This material is posted here with permission of the IEEE. Such permission of
the IEEE does not in any way imply IEEE endorsement of any of Helsinki
University of Technology's products or services. Internal or personal use of
this material is permitted. However, permission to reprint/republish this
material for advertising or promotional purposes or for creating new collective
works for resale or redistribution must be obtained from the IEEE by writing to
pubs-permissions@ieee.org.

By choosing to view this document, you agree to all provisions of the copyright
laws protecting it.



PUBLICATION II
©2002 [EEE. Reprinted, with permission, from the publisher
Heine, P., Pohjanheimo, P., Lehtonen, M., Lakervi, E., A Method for Estimating the

Frequency and Cost of Voltage Sags, IEEE Transactions on Power Systems, Vol. 17,
No. 2, May 2002, pp. 290-296.



290 IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 17, NO. 2, MAY 2002

A Method for Estimating the Frequency and
Cost of Voltage Sags

Pirjo Heine Member, IEEEPasi Pohjanheimo, Matti Lehtonen, and Erkki LakeBenior Member, IEEE

Abstract—The annual number and cost of voltage sags were de-

termined for five Finnish distribution companies. The method of U=1opa &
fault positions was applied for the calculation of voltage sag fre-

guency. The economic consequences were assessed by multiplying

the sag frequency and cost by the number of customers. The cost Zr

of a single sag was taken from a survey that had been carried out
in three Nordic countries in the mid 1990s. This paper proposes a Usag PCC
method for retrieving sag-related information from statistics origi-
nally prepared for other purposes. In addition, this paper provides
an estimate of the total annual sag-related cost for each of the com-
panies considered in this study and for each customer category. The Z
total cost per company appeared to be much higher than had gen-
erally been assumed. ,
Zr

Index Terms—Power distribution, power quality, power system
modeling.

|. INTRODUCTION
Fi
VOLTAGE SAG is a sudden reduction of the supply 9

A voltage fo!lowed byavo_ltage recovery aftera short pe”qglral, industrial, commercial services, and public services. The
of tlme.' I? medium voltage dIStI‘IbutIOfn nletworks, voItage Sa4fird variable needed for determining the sag cost is the number
are mainly caused by power system faults. In comparison Wi ¢ ,stomers in each category. These numbers were obtained
interruptions, voltage sags affect a larger number of CUSIOM@Sy, 4 Finnish survey for five utility companies still in exis-

and for some customers voltage sags may cause extremgly.o Multiplying the sag frequency, sag cost of a customer
serious problems [1]-[3]. category and number of customers in the category gives an esti-

In this paper, the average annual freq.uer.]cy and cos_t Of,V°|t,ar98te of the annual cost that sags impose on the network of each
sags for customers of five small-scale Finnish power d'smbu“%mpany under consideration

companies are evaluated. The threshold of interest was taken
to be when the remaining voltage U was less than or equal to
50% of the nomina(U < 50%). Due to the inherent strength

of transmission and subtransmission systems and their ratheYoltage sags can generally be characterized by the sag mag-
low fault frequency, [4], [5], HV system faults seldom caus8itude, the sag duration, and the annual sag frequency.

sags deeper than the threshold level in the MV network. Fortlgs Saq Maanitud

reason, only sags caused by medium voltage faults are consid- ag Magnitude

ered. The results show how the sag costs depend on the distrVhen analyzing a radially supplied distribution network, the

.1. Calculating voltages during a voltage sag.

Il. MAGNITUDE AND FREQUENCY OFVOLTAGE SAGS

bution network characteristics. voltage sag can be modeled using Fig. 1 and [6], [7].
The annual sag fr.equency as a function of sag magnitude is Z+Zp
one tool for evaluating the importance of sags. Another even Ugog = *1.0p.u. 1)

. . VA VA VA YA
more important tool is to assess the annual cost of voltage prob- dstirtiptip

lems that are associated with sags. The annual sag frequenbgre

experienced by a customer is required as an input for this studyl/s.g Voltage sag magnitude (p.u.);

The other essential input data is the approximate cost that oneZ;,  feeder impedance from the substation to the fault loca-
sag imposes on a customer. The required data was obtained from tion;

a Nordic survey completed in 1994. In the questionnaire, theZr  fault impedance;

customers were divided into five categories: domestic, agricul-Zs  source impedance;

Zz  transformer impedance.

Equation (1) can also be written as
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The pre-event voltage is assumed to be 1.0 p.u. and load cur-
rents are not taken into account. The voltage sag can be deter-
mined either as the voltage drop or as the remaining voltage
at the PCC, the point of common coupling. In this paper, the
voltage sag magnitude refers to the remaining voltage at the

PCC (1). Ur
When assuming a fault impedancef = 0 2, pessimistic J’
R, fault

values for voltage sag characteristics are obtained. To improve
the assessment a fault impedance model can be applied. Fault
impedance modeling has been of interest in the area of distance
relays as the fault impedance causes inaccuracy in the distance
measurement of these relays. Based on field tests conducted in
the 1930s, A. R. van C. Warrington indicated that in the case of
short circuits in overhead line networks, the fault impedancelj
mainly made up of the resistance of an electric arc. The fay
resistance can then be modeled in stable conditions according
to the Warrington formula [8], [9].

kz. Phase to neutral voltages before (solid line) and during (dashed line) a
se to phase fault.

2) Fault statistics usually consider only permanent faults.

8750 l If autoreclosing arrangements are in use the number of
Rp = F *0.305 ©) faults cleared by time-delayed and high-speed autoreclo-
sure have to be estimated by some other means. The share
whereR is the fault resistanc@?); I is the fault current (A); of each fault type differs in faults cleared by high-speed,
and! is the length of the electric arc (m). time-delayed autoreclosure or in permanent faults. Thus,

By combining (2) and (3), the fault current can be solved by  the remarks mentioned above in point 1. should be ap-
iteration. Further, the fault resistance can be solved using (3) plied to each fault clearing type. For example, the share of

and the voltage sag using (1). earth faults is typically surprisingly high in faults cleared
by high-speed autoreclosure.
B. Frequency of Voltage Sags One aim of the study presented in this paper is to discover

It is also necessary to be able to estimate how often c(i€ average annual sag frequency (whére 50%) that the LV

tomers experience sags. This estimation requires a probabili§iStomers of each distribution company will experience because
approach and network reliability data [10], [11]. The fault fre©f faults in radially supplied medium voltage (20 kV) distri-
guency rates of network components are combined with the S4§'ON networks. In F|nlar_1d, MV networks either have isolated
analysis result. By these means, a sag distribution (sag mad}ﬁytrals or are earthed via coils. _Thus earth faults do not cause
tude, duration, and frequency) can be determined for each c88Y Sags on the LV customer side and are therefore omitted
tomer. Often a cumulative sag frequency, consisting of sags tHafiS study. The sag distributions that are caused by perma-
have a remaining voltage below the threshold magnitude aRgnt faults are fI'I'St calculated. In this step, a single line d.|agram
lasting longer than the threshold duration, is of interest. network model is used and the sags are computed as if all the
The network reliability data is typically derived from permapermanent faults were three-phase faults. When the critical sag

nent faults. This input data is not satisfactory when evaluatifgegnitude is chosen to ié¢ = 50%, the effect of two-phase

the frequency of voltage sags, however. There are two m& ort circuits as opposed to three-phase short circuits can be
limitations: taken into account by a single factor. Further, when calculating

the sag frequency with fault frequency input data determined

1) The fault statistics do not typically include data about t . .
fault type (three phase/phase-to-phase/earth fault/etd §M permanent faults, the different fault clearing types and the

Different fault types are associated with different voltags ares of the different fault types are taken into account by mod-

sag characteristics and thus their relative shares should"® the initial sag distribution

be determined. For example, in high impedance earthed

medium voltage distribution networks only short circuitg(USag) = fp;(Usag) * <p5c,pf + Md Pse.td
on the MV side cause voltage sags on the LV side and Npf

thus MV earth faults should be omitted. Three and L s
two-phase short circuits cause different voltage sag Npf
characteristics and this should also be taken into account.

In symmetrical three-phase short circuit faults, all thwhere

phase voltages sag equally. In the case of two-phase shorf (Usag) ~ Vvoltage sag distribution (magnitude and fre-

*psc,lm) * (psc,3 + (1 - psc,3) * k2/3) (4)

circuit faults, two of the phase voltages sag and the third quency) experienced by all the customers;
phase voltage remains unaffected (see Fig. 2). Depending/ps(Usag) Vvoltage sag distribution computed by a single
on the connections of the transformers and equipment, line diagram and using fault frequency of all
the phase to neutral or phase to phase voltages must be permanent faults;

examined. Dse,pf share of short circuits in permanent faults;
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Dse,td share of short circuits in faults cleared by time- TABLE |
delayed autoreclosure; INPUT DATA FOR THE CASE STUDIES
Dse,hs share of short circuits in faults cleared by high-
speed autoreclosure; RiL [ Rz [ R3[| Ui | wm
Npf number of permanent faults; Number of substations 32 | 8 | 37 | 9 | 4
b f fault | d by ti del d Number of feeders 173 43 239 100 50
Ntd number of taults cleared by Ume-delayed au-  Tou feeder length km) | 517 | 32.6 | 340 | 63 | 111
toreclosure; Main feeder length (km) 200 [ 207 [ 130 | 50 [ 90
Ts number of faults cleared by high-speed autore- Laterals per feeder 28 | 140 | 200 | 10 | 11
closure: Feeder resistance (Vkm) 050 | 054 | 039 | 017 | 0.18
' o Feeder reactance (Vkm) | 0.40 | 0.34 | 037 | 0.12 | 0.12
Dsc,3 share of three-phase short circuits in all short Fa¢ frequency 34 | 38 | 60 | 44 | 45
circuit faults; (1/100 knva)
ka3 sag influence of a two-phase short circuit fault
compared to a three-phase short circuit fault. 90% -

During the operation of protection systems, there may exist  80% -
several sequential voltage sags. When evaluating the number of 70% -
voltage sags it has to be determined how such sequences are 60% - M 3-phase short circuits
handled. In (4), one fault causes only a single voltage sag. No  50% B 2-phase short circuits

.. . . . . O earth faults
additional factor incorporating the possible effect of sequential ~ 40%
voltage sags has been used. 30% -
20% -
10% -
lll. INPUT DATA FOR CASE STUDIES
0% ==
The case studies were based on 20 kV data from five Finnish PF ™D HS
utility companies, three rural and two urban. The data used in PF = permanent faults
the calculations was obtained from an automation project that TD = faults cleared by time-delayed autoreclosing

had been conducted by these companies (Table I) [12]. HS = faults cleared by high-speed autoreclosing

The rural utilities had one 20 MVA transformer and a SOurclsalg 3. Proportions of different faults in case distribution networks where
impedance oZs = (0.6 + j1.5) Q while the urban utilities aytoreclosing arrangements were in use.
had one 40 MVA transformer and a source impedancg o&

(0.1 + j0.3) Q. It was assumed that the rural companies hafles because in the cable networks of urban companies autore-
overhead line networks and utilized autoreclosing for protecti@fosing is not used.

but that the urban companies had underground cable networkshe ratio between three- and two-phase short circuits was
without autoreclosing. Earth faults were omitted because of tBgaluated and a value ¢f, 3 = 33% for three-phase short
Finnish practice of earthing the MV system neutral. circuits was adopted [13]. This data would also require detailed

The average fault frequency was collected from permanefitidies on each company because the division between three and
fault data. This data does not take into account either differaio-phase short circuits is typically different in overhead line
fault clearing types or fault types. Thus, the correction factoghd cable networks. The share may also differ according to the
Of (4), (Psc,pfsPsc,tds Pse,hss Topf s Ned, Mhs, Pse,3) have to be as- fault clearing system used but for simplicity, this was not taken
sessed by some other means (see Fig. 3). into account in (4).

The question relating to the share of short circuits comparedin the case of a two-phase short circuit, two of the phase volt-
to the sum of earth and short circuit faults in permanent fauliges sag but the third is unaffected. When a two-phase short cir-
and in faults cleared during autoreclosing sequences is compliit in a medium voltage network transfers through a delta/star
cated and no single answer exists. The shares differ from afighnected distribution transformer, only one phase voltage on
company to another and only some tentative values could f@ low voltage side is seriously affected. In these calculations
given. For example, in [13], it was found that the share of earfhe aim was to evaluate the sag frequency of sags wiiere
faults was greater in the isolated neutral substations than in 8% experienced by low voltage customers because of faults in
compensated neutral case. Valuepf,; = 50%, psc:d = medium voltage distribution networks. It was assumed that all
30%, andp,.,., = 30% were applied in these case studies [13]ow voltage customers are connected between a phase voltage
These figures would need further investigation and detailed datgd neutral. Thus, the value fbg /3 is 33%.
from each company. Accordingly, the following values were assigned:

The number of faults cleared by an autoreclosing sequence
as compared to permanent faults, s, 714, n4s) Was obtained  Pseps =90% npy =10 pses =33% ka3 = 33%
from the national interruption statistics [4]. This data was com- p,.,; =30% n.q = 2.4 (rural), n.q = 0 (urban)
pared to data taken from a more detailed measuring project [13]ng he =30% s = 10.9 (rural), 7ny. = 0 (urban)
and was found to be in close agreement. Accordingly, values of~ 7 ' '

7% for permanent faults, 17% for faults cleared by time-delayedIn voltage sag frequency calculations, the fault impedance
autoreclosure, and 76% for faults cleared by high-speed autamdel (3), assuming an electric arc lengthl of 1.73 m, was
closure were used. This data was only applied to rural com@pplied for the case studies of rural companies. The electric arc
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length represents the length of a semicircle having a diameter 100 4 _
of 1.1 m, the distance between two phases of 20 kV overhead ""’
line networks. In the case studies of urban companies, a fault 90 4 %
resistance of @ was assumed. 7
80 Z
IV. RESULTS OF THESAG FREQUENCY CALCULATIONS f
As an output of the sag frequency calculations, the cumulative 701 U<50% U<80% %
sag frequencies are obtained for the five distribution companies. -
In Table 11, the sag frequencies having a voltagd/ok 50% 3 607 7
andU < 80% are presented. = .
Sagsy < 50% are assumed to cause tripping or malfunction § 50 ’;
in most of the load types. Shallower sags would not necessarily § :;:
affect some loads at all. On the other hand, the voltage sag & 40+ o g;
frequency of shallower voltage sags is typically significantly § :?
higher than the sag frequency of deeper voltage sags [14]. Thus, 30 "?‘5 *’
the decision concerning what the critical voltage magnitude { 7
taken into account in the studies is has a strong effect on the 20 | e} Z
sag frequency and cost. For instance, the sag frequency where ) /
U < 80% is typically many times higher than the sag frequency Z ;:
whereU < 50%. 10+ { 1 G
In Table II, the voltage sag frequency results for< 50% I %8 Z
reveal quite low numbers. It has to be kept in mind that these 0 - i A= <=

results only include voltage sags caused by faults in the medium
voltage network. Voltage sags caused by transmission system
faults are not considered. l Rf according to Warrington formula (3)
It should be realized that the input data used in the case studies
contains inaccuracies. Another important point to note is that
the us_e of the faultimpedance model may und_ereStlmate the ]’5694 Effect of fault resistance on cumulative sag frequencies.
magnitude and hence the frequency of especially severe sags. If
the fault impedance were to be neglected then[fox: 50%,

Rural 1 Rural2 Rural 3 i Rural 1 Rural2 Rural 3

Rf=0 ohms

the sag frequency should be multiplied by a factor of about 2.5, TABLE Il
depending on the (rural) company in question Fig. 4. AVERAGE SAG FREQUENCY (1/A) FOR EACH DISTRIBUTION COMPANY
V. THE COSTSASSOCIATEDWITH VOLTAGE SAGS U<30% | U<80%
Rural 1 1.0 6.0

Assessing the economic value of voltage sags for distribu- Rural 2 17 15.9
tion companies is not a simple task. There does not exist suffi- Rural 3 41 46.8
ciently accurate data concerning the prevailing sag frequencies Urban 1 0.7 08
and characteristics of a single company, not to mention a single Urban 2 07 16
customer. Furthermore, the value of the sag- associated inconve-
nience or disruption for the customer is an extremely subjective ABLE I

matter. Only rough estimates can thus be obtained. However,

. . . g . NUMBER OF CUSTOMERS IN THEUTILITIES UNDER CONSIDERATION
the increasing significance of voltage sags as a power quality

problem justifies the use of such estimation as long as no bet! Cygomer category | Rural 1 | Rural2 | Rural3 | Urban 1 | Urban 2

methods exist. As the results of this case study point out, the € Domestic 45,500 | 11,650 117,650 | 102,050 | 107,250

fects of voltage sags should be taken seriously and, according giricziﬂiral 14,?33 1’128 1‘1)’328 - igg 388
i ; ; it ustrial ; ;

be given a high (negative) value as a power quality issue. Commorcial 3.450 250 6050 7.200 4430

Public 1,650 300] 2,550 1,100] 1,050

A. Sag Frequency Total 65,350 | 14,050 | 139,100 [ 112,050 | 113,750

The method for retrieving the annual sag frequencies expe-
rienced by customers for the five Finnish utilities is describeéjo
above. The sag frequencies tér< 50%, presented in Table Il
were applied as input data in the sag cost calculation.

mmercial services, and public services. This classification

' defines some characteristics for customers in a single category,
even though the categories consist of rather heterogeneous elec-
tricity users. In particular, the industrial customers may vary
considerably in size, annual energy and “electrical behavior”.
Finnish power companies usually categorize their customénse number of customers in each case study utility is found in

into the following groups: domestic, agricultural, industrialTable IIl.

B. Number of Customers
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TABLE IV

COST OF ANEVENT ACCORDING TOPREVIOUS SURVEYS [1],[15],[16]

IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 17, NO. 2, MAY 2002

TABLE V
VALUE USED FOR ASINGLE VOLTAGE SAG IN EACH CUSTOMERCLASS

Customer category | Type of event Cost per event, € Customer category Cost per sag, €
Domestic Short interruption 1 Domestic 1
Agricultural Short interruption 1 Agricultural 1
Industrial Voltage sag, 50 %, 200 ms 1,200 Industrial 1,060
Commercial Short interruption 210 Commercial 170
Public Short interruption 280 Public 130

TABLE VI

C. Price of a Single VOItage Sag ANNUAL COSTDUE TO VOLTAGE SAGS

Traditionally, power company customers tend to overvalu -

the inconvenience due to sags and interruptions but are 1 g 1:1;;:)(1) I};fg:é ggfgg U;';‘Z; U;;"g;z
willing to pay for the measures utilities take for their preven 2. 14250 1,870 44,690 210 210
tion. The realistic price attributable to a single sag is foun Industial | 530,000 270,300 | 8,474,700 | 1,038,800 | 519,400
somewhere between these two extreme views. The relevi gg;ll ;i‘?% Zgé,ggg ‘l‘vgégﬁgg fgg’i‘gg 5;2’223
value should be derived from the real direct and indirec Totali 1’391:000 604.000| 14,578 000 2’067:000 1’220:000
economic consequences of a sag. For example, the sag P nerrap-

for an industrial process which trips due to a sag in the volta tion costs 2,000,000 | 800,000 | 4,100,000 | 500,000 | 800,000

supply should at least cover shutting down the process, cleaning

the system, restarting the process, loss of production and the

eventual cost of damaged equipment. These costs really eRisustomers. Consequently, the prices obtained for a single

and someone will have to pay them. It depends on the custorM@itage sag are shown in Table V.

whether he will take the risk himself and pay for the possible

consequences or would rather pay the distribution company fr The Annual Sag-Related Costs for the Distribution

providing higher power quality, i.e., mitigating the sags in ongompanies Being Studied

way or another. In the case where he chooses the latter optiorMultiplying the distribution company customer numbers by

the company should compensate the inconvenience if it is naé customer category sag prices and the company sag frequency

able to mitigate the sag as promised. gives the total annual sag cost for each distribution company.
In a Nordic survey [1], a total of 13000 utility customersBy using the figures described above, the following prices are

were asked for the real cost of sudden interruptions. Industr@itained.

customers were also asked to estimate the realistic cost duih order to provide a suitable reference, the approximate in-

to a voltage sag (50%, 200 ms). Another two inquiries weterruption costs [12] are shown in Table VI. Sags of the selected

launched in Finland in 1995 where households and agricultusgverity seem to cause as expensive problems as the outages, in

customers estimated the cost of a sudden short interruptisome cases even more expensive. The sag cost results are also

which was something that had not been asked in the Nordigown in Fig. 5.

survey [15], [16]. Combining the results of the three reports As one would expect, the industrial customers are one of the

gives the following average event values for the different cusost valuable groups from a financial perspective. Not so obvi-

tomer classes (Table 1V). ously, the commercial and public services also seem to have sig-
The sag price was available only for industrial customers. Foificant value when considering voltage sags. Households and

other customer groups the price of a sudden short interruptiagricultural customers do not have so much significance as far

was used instead. According to [1], the cost of a single sagde sags are concerned. The contribution of each customer group

an industrial customer is higher than the cost of a sudden int&ythe total cost is shown in Fig. 6 as an average of the five util-

ruption lasting one second but lower than the cost of one minities considered in the study.

sudden interruption. It was thus assumed that using the interrupThe costs related to the company referred tRasl 3seem

tion cost for the rest of the customer groups would yield suffte be rather high. The major reason for this is the high sag fre-

ciently precise results. guency of the company, which is due to its large and sag sen-
Regarding the industrial, commercial and public customerstive overhead line network. If the sag frequency were equal

an interesting phenomenon was found. Typically, more thamthe company labeledrban 1, the costs would be approxi-

50% of the customers answered that sags and interruptionately equal for both companies. Theban 1company has an

do not cause them economic losses at all, whereas 1-B#gerground cable MV distribution system, which appears to be

experienced extremely high costs, i.€.20-70000 per event. a good solution from the cost point of view.

These figures may be real but there is the risk that they areAlthough not all the money shown in Fig. 6 can be realized, a

exaggerated. To ensure that relevant numbers are being usediain number of customers may be willing to pay for avoiding

and, most of all, to avoid overestimated figures a kind of pealags and their consequences. The results show that the distri-

shaving was done, i.e., all customer reported costs highmrtion companies would financially have the most to gain from

than 20000 euros were taken to be equal to 20000 eurpsoviding industry and service sector customers with premium

These cases made up approximately 1% of the total numipemer.
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Annual cost (M€)

9
8 —
7 —
6 M Domestic
W Agricultural
e @ Industrial
4 B Commercial
Public
3 -
2
1
0 T T l 1
Rural 1 Rural 2 Rural 3 Urban 1 Urban 2
Fig. 5. Annual cost due to voltage sags.
) Domestic sags is likely to be both reasonable and cost-effective. Further
Public 3.5% Agricultural research is needed in order to ascertain more precisely the char-
03% acteristics and applications for viable mitigation services, which

the utilities or other service providers could then launch.

E. Criticism of the Acquired Results

In addition to inaccuracies in calculating the sag frequency
there also exist inexact elements in the estimation of sag-related
costs. Using an average to represent highly deviated data does
not necessarily give the correct impression of the significance
of a single sag to a single customer. On the other hand, data that
is more precise is not available. Detailed studies on the issue are
Commercial Industrial thus needed for further refinement.

32.4% 54.5% It would also be advisable to select both the critical voltage
and the respective cost on a case by case basis. Depending on
fffe customer, the sag sensitivity of loads may vary a lot.

Fig. 6. Cost in terms of each customer groups as an average of all f
considered utilities.

From the point of view of the sag mitigation business, the VI. CoNcLUsIONS
customer’s or customer group’s sag sensitive load would prefer-The frequency and cost of voltage sags experienced by the
ably be located in a small area and heavy enough for reasonatlstomers of five Finnish distribution companies were assessed.
rating and positioning of a mitigation device. This is often th®nly sags having a remaining voltage less than 50% and caused
case with big and medium size customers that have high dg-faults in medium voltage distribution networks were taken
mand. On the contrary, even though a distribution company miajo account.
have a large number of small size customers, e.g., householdsn voltage sag frequency calculations, the method of fault
its total load would be spread over a wide area where a lumpeakitions was applied. Equations to correct the limitations of
protection solution, i.e., a single device, would not be suitablie network component reliability data with respect to voltage
Using multiple small power conditioners is hardly reasonablsags were presented. The voltage sag frequencies were under-
economically or technically. estimated rather than overestimated and the sag frequencies for
Industrial, commercial and public sector customers are udu-< 50% showed quite low numbers. Further, the voltage sag
ally grouped together in industrial parks, shopping centers foequencies were applied as one input data to voltage sag cost
office areas. Protecting such areas or a big plant from voltagalculations.
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Despite the relatively low number of sags that occur, thg16] ——, Customer Survey at Rovakaira Oy: Inconvenience Due to High-
calculated annual Voltage Sag_related costs appeared to be Speed Autoreclosure Everfis Finnish). Tampere, Finland: Tampere

reasonably high. Genuine economic benefit could most likely

be gained by sag mitigation in the case of industrial as well as

commercial and public service sector customers that are located
in a compact area and could thus be protected with a lumped
solution. Further studies are needed to represent custom:
sag-related inconvenience and actual economic losses v
greater precision. In addition, a more precise calculation of s gy wee
frequencies would give more accuracy in cost evaluation. E
is, however, evident that voltage sags are an important pov

-

——
-

quality issue and have a considerable economic significar .
that is bound to increase in the years to come. K"w
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