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Objectives of this Technical Presentation

• 1.) Describe the Power Quality Standard 

in terms of European (IEC),  American ( 

ANSI/NEMA/UL) and Philippines (PDC 

& PEC) in terms of terminology and 

limits. 

• 2.) Equate Power Quality into Power 

Reliability 

• 3.) Discuss the types and class of Power 

Quality Monitoring Instruments  

• 4.) Harmonics Mitigation



Fundamental Power 

Parameters

• Voltage

• Current

• Frequency

• Power (kW, kVAR & kVA)

• Power Factor

• Energy (kWh & kVARh)



Electrical Loads Century Ago

• Customer loads were linear in nature 

(Lighting, heating and motor)

• They were not sensitive to power 

disturbance 

• No Grid Connection



Ideal AC Sine Wave



Electrical Loads in the 21st

Century
• Customer load were both linear and non-linear 

(due to electronic type of loads)

• Non-linear loads (Electronics & micro processor 

based) are sensitive to power disturbances

• Luzon, Visayas & Mindanao Grid, Asia Grid & 

Worldwide Grid, Micro Grid & Smart Grid



Power Disturbance or the PQ 

Parameters
•Any deviation from a nominal value of the 

input AC Characteristics. 



•Do you agree that Power 

Disturbance (PQ Parameters) 

may not be a Power Quality 

Problem ? 



Power Quality Problem

“Any power problem 

manifested in voltage, current, 

or frequency deviations that 

results in the failure or mis-

operation of customer 

equipment."



Players That Influence End-Use 

Power Quality



The Role of Standards

•Power quality problems ultimately 

impact the end user

•Power quality standards must provide 

guidelines, recommendations, and 

limits to help assure compatibility 

between end use equipment and the 

system where it is connected 



Power Quality Standards 

Organizations in USA
• 1.) Institute of Electrical & Electronics Engineers 

(IEEE)

• 2.) American National Standard Institute (ANSI)

• 3.) National Institute of Standards and Technology

• 4.) National Fire Protection Association (NFPA)

• 5.) National Electrical Manufacturers Associations 

(NEMA) 

• 6.) Electric Power Research Institute (EPRI) 

• 7.) Underwriters Laboratories (UL)



USA Power Quality Standards by 

Topic



International PQ Standards

• 1.) International Electrotechnical Commission 

(IEC) 

• 2.) The European Standards Community 

Organization (CENELEC) – Developed PQ 

Standards called Euronorms



International Electrotechnical 

Commission (IEC)

• IEC has defined category of standards called 

Electromagnetic Compatibility (EMC) 

Standards the deal with power quality issues.



IEC Power Quality Standards by 

Topic



Comparison of IEEE and IEC 

Power Quality Standards



Comparison of  IEEE1159 -

EN50160 Levels
IEEE 1159 EN50160

No. Categories Typical Spectral 
Content

Typical Duration Typical Voltage 
Magnitude

Short Duration Variations

Instantaneous

7 Sag 0.5-30 Cycles 0.1-0.9 pu <1 sec

8 Swell 0.5-30 Cycles 1.1-1.8 pu No

Momentary

9 Interruption 0.5 Cycles-3s <0.1 pu <1 sec

10 Sag 30 Cycles-3s 0.1-0.9 pu No

11 Swell 30 Cycles-3s 1.1-1.4 pu No

Temporary

12 Interruption 3 s-1 min <0.1 pu No

13 Sag 3 s-1 min 0.1-0.9 pu No

14 Swell 3 s-1 min 1.1-1.2 pu No

Long Duration Variations

15 Interruption, Sustained >1 min 0.0 pu Yes

16 Undervoltages >1 min 0.8-0.9 pu Yes 10 min

17 Overvoltages >1 min 1.1-1.2 pu Yes 10 min



Philippine Standard on Power 

Quality 

1.) Philippine Distribution Code

- Chapter 3.2

2.) Philippine Grid Code                                          

- Chapter 3.2 

3.) Philippine Electrical Code (PEC 2017)

4.) Philippine National Standard (PNS)

- Refer to Appendix F of PEC 2017

(PNS for Electrical Products )    



PDC Chapter 3
• 3.0 Performance Standard for Distribution and Supply

• 3.1 Purpose and Scope

• 3.1.1 Purpose

• 3.1.2 Scope and Application

• 3.2 Power Quality Standards for Distributors

• 3.2.1 Power Quality Problems

• 3.2.2 Frequency Variations

• 3.2.3 Voltage Variations

• 3.2.4 Harmonics

• 3.2.5 Voltage Unbalance

• 3.2.6 Flicker Severity 

• 3.2.7 Transient Voltage Variation

• 3.3 Reliability Standards for Distributors

• 3.3.1 Criteria for Establishing Distribution Reliability Standards 

• 3.3.2 Distribution Reliability Indices 

• 3.3.3 Inclusions and Exclusions of Interruption Events 

• 3.3.4 Submission of Distribution Reliability Reports and 

Performance Targets



3.1 PURPOSE AND SCOPE 
3.1 PURPOSE AND SCOPE

3.1.1 Purpose

a) To ensure the quality of electric power in the Distribution 
System:

b)To ensure that the Distribution System will be operated in a safe 
and efficient manner and with a high degree of reliability;

c) To specify Customer Services for the protection of the End-Users 
in both the captive and contestable markets; and 

d)To specify safety standards for the protection of personnel in the 
work environment.

3.1.2 Scope of Application

This Chapter applies to all Distribution System Users including

a) Distributors;

b)Suppliers;

c) Embedded Generators; and

d)End-Users.



3.2 POWER QUALITY STANDARDS FOR 

DISTRIBUTORS

3.2.1 Power Quality Problems

3.2.1.1 For the purpose of this Article. Power Quality shall be defined as 

the quality of the voltage, including its frequency  and the resulting current , 

that are measured in the Distribution System during normal conditions.

3.2.1.2 A power Quality problem exist when at least one of the following 

condition is present and significantly affect the normal operation of the 

system:

(a)The System Frequency has deviated from the nominal value of 60 Hz:

(b)Voltage magnitudes are outside their allowable range of variation:

(c)Harmonic Frequencies are present in the System

(d)There is imbalance in the magnitude of the phase voltages:

(e)The phase displaced between the voltages is not equal to 120 degrees:

(f) Voltage fluctuations cause Flicker that is outside the allowable Flicker 

Severity limits: or

(g)High-frequency Over voltages are preset in the Distribution System.



3.2.2 Frequency Variations

3.2.2 Frequency Variations

3.2.2.1 The nominal Frequency shall be 60 Hz.

3.2.2.2 The Distributor shall design and operate 

its System to assist the System Operator in 

maintaining the fundamental Frequency within 

the limits of 59.7 Hz and 60.3 Hz during normal 

conditions.



3.2.3 Voltage Variations

3.2.3 Voltage Variations

3.2.3.1 For the purpose of this section. Voltage 

Variation shall be defined as the deviation of the root-

mean-square (RMS) value of the voltage from its 

nominal value, expressed in percent. Voltage Variation 

will either be of short duration.



3.2.3.2 Short Duration Voltage 

Variation
3.2.3.2 A Short Duration Voltage Variation shall 

be defined as a variation of the RMS value of the 

voltage from nominal voltage for a time greater 

than one-half cycle of the power Frequency but 

not exceeding one minute. A Short Duration 

Voltage Variation is a Voltage Swell if the RMS 

value of the voltage increases to between 110 

percent and 180 percent if the nominal value. A 

Short Duration Voltage Variation is a Voltage Sag 

( or Voltage Dip) if the RMS value of the voltage 

decreases to between 10 percent and 90 percent 

of the nominal value.



3.2.3.3 Long Duration Voltage Variation

3.2.3.3 A Long Duration Voltage Variation shall 

be defined as a variation of the RMS value of the 

voltage from nominal voltage for a time greater 

than one minute. A Long Duration Voltage 

Variation is an Undervoltage if the RMS value of 

the voltage is less than or equal to 90 percent of 

the nominal voltage. A Long Duration Voltage 

Variation is an Overvoltage if the RMS value of 

the voltage is greater than or equal to 110 percent 

of the nominal value.



3.2.3.4 The Distribution shall ensure that no 

Undervoltage  or Overvoltage is present at the 

Connection Point of any User during normal operating 

conditions. The ERC may require  the Distribution to 

comply with a more stringent voltage variation limits, 

which shall be  determined from technical and economic 

studies.

3.2.3.5 The Distributor shall ensure that the Distribution 

System has sufficient capacity so that Voltage Sags when 

starting large induction motor will not adversely affect 

any User facilities or Equipment.



3.2.4  Harmonics 

3.2.4 Harmonics

3.2.4.1 For the purpose of this Section, Harmonics shall be 

defined as sinusoidal voltages and current having Frequencies that 

are integral multiples of the fundamental Frequency.

3.2.4.2 The Total Harmonic Distortion (THD) shall be defined 

as the ratio of the RMS value of the harmonic content to the RMS 

value of the fundamental quality, expressed in percent.

3.2.4.3 The Total Demand Distortion (TDD) shall be defined as 

the ratio of the RMS  value of the harmonic content to the RMS 

value of the rated or maximum fundamental quality, expressed in 

percent.

3.2.4.4 At any User System, the THD of the voltage shall not 

exceed five percent (5%) during normal operating conditions.

3.2.4.5 At any User System, the TDD of he current shall not 

exceed five percent (5%) during normal operating conditions



3.2.5  Voltage Unbalance 

3.2.5 Voltage Unbalance

3.2.5.1 For the purpose of this Section, Voltage 

Unbalance shall be defined as the maximum 

deviation from the average of the three phase 

voltages divided by the average of the three phase 

voltages, expressed in percent.

3.2.5.2 The maximum Voltage Unbalance at the 

Connection point of any User, excluding the 

Voltage Unbalance passed on from the Grid, 

shall not exceed 2.5 percent during normal 

operating conditions.



3.2.6 Flicker Severity

3.2.6 Flicker Severity

3.2.6.1 For the purpose of this Section, Flicker shall be 

defined as the impression of unsteadiness of visual 

sensation induced by a light stimulus whose luminance or 

spectral distribution fluctuates with time.

3.2.6.2 in the assessment if the disturbance caused by a 

Flicker source with a short duty cycle, the Short Term 

Flicker Severity shall be computed over a 10minute period.

3.2.6.3 In the assessment if the disturbance caused by a 

Flicker source with a long and variable duty cycle, the Long 

Term Flicker Severity  shall be derived from the Short 

Term Flicker Severity levels.

3.2.6.4 The Flicker Severity at the Connection Point of any 

User shall not exceed 1.0 unit for short term  and 0.8 units 

for long term.



3.2.7  Transient Voltage 

Variations 

3.2.7 Transient Voltage Variations

3.2.7.1 For the purpose of this Section, Transient Voltage 

shall be defined as the high-frequency Overvoltage that 

are generally shorter in duration compared to the Short 

Duration Voltage Variations.

3.2.7.2 Infrequent short-duration peaks may be permitted 

to exceed the levels specified in Section 3.2.4 for TDD 

and THD provided that such increase do not 

compromise  he service to other End-Users or cause 

damage to any Equipment in the Distribution System.



Articles in PEC 2017 related to 

Power Quality

• 1.) Article 2.50 – Grounding & Bonding 

• 2.) Article 2.80 – Surge Arrester (Above 

1000V) 

• 3.) Article 2.85 – Surge Protective Device 

(Below 1000 V)

• 4.) Article 2.90 – Lighting Protection System 

• 5.) Article 7.1 – Legally Required Standby 

System



Two (2) Performance Class of Power 

Quality Meters or Analyzers based on 

IEEE P1159.1 &61000-4-30



The 2nd edition of IEC 61000-4-30



Fixed Monitoring from Class S to 

Class A
• Built in analysis to international power quality 

standards such as EN50160, IEEE1159, G5/4 

and GOST

• Automatic alerts for preventive maintenance

• From simple compliance chart to sophisticated 

expert analysis screens



Fixed Type Class B Power 

Quality Meter



Fixed Class A Power 

Quality Recorder





Power 
Meter
0.6%

CT
0.5%

Phase 
Shift
0.76%

System 
Accuracy

1.09%

System Accuracy



EN 50160 Summary Report



List of Events

Event 

No. Date Time Value Duration

Frequency Variations 67 1809 19/07/2006 17:10.9 48.44 16:3 m

Voltage Dips 122 1986 19/07/2006 14:39.2 69,180 890.0 ms

Long interruption 1 1979 24/12/2006 25:55.9 3,778 5:10 hrs

Transient Overvoltage 133 2263 15/03/2007 55:18.3 180,131 .6 ms

Transient Undervoltage 142 2024 02/01/2007 46:43.8 143,127 .6 ms

THD 3 1998 24/12/2006 12:16.9 0.73 24:43 min

Individual Harmonic H5 9 2271 31/03/2007 28:28.9 2.2 2:16 hrs

Individual Harmonic 

H15 2 1984 24/12/2006 13:01.6 0.6 19:60 min

Individual Harmonic 

H17 2 1986 24/12/2006 13:01.6 1.14 23:59 min

Individual Harmonic 

H19 3 1987 24/12/2006 12:16.9 1.39 24:43 min

Individual Harmonic 

H23 3 1992 24/12/2006 12:16.9 1.11 24:43 min

Individual Harmonic 

H25 3 1994 24/12/2006 12:16.9 1.17 24:43 min

Individual Harmonic H4 3 1980 24/12/2006 12:16.9 1.97 24:43 min

Total 493         

Category

No. of 

Events

Worst Case 



EN50160 Compliance Trends



ITI (CBEMA) Curve



Deep Analysis of a Dip



High Individual Harmonics



Class B/S 
Portable/Handheld 

Power & Energy 
Analyzer



Class A Power Quality 
Analyzer



Power Quality Audit - Integrating Principles

1. Understand the problem

2. Find the real cause before you find the best solution

3. The solution must be always cost effective

4. Be open and work closely with the customer

5. Be Pro-Active, Not Reactive

6. Do not go after magic solutions

7. Educate utility and customers

8. Offer alternative PQ Services

9. Be aware of legal issues

10. Satisfy the customers - They are always right



What sensitive electronic equipment is experiencing problems?     (type, location, etc.) 

•Nature of the problems?    (data loss, lockups, component damage, flickering lights, etc.) 

•When do the problems occur? (time of day, day of week, particular system operation, etc.) 

•How long have problems occurred?     (since installation, just recently, seasonally, etc.) 

•Coincident problems occurring at the same time?  (lights flicker, motors slow down, etc.) 

•Possible problem sources at site?  (arc welders, air conditioning, copy machines, etc.) 

•Existing protection for equipment?  (surge suppressor, isolation transformer, etc.) 

•Has protection equipment helped the problems? (getting better, no change, getting worse, etc.) 

•Has the wiring and grounding of the building been checked?  (missing connections, improper 

connections, poor quality connections - high impedance, etc.) 

•Has the quality of the supplied AC voltage been checked?  (use True RMS meters) 

PQ Audit Check List



Basic steps involved in power 

quality evaluation



































































































































Thank you for listening !!!
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