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OIITUMM3AIIMOHHA ITPOIHEAYPA C PASHIMPEHO MO/IEJIMPAHE,
BK/IIOYBAIIO U KAITAIIMTETUTE HA IMHUWUTE 3A OIIPEJAEJIXITHE
JJOKAITUATA HA OIITUMAJIHA PESEPBUPAIIUA ITAPAJIEJTHU JIMHUU
ITPHU EJIEKTPOPASIIPEJEJIMTEITHUTE MPEXKHU

Pymen Hopnanos, I'eopru Komcanos, I'eopru Ilenor, Baixepn MiiageHor

Pestome: B enexmpopasnpeoenumentiume Mpedjcu 3a 6UCOKO HaNpedjtceHue noHAKo2a
uMa 2naeHu eleKkmponpoeoou 6e3 uscpaoceHu napaieitHi 6pb3Ku mexcoy msx. llpu
6bL3HUKEAHE HA NpobiieM ¢ HAKOU OMm 2iacHUme eineKmponpo6oou KoHCyMamopume
CELP3AHU KbM He2o uje ocmanam bez enexmpuiecmeso. Taxuea npodiemu ouxa mMoziu
0a 6voam uzbecHamu Npu HAIUYUE HA NapalelHu JUHUN CEbP36auyu 21asHUme enex-
Mponpoeool ¢ npepasnpeoeneHiie Ha eleKmpuyiecka eHepeus om eOuHUs KbM OpY2Usl.
LiIpu usepasxcoarnemo Ha maxuéa napaneiHu 6PL3KU €A 6ANCHU AcneKkmu Kamo Obui-
JHCUHA Ha JIUHUAMA, muna Ha Kkadeia, cnoped nuxkosama KoOHcymayus u op. B masu
cmamusi e NOKA3aHa ONMUMUSAYUOHHA Npoyedypa 3a onpeoeiisiHe Ha MAaKued 6Pb3Ku
npu peanna OUCmMpubymopcKa Mpexica ¢ mpu lasHu eleKmponpoeood, npu mMooenu-
paHe ¢ KOHyeHmpupauu napamempu 1 Omuumane Ha Kanayumueanocmume.

Knrwuoeu ()ymu: onmuMUsIayUA, eleKmpuiecK moeapu, MOO@.FIHPCIHG HdA cucmemu

EXTENDED OPTIMIZATION PROCEDURE FOR DETERMINATION OF
THE OPTIMAL PARALLEL LINES FOR ELECTRIC POWER
DISTRIBUTION SYSTEMS WITH LINE CAPACITANCES MODELING

Rumen Yordanov, Georgi Komsalov, Georgi Tsenov, Valeri Mladenov

Abstract: In the electric energy distribution system operator networks for some power
distribution systems there are main power lines without parallel connection between
them. If there is a incident occurring as a fault on some of the main lines, the consum-
ers attached to the faulty line will be left without electricity. We can avoid line faults
if there are parallel lines, that interconnects the main lines and this problem can be
avoided with electric energy redistribution from the healthy lines. When such a par-
allel lines are traced in power distribution systems there are several aspects to be
taken into consideration when the exact connection places are to be determined like
the length of the parallel line, the type of cable required according to the peak energy
consumption and etc. In this paper is presented an optimization procedure for deter-
mination of the optimal parallel lines for interconnection of the main power lines in
one exemplar electric grid energy distribution system with three main lines, taking
line parameters to be lumped and taking into account the effect on line capacitances.
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1. Introduction and problem formulation

Up to date several of the existing electrical power distribution systems in the big cities
in Bulgaria are facing problems with electric power distribution line infrastructure.
These problems are present today and will be eminent in the future if the infrastruc-
ture 1s left as 1s. With decentralization of the electric power grid in Bulgaria and mak-
ing 1t managed locally by private companies like CEZ, EVN and EON, there 1s usual-
ly a lack of knowledge for the rest of the grid in the country and it’s becoming harder
for the operators to manage certain parts of the grid. There are many uncertainties that
come into play that can harm the delivery of electric power to the consumers like fast
addition of many new consumers 1n certain areas, without notification or plan. This
lead to increased probability for faults because without planning, the infrastructure in
this area is not updated and the peak distribution maximum of the electric power is
easily reached, leading to poor quality of the delivered electricity. On the other hand,
many parts of the electric distribution infrastructure are quite old, and without parallel
connections between them, leading that the electric grid 1s very vulnerable to terrorist
acts, sabotage or naturally occurring faults in the grid itself, because of it’s age [1],
[2]. With the deregulation for the private electrical distribution companies in Sofia
several main 110KV transmission lines appear as connected in serial for the energy
distributor CEZ, with no option to transfer energy from one to another in case of
faults m certamn parts of the grid. This can lead to lack of electrical energy supply.
which 1s not acceptable 1n the 21st century. The solution 1s to build and parallel line
that connect the main 110KV cables. In this case is some of the main line fails some-
where on the external connections, the consumers attached to this line mn the city will
still have electricity delivered to them, as electric energy will be redistributed and
supplied from the healthy lines. But there 1s a problem with finding the optimal spot
for this parallel line 1 the grid as there are different substations with different cable
types and with different topology position. Certainly, the best solution will be to have
a connection between substations from the path of the serial line, that will be able to
hold the redistribution current and by using the shortest cable possible. A solution to
finding the optimal route for the parallel lines 1s with a multicriterial optimization
procedure. With 1t we can determine the optimal parallel line route for connection of
the main lines 1n one exemplar electric grid energy distribution system [3], [4]. [5].
[6].

In this paper we present an method for determination of the best spots for creation of
parallel lines in one existing grid, that will connect the main distribution line in a way
that despite some of the sources 1s being cut from the grid, the distribution grid can be
powered from the other sources. The best parallel reserve line connection spots are
determined with optimization procedure by obtaining the minimal line length and
minimal current going trough the parallel line, while checking if the parts of the ex-
1sting grid will be able to hold on increased power flow. This 1s having an impact on
the money 1nvested in the parallel lines, as minimal distance means less cable length
used, and minimal currents means that the cable requirements will be lessened mean-
ing that cheaper cable type can be used.



One example 1s performed on a dataset containing the power grid i Sofia and the da-
ta we have been provided to work with involves three serial 110kV distribution lines
without parallel connection between them as shown on the map in Figure 1.
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Figure 1. The three main 110kV lines in Sofia on topological map (with red)

Each line has many transformer stations for voltage reduction from 110 to 22kV. The
data provided from the electric distribution company CEZ 1s confidential to the oper-
ator, resulting that the gps coordinates, energy consumption, peak currents, cable
types. transformer station parameters and the other parameters used in the optimiza-
tion procedure are not to be published, and that only partial general results and de-
scription on the procedure can be given.

2. Modeling and simulation of the electric grid

For modeling of the electric power grid we used MATLAB. In this development envi-
ronment, in contrast to specialized tools like Pspice. there 1s a lot of freedom for grid
modeling and individual parameter tune. We used the voltage potential method with
user created functions to easily create the conductivity matrix of the grid by applying
the conductance between two nodes by having the topology. From the problem for-
mulation we have several power distribution systems in which there are main power
lines without parallel connection between them. In such cases if there 1s a fault on
some of the lines the end result is that consumers attached to the faulty line will be



left without electricity. In order to avoid line faults and increase reliability 1if there are
parallel lines interconnecting the main lines this problem can be avoided with electric
energy redistribution from the healthy lines. The grid model taken into account is
shown on Figure 2.
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Figure 2. The three main 110KV lines with transformer stations and cable
type/length
When tracing the parallel lines in power distribution systems several aspects are to be
taken into consideration when the exact connection places are to be determined.
These aspects include:

e The power supply system — nominal Voltage, nominal Frequency. Short
circuit power, X/R ratio

e Cable line parameters — specific resistance and inductance per km

¢ Linear conventional loads — nominal active and reactive power

e The length of the parallel line (1f 1t’s bigger 1t will be expensive)

e The type of cable required according to the peak energy consumption.
e Capability of the existing infrastructure to handle the loads

As already mentioned there are three serial 110 KV independent lines and each of the
serial line consists of Voltage reduction transformers from 110KV to 22KV for distri-
bution of electric energy to the 22KV to 220V substations. For simplicity the trans-
former stations with the exception of the endpoint stations are considered and mod-
eled as consumer. We assume that the line endpoint voltage transformer stations are
connected to some high power transmission lines that can deliver enough electric
power to all of the consumers of entire line 1f needed, 1f the distribution infrastructure
can handle the load. Distances of the existing cable connections and cable types be-
tween the stations are provided. and also the GPS coordinates on every single trans-
fomer station 1s given. This provides us with the option that by knowing the distance
between the transformer stations and the cable type used the cable length can be mod-
eled with cable resistance and cable inductance per kilometer. We also model the ca-



pacitance between the cable and the ground with 0.033uF per km. From catalogue da-
ta per kilometer cable Resistance 1s 0.06 Ohm and the inductance 1s 0.4H as shown on
Figure 3. The distances considered are very small so modeling line capacitive be-
havior from line to ground is very small and will not be considered.
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Figure 3. Cable line modeli-ng with 0.06 Ohﬁl E;,I‘ld 0.4H per km line length

The consumers are modeled with R and L according to the data for the consumed
power as shown on Figure 4. For domestic energy distribution cos¢p=0.9
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Figure 4. Modeling the transformers as consumers
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Figure 5. Electrical model of the grid




A program code in MATLAB 1s generated that makes a electric grid bias point calcu-
lation. Then this code is inserted in a chain of for loop cycles where the sources are
independently removed one by one for every possible combination of the parallel
lines. Monitored are the peak currents passing through the transformer stations and
the cable distance 1s calculated with the usage of GPS coordinates. With this calcu-
lated cable distance the parallel cable line R and L are also inserted into the model.
This results 1n a various grid combinations as shown on Figure 6 and Figure 7.
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Figure 6. The resulting electric grid with some of the possible solutions

When the electric grid 1s simulated for all of the possible combinations of the grid
structure the best solution 1s taken with the fulfillment of several criteria. First, the re-
sulting data point combinations for which the currents passing through existing infra-
structure lines are bigger than the maximal by cable specifications for this existing mn-
frastructure line are omitted. We don’t want to change the existing infrastructure as 1t
will be even more expensive task. So, from all of the existing data points with rotation
of the voltage sources we leave the data points for which the existing infrastructure
will be able to hold the higher redistributed load. Then, from those combinations of
the parallel lines, for which the infrastructure holds, we choose the minimum cable
lengths. This lead us to the best parallel line solution taken in respect to preservation
of the existing infrastructure and addition of minimal resource when building new -
frastructure. The final obtained result from this procedure 1s shown on Figure 8.
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Figure 7. Electric Power distribution variation trough one node for many grid stricture
variations for two different nodes for different display points
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Figure 8. The best solution for the parallel lines 1n respect to resource minimization

3. Conclusion
With the computational algorithms used the optimal places for placement of parallel
lines 1n existing electric distribution grids can easily be determined with respect to
minimal new line costs and acceptable minimal peak power transfer from the existing
infrastructure.



BJIATOJIAPHOCTH

Hayunure m3cnenBaHus, pe3yaTaTHTe OT KOUTO ca IPeJCTaBEeHN B HACTOSAMIATa IIyO-
TKarm, ca (GMHAHCHPAaHI OT BhTpermHNsI KoHKypc Ha TY — Codns cbe ChICHCTBI-
eto Ha HUC wa TV - Codmusa, npennokenne 3a GUHAHCHpaHe Ha HAyYHOM3CIICIOBA-
TEJICKU IIPOEKTH B IOMOII HA JIOKTOpaHTH Ha TeMma: “‘['eoMeTpHuHa MHOTOKpUTEpU-
aJlHA OIITMMU3AaLNI Ha MPEKH 3a BUCOKO HAIIPEKEHNE C Il IIOCTUTaHEe Ha I10-100BD
pe3epB Ha YCTOWYMBOCT, IIPH aBapuy, IIPH M3II0JI3BaHE HA OTPAHHYEH PECYPC’, CECHA
2012 -2013r.
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