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Summnary. 4 set of indexes was estab hished wlich acrurately descrbe the reliab ity of electric power supply
to maral mustormers and, at the same tome, awe easy to deternure and wfy. Indesxes were identified according
to the onteria of urmversabity, vaisbility and mpeostance . On the basis of the selected irdeves, tepatorial dif-
ferertiatiors m the contirmity of elachic powrer supply to cusones inthe raral areas of southern Poland were
aralysed wsing the linear ordering method.
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INTRODUOCTION

The infrastucture of naral areas is of trermerndons ronportance to the developrnent of villages
and agricultare, and the electric power infrastrocture is one of its most nportant elements, on
which the developroent of the remaining elernents is deperndent. The existing rural electic power
infrastructare was largely built using  the cheapest overhead lines with bare conductors and over
head pole transformer stations that are parfienlarly-mlnerable to failures cansed by weather factors
[Oeena ... 2005, Hiewiedziat E, Niewiedzial R. 2006; Statystyka elektroenersetyla polskie) 2005,
Trojanowska 2007h].

Lecording to the applicable legal provisions, tenitorial self-gove rmeents and electrie disti-
bution compardes should co-operate to ensure continnoms and relisble electric power supplies to
custormers [Dz U nr 13 2 1996 v, Dz, UL nr 54 = 1997 r; Polityka Enewgetyezna Polski do roku
2025]. The religbility of power supply depends to a large extent on the relighility of the electric
powrer systern, which determines the capacity of electic power ne twrorks to deliver to custorers the
agreed gquantities of power (sufficiency of the systern) of certain quality (posrer quality?) without ary
mmterruptions of power sapply(re iability of power supply) [Duniec 2004; Paska 2004; Trojanowska
2003h]. An interruption of power supply is defined here as the condition when the supply voltaze
in the electric power neteork iz lower than 1% of its rated woltage [FHN-EN 50160].
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Intermptions of power supply are classified as:

— srheduled interruptions, which are notified to customers well in adsance and which are
cauged mainly by the need to perform scheduled re pairs and mairdenance works on net-
works,

- accidental (unscheduled) interruptions, which are caused ez, by permanent or termporary
faults related rmainly o external events, darage to equipreent or dishubances of its opera-
tion. Because of their duration, theware divided into short intermptions of up to 3 minates
and long intermptions exceeding 3 marutes.

Intermptions in electic power supply are unavoidable, becanse ensuring 100% relishility
of power supply would troke huge ivestrent expenses, which is econoraically nnprofitable.
Howewver, interraptions of power supply are the canse of financial losses for both electic power
consmners ahd suppliers [Chojraclki 2009, Hanzelka 2003; INarkiewdez 2002; Popezwk 2004; Tax
gosz 2003]. Inorder to roirdredse the losses, electic power providers avalves the failure frequency
of the neteork and look for failure causes and ways to apeove  power supply reliability In order
to evaluate the failure frequencyof the netaork, itis necessary to provide indexes describing power
supply continuity

The air of the work was o detertnine the indexes which efficienfly identify the relishility
of electric power supply to noral customers and, at the same tirme, are easyio determine and nrafsy
and then to camy out an electyie power supply guality analyeis for noral areas of sonthern Poland
with the nse of thess ndexes.

MATERIAL AWD METHODS

The indexes that characterise the continuity of electric power supply and are used most often
n international regulatory practice include [Paska 2004

System fverage Interaption Freguency Index (SATFIY — defined as the ratio of the fotal
rmrvber of unscheduled long breaks during the wear to the nomber of customers connected to the
network:

a) Custormer Average Interruption Fregquency Index (CAIFT) — defined as the ratio of the
total raraber of unscheduled intermiptions during the year to the raaber of discormec ted
CUSt0rne .

b Systen Soverage Inte rraption Daration Index (5 AIDT) — described as the ratio of the arral
surn of the durations of all long irderrptions (in rwinutes) 1o the total nuober of custorie s
corrected to the netarork.

) Customer fAveraze Interroption Duration Index (CAIDI) — caleulated as the total sum of
the durations of all lorng interraptions of power supply to custormers (in hours) didded by
the rareber of all custormer dizconnections.

d) faverage Service AoeailabilityIndex (A5 Al — defived as the ratio of titne daring the wear (in
custorner-hours) whe n power supplywas svailable to the tirae when the e was dernand for it,

e) Soverage Intermaption Fregquency Index (45T — defined as the ratio of fitne during the
wear (in custoraer-hors) when power supply was unavailable to the e when there was
demmand for it.

1) fwerage Ernergy Mot Supplied (AENS) — defined as the ratio of power not supplied fo
customers during the wear to the number of customers connected to the ne twork.

g IWbmentary fverage Interription Frequency Index (WAIFT) — defined as the ratio of the
total noreber of nrscheduled short interraptions durivg the year to the noraber of custoraers
corrected to the netarork.
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The statistical dats of Polish power plants contain values of the averagze duration of long
interruptions and the average duration of interruptions in electrie power supply per one custorner as
well as the amomnt of damage per 100 krn of the line, which iz defined as the ratio of the nurdber
of all mmscheduled long interraptions during the wear to the total line length (IDL).

This work evaluates the suitability of the afore mentioned indexes for the description of the
reliability of elechic power supply to noral customers by creating a set of decisive characteristics
on the basis of the criteria of universality; wariability and irportance.

The indexes identified in this manner were later used in the analyeis of territorial differentia-
tion in the gquality of electric power supply to customers in the mural areas of southern Poland nsing
the linear ordering method.

Caleulations and analyses were perfonmed on the basis of results of research being condueted
by employees of ENICH GRUPS TATURON 5 & in the roral areas of Ialopolska. The areas con-
ered by this research are located within the power supply service area of 10 distribution districts.
The distribmtion distric ts under analysis are responsile for the supply of electic power to 446,500
rural custorets, to whor powet 1s supplied wia 2,900 kra of the e diura voltage (IWV ) line, 21,600
krn of the low woltage (IV) live and 7,000 WIWILY transformer stations. Those customers use up
approx. 1330 GWh of electic power per anvnn. Electric power consumption per one transfonmer
station amounts fo approx. 190 DIWh and is three tires as low as in the city

RESULT=E

Lnalysis of the suitability of indicators describing the reliability of power sopply

For years atterapts have been made to ascertain the indexes that identifiy well the reliability
of power supply and, at the same firae, are easy to deterraine. In the cwrent sitnation, it seems
that this kind of works should be cortinued, becanse each customer has the rght to choose their
electrical power provider freely for which he veeds, among others, mformation on the reliability
of power supply

O the hasis of the data concernivg the condition of electrical eqniprnent, which ave currerdly
being collected by elec trie poosrer providers, 1t is possible to deterredne SAIFL, SAIDI CAITT SENS
and MATFT inde xes as well as the walue of the IDL index. Their characteristic walues obtained as a
result of meamre rents conducted in 2007 are presented in Table 1.

Table 1. Indexes charactersing the contimuity of electic power sapply
to raral musbmwers and their vanability =

Value a
Index Llinireorn | Maxivorn | dserage e [*]
IDL [rreber of long infermptions per 100 km of 31 1160 460 | 14145
the ling] ' ' ' '
SATF] [maraber of long inferraptions per custorner] 0.0 0.1 003 1470
SAIDT [average tirne of long intermaption per cus- 05 152 47 116.2
tomer in minutes) ’ ’ ’ )
CLIDT [average tire of long intermiption in hoars) 12 25 45 49.4
LEMNS [power ot supplied to the custorner in kW 0.6 49 31 402
WIATFT [marrbe v of short interruptions per custorne] 0.o 015 0.03 1579
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It was decided that, out of those siv indexes, ovly those complying with the following criteria
should he selected:
a) unmversality — their irportance and significance should be comrnonly recogrised,
b wariability — theyr should nothe sirdlar in terms of information about objects, with the high
discrirnination capac ity being shown by charac teristics marked by high variability,
) irmportance — hizh values arve difficult to achiewe for ther.

In this work, the variahility coefficie nt £ is used for the evaluation of the spatial wariability of
mmdexes (characteristics) and it is requived that the wariability of inde xesbe highe r than the atbitrarly
accepted value, 1e. 103 [Cetasiewicz 1900]

The importance of characteristics was evaluated on the basis of come xity of distibution
functions. The algorithen of deterrrination of the cormexity of the enpivical distribution fune tion 1s
as follows [Ostasiewicz 19997

al u:l'ui'n:r:aj:ten'sticsXJ =12, ,m) are transformed according to the forla:

rE—_— 1=12 .n, 1=14,. m, i1

and the characteristic asmmes walues fror the intereal [0,1],

a) trarsfonmed values of the characteristic are arranged in the increasing order and the
median i caloulated,

W the index flis dete rroined, where

f=1- wWoj=12,., m, (7]
where :

w =L (3)
n

The classification is carried out on the basis of the walue u:uf'f The iraportance of the char
acteristic grows as the value of £ decreases, and the threshold valie of this index is assaaed on
the lewel of 0.5, Figure 1 I:cresents exaraples of charts of empirical distribution functions for the
average annual quantity of electric power not supplied fo the custoraer during the year (AEHS) and
the aversge rumber of short interruptions per custorner (IWIATET), where the former is an important
feature and the latter is not.

Lecording to the ahose -diseuzsed criteria of universality wariability and irmportance, 5ATFT
SLIDI, CAIDT and AENS indexes were included in the get of decistve characteristics de termining
the reliability of electic power supply to niral customers.
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Comp arative analysis of power supply quality

The performed caleulations suggest that indexes characte rising the relishilityof power supply
that are determined separately for rural areas served byvarious power supply districts are substan-
tallsy different from each other, which is reflected by high walues of coeficients of wariahility of
indexes £, which reach approx. 160% (Tahble 1.

For the evaluation of territorial differentiation of the relisbility of electric power supply to
rural custorers in the areas of southern Poland underanalysis, the linear ordering method weas uzed.
For each of the power supply districts, SAIFL, SAIDL CAIDT and AEWS imdexes, or actually their
iveraes, were caloulated and treated as chavacteristies with attributes of stirnulants. The ranbing
of districts in terms of the relighility of power sopply to naral custorers was prepared by assigning
to each district Hellwig’s measure d as a symthetic wariable used most often in practical research,
with the following relationbeing used [Trojanowska 20074]:

d, _
d'_l_d,’ i=12..n (4
where :
d, =1li (% =% )" (5)
d=d +2. ’ljm ~d T ()
noa
while:

d, =

= -

d, 0

where: x, —walue of the standardised characteristic with attributes of a stimulant,
%, = i walue frorn the set of characteristics.

The measure d is constructed in such a manner that the closer itsvalues are to unity; the less
distant the given chiject is from the standard, which is also called the upper pole of the s2t of ohjects.
The characteristic feature of symthetic measures is the fact that the replacement of the deseriptionof
objects with a symthetic characteristic by means of many characteristics makes it possible to pre pare
their clagsification, which is based, in thiz case, on the division of the set of ohjects into classes
according to one characteristic ondy.

The analysis of the determined values of the synthetic vanable d made it possible to divide
districts into 3 groupe (Fig. 2.). It tarred out that the highest failure rate for electric power supply
ocowrs in the north-eastern part of the area under analysis, which is served by the district distribution
Bochnia, Erakdw-Mowa Huta, FKrakéw-Podgdrze and Tandw Teren.
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Fig. 2. Tenitonial differeriation of the relidility of electrie poarer supply to custorners
inthe rural areas of scuthern Poland

CONCLUSIONZ

Oin the basis of the perfbrrmed calenlations, it was found that the corntinnity of electiic power
supply o raral custorners iz best characterised by indexes such as: the average number of long
inferruptions per custorer (SAIFT), average arrmal duration of long intermptions per custormer
(SATDIY, average duration of long interruption (CAIDD and the average anrmal quantity of power
not delivered to the customer (AEMS). The above-mentonsd indizators are used in intemational
regulatory practice and are deterrninable on the basis of operating measurernents carvied out by
Polish power engineering corpanie s,

Linalyees performed on the basis of wentified indexes cordivmed earlier reports of unsatis-
factory quality of electric power supply o customers in the riral areas of southem Poland [Tio-
janowska 20032, 2003k, 2004, 2007, Trojanowska, Mecka 2007], pariculalyiv its north-eastern
horder areas.
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IDENTY FIKACTA WSKAZNIKOW
OPISUTACYCH NIEZAWODNOSC ZASILANIAENERGIA ELEKTRY CZNA
ODEIORCOW WIEISKICH

Strerzeende, stalono wskagky, kidre dobree opinujg mezrodnoée dostaer erergii elekbyezne) cdbiorocm
wigjslam 1 roarnoczeite 53 tabee dowymaczarma oraz wafikacq. Wk zmnk: identrhloar amo na podstawie k-
tem mupmarersalned ol Ernermo ol crazerasoeel, W oparem oworbrane ws katnila pemeanalimoar ano teryioeialne
oo ania clgplodel msilaria ensrgly eledemny odblowdar na obszarach wisjskach Polski pohid mmoare,
stosyae wetods porzadhovaria inioarezo.

Showra Khwrowe: crermia elalbywens, nmiszaerodnedd zeilama, wrskasild



