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Summary. This article preserds the wlatiomships that characterise the development of nival power retaodks,
wlnch have been descrbed 1 a marmer wlich endh les ther pracheal implemenhng mn the local poarer plarming
within the area of 5 oathern Poland. The stady also presents a concept for the developrvent of such netarceks
based on the mzzested relaborships.
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INTRODUOCTION

The building up of loads, changes in the stacture of the utilised load points, the increase
of the requirernents of consuraers in the scope of the quality of the electic energy supply and the
ageing of the existing facilities and network equipeaent itaplicates the need for the moderrdzation
anrd deveelopene nt of povwe b ne tarorks.

Today, the raral distibution retworks in Poland corgrise around 206 thonsand kra of rme-
dinm-woltage (V) lines, 254 thousand km of low—woltage (LV) lines and 151 thousand WV/LV
transformer stations [Trojanowska 2005]. They transmit electic energiwto 14.8 million residents of
raral areas, ie. 40% of the population in Poland, which anmmally consarnes 10152 G'Wh [Rocmik
statyetyezey 20097

Ilore than half of the existing power infrastmcture wasbuilt as part of the general electrifica-
tion of rural areas and with wery low financial outlays. The majority of the existing irdrastructure
was built on the basis of the che apest overhead lines withbare conduc tors and oveerhe ad transformer!
pole stations, which are particularly exposed to failures caused by weather conditions [Ocena ...
2005; Miewiedziat E., Miewie dzial B. 2006, Statystyka elekiroene e tykd polskiej 2005, Zraije weki
200&].

The sigrificance of the developrnent of rural power network indrastucture hasheen confirmmed
by the provisions of the docuarnent of 27th Ivlarch 2006, title Program for Elecirical Power Engil-
nearing, which consider the building of new transrrdssion lines and the dewe lopere nt of distibution
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networks fo be the most irmportant issnes of the power sector, which require amediate solutions.
Without the thorough rmodernization of distibution ne twrorks the actual state of the power network
infrastrochure hinders (in mary cases even prevents) furthe r developeae nt of roral areas.

The developrent of network equipraent shonld be based on the expected loads in such a
way that it provides proper developenent of the power network infrastme ture, both in the technical
and economic aspect. The increase in the suface density of electic enerzy st implicate changes
in the criteria for network developient, starting with the raecharical resistance criterion, through
voltaze and econoric criteria and, finally taking into consideration the criferia for perrissible
loads [Horak 1997].

The anthors of studies coneernivg the distibution syste s for electric erergyare looking for
the optitaun strategies for the developraent of power networks, ie. such techrical solutions which
wold sirltaneously satisfiy the requirements cone etning the guality of the supplied eleotic eneigy
and provide the lowe st arrmal disconrted costs of supply [Buariak 2004, Gawlak 2009, Fulezweki,
Szprra 1993, Mlarzecki 2002, 2005, 2007, Iarzecki, Saganek 2007, Niewiedzial, MHiewiedzial
199%]. The dewe loproent of power networks is related to the intoduction of each new network ele-
toe ntffacility at the optiraurn tire, particnlarly o new transforeer station or line, as well as change
of the parameters of the existing facility e g. altering the line section or replacing a transforrmer.

In previous years the process of optirnisation was wmally implernented using the standard
tre thods for matheratical prograreuing or warions hewristic rethods. The wost coruemondy applied
e thods ivelude livear progravarning, quadratic progratniving, noh-linear prograrnening, dymatie
prograrroing, roethod of divisions and limitations, discrete optitnisation, Branch and Bound algo-
rithen [Buarak 2004; Kojszezyvk 2004].

Llthongh the classic rethods are still universally used, we observe the growing raplerne nta-
tion of optirmisation techndgues, based on artificial intellizence methods. The problers related to
the optitnization of the power network developrent are sobred using artificial neural netororks,
evolutionary algonthins and fozzylogic [Burak 2004; Kujszezyk 2004] . We can also core across
hzprid solutions that corabine warions methods of artificial intellizence or cormbinations of artificial
mmtellizences and classic methods.

The rapleme ntation of the mentioned methods for the optitnisation of distibution ne taorks
does not alwaye lead to any solutions. The final model maybe too corplex and its solution irn-
possible or too titee-consurning. Therefore, it is reasonable fo search for sitaplifications of such
toe thods, in favoar of their clarity and easiness of practical adaptation in the process of planning
the developraent of power netarorks.

The ohjective of this work was to elaborate the relationships that characterize the develop-
e nt of rural power networks, in a manner which would enable their practical implermentation in
the local power planrang. This study also presents a concept for the development of the networks.

MATERIAL AWD METHODS

The chjective of the stody has been achieved by the anthors” own research of typical lowe
voltage power networks, which supply electric energy to the rral consurmers in the region of
Iiatopolska, and the data concerring the techrdeal parameters of those networks obtained fromm
distribution comparies. The research consisted in the on-going (24h) measuring and recording of
the aversge, 10-minnte loads of real power, nsing specialised AS-3 microprocessor e cpuipene it The
e asurewe nts were carried outat ve presentative yural 1500 4kV transforrer stations, which are the
sonrce of erergy corronly used to supply power for honsehiolds and fans.



426 Madzoizata Trojanoars ka, Krersetof Mecka

RESULTE

Ilodernisation and dewvelopraent of power ne teorks is most often carvied out as the reault of
poot quality of supplywoltage, particularly due to the exce eding of the perdssible ranges ofvoltage
by consureers. The improvernent in the quality of supply voltage canbe achieved by the increas
ing of the cross-section of conductors andior decrasing of the length of power supply circuits for
cobswnets bybuilding  new tansformer stations.

This article analyses the existing low-woltage power network that provides electic eneigy
supply to riral consumers. Each single WLV traveforemer station which iz part of the distimn-
tion neterork as well as the IV lines that ave led ont from sach stations ave characterizsed nsing the
following parare ters:

& — transformer rated power,

I = length of the line circuraference,

R — unit resistance of the line,

J':'Jrf —24h consmrrption of elec tric energy recorded at the transformer station at the peak load
of the system.

We also know the cowrse of a typical, reduced, ordered diagram of consumer loads per one
week of a peak load of the electic energy syster. In order fo satisfy the objective of this studs;
such diagram (Fig. 17 has been prepared on the basis of the demand for power of noral consutners
in the area of Ialopolshka.
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Fig. 1. Beduced, ordered diagram of load for miral corsumers,
within aweel: of system peak load

It is assurried that within the analysed time-span the suwramary length of low-voltage lines
iz not subject o change, and it is possible to alter the cross-sections of the conductors that com-
prize such lives and bild new WIVILY transforrner stations. The load of the network will alao be
subject to charges, as a result of the changes in the electric energy corsraption rate, according to
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the drawn-up prognosis. & for the cosg power factor related to the consumers at the pealk load of
the power syetern, it will remmain at the present lewel, determined on the basis of the authors’own
regearch, which ecuals to 0.96.

The peak load of the 150 4kV transformer station in year t(F__) will be determined on the
basis of the value of the expected twenty-four howr corsuraption of electric energy at the daily peak
load ( E ) bor the consurmers supplied through the station, according to the following relationship:

P_=0089 F, (1)

where: P is represented inow kW, and E_in EWh

The afore-mentioned relationship was deterrnined according to the analyeis of correlation and
tegression. The caloulations showed that 973 of the total anral variability of the peak load of the
transfonmer station P can be explained byrthe linear regression, which signifies a vers good fitting
of the model (1) to ermpirical data. Based on the walue of the peak load of the IWIVILY transformer
statior, it 1s posaible to deterrvine the peak load for the IV lines that are led out frora the station,
using the following relationship [Sopta, Mishrzydowski 1925]:

P:rfn'=.rl'Iﬂ'° I:E:I
=L frt=12 T ®
2
L]

where :
T, — unit load of the LV network in year t W <],
P —the anrual peak load of the MV/LY transformer station in year t [KW],

P — the annual peak load of the nth circuit of the LV line led out from the transfomer
station in year t [KW],

[ —the length of the nth circuit of the LV line led out frore the tansformer station in year
t [here],

W —rmber of cirouits of the LV lines led ont from the transforrmer station [items] .

It enables the deterruining the dervand for power in each 10-mirte tizae period of the weel,
based on the reduced and ordered diagrarn of loads and the expected armual peak load of the e taork
pet one week in the peak load of the power system. The estitnated loads enable the caleulation of
drops inwoltages in the lines, according to the forrnula:

=1EIEI-.E-I-R-I: 4
a Uﬁ- 2 I: :I

where:

AT - woltage dropin the line [¥],

P, - real power load of line [W],

I — length of line circurafe rence [k,

RJ — it resistance of the Lne [{-km,

k — comection factor,

UF, — network’s rated woltage [V].

The correction factor F, as introduced to the forranla for the calenlation of woltage drop, takes
into consideration the walue s of woltage drop cansed by the difference in peak loads at consarners,
the asyrnenetry of phase load, moaber of conmurners and branches in the line, non-uniforwdty of
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power oot ed by consumme v, nok-uniformityin distances between consumets, as well as the level
of line capacity utilisation. This level arnounts to 064 for raral lowe—ssoltage distribution ke teorks in
Southern Poland and it has been deterrnined based on the authors” research which consisted in the
rogasurerne it of voltages at the start and end of standard nural network circuits.

With known woltage drops, it is possible to determine the walues of supply voltage at con-
swrners. If, in the peak weel, one walue in the set of the 10-minute average ros walues of supply
voltage exceeds 15% of the rated woltage, or 5% of the values of the st of the 10-mirate average
rns values of sopplyvoltaze exceed 109 of the rated woltage, it will endble the siranlation of the
network developrnent. If the analysed circwit is move than 500m long, its deselopenent will consist
in the conste inn of a new trarsfonme r station. Inall other cases, the sivialation of the deselopenent
of the power network infrastrue bore will consist in the increasing of the cross-section of the feeder
cable and cornstructing of & new transformer station. The criterion for the selection of a solution is
the roirdtoization of itvestioent expenditures and maintenance costs.

In the wariant for the developeoe ot of the neteork by the construction of a new medinn- and
lowvoltage transformer station it is suggested to locate it in the riddle of the line’s length. The
forecast loading of the low-swoltage line is divided proportionally, according to length, bebaeen
the circuit that remains in the existing station and the cirewt led out from the newly bt station.
The rated power of the transtormer £ in the newly built station will be matched according o the
expected peak load of the transforeer for the last wear (T) of the analyeed tivee -period, according
to the following relationship:

P
= :u-rr, 5
"o0,9 )
where
P+ —the peak load of the medium- and low-voltage transformer station in year T [KW],
& 15 presented in kWA,

The relationship that characterizses the minirm transformer power does not take into con-
sideration the factor that deterrrives its permissible overloading (the walue of this fae tor iz specified
it the PM-T1/E-E1000%, as marafacturers do not recorrtnend to do so. The walue of the mindramn
trarsforner power, as caloulated according to thiz relationship (5), s rounded to the rearest stand-
ardised walue, but not lower than 43 kWL,

Lz for the required cross-section of the line, it is deterrrined based on the caleulated roaci-
o unit resistance of the conductors, according to the forrula:

Al -0

Rmm=_”'l;“, )
! o0 B Lk
where :
R, — the maxiror unit resistance of the line [ k™,

ﬁUﬁp — the perissible voltage dropin the line [34],

P -real power load of the line in year T [W],

I.—length of line circurmference in sear T [kr],

k - correc ion factor.

The maxironm wrdt resistance, as caloulated based on this relationship (8}, is rourded up to
the nearest value for cross-section of standardised conductors.

In order to verifir the correctness of the established relationshipes, they were used fo sirmulate
the deweloprme ntof niral distibution networks for a small administrative area. The determired needs
cobeerring the building of medinrn- and lowsoltage transformer stations heve been cornpared to
the results obtained when using the optiraisation caleulus. The relatiee differences in the nurdber
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of raral me dinrn- and low-sroltage traveforeer stations, as determined on the basis of the suggested
relationshipe and the optimization caleulus, have not exceeded 657,

CONCLUSIONE

Lecording to thiz studyy the conee pt for the dese lopene nt of the power network infrastue tare,
which constitutes the irmpleme ntation of the deterrined relationshipe, is suitable to estirmate the
needs in the scope of modernization and developraent of the roral TV networks in Southern Poland.
In consideration of it relatively sivple form of caleulation, it can be applied by local anthorities as
eatlyas inthe preparation phase of'the statatorydraft guidelines to the local plans for energvaupply

The established relationships that dese e the developrment of the rural lowswoltage ne teorks
toayhe transforred into corgter softerare . The caloulations ey also be made using a spre adsheet.
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FROGREAMOWANIE ROZWOIT WIEIRKICH
SIECIELEKTROENERGETY CZNYCH
CZESC I MODELOWANIE RO ZW0IT SIECT

Streszezende, Cpracoerans zalefmeio opinijace ward] wiejskch siecl alelthoenerretmmnmh w postaci nada-
jace sk do prakbyeznego workorzystaria w lokaliyrn planoerarm erergetyeziym ma terenach Polsla pohdnio-
wa], W pracy preedstaariono rdarmes koncepeie waron tyehsiecy, w ktdee) wykorgrstae sie zaproponoer ae
zalesmodel.
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