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Summnary. In omer to drawr up draft sudelnes to the planof ererzy s pply for Zabierzdsr Conmmne, as a fonm
of mplementng the suzzested concept for neterork development, local needs concenung the maoderrms ahon and
developavert of mral powrer nebarorlks wewe determaned . The calmalatices and sinmalatioss have been camied ot
for taro developrmert scerarics for the conmmre, depending on the adopted arpmal increxse n the neterork’s
peak load,
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INTRODUOCTION

The cwn tasks of the comeaune nclude, among others, local supply with electdic energy
The provisions of the Erergy Law [Dz1. 2 1997 ¢ nr 34] associate the tasks of the comeone, as
resulting frorn the Local Authoritydet Dz nr 13 2 19946 ], with the requirements of the ensizy
policy and country’s energy security [Polish Energy Polioy unti]l 2025] and e reironee ntal protec-
ton [Cel. nr 49 = 1994 1] and oblizate them to draw up draft guidelines to plans, mcluding the
plans for energy supply: Such docurments should include local needs, conceming the developmment
of power infrastieture, taking into account the binding guality requirerrents, as well as the needs
and expectations of consurners. The coraplexity of the issue of the planning of power irdrastuc ture
deve loproe it and inaccuracies in the binding legal acts concerning the deadline for the preparation
of the afbre-mentioned planring docurments led to the situation that only around 28% of Polish
corntnes were in possession of such planvdng docurnents, as of the end of 2007 [Walski 2005].
Therefiore, the majority of the coreunes are unable fo shape their own energy management in an
organised and optiraan manner, grven their specific local conditions [&jersz 2005; Buthowski
Ilaszhkiewicz-Kobacka 2005, Planowane energetyezne. .. 200]].

The ohjective of this work was to deterroane local needs, conceming the dewelopment of nral
lovwrmoltage povarer networks, as required for the needs of the drawing up of draft suidelines to the
plan for energy sapply of & selected corraume .
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MATERIAL AWD METHODS

The chjective of the work was illustrated with an example of Zabierzdw Coreane, which is
located in close vicirndty of the City of Frakdw It is one of the biggest corpnunes in the provinee
of IWladopolska . It ocoupies the area of 99 fkral, which is 8.1% of the county of Erakdw. It is dord-
nated by cultivated land (65%%) and forests (14%%). The comrane coraprises 23 villages, inhabited
by orver 22,000 people. In terrns of popalation density; it is the thivd corerune out of the total of
17 cornrrunes in the connty of Krakdwr

Baged on the concept for the dese lopraent of power infrastocture presented in Part [ of thas
work [Trojanowska, Mecka 2010], it was possihle o estimate local reeds related to the modernisa-
tion and developrrent of rural low-voltage distribution e teorks, which supply electric enersy to
the population of Zabierzdur Corarnne, taking into account propet ouardi ty and requive d guality pa-
rarneters. The calonlations have been raade for two scenarios for mral area developeoe nt, for which
the tirne horizon iz 2020, The scenario approach enables the deternining of the field of potential
directions of developraent, by the continming or changing of certain trends, observed in the past.

Seenario I is based on the asswraption that the trend in charges of the arvmal rate of the
mmcreage in consumer dermand for electric erergyand the anemal peak load of the networl, within
the analysed area betaeen the year 1993 and 2007, will remain intact, ie. will amount to 3% a
wear, 1l 2020.

Seenario IT expects a lower, 1% increase in the rate of the arrmal consmnption of exergy and
peak load, as we have obzerved a tendeney to decrease its walue in the recent weats.

The plarming of network developraent and calculating of costs for the years 2008-2020 was
based on fixed prices. Such method is all the more justified, as the proportions betreen the elerments
of costs were not subject to significant fluctuations in the recent wears and there 15 rauch evidenee
that this tendenc v will contirme .

The reuired caleulations and sirnulations have been rmade using a spreadsheet.

RESULTE

Because of the exceeding of the perrdssible voltage drope as the decistve factor, the develop-
toent of the LV power ne tworks rmay consist in the increasing of the nunber of transformer stations
andfor increasing of the cross-section of line conductors. Such solution is possible only provided
that the existing lines and transfonmer stations are in good technical condition.

This work 1s based on the wariants for the network deselopenent that are most cormonly
applied, and consistin [Horak, Popezyk 1995 Eulezwki, 5 zpyra 1993]:

— building of a new WYLV transformer station, leawing the LV network wirally intact,

— Increasing the cross-section of LV line conductors, by constructing a second live on the
existing posts, without altering the arrangement and nuber of the WIVLY transformer
gtations,

- increasing the cross-sectionof LV line conductors, by re placing the conductors with new
ones of larger distneter, withont altering the arrangereent and roraber of the WVILY frans
forner stations.

Prior to the simulation studies of infrastrictore development, there was an econoric analysis
of the alternative wariants for the development of lowswoltaze networks, based on the annual cost
method, as it is commonly applied for the econoraic evaluation of the planmed power neteorks
Fujszezydk 1984, Landyn 1999, Iarzecki 2002, 2005, 2007].
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Since power networks are subject to contirmons developenent, it raplicates changes in the
tnrabet of equiprment installed in the network, as well as in the power and eneigy sent fheongh that
retwork. The economic evaluation of the alte mative wariants for network deselopme nt was based
on the discount caleulus [Rujszezyk 2004, Landyn 1999; Mazecki 1993, 2002, 2005, 2006]. Le-
cording to this calenlus, the current walue of the criteria flnctional FO, 1e. the value of wear O, is
eciuivalent o the walue of the fime fional Ft in year t, caleulated based on the following forraala:

-
F=F (K i+ E )+ (K, )+ E L)) ™, ()
=l

in which pis the rate of discount, nsually ecunealent to the rate of accuranlation allowance . In the
cage of network modernisation, the syrebolic year O is the wear that precedes the wear in which the
research is comrnenced.

The optitnurm decision (strategy) concerning the developeae nt of the aralweed ne teroek systern
15 the wariant for which the sum of discounted irvestroent expe nditure s and varighle costs, related
o network use, iz the lowest.

The total irvvestraent cost for the line of length 1 canbe expressed as:

£,=k 4 @

whete:
k, —unitcost of line construction [thousands of FLM - k1],
I =length of line [k,

The unit cost of line constrmction kil is established hased on the smm of material costs (con-
ductors, posts, network fittings), costs of laboar and costs of equipraent operation. The unit cost
for othe r equiprrent (transforme rs with workstations, fields in the switthgear etc.) is equal to the
mrvestent cost for each indrridual element. Therefore, the equation of weestment costs for the
transformer station is as follows:

‘E:I:l' = Krj +K". +K|r? I:EII

where:
K — the total irvvestrnent cost of the switchgear [thousands of PLH],
K the total irvestrient cost of the transforner, incl. fittings [thousands of PLI],
Km — the tofal irverestrne nt cost of other equipenent [thousands of PLH].
The annual wariable costs of power and energy losses of the line for each successie yearis
presented by the following forraula:

K, =k, 4P +k, AF (4

where:
AP, - losses in real power of the line in ear t [KW],
AE - losses i enexgy of the line in year t [KWh],
k ,—unitcostof p:n.x-ﬂrm the ling in vear t [thousands of FLH =KW,
.i: — it cost of energyin the line in year t fthousands of PLH =kWh'].
The annual wariable costs of power and energy losses in the transformer for each successme
year 1s presented by the following relationship:

K, =0 b AP, +E AE, )
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where:
AP, —losses inreal powerin the transformer in yeart [KW],

AE - losses of erergywin the transformmer in weart (KW,

g —the coefficient of the participation of the AF| losses in the peak load of power network,
I‘*}.« — unit cost for power in the transformer in wear t [thousands of PLH W,

k,
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The completed analysiz enabled the deterriring of awverage ivvestrnent costs for each -
vidual wariant of network developrment (Fig. 1) It showed that for the 0.08 rate of discount the
differences in the annual discounted costs, betaeen the installation of the second line cincuit and
constructing a travsformer statior, are sroall and arount to aroand 4%, in fvour of the first solo-
tion (Fig. 23 The raoderrisation of network by the replacing of conductors results inan alraost 70%
increase in the annnal discomrted costs, and requires almost a doudble increase in the rrestment
expe nditares, as corpared to other variants. Therefore, frther sections of this work were narowed
to the analyeing of two alternative wariants for network developmment, 1e. the installation of another
line circuit and constructing a transformer station, both corsidered as econormically justifishle.

Lz the reault of the completed analyses for an area representattve for the raral areas of the
Zabierzdw Coreaune, power with 120 VLY transformer stations, it was possible to estimate the
teeds in the scope of the developenent of rural power infrastmcture for the plarwed scenarios of
deve loprnent, which would provide the regulatory guality of the supply voltage, by 2020, Those
teeds, foge ther with the indicators that characterise networks, after the comple ion of the re quired
e strnents, have been presented in Table 1.

Table 1. Heed inthe scope of the developmernt of miral lowr-voltaze posrer netarcek, within the awa of Zahe-
e Commrmmne, unhil 2020, s well as the indicators that characterize potential effects

Ouantity Secenario I 3 cenana [T

Share of LV civoaits that requive modamisation [+4] 15 5
The required inciease in the munber of tansformer stations - BV

37 12
LV ]
dverage lergthof a LV ciromt in 2020 [mm] 532 552
Experdibires on the developrrent of netarod:s [thoasands of FLH] e 2
Feduchonin the cos s for poarer and electic enermy losses ] 21 5

CONCLUSION

The completed analvees and sirnnlation studies cle arly show that at the curent level of supply
voltage, within the riral areas of Zabie redw Corarme, around 2% of the LV line circuits need 1o be
modernized. By 2020, in order to provide the reguive d guality of power supply, it will be nece ssary
to roderrdse another 5-15% of lines, depending on the adopted scenavio for the anmnal inerease of
the retwork’s peak load. The iplerentation of the adopted scenariog recuires trvestrnent expen-
ditures betareen 0.9 and 2.7 million FLH.

The modermisation and deselopraent of power networks povides both the oprovernent in the
guality of supply voltage and the reduction of costs for the losses in power and electric eneigy in
lines and transformers in the range betweena fewand several dozen per cent. The performed calon-
lations hawe shown that the dewe lopraent of network by the building of new transformer stations is
characterised byra greater, around 50% reduction of the costs forlosses in power and electris energy
as compared o the moderndsation by constrcting a second power line. Sn additional advantage of
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the developing of power networks by the constructing of new transformer stations is the reduction
in cireuit lengthe, which divectly influences the efficiencywof the electric shock protec tion.

The reaults of caloulations and sitilations presented in the work maybe adopted by the o-
cal governanent of Zabierzdw Corennane in erergy planning as a form of raplerae nting the concept
for the developruent of raral power networks, particnlarly when pre paring draft guide lines to the
energy supply plan for the cormroane.
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PROCGREAMOWANIE ROZWOIT WIEISKICH
SIECI ELEKTROENERGETYCZNYCH.
CZESC 11 PROJEKT ZALOZEN DO PLANT LOKALNEGO
ZAOPATRZENIA W ENERGIE

Strerzezende, Wiznaczono lokalne pobe=sh ywr zakiesie modennzacyl 1 woehudowny wiegjslach siecl elekboener
getyemrreh dla pobesh opracowramia progelin zabosen do plam ssopabmera snany Zablerador w ererzie, jake
aplikacje =aproponoerare] koncepoil warom siecl. Obliemeania 1 sypmlage wkonano dla derdch scenamszy
ro@arojoaryth g ry, w zalesnodel od pEyietego prmyrs o rocmego ch clymeria soomyiowreg o slecl.

Slwa lhuzowe: sieci ekkboerergetyrme, romwrd) sied wiejslach, lokalne planoarare ereretye=re



