Voltage quality: What went wrong?
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Power quality (PQ) regulation: In memoriam
Business risk resulting from consuming electricity
. Compensating for poor voltage quality in shunt or in series

. Why industry needs active voltage conditioningré&splfation

of PQ)

. Case study on dips: How to containing business risk
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What is this PQ about? N

Quality of Supply ParameterI

Quality of the Waveform
1. VoltageMagnitude

2. VoltageUnbalance
3. VoltageHarmonics

4. VoltageFlicker

Disturbances Reliability
1. VoltageDips 1. Interruptions
2. VoltageSwells 2. SAIDI, SAIFletc

3. VoltageTransients

NRS 048 part 2007 (2015)

NRS 048 part 6 and 8
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PQ in Southern Africa: A historical overview ij
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Regulating electricity in South Africa for voltage guality attempted since 199

A reference (benchmark) document on minimum levels in voltage quality:
NRS 048 part2yeamj,ne[ 1996, ée2015]

|t defined the conditions when el e
Various changes followed as better understanding developed (being pragm

Mi ni mum Al i mi t s o, rat her a stati st
the time

International respect for the NRS048 followed, even from the first world, i.e.
on how dip performance of networks were categorized and managed (perce
to be managed)

Energy Regulators would use this as part of regulating the ESI
A Power Quality Directive was issued in 2002 referencing the NRS 048 part

Regul ation by s et-suchmgseriimgeustenses with good
PQ

That \wac thaean anAd that wwace tha nlan and new 1in 20109
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Why voltage is not always perfect W e

The law of constant misery in power systethd mo s Ixa w:

Voltage quality Current quality

Power systen

Point of Common Coupling

Disturbances

1. VoltageDips
2. VoltageSwells
/ 3. VoltageTransients
1. VoltageMagnitude

_—— " | 2 Vvoltageunbalance

3. VoltageHarmonics
4. VoltageFlicker
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Power Quality

Quality of the Waveform




PQ has financial consequences
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Residual Voltage (%Declared)

NRS048-2:2015 Scatterplot

/

—_—

120
( Swell . .-\ «  OverVoltage \
100 -
. L) . o0
...: . f - - L L] r '
80 - of o  Z1ee
-,
X1 F
60 - C
X2 . Under Voltage
L ]
40
Z22
20 - T
Interruption
0 T LI LI | L] T LI LEELELE | T LN B N LN | L] L] LI N L L BB | T LI I B B
0.01 0.1 1 10 100
Duration (s)

Dip Y

Dip X1

Dip X2

Dip S

Dip T

Dip Z1

1000



NOORDWES-UNIVERSITEIT
POTCHEFSTROOM CAMPUS

The impact of PQ can now be quantified @J“”

A This is a dip diagram of a large cement factory over a period of 76 days

A Y dip area constitute compatibility, but today not always true, some equipment fail:
under Y dip conditions, a voltage sag down to 70% for neand@Gstrictly a Y dip!

A Observe dip events in S, Z1 and Z2: most equipment will fail

A 32 Total dips from X2, S, T Z1 and Z2: An event that affect production every 2.4 days!

NRS048-2:2015 Scatterplot
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Voltage dips for the user of electricity realise as business risk (profita\
PQ regulation will not (can not) protect users in agwnpetitive ESI

Litigation will recover damages of the past, litigation will not change tl
future (soon)

Notallrootc auses of voltage di ps are
utility

Financial condition of the national (and local) utility realise at the usel
electricity in voltage quality being poarausing financial losses

Users of electricity will have to contain the operational risk®n
Active voltage conditioning is an interesting solution
This can be done by a parallel device, or by a series device

Let 0s i nvestigatecee



First, let the power transistor be

R
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A By means of fast sofithte power switches AND fast control, a host of solutions

I.e. Semikronrmodule

Absolute Maximum Ratings

Symbol |Conditions Values Unit
IGBT
VcEs Tj=25°C 3300 \"
| T.=25°C 760 A
& T,=150°C c
T.=80°C 542 A
ICnom 450 A
Icrm lcrm = 2Xlcnom 900 A
Vaes -20...20 \Y
Voo =2200V,Ls =40 nH, Rgon = 6.8 Q,
tpsc HGoﬂ =68 Q, VGE + 15, Tj =150 °C, 10 MS
Vees < 3300
T, Operation -50 ... 150 °C
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Compensation can be done in shunt @JW

A STATCOM: Emulating a reactive current A Compensati on by Ohi
A To be injected by the shunt transformer AV, ensi® kompensatX Zrsvens
A Mostly capacitive A Z. .0niS the fault impedance, upstream

Vcompensate# or- A Compliments to the supply transformer

+ or—
A Limited opportunity for compensation
Theven/n
—
IIoad f \
/VVV\ .
— A
\ S)UI’CG Ioompensate
Load

Power

electronics
\_ J
! g J

[TT1

[TT]
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Compensation can need additionZ] @Jw

ACompensation by Oh m# ¥oltagg D >> before

A VCompensatéZ Ioompensaté(( Thevenin Zadd/z‘/bna) A Protection now Compromlsed
A VCompensat?Z VCompensatel A I do n ot | I ke t oo
+‘cy compensate+ or-
Thel/en/n\
Add/tlona/ -_—
lioad 4 ™\
l W‘
Isource Ioompensate
4 2
Load
Power
electronics
\- Y,
\_ J

[TT7

7



Why use a STATCOM? U
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STATCOM an attractivesolutionfor:

Improvingvoltageegulation,

For fastcontrol of powerfactor,
Improvingsteadstatepowertransfercapacityn longlines,
Improvingtransientstabilitymargins
Dampingsubsynchronoupowersystenoscillations,

= =2 =4 A 45 A

Controlling voltagdlicker

STATCOM alessattractivesolution for compensatingoltagedips

1 Performancevhenmitigatingvoltagedips and magnitudeand unbalancedependson fault
impedanceipstrean(Z,.s,.,,) I Whenit changecompensatiochange

1 Adding impedanceto (Z,,,.,,) increasethe upstreamfault level, requiring changedo
protection

1 IncreasevoltageTotal Harmonic Distortion: current harmonicsremain samemagnitude,
addingimpedancethe lawof constanimiserydictateanincreasén voltageTHD

1 Mostlytoo slow 2 cycles- 40 ms,theload hasalreadystoppedmnakingmoney!
1 Dip compensatiomequiresoperationin overloade@2x) condition=abnormaloperation



Rather consider a series solution @Jw
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It seemdike aSTATCOM now connectedn series?

1 Indeed,n seriewith only anadditional2% impedancidetweersourceandload
No changeseededo protectionsettings

Secondargideis disconnecteduringfaulted(qr startup conditions
No increasén voltagelHD
Ratedfor compensatiomndusedwithin desigrk/alues(no overloadingneeded)
Extremelyast compensateithin 1.4 ms

= =4 =4 A A

Vuncompensated Vco pensate Vcompensated

Vi L/ + T\ =
Zr,
v

W

peo’

v

Power Electronics




Active conditioning of supply voltage @JW
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= =2 =4 4 4 4 5 2

=2

Continuousconditioningof sourcevoltagevariations
Voltagestloadterminalsremainat 1.0 perunit, perphase

Voltagesp@r(;@glmcedbetweerphase(zerovoltagaJnbaha@g;ﬁ]bmg.m

Cor - L eup to 40% durlngathrpephaséault / ¥
} fLL ivAsaadasassanstnaansnnedas BLLLLE GOTIISng "volt I / I".I I .
Whe FHOE e smostfaults houldbel | OMpP
f A e T 1 :1“1: \"!:‘ "1 ‘\.I + . — \/ ."II
Dur = [} [P mpis alsoc mpensated ” \AAA
Ma| | phaseanglejumps durlng a dlp as to the [ossof voltage

: : . Conira .. :
Operationakisk containedatthe rmlrrlafzsoe?tmcg? e sensitivéoadis connected

Plantownertakeresponsibilityor compatibilitybetweersupplyandload conditions
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A case study @J LA

T A |0ng (LONG) SerialprOdUCtiOn pI X-ray Fluorescence Separator

1 Financial Productlossand opportt Y
operations

Feed Belt

Reputational Promisesnadeto cli X-ray Source

Electronic Amplifier and
Ejector Control unit

T

(from Photomultiplier Tube)




Grid Side RMS Voltage
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How the difference look (6 months) @JW
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NRSO048 dips without compensation

NRS048 dips, compensate

/Q

Those events are now longer
voltage dips!



