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Abstract: Significance of business and technical information systetegiation in
distribution utility using geographical information sgat (GIS) is presented in this
paper. Motives for GIS base creation are depicted as basisefwork operation
improvement and loss reduction. Improvements of softwarenétwork planning
and analysis that include GIS elements are described, alyettiose related to future
loss reduction application. Conception of loss reductiasdal of collected GIS and
energy data in Serbian distribution networks is presenteécesentation is gradual:
from the most detailed data set to the least detailed butssacgdata set collected in
distribution utilities.
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1 Introduction

Improvement of computers’ power and applied software enables [@iagasore
and more data. Quality data processing, from the other side, demandsiiaiegr
of information from different sources: business, technical, gedugcap and all
sorts of measurements. Lately, geographical information systems bedésienef
tool for business and technical data integration, above all becauseimpitsved
precision, possibility to visualize data and make them familiar to users, andcthe fa
that systems integrated in such a way enable many different ways of dafe. us
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Significance of data systematization and information systems integration by
GIS is presented in separate section of this paper. In order not to btheohetical
consideration, practical way of GIS foundation is presented throughoiveprent
of existing software for distribution network analysis and planning. Speigjaifi-
cance in operation of Serbian distribution network has high losses vallie aay
to reduce it. Algorithm based on systemized low voltage network and consumptio
data for losses reduction is also presented in this paper. Special attergad te
a manner of algorithm adjustments and application to GIS foundation presented
this paper.

2 Significance of Data Systematization Using GIS

Geographical information systems (GIS) include data related to geogshjuda-

tion of certain elements of technical or business information system (TI1$S)r B
Due to quality geo-referenced digitalized maps at disposal, it is possiblerttifyde
location of TIS or BIS elements and to form GIS base. Direct link among GIS,
TIS and BIS will be established with unique identifier of located element frén T
or BIS (code, ID number, etc). The relation between GIS elements frderetiit
sources also establishes relation between TIS and BIS elements. Theaigrfi

of linking is considered more detailed in [1].

TIS and BIS integration was the base for distribution network operatiokh ana
yses and development planning in Serbia during the last decade of XMrgen
and at the beginning of XXI century. Integration quality and constantitgdf
integrated information systems were recognized as problems during realinétio
several long-term network development studies, as well as duringtigeal data
use in both information systems. GIS involvement was motivated by ambition to
improve integration quality and to upraise level of available data usage value.

BIS is base for successful distribution utility management. It contains infor-
mation about electrical energy supply and sale and other utility businegtiesti
information. Due to money character of these information and bills that are sub
jected to control of two interested sides and tax authorities, precision @& teta
is very high. Time variability of these data is base for utility past operation, and
their relation to TIS data is base for consumption size and disposition histaty, a
for previous network operation analyses.

TIS is base for distribution network control and its optimal development. It
contains all network elements data and electrical measurement data foerdiffe
location in network. Network data are relatively constant comparing to oi@r
sets in TIS and BIS. Network data input into TIS is regulated by utility internal
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procedures and it is under permanent internal control, but, basicallgpénds on
conscientious work of responsible staff. Intensive TIS usage favar& control

and development planning produces high level of data precision. Andasure-

ment data, although modern SCADA systems enable huge data sets colleation, n
all relevant spots are included in remote data collection systems. Some imprecise
equipment produces measurement data, which can be applied only afitérread
information. Historical measurement data analyses, which are of greattanpe

for future conclusions, are possible after inclusion of data that arenwginally

part of TIS.

GIS implementation is not completely new in Serbian distribution utilities [2].
However, research results, development and application of GISregsm this
paper are partly motivated by urgent usage of GIS collected and systedhdéiia,
for operational activities, network analyses and planning, and, dlyeda low
voltage loss reduction. Developed application, presented in the secdraf pa-
per, was adapted for these purposes.

Supplying MV/LV substation and supplying LV feeder assignment to every
consumer in BIS is base for BIS and TIS integration. Identification of each
sumer on geo-referenced digitalized map in GIS enables GIS and BlSantegr
tion. Identification of each network element on geo-referenced digitahizapl
in GIS and overall network topology inside GIS enables GIS and TIS iatieqr.
High precision during integration is very significant property of integrapoo
cess. Some data are not at disposal, or at least they are not systedegedtaly,
so GIS application as integration tool is a chance for adequate data systdinatiz
Even if low voltage network disposition is available, consumers and theidysupp
ing MV/LV substation identification on digitalized map could be good bases for
efficient network reconfiguration or even for LV network reinforceme

3 GIS implementation for network control improvement and loss
reduction

Distribution network analyses imply access to: 1) geo-referenced retiata, 2)
consumption data by supplying network elements, 3) measured loads byrketwo
elements.

The first data group is part of GIS, but usually, it is not at disposal part
of GIS, but as hard copy, part of TIS, or part of distribution manageragstem
(DMS) software. Software for network analysis usually serves ad éoiometwork
planning, and, as such, it demands detailed geographic data insightjsisdta-
sic condition for GIS creation. Actual Serbian practice is that softwaradtwork
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analysis and planning resembles GIS considering manipulation with this data set.
The second data set implies TIS and BIS integration: link between consumption
data and supplying network element for each consumer. Before GIS impleme
tation, integration is realized by analyzing list of consumers. Ultility’s trade and
maintenance staff are included in this process simultaneously, which is hard to
ganize and this process has reduced precision without visual insight.

GIS as integration tool assume TIS functionality, which is significant from
accuracy and systematization points of view. Consumer identification on geo-
referenced digitalized map, followed by supplying network element ideritdica
enable separate work of trade and maintenance staff during integration.

Visualization aspect during consumer identification improves precision of
whole work and update process. Availability of data for other applicatiawail¢
able list of supplied consumers from MV/LV substation, identification of dut-o
order network elements during outage and fault location, etc.) improvesipgata
to-date-ness.

One of the most significant motives for creation of GIS application and its us-
age for TIS and BIS integration is possibility to use data to reduce LV network
losses. Utility can use collected data for LV network reconfiguration andltMV
substation capacity optimization. Utility can also use GIS data for visual detec-
tion of objects without connection to network, which can be potential unaatt
consumers.

4 Description of Software Improvements for GIS Elements
Implementation with Emphasis to Loss Reduction

From the above reasons, GIS oriented application is implemented into exiditing so
ware for network analyses and planning. It enables positioning ofucoes on
digitalized geo-referenced map and their connection to supplying MV/L\étaub

tion for each consumer. Software has previously enabled network datbon

the same maps, which made possible TIS and BIS integration through retrieving
energy consumption data and their link to supplying network elements.

Input data maps are digitalized raster maps in bitmap format. Geo-referencing
in software is made using known coordinates of two points (usually bottoraridft
top right points), and this is usually information available for maps at disposal.

Network and consumers data input are performed through location seleatio
visible part of map, and then through definition of properties for spediiehent.
Several forms are presented below in order to illustrate input data. Asé@sspted
on fig. 4 it is possible to assign supplying MV/LV substation and supplying LV
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Fig. 1. Example (city of Vranje) of geo-referenced digitalized map witloftveare with
coordinates presented on screen.

feeder to each consumer (i.e. to each consumer’s connection pointjtiofdd
consumer data (name, surname, address) presented on fig. 5 are mnfmrta
searching purposes, while consumed energy date is significant in lhsstion
analyses.
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Fig. 2. Network node (for example MV/LV substation) input form.

Because of large number of consumers, it was necessary to devétignef
and user friendly interface for data input and processing (fig. 6 8jig.

Insight into consumers disposition supplied from selected MV/LV substation,
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Fig. 3. Line data input form.

or supplying substation for selected consumer is possible through imagtraeiu
and illustration color selection (fig. 9).

Developed application enables quick data manipulation and performing simple
queries important for network analysis and planning.

5 Algorithm for Low Voltage Network Loss Reduction Considering
Availability of Full Data Set and Lack of Some Data

Algorithm for low voltage network reconfiguration is based on algorithns@néed

in [3] for medium voltage network reconfiguration. Application of this algarnth
was successfully validated during last ten years, as illustrated in [4|§brithm
modifications were performed keeping in mind specifics of low voltage network
comparing to medium voltage network.

Considering the fact that configuration of low voltage network is relatively
permanent, algorithm speed is not essential. Thermal limits of network elements
should be included as constraints into algorithm.

The first step in the algorithm is determining consumers’ active and reactive
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Fig. 4. Consumer connection point input data.

powers as a basis for optimal network reconfiguration. Active enesggumption
is available for all low voltage consumers, but for some of them, reactieeggn
consumption and maximal active power in specified period are available |ftoo.
performed measurement allow, consumers should be categorized intal s&ate
egories according their daily consumption diagram for winter day with maximal
consumption. Keeping in mind that only monthly (and not daily) consumption data
are available, and that daily consumption diagrams are similar during one month
for selected consumer’s category, as a basis for transformation ofaeisump-
tion diagram from relative to absolute units, maximum of daily diagram is selected
to feet area under load curve with average consumption of that consduaniry
that month (i.e. month with maximal daily consumption). In this way, all calcu-
lation in algorithm are related to average load in month with maximal load. To
simplify procedure, and enable further data processing, attained daiiradia are
linearized hourly (or at every fifteen minutes), or additionally simplified andema
constant hourly.

After creating previously described simplified daily load diagrams for alt con

sumers sum of all of them is performed in order to find maximal load and partici-
pation of each consumer in maximal load. If no daily load diagrams are available
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Detalji o potrosacu

Prezime i itme |STOSIC PREDEAG

Adresa |3 KOVACEVICA 2372

Energija 5706

Otkazati

Fig. 5. Additional consumer data (Name and surname, address aadroed energy).
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Fig. 6. Possible consumer and their connection points operations (ingartthexporting

data through Excel, graphical assignment of supplying network elgroemconsumer’s
settlement, etc.).

consumer’s load is calculated from annual energy consumption anehéentidu-

ration of maximal load (2000 hours) for low voltage feeders, which is ttbpn
empirical basis.

Minimization of losses is performed considering low voltage network, so, dif-
ferent losses in medium and high voltage network are not considereliffinent
low voltage network states. This assumption is reasonable considering sssall lo
changes in medium, and especially high voltage network. Namely, changing of



Conception of Low Voltage Network Loss Reduction ... 67

[E5 Microsoft Excel - Izabrani potrosaci MNo.mB g =X
File Edit Vew Inset Fomat Tools Data Window Help  Adohe PDF -.8x

eshewRoman < 10 «| B I U BT IR . A i A-Bisamefirnel
S R e = RO Nl dl QI W e B Al e 2= -4 Al s - o8 2 EI ] ]
Al : & Potrasacki
A B C broj
x ¥
Potrosacki |Napojna Napojni koordinata koordinata  Sifra Prezime i ime Adresa Energije
oo e Naselje ‘potrosaca
rcj TS MNizvod prijucks pridjucks prijucks potzasaca potrosaca iy
) Q) ()
2 7710011382661 1020 0 5743754 7126142 012410  SMILJKOVIC TOMISLAY KARADIORDJEVA 16 10543
3 7710011382580 1039 0 5743513 7125082 012409  JOVANOVIC MIODRAG KARADIORDIEVA 14 0
4 7710011383047 1039 0 5743886 7126245012403  MILOSAVLIEVIC VLADIMIR KARADIORDIEVA 18 4465
5 7710011382741 1039 0 5743714 71261012402 ZLATKOVIC MILIVOJE KARADIORDIEVA 13 8145
6 7710011382322 1039 0 5743714 71261 012402 ZLATKOVIC DRAGAN KARADIORDIEVA 13 6319
7 7710011332903 1039 0 7434 71261014  ZLATKOVICDRAGAN KARADICRDIEVA 18 13
8 7710010696980 1039 0 5743737 7126294012372  ZDRAVKOVIC MIODRAG KARADIORDJEVA 21 10216
5 | 771001137124 1039 0 S437Y 70269401372  ZDRAVKOVIC STOIAN -441- KARADICRDIEVA 21 2134
10 7710011373205 1039 0 SN TR6B40BT  MILENTUEIGNIATOVIC KARADIORDIEVA 21 1277
11| 7710011373396 1039 0 J4ITT T26D40IBT2  ZDRAVKOVICSTOIAN KARADIORDIEVA 19 %
12| 7710011377900 1039 0 5743603 7126191 012371  DIUKIC DRAGAN KARADIORDIEVA 17 0
13| 7710010575252 1039 0 5437 712619012370  SPASICPETAR KARADICRDIEVA 15 1484
14 7710010089234 1039 0 5743622 7125413012327  ALEKSIC BRANKICA W.ANTICA 19 VRANJE 11304
15 | 7710010089153 1039 0 5743719 7125381012326  STOILKOVIC VLADIMIR W.ANTICA 19 VRANIE 6922
16 | 7710010232487 1039 0 5743719 7125381 012326  STOJILJKOVIC VLADIMIR WANTICA 19 8901
17 | 7710010029315 1039 0 5743317 7125479 012325  STOILKOVIC BOZIDAR . ANTICA 21 VRANJE 1
18 7710010253434 1039 0 5743817 7125479 012325  STOJILKOVIC BOZIDAR WANTICA 1 12065
19 | 7710010089404 1039 0 5743813 7125638 012324  RISTIC SERAFIM . ANTICA 23 YRANIE 0
20 7710010091051 1039 0 5744129 712.5628 012323 JEVTIC SIVOIIN W.ANTICA 242 VRANIE 3046
21 Tri00I0091131 1039 0 4402 71257901232  ALEKSOV GEORGI VANTICA 2441 VRANIE 1114
2 TroNO1212 1039 0 74402 71257901232  CVETKOVIC MIODRAG VANTICA 2441 VRANIE 7933

Fig. 7. Exported consumer’s data (ID number, supplying substatidfesualer, coordinates,
nam and surname, settlement, address, energy).
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Fig. 8. Possible consumer’s data to export to Excel file (coordinatep)yng substation
and feeder, name and surname, settlement, address, or energy).

supplying MV/LV substation for some consumers usually changes loaddiligpo
along the same MV feeder. Effects to overall MV losses are negligible.

Secondary sides of MV/LV substations are defined as supplying poinia$o
voltage network and losses are considered beginning with these poingpedd
up algorithm two preliminary steps are performed:
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Fig. 9. Supplied consumers from selected MV/LV substation (white),|guqmpsubstation
(black) for selected consumer and parameters of application imagstragjot.

1. Number of nodes in network is reduced by eliminating nodes with no load,
and creating equivalent lines instead of lines connected to these nodes.

2. Radially supplied nodes are reduced to their supplying nodes with pessib
ity of two way fed from MV/LV substation. After reduction, total load of
eliminated nodes is added to their supplying node. To be precise, beside
load, losses should be added to, but considering that loss percentagsyis
above 5%, obtained error has small influence to optimal configuration.

With previous steps humber of nodes in reconfiguration process is sagrtlfic
reduced (no radial, nor load nodes), with algorithm significantly acdaelra

Optimization process is performed through iteration procedure wherdysupp
ing direction is defined for one by one node. In one iteration, one nodetés-d
mined with supplying line switched on. Therefore, supplying direction is estab
lished for this node. Of course, supplying line must come from node factwh
supplying direction was previously defined. Iteration procedure iopedd until
all nodes get their supplying direction.

To create criteria for node selection with defined supplying direction, nmems
sion value (VP) concept is defined:

VRj = VPj— Penal - Rji(2P;kPaquy + Pépy) (1)
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where j, k are nodes with already defined supplying direction, whesenode -
candidate for establishing supplying direction in current iteration, wkiéte is
transmission value from nodeto nodei, whereV By is transmission value from
nodek to nodei, with VB; = 0 initialized, where ling — kis overload penalization
factor, whereRji is line j — k resistance, wherByy k is nodek equivalent active
load - with loads of reduced nodes supplied franmcluded, wherePj is line

j — k equivalent active load flow with node i equivalent load not includedofiee
establishing supplying direction for nodle- this load flow is sum of load of all
nodes along the line from nodeo node i except nodie

lllustration of some elements from previous formula is presented on fig. 10.

PitPeqy i
B

)

Peqvj Peqvi

Fig. 10. Elements of formula (1) illustration.

Penalization factor increases transmission value in overloaded lines.alt is ¢
culated as: _—
Penal — a* e aSumje ?)
whereSymjk is line j —k nominal apparent power, whef®lerance is tolerated
element’s overload factor, wheads penalization base.

ValuesSyomjk, @ andTolerance are input values for considered algorithm. If
fraction in formula (2) exponent is less than 1, functi®amal is fixed to 1.

Penalization factor increases transmission value in accordance with element
overload. Formula (2) shows that it depends exponentially from owkraue,
and this formula is heuristic.

If load of an element exceeds predefined value, this element cannwitbleex
on.

For all nodes with supplying direction not defined, and with adjacent srode
with supplying direction defined, minimal and next to minimal transmission value
from some nodes, with supplying direction defined, are determined. Atiequp-
plying directions are determined, and only its part to nodes with supplyingtidine
defined. The rests of supplying routes are already defined.

Supplying line (belonging to corresponding supplying path) for the nate w
the least quotient of minimal and next to minimal transmission values is switch
on. Because of that, only nodes with at least one neighboring node vpifiysug



70 D. Tast et al.:

path defined or at least one neighboring node that is supplying poibieated in
process of determining minimum and next to minimum transmission value.

Iterative procedure is repeated until all nodes have defined radialysng
paths. It happens that during iterative procedure minimum transmissios cai
not be determined for any of nodes because of unallowable overlaagbpfying
elements. In that case, tolerated overload limit is increased by predefihesl v
The final result of algorithm is radial network configuration with minimal Iesse

Reactive power neglect does not have significant influence to optirhabrie
reconfiguration because of reactive load flow small influence to loSsssrated
element’s overload factor serves to include reactive power influencpparent
power.

In the previous chapter GIS is initialized with no low voltage network data,
but only consumers’ locations and supplying MV/LV substation data. Thid kin
of GIS basis creation was initial foundation for medium voltage network jann
but presented algorithm can be applied in such incomplete-data case witim cer
assumptions.

Low voltage network topology identification is based on consumers’ disposi-
tion, and it is performed through connection of adjacent nodes, withreamisthat
each consumer can be connected only to two other, the closest (or tyisgpp
MV/LV substation, if it is the closest). No closed loops with only consumers in-
cluded are allowed during this activity. To respect expected longer limgHahan
the shortest actual distance between nodes (consumers, or suppihy Bub-
stations), as a consequence of lines following traffic infrastructufé,lé@ger line
length then the shortest one is adopted. The most frequent line type inrkeé$wo
adopted as applied type for all considered lines.

Previously defined algorithm can be applied to data adjusted in presented man
ner.

Presentation of algorithm application will be subject of separate paper.

6 Conclusions

Role of GIS as TIS and BIS integration tool is presented in this paper. \ragro
precision of data integration is emphasized and possibility of many differays w
to apply integrated data are presented. These and other motives fleratGIS
are considered in separate section of this paper.

Special attention is paid to GIS foundation creation through improvement exist-
ing software for distribution network analysis and planning. Consumetatians,
their energy, and supplying MV/LV substation are the most significant data th
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can be systematized through improved software. Even with no precisenation
about low voltage network, whose collection and systematization demands long
time and many human resources, collected data can be used for analysisesf o
reduction in low voltage network.

Algorithm for low voltage network losses reduction is based on similar algo-
rithm for medium voltage network reconfiguration. It is described in detailsig
paper with properties related to low voltage network and consumers singted o
A way to deal with lack of low voltage network data, which is a consequehce o
consumers and supplying network data collection characteristics is prdsehe
end. It is based on network topology identification from consumers’ apglging
substations’ disposition and adoption of the most often low voltage line typeas th
only one. Presentation of algorithm application will be subject of sepaggterp
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