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Abstract

This paper presents a practical and valid compotedel of the Croatian electric power

system using PowerWorld Simulator 11.0. The comepfétoatian electric power system is
plotted in the PowerWorld single line diagram. Reegh parameters for transmission lines,
transformers, generators and loads are enteretleircdmputer model. All input data are
obtained from the Croatian electric company HEPe Power system is divided into five

control areas: control area 1 (Croatia), contr@aa (Hungary), control area 3 (Slovenia),
control area 4 (Bosnia and Herzegovina) and comtred 5 (Serbia). In this way, the created
computer model is used to simulate power flowshi&a Croatian electric power system for
2005.

Two sample cases are simulated. The first is thglesisolution of power flows when electric
system is at its peak load (March 2 2005 in 8:00).PMhe second case is the time step
simulation of power flows for every hour in 2005ayeSimulation results are presented as
charts for all relevant elements of the Croatiagckic power system. In order to evaluate
credibility of the electric power system model, tt@mputer model is compared with real
measured values for energy losses in the modetaen)y losses that are measured in the real
system. Consumed electric energy, peak load, |ldbs¢sre obtained from the simulation are
comparable with those from the official HEP web ggmgThe Croatian electric power system
created in this paper can be used for further reeeauch as fault analysis, energy
interchange, power system planning etc.

Keywords: Computer model, power system, Time stegdraulation, power flows

Presenting Author’s biography

KreSimir Fekete (kfekete@etfos.hr)was born on August 28, 1983. in Osijek. He
obtained his diploma degree in 2006. in field ofdiieal Power Engineering from the
Faculty of Electrical Engineering, J.J. Strossmayaivérsity in Osijek, Croatia. His
graduation thesis was “Simulation of power flowsGroatian power system using
PowerWorld 11.0 software”. Currently he works ire tRower System Department
within the Faculty of Electrical Engineering, Univigysn Osijek.

ISBN 978-3-901608-32-2 1 Copyright © 2007 EUROSIM / SLOSIM



Proc. EUROSIM 2007 (B. Zupancic, R. Karba, S. Blazic) 9-13 Sept. 2007, Ljubljana, Slovenia

1 Introduction andY |, =Yike—i(n/2—aki>

Nowadays, an electrical power system is one of the .
fundamental links of the modern civilization sirtbe where V, yk and Yi are th?. magnitudes of the
entire technical development is based upon quali§Prresponding complex quantitiesandd, the angles
supply of the electrical energy. Today's life isOf corresponding voltages, ang = arctanR/X),
inconceivable without electrical energy used foWith Rk andX being the resistance and the reactance
heating and cooling, lighting, industry etc. Butist Of line ik respectively, the real and imaginary parts
necessary to generate electrical energy (to besgrecPecome respectively:

convert one form of energy to electrical), transmit _ XN .

from producer to large consumers (towns, viIIagesI,:i) _ZN Yisina MY, sin@, - +aik)]

industry etc.) and in the end distribute it to theff A ©)
consumers. This means that all components of the » 1,

system must perfectly function in order to guararde QS_;{V‘ i cogn ~VVi Y cosg, _5'+a‘k)_§Vi ak}

constant secure and reliable supply.

This paper describes the simulation of power flows i

the Croatian Power System using PowerWorldf the generated powers (except at the slack bussah
Simulator 11.0. The main task of this paper is t pl Voltage is used as a reference) and the bus lodtie i
the whole Croatian transmission network (for votagSystem are all known, the set of two load flow
levels 400/220/110 kV) in the PowerWorld singleslin €quations (3) for each bus, can be solved for tie b
diagram. The next step is to enter all necessaWpltagesV; and angleg). From the solution, the power
parameters for every element of the system. lerordflows in lineik become:

to obtain the simulation, it is necessary to eidad g .

duration curve for every consumer for each hour R =V Yicsind, + ViV, Y, sinG, =@y,

during the year 2005. And at the end, the simutatio  _, ~ ol @
results are shown in the form of tables and diagram Qi = VIV Cost ~VIV, Y cOSg ~01) Evi Bi
2 Mathematical model of power flows wheredy = g -d. It should be observed that equations

(3) are non-linear in magnitudes and angles of the
PowerWorld is used for the Newton-Raphson powefoltages. The numerical solution is based on an
flow method, including the modeling of poweriterative Newton-Rapshon method.
restoration switches, load tap changer (LTC)
transformers to alleviate the overloading of3 powerWorld Simulator 11.0
transmission lines and transformers, generation
rescheduling and load shading. The total (complejowerWorld Simulator 11.0 is a power system

neto power entering the network at biss simulation package designed to be user friendly and
_ highly interactive. The first thing to be noticedfbre
S=R+Q (1) using PowerWorld is that the program operates m tw

whereP; is the real power anQi the reactive power modes: Edit Mode and Run Mode. The Edit Mode is
leaving bus. Both of these powers are the differenceysed to construct new simulation cases or to modify
of the respective powers generat%,(QG) the load existing cases, while the Run Mode is used to m‘rfo
(P, Q) at busi, i.e.P; = Pg - PyandQ = Qg - Q;, the actual power system simulation.

whereG is the subscript for the generated powers anfhe  main advantage of PowerWorld is the user
L for the loads Complex power is calculated by thefriendly visual display of the power system which i

following equation: represented with a single line diagram. The purpbse
the single line diagram is to display informatidyoat
_ T = Y the power system graphically. The actual three-phase
R-iQ =) JViVij'k“‘ViVi Yi— Vi VY (2)  power system components are represented using a
kA single line diagram. That is possible due to the fac
that a three-phase power system is symmetrical i.e.

The load flow equations are obtained from this byoltage and current are balanced. When single line

separating the real and imaginary parts. Substguti  diagrams are used, it is possible to deal with
unbalanced case. Every unbalanced three-phase power

FERVT: system can be decoupled in three single line system
Vi, =Ve™, positive, negative and zero sequence. For this tbase
PowerWorld requires the positive, negative and zero
sequence impedances for transformers, generatdrs an
lines. All three impedances for a generator arevsho

in Fig.1. Thus PowerWorld can simulate unbalanced

V. =V.el%x,
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faults such as single line-to-ground fault, linelitee R — resistance of line expressed p#r un

fault, double line-to-ground fault etc. R — resistance of line in Ohms/length unit,

Generator. Options El . .
otk JE 3] || [ L — length of line in km,
™ Open
Bus Mame  [EL-TO Os. Find By Mame .
> [ | Clsed $ — base power in MVA,
AreaMame  |Hrvatska Fuel Type  |Unknown - . H -
et | Foer e — U — rated line to line voltage in kV,
E X — reactance of line per unit,
Display Infarmation ] Power and Yoltage Contral 1 Costs  Faulk Parameters wownen Area, Zone, Sub I Merma ]
Generator Impedances enerator Step Transformer _hI H
O e S e X — line reactance in Ohms/km.
I Heutral Grounded it ,W
Internal Sequence Impedances Tap: ,W
R: Kl . .
postive [oo00— [000m0 _Equatlon (6) is used to calculate the transformer
Negative | 0.00000 1.00000 NE”T;“W%;;HME Impedance.
Zero 0.00000 1.00000 % ,I]EIEIT
Uy,
ZT — k% BSB
100 S,
N, ®
T
ok Save X cancel ? Help X_ = Zz _ R$
T T

Fig. 1 Dialog box for generator impedances where:

Additionally, a key aspect of the simulator is taesy
way which allows one to examine and modify many
objects shown in the single line diagram. It isgilole Wy - Short circuit voltage in percentage,
to change parameters and geometry of the
transmission line during simulations (opening or
closing lines, increase or decrease generator pbutpu Sr — rated power in MVA,
power etc.). After the single line diagram is ceghin

the Edit Mode, it is necessary to switch to the Run
Mode and start the simulation. The simulation can be R, — copper losses in MW,
either a single solution of power flow or a timest
simulation that simulates the power flow during the
desired time. We can observe events in the powsr2 Performing power flow simulation
system and actively participate in power syste
control once the simulation is activated. Thus debet
understanding of the power system operation
achieved.

# — winding impedance per unit,
$ — base power in MVA,

R — winding resistance per unit,
% — winding reactance per unit.

rVVhen we switch to the Run Mode, PowerWorld
utomatically checks the case. If there are na®iro
the case, the simulation can be activated. Indhge,
simulator will perform single solution of power fis
3.1 Creating a single diagram i.e. it will calculate the solution for one moment
After the simulator is activated by the left moutiek gg\?ve;deln%\?vgrtzeslpe%ﬂbtﬁg\./elztslzL?rf;[r?n ;se;f:ilf)r;o(\g tm
which opens the menu FILE and the next left click o hen itsp aramgters are chanain (I%adz eneration
the NEW CASE opens a new, blank simulation caseg, statSs etc.) It is gosgsible tc’) gexecute
When a new case is opened, the screen becomes w OPF/SCOPE. : f /p imal f /
and all menus become available. . _(power ows /-optimal power Tlows
security constrained power flows) for a number of
The single line diagram is created inserting itime points in the Time Step Simulation module.
elements (buses, generators, transformers, linadsl Before the Time Step Simulation is activated, it is
etc.) from the TOOLS palette. When the element isecessary to enter time points and all data linkid
selected, a dialog box for input parameters app@ars them. First, we open the Time Step Simulation dialog
the screen. All element parameters of the powén the TOOLS palette. Subsequently, the beginning
system are entered in per unit using the base pSwerand the end of the simulation (its time duratios) a

=100 MVA. Equation (5) is used for lines: well as the number of time points needs to be
S specified. Progress of the Time Step Simulation can
R=R 00— be observed in the bottom of the screen, as shown i
U, Fig 2.
S ©)
X=X, BU% Last Result: [5/18/2006 6:00 AM Solved Carrectly
n ANINENENNENENENR
where:

Fig. 2 Progress of the Time Step Simulation
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The simulation results will be saved in the pop up Tab. 2 Basic data of the Croatian transmission

menu Results in a tabular form. It is also posstble network

display the results as a chart using Plot Column(g} -

function. Substation

4 The Croatian power system Voltage level Number MVA
By its size, the Croatian power system is one ef 400/x kv 5 4100
smallest power systems in Europe. Due to il5220/110 kV 6 2270

geographical position and location of generating

plants, electricity is transported for most of year 110/x kv 101 4673
from the south to the north and vice' versa, anthfro Toiar: 112 11 043
the north toward the east. The Croatian power syst

is a member of the UCTE synchronous zone. UnignLines
for the Co-ordination of Transmission of Electricity

(UCTE) is the association of transmission systemnRatEd voltage Total lenght (km)
operators in continental EuropBy reconnecting the | 400 kv 1 158.9

UCTE synchronous zones 1 and 2, the Croatian power

system has become a transit system. The Croat aR20 KV 12335

power system is one control area controlled by HEP1 10k 47822

TSO (Croatian electric company - transmission syste|

operator). Together with the Slovenian power systemlotal: 7232.4

and the power system of Bosnia and Herzegovina®t
constitutes the control block SLO — HR — BIH within ) .
the UCTE grid. The total installed capacity ofo Power flows simulation results of the

generating plants is 3745 MW, 2079 MW of which isCroatian power system
in hydro power plants and 1666 MW is in thermal : .
power plants. The basic data of the Croatian pow:l];:r;he whole Croatian power system is plotted as the

. . owerWorld single line diagram. It means that all
SR)S;EE; ('; tﬁgqs‘ilmirllgtiozr?efill (l:)incgripsaerzg tg‘.l.-li?ée &éneration and transmission networks 400/220/110 kV

are presented. The distribution network is substitut
Tab. 1 Basic data of the Croatian power system with consumers on the secondary winding of the
_ transformer 110/x kV. All necessary busbar, line,
Maximum 23.12.2004 2.3.2005 generator, transformer and load parameters are
load at 18:00 at 20.00 entered. The single line diagram is divided into 5

control areas: Croatia (control area 1), Hungary

Amount (MW) | 2793 2900 (control area 2), Slovenia (control area 3), BiH

Minimum load 2.5.2004 2252005 (control area 4) qnd S_erbia ((_:ontrol area 5). Alsma
at 6:00 at 6:00 part of the single line diagram is shown in Fig. 3.

Amount (MW) | 1024 1044 : - :

Electricity GWh %

consumption 5002 [ 2005 | 2004] 2005

Total available
energy

16095| 16707] 100 100

et ata9aaaaetaaeaa
“®| _ Emestinovo
e & Sl s

pansmission | sg7 | 560 | 3.7 | 34 SO A
. . E b > e

Delivered 10| 453081 15705 952 | 945
distribution

End: 112006 12:00,00 A

QEARBO mam

The transmission network is a part of the Croatianfrig. 3 Transformer station 400/110 kV Ernestinovo
power system and comprises transformer substations, displayed in single line diagram
switchyards, overhead lines and underground cables. ) ] )

Electricity is transmitted through the network ofo40 Slmulgmon of power flows is accomplished under the
220 and 100 kV voltage levels. Key data for Croatiafollowing procedure:

transmission network are shown in Table 2. Single solution of power flows when the systemtis a
its peak load (peak load of the Croatian poweresgst
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is 2900 MW). PowerWorld performs a simulation forSubsequently, it is possible to start a simulatin.
one time point only. runs about 4 hours on a computer of average

Time step simulation of power flows for the Wholeconﬁguration. PowerWorld will save the resultsas
P P table in the Time Step Simulation dialog box. laiso
2005. PowerWorld will perform power flow

, . . ossible to display results as a chart and thavojs
simulation for every hour in 200.5 (8760 ho_urs) an isually much better. Simulation results of the mos
save the results in the .tsb file (time simulation

binary) significant parts of the Croatian power system Wwél
y). presented in this chapter.

5.2.1 TS 400/110 kV Ernestinovo

Fig. 5 and Fig. 6 present the voltage change (gelta

View aII_ results in the drop down menu Cas(?ate and voltage angle) during the year 2005 on the
Information. Power flow results (power, voltage,400 KV bus in TS 400/110 KV Ernestinovo

voltage angle, losses etc.) for every power system
component can be seen there. Fig. 4 shows the di

down menu Case Information/Case Summary fc “°
current case from which the main characteristiags ce !
be read:

266 buses;

81 generators;

135 loads;

371 lines and transformers;
2906.8 MW — system load;
3021.4 MW — system generation;

5.1 Ssolution of power flows for peak load in 2005.

After the simulation is completed, it is possibte t
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17/02/2005 18/04/2005 17/06/2005 16/08/2005 15/10/2005 14/12/2005
DateTime

114.6 MW — system losses or percentage:
p 1146 Fig. 5 Voltage during 2005. on the 400 kV bus
Py =2 [100%=—""""[100%=3.7% @) Ernestinovo
P 30214
1(Ern. 400 kV) Angle (Deg)
90
Case Summary for Current Case rz| ?g
Mumber of Devices in Case Case Totals {For in-service devices only) 60
(it Mwar
Buses 50
Load | 2a06.5 | 8133 _
Generators &1 > 40
LS T Generation | 3021.4 | -52.1 %
Swikched Shunts ] Shunts | oD | oD 22
LinesTransformers | 371 Losses | 114.6 |—965.3 Z 10
2 Term. DC Lines o Generator Spinning Reserves z lg 1
N-Term, DC Lines i Positive [MW]  Megative [Mw] § i '--l
Control Areas 5 | 6106.8 | 4729.4 = ig [
Zones 4 Slack Buses: 5 40
Islands U Mladaost (3); in Area Srhija (S) - 50
Inkerfaces a 60
Injection Groups o -70
-80
Case pathname |E:'|,Dip|0mski 1iPrijenosna mreZa hrvatske u PowerWorldu Jedinstveno
17/02/2005  18/04/2005 ~ 17/06/2005 ~ 16/08/2005  15/10/2005  14/12/2005
DateTime
VA e | m [ 1B 400KV) Angle (Deg) |
Fig. 4 Case Summary for the Current Case drop dowhig. 6 Changes of the phase angle during 2005hen t
menu 400 kV bus Ernestinovo
5.2 Time step simulation of power flows for the Power flow through the transformer 400/110 kV
Croatian power system in 2005. Ernestinovo is shown in Fig. 7. Values of MW are

.negative because the diagram shows energy flows

Before the time step simulation is executeq, it om 110 kV side to 400 kV side whereas the actual
necessary to copy load data for every hour in 200 ergy is reverse

(totally 8760 hours) from the Excel table to the
PowerWorld Time Step Simulation dialog box.
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2 (Ern. 110kV) TO 1 (Ern. 400kV) CKT 1 From MW Grid Metrics E|
’ Start Column |6 = Treaktment of blank cells
-50 | = f* Treat blank cells as zero
End Calumn m
-100 Stark Raow ’ﬂ " Ignore blank cells for calculation
End Row S76E0 >

-150 [T Use absolute Values

Click Calculate Metrics to determine the grid metrics o determine

-200 metrics with a new set of options

250 The metrics for column 1 (Hrvatska) Load MW are
165872064.00 = Sum
1926.03 = Average
-300 121616,21 = Yariance
345.74 = 5TD Dewiation
350 2845,96 = Maximurm

1195.94 = Minimurm

2 (Ern. 110 kV) TO 1 (Ern. 400 kV) CKT 1 From MW

17/02/2005 ~ 18/04/2005  17/06/2005  16/08/2005  15/10/2005  14/12/2005
DateTime

[——2(Em. 110kv) TO 1 (Em. 400 kV) CKT 1 FromMw |

& Update Metrics | x Cancel |
Fig. 7 Active power flow through the transformer ) i _ _
400/110 kV Ernestinovo during 2005. Fig. 9 Grid metrics Window
Fig. 10 shows losses in the control area Croatiandu

2005.
5.2.2 Power flows in control area Croatia
1 (Hrvatska) Loss MW

Fig. 8 shows load MW during 2005 in the controleare 20
Croatia. The diagram has a specific curve form twhic
represents the load duration with a maximum of 29C
MW 2.3.2005.

160

140

-
)
1S3

1 (Hrvatska) Load MW

©
S

1 (Hrvatska) Loss MW
5
8

=
S

N
S
I

n
S

17/02/2005 18/04/2005 17/06/2005  16/08/2005 15/10/2005  14/12/2005
DateTime

— 1 (Hrvatska) Loss MW

Fig. 10 Losses in the control area Croatia

1 (Hrvatska) Int MW

17/02/2005  18/04/2005  17/06/2005  16/08/2005  15/10/2005  14/12/2005 0
DateTime -100
-300 I " |
Fig. 8 Load MW in the control area Croatia during = ~® | | | Ii
2005. E ' it
Z o]l
The right-mouse click on the chosen column in th £ "
Time Step Simulation Dialog/Results and the left £ . I ! | i
mouse click on the Get Column(s) Metrics optior 4, ,' !
open the Grid Metrics window. All values in the ¢ri 2000f] [ i
Metrics window are expressed in MWh. The l
consumed electrical energy in the control area zroa
is 16 872 GWh, as Shown in F|g 9 17/02/2005  18/04/2005 17/0t3é§\?é]T5ime 16/08/2005  15/10/2005  14/12/2005

— 1 (Hrvatska) Int MW

Fi

g. 11 Interchange MW in control area Croatia
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Interchange MW in the control area Croatia is P, 544.4

negative because Croatia imported electrical energy Pew = P—HOO% = mEJlOO%: 3.23% (8

2005. Electrical energy imported by Croatia in 2005 K

was 5400 GWh, as shown in Fig. 12. Losses that are measured in the real Croatian power
system are shown in Table 1 and they are 560 GWh,

GLid Metrics B hichis in percentage 3.4%. It can be concluded th
Start Calumn 4 S| (et e Hmkek our model created in PowerWorld corresponds well
End Column |4 = || ‘@ ekt asEsE with the real power system.
Start R 1 — ¢ Ignore blank cells for calculation .

e 7 Conclusion
End Row R -

[T Use Absolute Yalues ) )
The software package PowerWorld Simulator 11.0 is a

Click Calculate Metrics bo determine the grid metrics to determine

metrics with a new set of options very useful tool which enables Computer mOdeling
The metrics For column 1 (Hrvatska) Ink MW are and an_alySIS Of pOWGr SyStem Operatlon' . ItS main
e feature is the extremely user friendly graphicslikén
= .49 = Average . . .
25465.64 = Variance the earlier versions, the new PowerWorld Simulator
159.55 = 5TD Deviation . . .
-18.72 = Maximum 11.0 enables time step simulation.

-1156, 26 = Mininum
The focus of this paper was to model, plot and
simulate the Croatian transmission power system in
the PowerWorld software. The obtained simulation
" Update Metrics | X cancel | results are comparable to those on the official HEP
web pages. The computer model corresponds well to
Fig. 12 Interchange MW in control area Croatia the real power system operation situations. Thisehod
can also be used for fault analysis, electricityrkag
6 Evaluation of the model analysis, voltage stability analysis and modelirfg o

. _ i ~ new investments.
The main problem in this paper was to obtain a

practicable and credible computer model of th8 References

Croatian electric power system using PowerWorlt1 ; ; ;
11.0. The best method to evaluate credibility of th ] ‘(]:%Z%’;’) Pg\gglr“?; V\(I)Sf 'rélil;fitégl péxvgei;?éﬁ[%n i(rl1n
electric power system model is to compare losses of Osijek 2(')01

energy in the model with energy losses measured in ' '

the real system. Fig. 13 shows losses in contredh ar[2] Ozegowvé, M., Ozegow, K., Electric power
Croatia that are obtained in the PowerWorld networks IV (in Croatian), Faculty of Electrical

simulation. Engineering, Mechanical Engineering and Naval
: Architecture

Grid Metrics %] University of Split, 1996.

st Colloon B =l T:Tme::F i'an:ice"s [3] Nikolovski, S., Sljivac, D., Electric power
Y - real ANk Cells as 2ero . .

End Column |10 3 networks, Solved problems (in Croatian), Faculty

Start Raw 1 #| | ¢ Ignore blank cells For caleulation of Electrical Engineering in Osijek, 1998.

End Raw o760 e e s [4] Jozsa, L., Power system control (in Croatian),

Faculty of Electrical Engineering in Osijek, 2005.

Click Calculate Metrics to determine the grid metrics ko determine
metrics with a new set of options

] [5] PowerWorld Simulator version 11.0 Manual
The metrics For column 1 {Hrvakska) Loss MW are

S444352.51 = Sum

62,15 = Average [6]
182,43 = Variance
13.51 = 5TD Deviation [7] http://www.hep.hr
100,40 = Maximum

21.46 = Minimum

8760 = Tokal Ikems

8760 = Total Monzero Ikems

http://www.powerworld.com

& Update Metrics | x Cancel |

Fig. 13 Losses in control area Croatia obtained in
simulation

It is viewable that losses are 544.432 GWh or in
percentage:
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