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Overview

1. Power quality (PQ) regulation: In memoriam

2. Business risk resulting from consuming electricity

3. Compensating for poor voltage quality in shunt or in series

4. Why industry needs active voltage conditioning (self-regulation 
of PQ)

5. Case study on dips: How to containing business risk



What is this PQ about?

Quality of Supply Parameters

Quality of the Waveform

1. VoltageMagnitude

2. VoltageUnbalance

3. VoltageHarmonics

4. VoltageFlicker

Disturbances

1. VoltageDips

2. VoltageSwells

3. VoltageTransients

Reliability

1. Interruptions

2. SAIDI, SAIFIetc.

NRS 048 part 2-2007 (2015) NRS 048 part 6 and 8



The Eskom PQ handbook



Å Regulating electricity in South Africa for voltage quality attempted since 1996

Å A reference (benchmark) document on minimum levels in voltage quality: 
NRS 048 part 2 year(n), n e[1996,éé2015]

Å It defined the conditions when electrical equipment should be ñcompatibleò

Å Various changes followed as better understanding developed (being pragmatic)

Å Minimum ñlimitsò, rather a statistical approach to being compatible for 95% of 
the time

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

Å Energy Regulators would use this as part of regulating the ESI

Å A Power Quality Directive was issued in 2002 referencing the NRS 048 part 2

Å Regulation by setting ñrulesò to licensees-such as serving customers with good 
PQ

Å That was then, and that was the plan, and now in 2019?

PQ in Southern Africa: A historical overview



Why voltage is not always perfect

The law of constant misery in power systems - Ohmôs law: V=IxZ
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Quality of the Waveform

1. VoltageMagnitude

2. VoltageUnbalance

3. VoltageHarmonics

4. VoltageFlicker

Disturbances

1. VoltageDips

2. VoltageSwells

3. VoltageTransients



PQ has financial consequences

Å Voltage quality can affect plant availability, or if really bad, direct damages

Å Most well-known PQ concern is voltage dips

Å Industrial processes increasingly sensitive to voltage dips

ÅEquipment should be immune against voltage variations within the òYò dip category



The impact of PQ can now be quantified

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

Å Y dip area constitute compatibility, but today not always true, some equipment fail: 
under Y dip conditions, a voltage sag down to 70% for near 100 msis strictly a Y dip!

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

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

Å And, even some Y dips could have affected production



What can be done?

Å Voltage dips for the user of electricity realise as business risk (profitability)

Å PQ regulation will not (can not) protect users in a non-competitive ESI

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

Å Not all root-causes of voltage dips are under the ñcontrolò of the local 
utility

Å Financial condition of the national (and local) utility realise at the user of 
electricity in voltage quality being poor ïcausing financial losses

Å Users of electricity will have to contain the operational risk on-site

Å Active voltage conditioning is an interesting solution

Å This can be done by a parallel device, or by a series device

Å Letôs investigateéé



First, let the power transistor be

Å By means of fast solid-state power switches AND fast control, a host of solutions

i.e. Semikronmodule



Compensation can be done in shunt

Utility

Load
Power 

electronics

Isource

Iload

Icompensate

ZThévenin

Vcompensate1+ or -+ or -

Å STATCOM: Emulating a reactive current

Å To be injected by the shunt transformer

Å Mostly capacitive

ÅCompensation by Ohmôs law

Å Vcompensate= Icompensate x ZThévenin

Å ZThévenin is the fault impedance, upstream

Å Compliments to the supply transformer

Å Limited opportunity for compensation



Compensation can need additional Z

ÅCompensation by Ohmôs law

Å VCompensate2= Icompensate x (ZThévenin + Zadditional)

Å VCompensate2> VCompensate1

Utility

Load
Power 

electronics

Isource

I load

Icompensate

ZThévenin

Vcompensate+ or -+ or -

ZAdditional

Å Voltage THD >> before

Å Protection now compromised

ÅI do not like too muché..



Why use a STATCOM?

STATCOM anattractivesolutionfor:

¶ Improvingvoltageregulation,

¶ For fastcontrolof powerfactor,

¶ Improvingsteadystatepowertransfercapacityin longlines,

¶ Improvingtransientstabilitymargins.

¶ Dampingsub-synchronouspowersystemoscillations,

¶ Controllingvoltageflicker

STATCOM alessattractivesolution for compensatingvoltagedips:

¶ Performancewhenmitigatingvoltagedipsandmagnitudeandunbalancedependson fault
impedanceupstream(Zthévenin)ïwhenit change,compensationchange

¶ Adding impedanceto (Zthévenin) increasethe upstreamfault level, requiring changesto
protection

¶ IncreasevoltageTotal Harmonic Distortion: current harmonicsremainsamemagnitude,
addingimpedance,the lawof constantmiserydictateanincreasein voltageTHD

¶ Mostlytoo slow: 2 cycles= 40ms,the loadhasalreadystoppedmakingmoney!

¶ Dip compensationrequiresoperationin overloaded(2x)condition= abnormaloperation



Rather consider a series solution

It seemslike aSTATCOM now connectedin series?

¶ Indeed,in serieswith onlyanadditional2% impedancebetweensourceandload

¶ No changesneededto protectionsettings

¶ Secondarysideisdisconnectedduringfaulted(or startup) conditions

¶ No increasein voltageTHD

¶ Ratedfor compensationandusedwithin designvalues(nooverloadingneeded)

¶ Extremelyfast: compensatewithin 1.4 ms

Load

Power Electronics

ZTh

VTh + =

Vuncompensated Vcompensate
Vcompensated



Active conditioning of supply voltage

¶ Continuousconditioningof sourcevoltagevariations

¶ Voltagesat loadterminalsremainat1.0 perunit, perphase

¶ Voltagesperfectlybalancedbetweenphase(zerovoltageunbalance)

¶ Voltageat loadis flicker-free

¶ Compensatevoltagesags: Restoreup to 40% duringa three-phasefault

¶ Whenonlyasingle-phasefault, asmostfaultsshouldbe,then60% compensation

¶ During afault, thephase-anglejump isalsocompensated

¶ Many loadsare as sensitiveto phase-angle jumps during a dip as to the lossof voltage
magnitude

¶ All of this is doneextremelyfast,1.4 msreactiontime thanksto modernpowerelectronics
andextremelyfastsignalprocessingin thetime-domain

¶ It is not neededto first convert(cycleby cycle)time domain information to the frequency
domainandthenonlystartcompensatingacycle(20 ms) or 2 cycles(40 ms) later

¶ This is themostperfect50 Hzconditionspossiblefor anyload!

¶ Operationalriskcontainedat the terminalsof wherethesensitiveloadisconnected

¶ Plantownertakeresponsibilityfor compatibilitybetweensupplyandloadconditions

DC  - AC

AC  - DC

Control Electronics

+ =

After compensationBefore compensation

The òmissing" voltage



A case study

¶ A long(LONG)serialproductionprocessessufferedboth financialandreputationallosses

¶ Financial: Productlossandopportunityto sellaslostproductioncannotberecovered(24/ 7)
operations

¶ Reputational: Promisesmadeto clientsnot honoured,ratherbuyat competition

¶ Lossesaredueto voltagedips: evenwithin Y dip area

¶ High-techproductionmakinguseof equipmentdesignedfor first worldvoltagequality

¶ Although, theoretically,the sameimmunity levelsthan in Europeappliedin SA, practically
themanufacturersof thesehigh-techequipmentdo not designaccordingly

¶ And for theuser,theyneedthesehigh-techmanufacturingequipmentto becompetitive

¶ It isnot only theñhigh-techòindustrythat suffers:

o Diamondprocessing

o Convertingmaizeto mieliepap

o And manyothers



A difference was madeéé.

The missing voltage is IMMEDIATELY corrected



How the difference look (6 months)

NRS048 dips without compensation 

NRS048 dips, compensated

Those events are now longer
voltage dips!


