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ABSTRACT

Modern customers use large number of sensitive devices sgitsitive to Power-Quality (PQ)
disturbances in the supply netwoRoor PQ may have significant economic impacts on the operaitio

many different types of facilities. The costs of PQlpems are highly dependent of several factors.

This paper presents different power quality problems, th&sctsfon different equipments, power

systems and ultimate economic impacts.
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INTRODUCTION

Earlier, the main concern of consumers of electrisityg the reliability of supply, which is nothing
but the continuity of electric supply. However, thesgsdid is not only reliability, the consumer wants;
quality of power too is very important to them. In sevepabcesses such as Semiconductor
manufacturing or Food processing plants, a voltage dip gfsheart duration can cost them a substantial
amount of money [1]. Even these short dips of voltage areiguff to cause conductors on motor drives
to drop out from system. Stoppage in a portion of a pro@sslestroy the condition for quality control
of the product and require restarting of production. Thus in thasged scenario in which the whole
system increasingly demand quality power, the term POWHRALITY (PQ) attains increased

significance [2].
INTEREST IN POWER-QUALITY (PQ)

The fact that PQ has become an issue recently doewewt that it was not important in past. All
over the world utilities have worked on the improvement of groguality for decades [3, 4]. Even the
term Power-Quality has been in use for a rather longdineady.

The ideal ac line supply, by the utility system should mire sine wave of fundamental frequency
(50/60Hz). In addition, peak of the voltage should be of resdak. Unfortunately the ac line supply that
we actually receive not only contains power frequency commenbut also so-called harmonic
components with frequencies equal to a multiple of the pdwexjuency. Equipments have been
introducing harmonic distortion since last many decades eoently the amount of load, fed via power
electronic converters has increased enormously, causing Imammonic voltage distortion. Each
individual device does not generate much harmonic current buf #ilem together cause a serious
distortion of the supply voltage [5, 6].
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Definition

As per IEEE standard 1100: Power quality is the conoégiowering and grounding sensitive
equipment in a manner that is suitable to the operatiohatfequipment. The international standard
setting organization in electrical engg. (IEC) does rett yse the term power quality in any of its
standard documents. Instead they use the term ElectrotitaGoenpatibility (EMC), defined as the
ability of an equipment or system to function satisfagtaril its electromagnetic environment without
introducing intolerable electromagnetic disturbances téhamy in that environment. Recently the IEC
has also started a project group on power quality [t .deéscribing the scope of the project group power
quality was defined as: Set of parameters defining tbpepties of the power quality as delivered to the
user in normal operating conditions in terms of continuity of supwld characteristics of voltage

(symmetry, frequency, magnitude, waveform etc.).
The causes

The causes of power quality deteriorating problems arergigneomplex and difficult to detect.
Customers often describe tripping of equipments due to distiebamthe supply voltage as ‘bad power
quality’. On the other side, utility often view disturbandeg to end users equipments as the main power

quality problem.

Modern power electronic equipments are not only sensitive tagedisturbances; they also cause
disturbances to other customers. The increased use of congeven equipment has led to a large

growth of voltage disturbances [8].
There are two different categories of causes for de&idn in power quality [9]

Natural Causes

1. Faults or lighting strikes on transmission lines or distidsufeeders.
2. Falling of trees or branches on distribution feeders dwtiogny conditions
3. Equipment failure.

Man Made Causes

1. Transformer energization, capacitor or feeder switching.

2. Power electronic loads such as UPS, ASD, converters etc.
3. Arc furnaces and induction heating systems

4, Switching on or off of large loads.

Various power quality problems and their details [10, Hijehbeen listed in Table las:
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Table 1: Power Quality Problems and their Causes

Broad Specific Method of Typical
Categories| categories | characterization causes
Transients | Impulsive Peak magnitudgLightning

rise time and strike,
duration transformer
energization,
capacitor
switching
Oscillatory Peak magnitudej Line or
frequency capacitor or
component load switching
Short Sag Magnitude, Ferroresonant
duration duration transformer,
voltage SLG fault
variation [ Swell Magnitude, Ferro resonan
duration transformer,
S-L-G fault
Interruption Duration Temporary
(self-clearing)
faults
Long Undervoltag | Magnitude, Switching on
duration duration loads,
voltage capacitor
variation deenergizatior
Overvoltage | Magnitude, Switching off
duration loads,
capacitor
energization
Sustained Duration Faults
Interruption
Voltage Symmetrical Single-phase
imbalance components loads,
Single-
phasing
condition
Waveform | Harmonics THD, Harmonic| ASD and
distortion spectrum other
nonlinear
loads
Notchinc THD, Harmonic | Power
spectrum electronic
converter
DC offset Volts, amps Geomagneti
disturbance,
half-wave
rectification
Voltage Frequency of Arc furnace,
flicker occurrence, arc lamps
modulating
Frequency
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Impulsive transient does not travel very far from thgaint of entry, but can give rise to an
oscillatory transient, which lead to transients over gatand consequent damage to the power line

Insulators. Impulsive transients are usually suppressedrgg arrestors. Single-Line-Ground faults
on the utility distribution or transmission system are oftendause of voltage sags (dips). Voltage sags
can trip a motor or cause its controller to malfunctioms to cause loss of production. It can also force a
computer system or data processing system to crashhwhit be prevented by an Uninterruptible
Power Supply (UPS), but it in turn generate harmonics]32,4,15].

During voltage swell, the protective circuit of anjédstable Speed Drive (ASD) can trip the system.
The lives of computer and many home appliances may be sbdrtey the stress put on them. A
temporary interruption lasting a few seconds will caass bf production, erasing of computer data etc.

During peak hours it may cost much amount.

The long duration voltage variation has greater impact thart glication voltage variation. A
sustained over voltage lasting for few hours can cause giateahousehold appliances. The under
voltage has the same effect as that of voltage sagefinénation of process is sudden in sag and normal
operation can be resumed after the normal voltage isregstHowever in case of sustained under
voltage, the process cannot be even restarted or resénsecstained interruption is usually caused by

faults.
Voltage imbalance can cause temperature rise in motdre\em cause a large motor to trip.

Harmonics, DC offset and Notching cause wavefdistortions. Harmonics are the periodic
disturbances in voltage and current. They can be integer mufiflexdamental frequency, fraction of
the fundamental frequency (sub harmonics) and at frequencésate not integer multiple of
fundamental frequency (interharmonics). Unwanted harmonicemtsrrflowing through the network
(system) can cause needless losses. Harmonics can atso roalfunction of ripple control or traffic
control systems, losses and heating in transformers, elereatic interference (EMI) and interference
with the communication systems. Ripple control refershouse of a 300 to 2500Hz signal added to
distribution lines to control switching of loads such asviater heaters or street lighting. Interharmonic
voltages can upset the operation of fluorescent lampsededsion receivers. They can also produce
acoustic noise in power equipment. DC offsets can csatgation in the power transformer magnetic
circuits. A notch is a periodic transient that rids on gbhpply voltage. Because of high rate of rise of

voltage at the notches, it can damage capacitive componenectehin shunt [16, 17, 18, 19, 20].

Voltage flickers are frequent variations in voltage thah ccause the light intensity from
incandescent lamps to vary. This can have adverse ®ffecthuman health as the high frequency
flickering of light bulbs; fluorescent tubes or televisggreen can cause strain on the eyes resulting in
headaches or migraine. The voltage flickering can also retthecéife span of electronic equipment,

lamps etc. [21].

Thus the lack of standard quality power can cause loss ofigifod, damage of equipment or

appliances or can even be detrimental to human heaighthérefore imperative that a high standard of
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power quality is maintained.

It is clear from the previous text and Tablel that tlegonity of events currentlpf interest are
associated with either a reduction or an increase in vibltage magnitude. A straightforward
classification is given in Table II.

Table 2: Suggested Classifications of Voltage MagnitgdEvents

Very Short overvoltage Long overvoltage Very long
short overvoltage
2 110% overvoltage
=
[=))
@
£
5
o Normal operating voltage
90% Very Very
short Short undervoltage| Long undervoltage long
undervoltage undervoltage
Very short Short interruption Long interruption Very long
1-10% interruption. interruption.
| I
1-3 cycles 1-3 min 1-3 hours

Event duration
The voltage magnitude is split into three regions:
Interruption: the voltage magnitude is zero
Undervoltage: the voltage magnitude is below its normalevalu
Overvoltage: the voltage magnitude is above its novalale
In duration, a distinction is made between
e Very Short : corresponding to transient and self-restoring eyents
e Short: corresponding to automatic restoration of the pre-eventisityiat
e Long: corresponding to manual restoration of the pre-evergton

e Very Long : corresponding to repair or replacement of faulted contgene
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Power Outages

The most common cause of an outage is equipment or conipfailare, e.g. loss of a generator,

Transformer or feeder due to faults. Some times iaslihave scheduled outages to maintain the
power equipment, which involves changing of transforroigr replacement of a section of feeder
conductors or changing of old, and faulty switchgeaotber equipment. During scheduled outages, a
power distribution company may be able to cater to ttgelanajority of the customers by channeling
power through alternate feeders or supply transformeesenvbr available, but this may not be always
possible. Such scheduled outages occur only occasionallysaatlyuprior notice is given to customers

those are affected by the outages.

It is the unscheduled outages that cause major prolitetnath utilities and customers alike. These
cause higher financial loss to the customers. The impaeterf short outages in semiconductor plants
can be very severe, so such outages must be minimizedngsinthe unscheduled outages, natural
disasters and accidents like earth quakes, floods, blizzamisdoes fires, arsons, terrorist activities etc
cause some. Even if some of these causes can be preditsedther difficult to entirely prevent their

impact on the power system.
To define the response of the system to the outages atteevarious reliability indices [22]:
SAIFI (System Average Interruption Frequency Index)

Is the total no. of customer interruption events tlaaehoccurred over a period of time (usually one
year) divided by the total number of customers i.eiviégaverage interruption per customer over a year
SAIFI =  Total number of customer interruptions

Total number of customers in the system
CAIFI (Customer Average Interruption Frequency Index)

CAIFI = Number of customer interruptions
Number of customers who had at least one interruption

The index SAIFI gives the average interruptions per custdmrall customers in the system may
not face an equal amount of interruptions, so we use CAMRich normalizes the number of
interruptions w.r. to the total no. of customers facingrmiptions. Numerical value of CAIFI will be
greater than or at the most equal to that of SAIFI. Bhasmparison of these two indices can give us an

insight in to the system.
SAIDI (System Average Interruption Duration Index)
Gives the averages duration of all interruptions per custoener

SAIDI =  Sum total of the duration of all customer intetrops
Total number of customers in the system

CAIDI (Customer Average Interruption Duration Index)

The total interruption duration over a year is averagedngst the customers, who had at least one
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interruption i.e.

CAIDI =Sum total of duration of all customers interruption
Number of customers with at least one interruption

As in the case of SAIFI and CAIFI, a large differencereen SAIDI and CAIDI indicate that the

outages are connected on a limited set of customerseanug further investigation will be required.
MAIFI (Momentary Average Interruption Frequency Index)

This index deals with momentary or short duration inté¢iong. In general the utilities do not treat
the short duration interruptions as outages and hence masnantrruptions are not classified under
SAIDI or CAIFI

MAIFI = Total number of customer monagntinterruptions
Total number of customers

The frequency indices tell us how often faults occur,ngivan indication about system equipment
and network layout. Where as duration indices are functiotiseobrganization ability of the utility to

limit the faulted section to the smallest number of custsmand the ability to control the repair time.
Economic Impacts of Power Quality
The cost related to a PQ disturbance can be divided in

i) Direct costs: the cost that can be directly attributetieéadisturbance. Include the damage n
the equipment, loss of production, loss of raw mategstart cost etc.

ii) Indirect costs: These costs are very hard to evaluatesiments to prevent PQ problems

may be considered an indirect cost.

iii) Non material inconvenience: some inconvenience due to pdisemrbance cannot be
expressed in money, such as not listening to the radiotavaiohing TV. The only way to
account is to establish an amount of money that the conssiméling to pay to avoid this

inconvenience.

The cost associated with power outages can be tremendeunsifddturing facilities have costs
ranging from Rs.4, 00,000 to millions of rupees associati#lul avsingle interruption to the process.
Momentary interruptions or voltages sags lasting less tham$0tan have the same impact as in outage
lasting many minutes. If an interruption costs Rs.160@®, the total costs associated with voltage sags
and interruptions would be Rs.2, 70, 40,000/-year. (The twtsi is appro. 17 times the cost of an
interruption) [23].

According to Contingency Planning Research Company’'s anmu, stowntime caused by power
disturbance results in major financial losses. Here aggvakamples of thiourly losses experienced

by a few businesses:

] Airline reservation centers: Rs.33,50,000 — Rs.55,60,000
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[] ATM network and service fees: Rs 6,00,000 - Rs 8,50,000
[] Brokerage (retail): Rs 280 — Rs 365 million

[] Credit card sales authorizations: Rs 110 — Rs 155 million
[] Telephone ticket sales: Rs 28, 00,000 — Rs 41, 00,000

[] Catalog sales centers (large retailers): Rs 30,00,838060,00,000.
CONCLUSIONS

This report contains the Overview of Power- Quality gndblems related to Power- Quality.
Estimation of financial losses for a customer becauspopf PQ is quite complicated as it includes
various direct (immediately visible costs) and indirect (l@rgn) costs. Several studies have been made
to evaluate the costs of PQ problems for consumers. The mssessf an accurate value is nearly

impossible; so all the studies are based on estimates.
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