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Understanding Normal Understanding Normal 
Utility Grade Power



Power System Connection In 
Peninsular Malaysia

MD ranges of 
individual 
customer

Supply 
voltage

Up to 12 kVA 230V

12kVA to 100kVA 400V

100kVA to 400V
1000kVA

1000kVA to 
5000kVA

11kV

1000kVA to 
10000kVA

22kV

5000kVA to 
25000kVA

33kV

Above 25000kVA 132kV , 
275 kV



Sinusoidal voltage waveform

Power utility provides normal utility 
grade power

Sinusoidal voltage waveform



Steady State Voltage & Frequency Regulations

Voltage level % variations
400 Volt & 230 Volt +10 % to – 6 % 
6.6, 11, 22 & 33 kV ± 5 %

132 kV &275 kV - 5 % to +5 %
500 kV ± 5 %

Voltage regulations (Normal)

Voltage level % variations

400 Volt & 230 Volt ± 10 %

6.6, 11, 22 & 33 kV ± 10 %

132 kV & 275 kV ± 10 %

500 kV - 10 % to 10 %

Voltage regulations (Contingency)

Sinusoidal voltage waveform

Frequency = 50 Hz (+/- 1 %)



Standard Power Reliability & Security

Sinusoidal voltage waveform

Power Outages

The restoration time will be based on defined security levels



Power Quality Standards

Definition of Power Quality



Symptoms: Power Outage vs. Power Quality

Symptoms of Power Quality

• Lights blinking

• Sudden Equipment maloperation

• Sudden tripping of circuit breakers

• Premature equipment failure 

Symptom of Power Outage 
No Electricity for more than 60 s

• Premature equipment failure 

• Poor performance & unexpected 
shutdowns 

• Lost data in electronics

• Capacitor bank failure

• High ground current

• Others



POWER QUALITY 
STANDARDS

IEC

IEEE

SEMI

ENGINEERING 
RECOMMENDATIONS



IEC 61000 Series:
Power Quality (PQ):

“The ability of a device, 
equipment or system to 
function satisfactorily in its 

Definitions of Power Quality

IEEE 1159:2009, 
IEEE 1100:2005

power quality (PQ): 

The concept of powering 
function satisfactorily in its 
electromagnetic environment 
without introducing 
intolerable electromagnetic 
disturbances to anything in 
that environment “

The concept of powering 
and grounding electronic 
equipment in a manner that 
is suitable to the operation 
of that equipment and 
compatible with the supply 
system and other connected 
equipment.



Power Quality/Voltage Disturbances

Voltage Dips / Sags

Momentary Interruptions

Swells

TransientsTransients

Harmonic Distortion

Notches

Voltage fluctuations

Frequency Deviations

Normal voltage 
waveforms

http://hem.dis.anl.gov/eehem/picts/93111330_8.gif
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According to IEC, Electrical Power Quality is a
compatibility problem between the source and
load, not perfection of source…..

• Power Quality or Electromagnetic compatibility (EMC)
itself is defined as: "the ability of an equipment or system
to function satisfactorily in its electromagnetic (EM)
environment (immunity) without introducing intolerable
electromagnetic disturbances to anything in that
environment (emission)“.



Concept of Electromagnetic Compatibility



Categories of EMC phenomena.



Low Frequency Disturbances (< 9 kHz) are 
Power Quality Disturbances

Voltage Dips / Sags

Momentary Interruptions

Swells

TransientsTransients

Harmonic Distortion

Notches

Voltage fluctuations

Frequency Deviations

Normal voltage 
waveforms

http://hem.dis.anl.gov/eehem/picts/93111330_8.gif


CATEGORIES OF POWER QUALITY 
DISTURBANCES

Steady state Power Quality Steady state Power Quality 
VariationsVariations

•Harmonics distortion

Power Quality Power Quality 
DisturbancesDisturbances

•Voltage sag/Voltage swell

•Flickers

•Voltage variations – unbalance

•Frequency variations

•Voltage sag/Voltage swell

•Transients

•Momentary interruption





IEC Standards that 
define 

Electromagnetic Electromagnetic 
Environment





IEC 61000-2-4 : Electromagnetic Environment

Sinusoidal voltage waveform

Nonsinusoidal voltage waveforms



IEC 61000-2-4 : Electromagnetic Environment



IEC standards that define 
measurement 

Technique/Emission
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Power quality phenomena

• The term power quality refers to a wide variety of
electromagnetic phenomena that characterize the voltage
and current at a given time and at a given location on the
power system.

• IEEE uses the electromagnetic compatibility approach to
describe power quality phenomena. The electromagnetic
compatibility approach has been accepted by the
international community in International Electrotechnical
Commission (IEC) standards produced by IEC Technical
Committee 77.



Principal phenomena causing 
electromagnetic disturbances
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SEMI F50 : Electromagnetic Environment for 
voltage sags



Power Quality Standards

Mitigation of Power Quality
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Understanding EMC Testing

EMC Testing is necessary in ensuring that a device, equipment or 
system does not emit electromagnetic disturbances more than 
the levels determined in limits established by regulatory / 
standard bodies, and …

at the same time it is able to withstand an expected level of 
electromagnetic disturbances from various sources of transient 
phenomena and continuous radio frequency phenomena that are phenomena and continuous radio frequency phenomena that are 

present in its intended electromagnetic environment.







Interference

Conducted & Radiated emission
IEC 55011, 55012, 55013, 55014, 55015, 
55022, 55025, 61000-6-3, 61000-6-4

Harmonic current emission
IEC 61000-3-2, 61000-3-4, IEC 61000-3-12

Voltage changes, fluctuation & flickers

Summary of EMC Testing

EMC

Susceptibility

Voltage changes, fluctuation & flickers
IEC 61000-3-3, 61000-3-7

Electrostatic Discharge IEC 61000-4-2
Radiated EM Field Immunity IEC 61000-4-3
Burst/ Electrical Fast Transient IEC 61000-4-4
Surge IEC 61000-4-5
Conducted Disturbance RF fields IEC 61000-4-6
Power Frequency Magnetic fields IEC 61000-4-8
Pulse Magnetic field IEC 61000-4-9
Voltage Dips, Short Interruption IEC 61000-4-11
& Voltage variations IEC 61000-4-34
Harmonics IEC 61000-4-13



IEC standards for Evaluating 
Equipment Sensitivity against voltage dips

IEC 61000-4-34 Low Frequency Phenomena 
(International Electrotechnical Commission)

IEC 61000-4-11 is Intended to be used for 
Equipment LESS Then 16A

IEC 61000-4-34 is Intended to be used for IEC 61000-4-34 is Intended to be used for 
Equipment GREATER Then 16A

The Intent of IEC 61000-4-11 and -34 is to 
define Voltage Dip Test Levels, not for 
Specific Types of Equipment, but Attempts to 
Define the Environment of the Equipment

IEC 61000-4-34 applies to Equipment over 
16A and IEC 61000-4-11 for Equipment 
Under 16A



IEC 61000-4-11 / 34 Class 1

Class 1 - This class applies to 
protected supplies and has 
compatibility levels lower than public 
network levels. It relates to the use of 
equipment very sensitive to 
disturbances in the power supply for 
instance the instrumentation of 

IEC 61000-4-11/34 Class 1

instance the instrumentation of 
technological laboratories, some 
automation and protection equipment, 
some computers, etc.

NOTE Class 1 environments normally 
contain equipment which requires 
protection by such apparatus as 
uninterruptible power supplies (UPS), 
filters, or surge suppressers.



IEC 61000-4-11 / 34 Class 2

Class 2 - This class applies to points 
of common coupling (PCC’s for 
consumer systems) and points of 
common internal point of coupling 
(IPC’s) in the industrial environment in 
general. 

IEC 61000-4-11/34 Class 2

general. 

The compatibility levels in this class 
are identical to those of public 
networks; therefore components 
designed for application in public 
networks may be used in this class of 
industrial environment.



IEC 61000-4-11 / 34 Class 3

Class 3 - This class applies only to 
IPC’s in industrial environments. It has 
higher compatibility levels than those 
of class 2 for some disturbance 
phenomena. 

IEC 61000-4-11/34 Class 3

For instance, this class should be 
considered when any of the following 
conditions are met:

• a major part of the load is fed 
through converters;

• welding machines are present;
• large motors are frequently started;
• loads vary rapidly



IEC 61000-4-11 / 34 Class X (4)

Class X – User 
Defined and in case of 
SEMI F47-0706, the 

IEC 61000-4-11/34 Class X

SEMI F47-0706, the 
test Points are Defined 
in the SEMI F47 
Standard



IEC 61000-2-8 
PROPOSES 

MITIGATION 
MEASURES FOR 
VOLTAGE SAGVOLTAGE SAG



IEC Standard on Surge Protection

IEC 61643-1-1998
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Overview of IEEE 1000: 2005

• IEEE 1100 describes the many types 
of power correction devices that 
accept electrical power in whatever 
form it is available and modify the 
power to improve the quality or 
reliability required for electronic & 
voltage sensitive equipment. voltage sensitive equipment. 

• IEEE 1100 recommends proper 
grounding practices to minimize 
equipment maloperation, high 
ground current, etc











IEEE SURGE SUPPRESSION 
STANDARDS

UL 1449-1985IEEE C62.-1991
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SEMI Standards for Managing Voltage Sags

SEMI F47: Voltage sag    
immunity



Technical Standard for Evaluating 
Equipment Sensitivity for voltage sags

SEMI F47-0706



SEMI F47 0706
Note: All the blue dots 
signified voltage sags 
recorded at 15 number 
of semiconductor plants 
in USA





These equipment exceed SEMI F47These equipment exceed SEMI F47



PQ & EMC Requirement PQ & EMC Requirement 

for Electrical Wiring







Management of EMC 
according to Malaysian according to Malaysian 

Grid & Distribution Codes



The Malaysian Codes address the existence of 
voltage disturbances and EMC requirement for 

Power Quality 



TNB’s Power Quality TNB’s Power Quality 
Requirement



Electricity Supply Application Handbook 
address the power quality requirement









TNB’s Power Quality TNB’s Power Quality 
Guidebooks



TNB GUIDEBOOKS ON VOLTAGE SAG SOLUTIONS



Distribution 
Network

Transmission 
Network

Supply Side Load Side



Categories for Voltage Sag Solutions



EMC Embedded Solutions for Voltage Sags

Simple 8 solutions

– Tip #1: Use DC supply (if applicable)
– Tip #2: Wire load devices in a phase-to-phase configuration
– Tip #3: Identify & improve sensitive ice cube relays
– Tip #4: Do not use phase monitoring relays or undervoltage

relays (UVR) in the interlock circuit, VCB etc.relays (UVR) in the interlock circuit, VCB etc.
– Tip #5: Install auto restart schemes (if applicable)
– Tip #6: Use a SEMI F47/IEC61000 compliance power supply

– Range #1 (95V-250V (Japan and Europe),
– Range #2, 110V-270V (North America and Australia)

– Tip #7: Employ Delay tripping for Motors, Contactors, UVR  
etc (Voltage 70%, t=2 to 3 seconds)

Tip #8:   VFD calibration instead of scalar to set DFC (direct fly 
start) ere flying start is automatic



Robust 
Load

3 V 6.6 kV

M

Control Level Solution for control systems: 

Improvement in UVR,  improvement in control program 
settings, auto restart, built in immunity & application of single 

phase Power Conditioner (PC)

3-PHASE

Control 
Circuit

System under protection1-PHASE

Cursor:  -1ms  -95.26 Volts                           www.PowerStandards.com
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No Power conditioner With Power conditioner

Please evaluate the 
undervoltage relay 
(UVR)
In the control system

Power conditioner



415 Volt

Machine or Panel Level Solutions

11 kV

415 Volt

Cursor:  -1ms  -95.26 Volts                           www.PowerStandards.com
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TNB Guidebook on Managing Harmonics







Types of harmonic mitigation

A. AC Line reactors

B. Passive harmonic filters

– Series – single phase filters – 3rd harmonic filters (Zero
Sequence)

– Shunt – Tuned filter – 5th, 7th, 11th, 13th harmonic filter– Shunt – Tuned filter – 5th, 7th, 11th, 13th harmonic filter
– Low pass broad band harmonic filters

C. Active harmonic filters

D. Isolation transformers

E. Others



AC LINE REACTORSAC Line Reactors



Passive Harmonic Filters

Active Harmonic FilterPassive Harmonic Filter



Zero Sequence Filter Isolation Transformer



SUMMARYSUMMARY



• Power Quality or Electromagnetic compatibility (EMC)

According to IEC & IEEE, Electrical Power
Quality is a compatibility problem between
the source and load, not perfection of
source…..

• Power Quality or Electromagnetic compatibility (EMC)
itself is defined as: "the ability of an equipment or system
to function satisfactorily in its electromagnetic (EM)
environment (immunity) without introducing intolerable
electromagnetic disturbances to anything in that
environment (emission)“.
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The Malaysian Codes highlight the EMC 
responsibility for both power utility & customers



THANK YOUTHANK YOUTHANK YOUTHANK YOU


