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POWER QUALITY AND QUALITY OF SUPPLY

Miloslava Tes#ova

ABSTRACT

This paper deals with term Power Quality and itéerence to terms Voltage Quality, Continuity of
supply, and Quality of Supply. There are descriltieel main voltage disturbances and voltage
characteristics given by the standard EN 5016diral part of the paper power quality monitoring is
mentioned.

1. INTRODUCTION

For long time the main concern of consumers oftetety was the continuity of the supply, i.e. the
reliability. Nowadays consumers want not only figligy, but quality too. Power quality is determihe
by ability of customer equipment to perform progeiThe reason to explain the current interest in
power quality is growing economic impacts on théwoek operators (i.e. the utilities) and their
customers. The costs associated with “lack of gfaltan be large, especially for industrial
customers. If for example a production line trifistnay take several hours to restart with severe
financial consequences.
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Figure 1 — Relationship between availability, reilidy and power quality

The devices and equipment being applied in indalssind commercial facilities are more
sensitive to power quality disturbances than eqaiptmapplied in the past. Equipment containing
microprocessor-based controls and power electrdemices, computers, control automation systems,
adjustable-speed drives, contactors can be semditivmany types of disturbances besides actual
interruptions (see Table 1). These devices andpetprit can be parts of advanced production or
information processes. Processes and equipmentldengme more interconnected and interrelated
which can make them more vulnerable to failure re# component. The whole system is as sensitive
as the most sensitive equipment. Malfunction ofigment or misoperation of an important process
can affect production continuity resulting in méedamages (e.g. in industry), pecuniary lossas (e
in banking systems) or other losses (e.g. in didpad) centres, hospitals, laboratories).
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Table 1 — Equipment sensitivity to voltage disturdxes

Voltage disturbances

Equipment

Oscillatory
transients
Impulsive
transients
undervoltage
Swells and
overvoltage
Interruptions
Harmonics
Notching
Noise
Voltage
fluctuations

CNC machine

Adjustable speed drives
Personal computers
Programmable logic
controllers

Relays, contactors, motor
starters

Fax machine . . . .
Metal-halide and high-
pressure sodium lighting
Telecom switching equipment e . . . . . .
Electronic ballast fluorescen

lighting r

The power quality problems don't always come frone tutility system either. The same
equipment which is sensitive to voltage disturbandself often causes voltage disturbances fagroth
customers. Power electronics equipment, such astathe speed drives, results in a continuousgstrin
of transients (notching) as well as steady statembaic distortion. On the other hand, these voltage
disturbances affect significantly function of povedectronics equipment.

2. DEFINITION OF POWER QUALITY

The quality of delivered electricity, like qualiof other goods and services, is difficult to defared
quantify. There is not one accepted definition oéldy electricity. The quality is mainly determuhe
by the quality of the voltage waveform, as it igpmssible to control the currents drawn by customer
loads. Voltage quality is not only the responsipilof the network operator but also, in certain
respects, depends on producers and customers.

Power quality is the combination of current quality and voltagelity, involving the interaction
between the system and the loddltage quality concerns the deviation of the voltage waveforrmfro
the ideal sinusoidal voltage of constant magnitashel constant frequencyCurrent quality is
a complementary term and it concerns the deviatfahe current waveform from the ideal sinusoidal
current of constant magnitude and constant frequérmtage quality involves the performance of the
power system towards the load, while current guahvolves behaviour of the load towards the
power system.

There is always close relationship between voli@gg current in any practical power system.
Although the generators may provide a near-pedettsoidal voltage, the current passing trough the
impedance of the system can cause a variety afrdetces to the voltage. To understand the basis
of many power quality problems is necessary to el the interaction between the load and the
power system. The power system can only controbjtradity of the supply voltage; it has no control
over the currents that particular loads might draierefore, the standards in the power quality area
are devoted to maintaining the supply voltage wittértain limits.
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Quality of Supply
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Figure 2 — Dimensions of the Quality of Supply

Quality of supply is a combination of voltage quality and the nothtécal aspects of the

interaction between the utility and its customé€)sality of service in electricity supply has a nuenb
of different dimensions, which can be grouped urtdexe general headings: commercial relationships
between a supplier and an end-user, continuityipply, and voltage quality.

Continuity of supply (also referred to aReliability of deliveryis characterized by the number and
duration of interruptions. Several indicators asedito evaluate the continuity of supply in
transmission and distribution systems (e.g. SASHN|FI).

Voltage quality is concerned with deviations of the voltage frdra tdeal. The ideal voltage is
a single-frequency sine wave of constant frequearay constant magnitude. Voltage quality is
described according to the European standard ER®G®Y the characteristics of the supply
voltage concerning: frequency, magnitude, wavefanth symmetry of the phases.

Quality of service (also referred to aSommercial quality)concerns the quality of relationships
between a supplier and a customer. It covers mapgass of the relationship (e.g. transparency
of the tariff structure, information supply, resges on customers’ complaints, metering, reading
and billing), but only some of them can be measured regulated through standards or other
instruments
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Table 2 — Summary of power quality disturbances

PQ Disturbance Frequency Duration Magnitude
Rise Time
INTERRUPTION
M collapse 10 ms to 3 min 0
VOLTAGE DIP
Wwwm ; power 10 ms to 1 min 0.1t0 0.9 pu
requency
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)
ke
2 UNDERVOLTAGE
S| M, | ey | i | ostooems
<
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TRANSIENT o
OVERVOLTAQE rise time: 50 ns to 1 ms 00 10 pu
(Impulsive Transients) ns to ms
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OVERVOLTAGE 1kHz to 10
. . lpusto 50 Oto6 pu
(Oscillatory Transients) % MHz HstoSbms P
c VOLTAGE —— modulation | o
2 FLUCTUATIONS ANVARANA! frequency ay- +/- 0.1 pu
) (FLICKER) \/ ’/ Vo <50 Hz variation
@ ‘
© HARMONICS harmonic steadv-state
é orders: varia%tion <0.lpu
=) 0 to 50
2
@© NOTCHING q
= broad-band | Steady-state <0.1pu
variation
c VOLTAGE
8 o UNBALANCE % power steady-state
8 frequency variation
>
8 FREQUENCY VARIATION 49.51t0 50.5
Q Hz (47 to 52
Ijl: synchonous
systems
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3. VOLTAGE CHARACTERISTICS (EN 50160)

The European Committee for Electrotechnical Statidation (CENELEC) issued the standard
EN 50160 “Voltage characteristics of electricitypplied by public distribution systems”. The
standard EN 50160 is one of the first documentatifyang the voltage quality experienced by
customers. It gives the main characteristics ofvibltage at the customers supply terminals in gubli
LV (to 1 kV), MV (between 1 kV and 35 kV) and HV tm@rks under normal operating conditions.
“Supply terminals” is defined as the point of coatmen of the customer’s installation to the public
system, so called the point of common coupling (PCC

Voltage quality is determinealy the voltage characteristics. Because some intsddfecting the
supply voltage are random in time and location, esaph the characteristics are described with
statistical parameters instead of specific limétg). voltage magnitude. For some characteristigs, e
voltage dips, interruptions and overvoltages, amdiicative values are given.
* Voltage magnitude— 95% of the 10-minute averages during one weak bk within+10% of the
nominal voltage. It indicates that the range ofiatéon of the 10 minutes rms values of the supply
voltage is W+10% for 95% of a week. In short, this means thatfore than 8 hours a week there are
no limits for the supply voltage value.
* Frequency variation - 95% of the 10-second averages shall not be dmtie range 49.5 to
50.5 Hz.
« Voltage fluctuation - 95% of the 2-hour long-term flicker severity was obtained during one week
shall not exceed 1.
Short-term severity £is measured with a specified equipment over sodesf 10 minutes and;Rs
calculated from a sequence of twelwgvRlues over a two-hour interval, according to ¢élpression

e Harmonic distortion — Harmonic voltages are evaluated individuallygtwbally. Individually by
their relative amplitudeprelated to the fundamental voltage Where h is the order of the harmonic.
For harmonic voltage components up to order 2%4esbre given which shall not be exceeded during
95% of the 10-minute averages obtained in one Week Table 4.3). Globally by the total harmonic

distortion factor THD that is calculated as folloWsHD =

The THD shall not exceed 8% during 95% of the week.

Table 3 — Values of individual harmonic voltageshat supply terminals for orders up to 25, given in
percent of the fundamental voltage U

Odd harmonics Odd harmonics Even harmonics
triplen harmonics
order h relative voltagg order h relative voltagg order h relative voltagq
Un [%0] Un [%0] Un [%0]
5 6 3 5 2 2
7 5 9 15 4 1
11 3,5 15 0,5 6..24 0,5
13 3 21 0,5
17 2
19, 23, 25 15

* Voltage unbalance— the ratio of negative-sequencg,énd positive sequence voltagg,$hall be
obtained as 10-minute averages, 95% of those sbakxceed 2% during one week. The unbalance
ratio is defined:

pu = Ug / Ug*100  [%]
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* Signaling voltages- 95% of the 3-second averages during one day ebalexceed 9% Vfor
frequencies up to 500 Hz, 5%, tdr frequencies between 1 and 10 kHz, and threlstietaying to 1%
U, for higher frequencies.

« Voltage magnitude steps -these normally do not excee8% of the nominal voltage, but changes
up to+10% can occur a number of times per a day.

« Voltage dips - frequency of occurrence is between a few tewsae thousand events per a year.
Duration is mostly less than 1 second, and voltagely drops below 40% U

 Short interruptions — occur between a few tens and several hundresktawents per a year. The
duration is in about 70% cases less than 1 second.

* Long interruptions - frequency of occurrence may be less than 1@ do &0 per a year.

* Transient overvoltages— will generally not exceed 6 kV in a 230 V system

« Temporary (power frequency) overvoltages— will generally not exceed 1.5 kV in a 230
V system.

3.1 Power quality monitoring

In most countries the potential impact of “lackqufality” is growing. It is therefore likely that me
measuring equipment will be placed in the netward at customer connection points.
Measurement of voltage characteristics can be édvithto three categories according to the
purpose of the measurement:
* permanent monitoring, e.g. for verifying contradtolligations — in transmission delivery points,
connection points of HV end-users, substationskM/MV
e temporary surveying, e.g. to check the performaoteéhe supply system, or to check user
complaints — in connection points of MV and LV emgkrs
e general investigations.
Measurements and assessment of voltage characgetiave to be made according to standards,
e.g. [2], [3]. These standards also define requeres for power quality measurement instruments
warranting measurement comparability and repediabil
To verify power quality level, the utilities have @rchive results of measurements and assessment
of voltage characteristics together with information power system conditions and parameters in
time of measurement. Power quality data are aled os purpose of the power quality benchmarking
in European countries.

4. CONCLUSIONS

The EN 50160 gives only general limits, which agehinically and economically possible for the
supplier to maintain in public distribution systearsd which provide a minimum, a barely adequate
quality supply. Most suppliers routinely exceedsthdimits by a large margin. If the customer has
higher requirements for supply quality, a sepamjecement between the supply utility and the
customer must be made. The part or whole standidr8@.60 can be replaced by this contract. The
utility can namely guarantee higher power quality the important industrial and commercial
customers. On basis of contacts the utility colst aupply low quality power to some customers at
advantageous, i.e. lower, price.
There are typical areas that will be addressedwep quality contracts:
* Reliability/power quality concerns to be evaluated
« Power system performance indices to be used
« Expected level of power system performance (basglin
« Penalty for performance outside the expected lamdfor incentives for performance better than
the expected level (financial penalties, perforneaibased rates, shared savings, etc.)
* Measurement/calculation methods to verify and aately assess system performance, means of
evaluating compliance
* Responsibilities for each party in achieving theid performance
* Responsibilities of the parties for resolving peshs
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To meet customer demands on higher power qual@yuthities often have to install mitigation
devices or to make changes in structure of the pmystem. Costs associated with changes in
structure of the system are generally very high @adinfluence electricity price. There is a nesd t
make decision what mitigation technique is most-edfective. Most customers prefer solution of
power quality problems on the supply system sideesfion is whether the customers are willing to
accept the higher price of electricity.

With the introduction of competition between uidg power quality becomes an issue for the
regulator, because power quality problems can affececonomic position of the utilities on market.
The regulator may use economic incentives to giweeaminimum power quality levels.

REFERENCES

[1] European standard EN 50160 “Voltage charadiesisof electricity supplied by public
distribution systems”, last edition

[2] EN 61000-4-30 Electromagnetic compatibilityME) - Part 4-30: Testing and measurement
techniques - Power quality measurement methodt£@61000-4-30

[3] PNE 33 3430-7 Charakteristiky n#pelektrické energie dodavané zZe@mé distribdni sit
(Voltage characteristics of electricity supplied foyblic distribution systems), Guide for the
application of the European Standard EN 50160, 2005

[4] Tama J., Martinek Z., Tegava M: Security, Quality and Reliability of ElectricalnErgy,
Conte Praha 2007, ISBN 978-80-239-9056-0

[5] Tesdova M.: Regulace a standardy kvality dodavané elektriak&ge, Control of power
systems “04: 6th International Conference, Stri¥&éo, 2004, ISBN 80-227-2059

ACKNOWLEDGEMENT
This work was supported by the project SGS-2010-018

Author:

Doc. Ing. Miloslava Tegava, Ph.D.

University of West Bohemia

Department of Electrical Power Engineering and Exnental Engineering
Univerzitni 8, 306 14 Plzg Czech Republic

E-mail: tesarova@kee.zcu.cz

Tel: + 420 377634313

101



