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Abstract— The Analyses for power systems are more
necessary for the designing, operating phase execution control
and to make sure safe network operations by sufficient
protection project settings. In this article, we have prepared a
sufficient scientific survey about the electrical model of a 340
MW integrated solar combined cycle system (ISCCS) located in
the Iraqgi southern, is developed and simulation by a program
called Electrical Transient Analyzer Program (ETAP) and
carry out throw this program the load flow, voltage stability and
short circuit analyses for this power plant with part of the
national grid in Al-Basra city in an industrial region. The effect
of voltage instability for the grid on system buses (load buses) of
the power system is estimated. By using load flow analysis as a
case study by using the Newton-Raphson algorithm, when the
load buses operating at down voltage because of instability
voltage of the power grid are specified and their voltages are
should to improved according to given voltage limitations that
are depended on buses criticality with regard to loads. The
appliance on-load tap changers of the transformer and reactive
power compensation are used to improve steady-state voltage
stability for any instability system. The method of the optimal
position for capacitor banks placement is meaning the number
of capacitor banks is proposed to adding to the weak buses by
using the optimal capacitor placement module of ETAP. Energy
is actually required for the expansion of our country. To sustain
the generation of electric power at an adequate level power
system supplies power to different types of loads that are located
far away from the generating plants using transmission lines.

Keywords— load flow, ETAP, transient stability, optimal
capacitor placement(OCP).

I. INTRODUCTION

Power system is the network of electrical parts used to
provide, transfer and employ electric power. This power
system is called the grid that can be generally divided into the
generators that supply the power by using different energy
sources to, the transmission system that carries the power
from the generating centers to the load centers and the
distribution system that feeds the power to homes and
industries. Actually that the unit of electric energy generated
by power station does not correspond with the units
distributed to the consumers. Some proportion of the units is
lost during the transmission of power from generation to
distribution network. This difference in the generated &

distributed units is known as transmission and distribution
loss.

From 1980 and today, Iraq has been in an uninterrupted
war and has crashed all the infrastructure. In 1980, when the
Iran-lraq warfare started, which continued for 8 years without
interruption. In this war caused growing in government
spending on the war and decreased spending on
infrastructure, especially electricity sector. It is obvious the
electrical power supply and generation have been running
short of demand from 1991 after the gulf war [1-5]. While
today, in 2020, Iraq still suffers from a severe shortage in the
processing of electricity to citizens, and noting that more 80%
of the factories and government buildings are still out of
work.

The demand for electricity in Irag growing from 11000
MW in 2007 to 16000 MW in 2013, to 24500 MW in summer
2018, and is expected that this demand will be increased to
more than 30000 MW in 2022. About 70% of the total
electricity produced in 2013 was lost, which includes both
technical, commercial and administrative  losses
(Transmission-6%, Distribution-13%; theft and non-billed-
23%; Non Collected 26%; and collected 33%). Over 90% of
the losses are in the distribution network of which 79% are
losses not technical (theft or not billed and not collected
energy) [5-11].

The distribution system generally is in very bad situation
and appears to be one of the narrowness in the electricity
supply, as it is deformed by incompetent administration and
shortage of investment. The ultimate and unplanned growth,
in addition to the aging of the electric network, have led to
overloading and strongly suffering from many high (technical
and not technical) losses. For example, distribution lines that
carry limited quantities of power over short distances are a
major contributor to system losses.

Total transmission and distribution losses account for
about 40-50% of the system losses in Iraq, with the majority
of this loss due to the distribution sector (i.e., 80-90% of the
total transmission and distribution losses). Inefficient
management and operation of the distribution sector are
contributors to this issue, including billing, metering,

Journal Web site: http://journal.umy.ac.id/index.php/jrc

Journal Email: jrc@umy.ac.id



http://journal.umy.ac.id/index.php/jrc
mailto:jrc@umy.ac.id

Journal of Robotics and Control (JRC)

ISSN: 2715-5072 135

customer service, and an inability to increase system
performance.

The use of modern technology and advance planning has
a great direct impact in reducing losses. In this paper we show
that the absence of planning is one of the main causes of
electrical energy losses. The load flow, stability of voltage
and short circuit analyses are always wanted for right
installation, constant & efficient operation, and protective
schema settings of power system. These detailed analyses
give data input of the system that might be are needed for
future expansion and enhancement in the system.

The load flow analysis is a mathematical way utilized by
electrical engineers for future planning and defining several
load buses, their phase angles, real and reactive power
passing from all system elements under normal steady
operation [12-16]. The voltage stability of a power system is
its ability to safe constant voltages at all buses when any
troubles changes the given operating conditions. It depends
on its ability to maintain a correspond between load request
and equipping from the power system. The under voltage
produced by the power grid instability has negative effect on
distribution system. Instability leads to a slow rise or fall in
voltages at some buses. This results in tumble of loads,
transmission lines and other system elements due to a many
of outages, may be some generators lose synchronism by
these outages [16-19].

Il. DESCRIPTION OF POWER PLANT

In this paper, we report on simulation of the electrical
system of a 340 MW type ISCCS by ETAP and the analysis
of load flow. Then, under voltage state of load buses are fixed
and their voltages are improved according to wanted pre-set
voltage range, by the on load tap changer regulation and the
optimal capacitor placement method. Electrical system of a
340 MW ISCC having four gas turbines and two steam
turbines [1]. Four gas turbine generators (50 MW) and steam
turbine generators (65 MW and 75 MW) are connected to
main bus (Khur Zubair) each generator is connected to the
central bus by its step-up transformer and are producing
power at 20kV voltage, then transformed to 132kV [4].

Then step-up transformers upgrade voltage to 400kV to
add this power to national grid throw two 3-winding
transformers with 250 MVVA. Khur Zubair bus feeding 8 main
loads (steel factory 22MW, Fao 21.6 MW, bab Zubair
20.5MW, Rumaila field 80MW, um qaser city and port
220MW, Zubair field 45MW, Albaker port 20MW, center
city 110MW) most of the loads are consumed in the oil fields,
factories and ports, as the deficit is covered by the national
grid. We have carry out this study about section of grid on
ETAP and then performed all required analyses, look at Fig.1
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1. ANALYSIS OF LOAD FLOW

The load flow analysis for any system is mathematical
method used for find out system elements for any electrical
system in normal steady operation, so that helpful in planning
and operation for power system. For carry out load flow
analysis we need to calculate the admittance Yyus. The nodal
equations for a power system network using Yps can be
written as follows with main equations [5,20-29].

1= Yous* V (1)
=Y5=1  Yi*V; roe i=1,2,3,...n 2)
Pi+jQi=Vili® (3)
li= (PirjQi) / V7 (4)

Pi—jQi_ .. —
=V N YR YY)

Where P; and Q; (real and reactive) power for bus ;.

j#i (%)

Several load flow ways are take on to analyze steady state
for any electrical system. In this paper and by using program
ETAP we have selected the method (Newton-Raphson)
technique and algorithm because it is the faster way and needs
minimal number of iterations when compared to other
techniques and its reliability is relatively good [30-36].

A. Newton-Raphson Method

To implement this method, we need to analyze the main
equations and substitute them together to get the final result,
through which the program performs the calculations of the
load flow, for example by expressing equation (2) putting it
into equation (3) the real and imaginary components of
equation will be:

P=Y54VillVjlYij| cos(6ij — 6i + &)) (6)
Q=X |VillVjllYij| sin(6ij — 6i + &)) ()

Where &, 6j and 6;; are angles of V;, Vjand Yij. And equ. (6)
and (7) expanded in Taylors series about the initial estimate,

5200 mvmaz I!]
oo =
iZeE meas

[ —
232 dor

neglecting all higher order terms, and writing it in matrix

form [6-8].
2o 7] law @

Ji1 to J4 are the entries of the Jacobian matrix. The diagonal
and the off-diagonal elements of J; are

a—;: 2 lVillVjllYij| cos(0ij — &i + 6)) 9)
= - VilIVjIlYij] sin(8ij - 6 + &) 10)

The difference between the schedule and calculated values

known as power residuals for the terms AP{(¥ and AQ;(¥ is

as:
(k) k)
AP= APFh - p, (11)
k) _ (k)
AQ;” = AQ" - @; (12)
New estimates for bus voltage are:
k k
§0+D=500+ 751 (13)
Ve 1=y ) a v ) (14)

IV. LOAD FLOW ANALYSIS AND ITSRESULTS

Checking of the system performance i.e., testing of
the efficiency of all system element ratings, transformer sizes
and their impedances and tap changer settings under a
difference of operating conditions including emergency
conditions. The major objective of the load flow analysis is
definition of the steady state active and reactive power flows,
current flows, system power factor and system voltage
profiles (magnitudes and phase angles of load and generator
bus voltage). Fig. 2 shows the load flow analysis results of
the system.

Fig.2. Single diagram for load flow of system
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From this single diagram after carrying out load flow
analysis using ETAP an alert summary report is generated
which tells us which part of the system needs immediate
attention and it can be clearly seen from the on line diagram

that the um gaser and Bus 121 are operating at an under
voltage and these buses contain many branches with nominal
voltage (11&33 kV). After carrying out load flow we getting
in Table 1.

TABLE |. LOAD FLOW ANALYSES

bus Voltage No. Branches | kV Load flow

ID kV | %mag. | angle MW Mvar amp Y%opf

121 132 | 91.044 | -3.9 137&138 33&11 | 48.899 | 37.816 300.4 79.2
139&140 11&33 | 51.624 | 35.270 304.5 82.7

Umgaser | 132 | 85.138 | -6.2 Bus135 11 18.558 11.501 | 1326.5 | 85.3
Bus148 11 16.065 | 9.956 1165.0 | 854
Bus192 11 18.480 | 11.453 1338.9 | 85.6
Bus142 11 2.442 1.183 172.9 90
Bus 143 33 5301 | 3.285 131 85
Busl144 11 2.474 1.198 174.0 90
Bus 145 33 7.196 | 4.459 176.6 | 85
Bus136 11 14,952 | 7.242 1003.5 | 90
Bus 141 33 23.137 | 14.339 540 85
Bus146 11 16.085 | 9.969 1161.8 | 85
Bus 147 33 26.682 | 16.536 | 631.6 | 85

V. TRANSIENT STABILITY ANALYSIS

Definition of the system response due to different
disturbances which are the source of instability i.e., which
lead to loss of synchronism or stopping or overloading of
generators and motors. Switching transients are mostly
related with go wrong of circuit breakers and switches,
switching of capacitor banks and other frequently switched
loads [7-12]. In this paper we show the stability of system
when it loses one of its loads (Rumaila field 22MVA) fig. 3
and fig. 4 shows the power angle of the system and speed of
the generators respectively:

Fig. 3. power angle

Fig. 4. speed of the generators

VI. VOLTAGE STABILITY ENHANCEMENT BY OCP

From the mentioned table and single line diagram seen an
under-voltage is included in power grid, due to this, voltage
at system buses is reduced and to improve this voltage on load
tap changers (OLTC) connected with transformers are
employed. But as their range is only +10%, voltage at some
of load buses is still less than 95%. So to enhance it moreover
optimal capacitor placement (OCP) module of ETAP is
employed. Input parameters are set for study case editor of
OCP module. These include voltage constraints, candidate
buses for voltage enhancement and ranking of capacitor
banks. The voltage limitation is set to 95% <V< 110% and it
is global to all buses. ETAP is a fully graphical power
systems analysis program. ETAP uses genetic algorithm
technique for OCP. The objective of OCP is to minimize the
cost of the system. These costs include four parts and can be
represented mathematically as:

Min objective function =X.1-2% (x; Co; + Q¢; Cy; + B;CyiT) +

C, Y Nead T pl (15)

i=1

>

o,
*

Cost of fixed capacitor installation

Cost of capacitor purchase

Cost of capacitor bank operating (maintenance and
depreciation)

% Real power losses cost

*,

5

%

>

)
*

The results after operating OCP module are placed in
Table 2 and Figure 5. The operating voltage values show that
the voltage of both under voltage load buses is enhanced
according to set voltage constraint [30-35]. The voltage
ratings, sizes and number of capacitor banks for each under-
voltage bus are also given. By comparing between figures and
tables it can obviously be seen that the problem of an under
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voltage at all the buses is overcome by the placement of
capacitor banks in shunt to the feeders.

TABLE Il. RESULTS AFTER OCP.

ID Nom.kV %mag angle %PF No.banks | Operated Rated
kVAR kVAR
135 11 92.55 -16.35 93.4 1 4281 5000
136 11 91.695 -17.47 93 1 4204 5000
138 11 91.327 -10.5 93 1 - 5000
139 11 91.818 -10.52 93 1 - 5000
142 11 90.014 -16.60 93 1 4051 5000
144 11 92.528 -17.64 93 1 4131 5000
146 11 90.899 -17.53 93 1 4280 5000
148 11 91.066 -15.34 93.8 1 4146 5000
192 11 91.280 -16.10 93 1 4195 5000
193 11 96.269 -10.25 90 1 - 5000
TABLE Ill. COMPARING SYSTEM BEFORE AND AFTER OCP.

ID Before OCP After OCP

No.muH MW kV% %PF MW kV% %PF

135 18.536 86.1 85 18.988 92.55 93.4

136 14.952 86.6 90 16.66 91.695 93

138 18.875 90.4 85 18.9 91.327 93

139 18.911 91.3 85 18.95 91.818 93

142 2.442 82.04 90 2.94 90.014 93

144 2.474 82.6 90 3.08 92.528 93

146 16.085 85.15 85 16.42 90.899 93

148 16.065 84.8 85.4 16.42 91.066 93.8

192 18.480 84.27 85.6 18.9 96.269 90
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Fig. 5. Single diagram after OCP for system

VII.

In this paper load flow study using ETAP software is
carried out with an approach to overcome the problem of an
under voltage and power loses for electrical system of a ISCC
located in south of Iraq with study of system stability. Load
flow studies are significant for planning future expansion of
power systems as well as in determining the best operation of
existing systems. We discussed a station with part of the

CONCLUSION
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national network in southern Irag, specifically Basra
Governorate. Where it is considered an industrial and densely
populated city, and the network suffers from continuous
blackouts, major energy losses and major voltage
disturbances resulting from several factors, the first of which
is unexplored plans and the erratic distribution of energy.
Through the program ETAP, we try to develop solutions to
these problems, and through the OCP feature, weak branches
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were identified and a group of capacitors were added to
compensate for the reactive power. It is clear from table 3 and
figure 5 the impressive results obtained after the OCP
procedure, which reflected positively on the whole system of
improved voltage performance, reduced losses and improved
power factor.
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