 200
sec sec sec sec sec

i
CHI-3 20,00 V/dn | e O

=0

CH1-3. 0 3000kA/ cins iz [=NE)

X %
I \ =~ A 4
e

4%@?1// e
S

LT AGE /CURIE T WAV FORM (1o 48 01/21 0810 53 160 Wawe CH1]
= P Ay S ey

Multiple Zero Crossings 19



Total power factor Schneider

TPF = (DPF) x (Distortion factor)

ppF = W cosy
KVA
o 1 -
Distortion factor = = Co0s o
" 1+ THD(I)?

TPF = Total or true power factor
DPF = Displacement power factor

Distortion factor = Harmonic power factor



Total power factor example

Variable frequency drive (PWM type)
>DPF =0.95

> THD(I) = 90%
> (no DC choke & no ingut line reactor)

=.7433

- /1+0.92
> Distortion factor =

TPF=0.95x0.7433 = 0.7061



Harmonic BasiCcS Total Power Factor (TPF) Schneider

ﬁ Electric
eExample: Variable speed drive (6-pulse PWM type)

DPF =0.95 DPF =0.95

THDI = 200% THDI = 40%

DE—— T _0.408 DE——_Y _ _0928
J(@+2%) J(@+.4%)

TPE = 0.95%x0.408=0.388| [TPF =0.95x0.928 =0.882

No DC choke & no input line reactor




Other Power Quality Signs

Typical Power Quality Symptoms

= Flickering and blinking lights * Premature motor failure and

) ) unexpected equipment shutdown
 Transformer issues, such as noise,

extra hot, or premature failure = Contactors dropping out

* Panels, neutral wiring, and
other distribution equipment
running hot

* Poor network communications
» Higher utility bills

« Printed circuit board failures in * Poor power factor

drives, PLCs, industrial PC, etc.

= Low system capacity
* Breaker trip and drive shutdown



SOLVING POWER QUALITY ISSUES



Power Quality — the Key to

electrical gyggtem Uptime
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Power Quality Problems

F(WXX)&XMX 3-phase balanced
}NAW \)V%ﬂ VAV \yf Power Factor
JN (N ) -"M' Harmonics

- Sags/swells
(usually from the grid)

- Notches

. Transient

HO0G0000

Phase unbalance

(Spike)

JOOOO0000T

Blackout

Flicker

"~ (usually from inside

the facility)

"\JNW,*" Noise

26



Benefits of Improving Power Quality Issues

The benefits The negative effects
of improving of PQ issues

power q ual |ty - Energy losses - Utility penalty costs
* Unplanned downtime  Decreased productivity
» Improved energy efficiency * Premature aging » Service call costs
Reduced utility costs of equipment - Decreased reliability
Reduced waste and 5
improved operations WayS tO im p rove
Increased productivity power q u al |ty
Minimized downtime
Increased equipment = Power factor correction * Power conditioning
and power reliability = Voltage stabilization * Reactive power

* Lower operating costs = Harmonic filtering compensation




The PTPFC offer in Canada

KMini-EVR

SureVolt
SagFighter

Sags

Swells
o

~

-

Volt. Regu!ation\

VarSet\

AV6000
AT6000

LV PFC
J

ﬂ%armonics

Load imbalance
Ficker
PPC

AccuSine PCS+
AccuSine PFV+
\AccuSine SWP

Filtering and -
VAR
Compensation

\ L

Active Harmonicw

fMV Equipment
M]} t - |

J

Capacitors (Propivar NG)
Metal Enclosed Banky

~

MV PFC




VOLTAGE SAGS AND SWELLS



Effect of Sags / Swells on sensitive equipment

ITIC
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Voltage Reqgulator / Sag Fighter

NORMAL

=/

External: Line Drops & Brownouts

. VOLTAGE 4




HARMONIC DISTORSION



L iming: 153003 P aueity s |
Existing harmonic standards

Standards relative to installations:

IEC 61000 - a series of standards dealing with power quality issues.
IEC 61000-2-2 harmonic levels at public low-voltage power supply systems
IEC 61000-2-4 harmonic levels at LV and MV industrial installations
IEC 61000-3-6 harmonic levels at MV and HY installations b

IEEE 519 — 2014 : requirements on harmonic control in electrical installations (NEMA) IEEE

Adjustments at country level may exist (ex. Engineering Recommendation G5/4 )

Standards relative to individual equipment :

IEC 61000
IEC 61000-3-2 low voltage equipment with rated current under 16A
IEC 61000-3-12 low voltage equipment with rated current higher than 16A and lower than 75A

IEC 61800-3 specific standard for variable speed drives




[Liewing: 133007 poswar bty s |
How much is too much ?

Standards and regulations provide the harmonic limits !!

Generally, for THDu :

# under 5% : normal situation, no risk of malfunctions
» 5H1to8% : significant harmonic pollution, some malfunctions are pussﬂble
» Higher than 8% : major harmonic pollution, malfunctions are probable

THDi (to be used with caution, as the impact of the THDi depends on the system load)

» under 10% : normal situation, no risk of malfunctions
» 10to 30% : significant harmonic pollution, some malfunctions are possible
#  Higher than 30% : major harmonic pollution, malfunctions are probable




AccuSine PCS+




Example

Drives without line reactors

e Transfo 1000 kVA 600V Z=5.75%

Equipment list for NONMLINEAR LOADS

N\

. Installed . Full Load
. . . - Rectifier Maximum )
ltermn | Quantity Size Unit of Measure Type of Equipment pulses ﬂm[;::;;ce\ Capacity Utilized Dlspl?:.c'fment
1 20 10 HPF PWIM WED 3] \ ooo0w | 80.0% 0.950
2 10 25 HF PWIM WFD 6 0.00% 80.0% 0.950
AC Motors Operating Direct-on-Line
. . . Rated Full Load Maximum o

ltem | Quantity Size Unit of Measure PF (Nameplate) | Capacity Utilized

11 1 100 B 1.000 80.0%

12 50 1 HP 0.750 50.0%

13 2 100 HP 0.800 80.0%

— 0)
Uncorrected System e TDD 36 /0
T Original System Current e Harmonic current= 177A
N Amplitudes & Total H i P
Current mpgu es D_ota L armoic ower
urrent Distortion e |[EEE-519 not met. TDD target =

Total | 522.5 amps 543.03 KW A 0
Total lg 4045 lamps 452.34 KW 8 /0
Total Iy 177.1 amps > 0.9408 Distortion PF . .
e 2055 amps 213.58  |KVAR e 130A harmonic filter
% THDI 36045 0,9043  Cos é
%W TDD 36.04% > 0.8507 Total PF e Power Factor= 85%

Schneider Electric -

Power / PFC — J. Peronnet — 2009
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Drive with 3% line reactor(or “DC bus

choke”)

Current:

HIGH TDD

between 35-

400
Tek S00kSss . 37 Acqs .
F
i i

y A
Ch4 Zoom: 1.0X vert 0.'02’ Horz : b

SR e

Schneider Electric - Power / PFC — J. Peronnet — 2009

L/\J . ‘ LJ
16V 13 mMar 2001
13:56:09

Basic PWM VSD

Inverter

bus

~

=




Example

Drives with 3% line reactor

e Transfo 1000 kVA 600V Z=5.75%

Equipment list for NOMLINEAR LOADS

L\

. Installed . Full Load
. . . . Rectifier Maximum .
ltem | Quantity Size Unit of Measure Type of Equipment pulses (Im[;z;ﬂ;;ce\ Capacity Utilized DISPIT:,C;mem
1 20 10 HP PWM WFD 5] ED 80 0% 0_950
2 10 25 HP PWM VFD 6 \ 300% / 80_0% 0950

AC Motors Operating Direct-on-Line

ltem | Quantity

Size

Unit of Measure

Rated Full Load
PF (Mameplate)

Maximum o_p
Capacity Utilized

]

11 1 100 kW 1.000 80.0%
12 50 1 HP 0.¥50 50.0%
13 2 100 HP 0.800 80.0%
Uncorrected System
Original Systemn Current
Tyf:e - R:I.IlS Amplitudes & Total Harmoic Power
urren Current Distortion
Total Irme h89.0 amps 612 A8 KWA
Total ls. 83— lamps 543.34 KWW
Total 1y a1 amp 0.9912 Distortion PF
Total leactive s T amps 243.49 KVAR
% THDI 13.39% 0.9126 Cosé
%TDD 13.39% > C_ 0.9045 Total PF

Schneider Electric -

Power / PFC — J. Peronnet — 2009

e TDD=13.4%
e Harmonic current= 78A
e IEEE-519 not met. TDD target =

8%

e 48A harmonic filter

e Power Factor= 90.5%

e The addition of the line reactor
has reduced the harmonic

current by 99A and corrected
the PF

38




Filtering harmonic currents with Active Filter

Before After

Schneider Electric - Power / PFC — J. Peronnet — 2009

39



AccuSine PLUS theory of operation

e 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
(

Harmonic Active
generators filter Result

2 2 2

1,5{ |.51: 1.51 =

05 05 — 0.5 15

15 15 15 3

2 2 2 2
Harmonic E 3

Harmonic @ l 3 N AN

generators .
;Z = o~ > Active
3 A . filter

Sct 40

A
V)




AHF Power Diagram: Example based on AccuSine

decouples the filter board
inductor/capacitor circuit

from the|AC lines

1

1

&=
&=

1

&=

Pre-charge
l Contq(]:tor
O—{ Fuse +— ]
Line
ﬁ%es O Fuse Inductor 1
Pl e = =
200k AIC Inductor
three phase AC
line connection Eilter
oard

Schneider Electric - Power / PFC — J. Peronnet — 2009

remove the carrier frequency
from the current waveform

sent into the AC lines.

STV
VD 2 2 i VS

=4 g
1 I 1%
82@ S4@ 86@
\_ — —

IGBTs manage the
power flow to/from the

DC hus caps
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Harmonic Mitigation with AccuSine® PCS

Order % | 'und 0!0 | 'und

TeH . s Fund 100.000% 100.000%
5 31.660% 0.674%

7 11.480% 0.679%

9 0.435% 0.297%
| PP = 11 7.068% 0.710%

] AccuSine injection 13 4.267% 0.521%

| : S 15 0.367% 0.052%

. LN : S 17 3.438% 0.464%

, \J&a“ \ _ B D 19 2.904%  0.639%
S oomy M5.00ms Chd F 1.16 vV 21 0284% 0263%

‘F Tek 500k5/§ . 224 Acqs Yot 23 2042% 0409%
; Ch4 zoom: T.0X vert 0.02xX Horz ; ; 25 2177% 0489%

S i S N A Y ( 0.293% 0.170%

o e s YN 29 1.238% 0.397%
31 1.740% 0.243%

AR A Gy et 33 0.261% 0.325%

/ ............ A% . 35 0.800% 0.279%
NS NS 37 1.420% 0.815%

39 0.282% 0.240%
S oOis CRE 7 TTE 41 0.588% 0.120%
43 1.281% 0.337%
45 0.259% 0.347%
47 0.427% 0.769%

49 P i e :
Schneider Electric - Power / PFC — J. Peronnet — 2009
% THD(I) $<35.28%. 67%%




Example
Drives with 3% line reactor and 94A AccuSine PLUS

e Transfo 1000 kVA 600V Z=5.75%

Equipment list for NOMLINEAR LOADS

L\

. Installed - Full Load
. . . . Rectifier Maximum .
ltem | Quantity Size Unit of Measure Type of Equipment pulses (Im[;z;ﬂ;;ce\ Capacity Utilized DISPIT:,C;mem
1 20 10 HP PWI VED 5 EL 80.0% 0.950
2 10 25 HP PWIM VFD 6 \_300% / 80.0% 0.950
AC Motors Operating Direct-on-Line
. . . Rated Full Load Maximum o
ltem | Quantity Size Unit of Measure PF (Nameplate) | Capacity Utilized
11 1 100 B 1.000 80.0%
12 50 1 HP 0.750 50.0% e TDD=2.8%
13 2 100 HP 0.800 80.0% ’
o e Harmonic current= 16.4A

Corrected System

-

T of RM5 Corrected Current Amplitudes &

yf;.lrrent Total Harmoic Currentp[.‘ristortion Corrected Power
Total Irme 584.0 amps 606.91 KWVA
Total L 583-8— |lamps 543.34 KW
Total I 16.4 amps D 0.9996 Distortion PF
Total Teamtvs P amps 243.49 KVAR
% THDi (achieved) 7 By 0.9126 L{ﬁ_’*
% TDD [achieved) 2.82% > 0.9122 Total PF

Schneider Electric - Power / PFC — J. Peronnet — 2009

e [IEEE-519 met. TDD target = 8%
e Power Factor=91.2%

e Adding the Active Harmonic
Filter exceeds IEEE standard

43




Evaluating Severity of Harmonics

e Total Harmonic Distortion: Current

e A measure of the amount by which a composite current waveform deviates from
an ideal sine wave

e Caused by the manner in which electronic loads draw current for only a part of
a complete sine wave

e Measured as THD:

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

e Expressed as a %, THD is of little value
e Total Demand Distortion is becoming accepted

x 100 %

Schneider Electric - Power / PFC — J. Peronnet — 2009
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IEEE 519

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

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

> Example:

Measured

THD;I)

Total I, ms

Fund I, rms

Harm I, rms

236,70 S368. 00 3428 4.1 % 3.7
TET.6H FET.0G0 G221 4.2% R
S92 .63 592 .00 27 .23 A.5%) 2.9%
424 .53 424,00 21.20 5.0% 2350
245,58 248,00 16,97 £5.89% 1.8%
111.80 111.00 132,32 12.0% 1.4%

Schneider Electric - Power / PFC — J. Peronnet — 2009



AccuSine PCS+ Performance

Schneider Electric - Power / PFC — J. Peronnet — 2009
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Thank You

Any Questions?




