Plag(Sican | PRO Results of plagiarism analysis from 2018-07-02 04:21 UTC

Wartana_|_Made_Optimal_Placement_of A Series_FACTS_Controller_in_Java-Bali_24-bus_Indonesian_System_for_M.pdf

Date: 2018-07-02 04:17 UTC

% All sources 87 @ Internet sources 60 & Own documents 2 £ Plagiarism Prevention Pool 2

v

(1]

(2]

K]

(4]

5]

(6]

(7]

Bl

[10]

(1]

(13]

(15]

(16]

[17]

[19]

[20]

[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

1301

Q@ https://mww.researchgate.net/publication...m_loadability_by PSO
167 matches

@ https://vdocuments.mx/documents/ieee-201...s-584b67e0004a3.html
112 matches

& "Wartana_|_Made_A_Multi-Objective_P...ot; dated 2018-07-02
58 matches

@ gmsarnjournal.com/home/wp-content/uploads/2015/08/vol5no2-3.pdf
28 matches

@ www.univ-tebessa.dz/fichiers/laghouat/E21.pdf
32 matches

@ https:/mww.scribd.com/document/333511672/06021665
24 matches

& "Wartana_|_Made_PSO_Based_Tuningof_...ot; dated 2018-07-02
26 matches

@ journal.esrgroups.org/jes/icraes/CDICRAESFinal/ICRAES16ProcPaper41.pdf
15 matches

@ ww.irdindia.in/journal_ijacect/pdf/vol3_iss4/3.pdf

18 matches

@ https:/www.researchgate.net/publication...nd_Distribution_Grid

16 matches

@ https:/mww.researchgate.net/profile/Sae...n=publication_detail

15 matches

Q@ citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.460.4748&rep=rep1&type=pdf
15 matches

@ www.rroij.com/open-access/pso-based-load...nd-energysources.pdf

15 matches

Q@ journals.tubitak.gov.tr/elektrik/issues/elk-13-21-4/elk-21-4-13-1111-12.pdf
11 matches

@ https:/www.ijser.org/paper/Reactive-Pow...mit-Improvement.html

9 matches

@ irphouse.com/ijeelijeev4n4_4.pdf
8 matches

@ tarjomefa.com/wp-content/uploads/2017/06/6936-English-TarjomeFa.pdf
7 matches

@ https://www.researchgate.net/publication...m_using_FACTS_device

9 matches

@ https://research.ijcaonline.org/volume48/number2/pxc3880139.pdf
6 matches

@ www.ecti-thailand.org/assets/papers/1421_pub_65.pdf
12 matches

@ www.jatit.org/volumes/research-papers/Vol3No4/1vol3no4.pdf

11 matches

@ https://link.springer.com/content/pdf/10.1007/978-981-287-988-2_24.pdf
6 matches

Q@ citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.206.5685&rep=repl&type=pdf
6 matches

Q@ www.wseas.org/multimedia/journals/power/2014/a225716-158.pdf
9 matches

@ https:/www.ripublication.com/ijaer18/ijaervi3n5_84.pdf
7 matches

@ article.sapub.org/pdf/10.5923.].ijee.20120204.08.pdf



https://www.plagscan.com
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.researchgate.net/publication/264817240_Optimal_placement_of_FACTS_controllers_for_maximising_system_loadability_by_PSO
https://vdocuments.mx/documents/ieee-2011-international-conference-on-electrical-engineering-and-informatics-584b67e0004a3.html
http://www.plagscan.com/highlight?doc=119969705&source=3
http://gmsarnjournal.com/home/wp-content/uploads/2015/08/vol5no2-3.pdf
http://www.univ-tebessa.dz/fichiers/laghouat/E21.pdf
https://www.scribd.com/document/333511672/06021665
http://www.plagscan.com/highlight?doc=119969705&source=7
http://journal.esrgroups.org/jes/icraes/CDICRAESFinal/ICRAES16ProcPaper41.pdf
http://www.irdindia.in/journal_ijacect/pdf/vol3_iss4/3.pdf
https://www.researchgate.net/publication/284227393_Simultaneous_Optimization_of_Renewable_Power_at_Transmission_and_Distribution_Grid
https://www.researchgate.net/profile/Saeed_Sepasi2/publication/284227393_Simultaneous_Optimization_of_Renewable_Power_at_Transmission_and_Distribution_Grid/links/5670673908aececfd55320e9.pdf?origin=publication_detail
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.460.4748&rep=rep1&type=pdf
http://www.rroij.com/open-access/pso-based-loadability-enhancement-ofieee-14-bus-system-with-wind-energysources.pdf
http://journals.tubitak.gov.tr/elektrik/issues/elk-13-21-4/elk-21-4-13-1111-12.pdf
https://www.ijser.org/paper/Reactive-Power-Optimization-and-Voltage-Stability-Limit-Improvement.html
http://irphouse.com/ijee/ijeev4n4_4.pdf
http://tarjomefa.com/wp-content/uploads/2017/06/6936-English-TarjomeFa.pdf
https://www.researchgate.net/publication/268180236_Congestion_Management_in_Deregulated_Power_System_using_FACTS_device
https://research.ijcaonline.org/volume48/number2/pxc3880139.pdf
http://www.ecti-thailand.org/assets/papers/1421_pub_65.pdf
http://www.jatit.org/volumes/research-papers/Vol3No4/1vol3no4.pdf
https://link.springer.com/content/pdf/10.1007%2F978-981-287-988-2_24.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.206.5685&rep=rep1&type=pdf
http://www.wseas.org/multimedia/journals/power/2014/a225716-158.pdf
https://www.ripublication.com/ijaer18/ijaerv13n5_84.pdf
http://article.sapub.org/pdf/10.5923.j.ijee.20120204.08.pdf

7 matches

Q@ https://mww.researchgate.net/publication...PSO_Considering_TCSC

(31] 7 matches

@ ww.wseas.us/e-library/conferences/2007venice/papers/600-790.pdf

[32] 9 matches

@ https:/www.sciencedirect.com/science/article/pii/S0378779609001655

[3] 6 matches

@ https://vdocuments.mx/documents/ieee-201...d-589e9d4043354.html

4
[(34] (0.0% ] 6 matches

@ https:/www.researchgate.net/profile/R_K...n=publication_detail

[36] 4 matches

@ pdfsr.com/pdf/congestion-management-usin...of-facts-controllers

371 8 matches

Q@ www.aei.tuke.sk/papers/2015/1/08_Reddy.pdf

(8] 8 matches

@ www.univ-setif.dz/cip2007/Theme_E/Articles_E/E21.pdf

[39] 4 matches

@ https:/www.researchgate.net/profile/Jit...ee-14-Bus-System.pdf

[40] 6 matches

Q file.scirp.org/Html/1834.html

[41] 5 matches

@ https://pdfs.semanticscholar.org/d4ce/b08c45d21bd0e497443a378cal05d9733fd8.pdf

[42] 7 matches

@ https://www.sciencedirect.com/science/article/pii/'S0378779606000630

[43] 5 matches

@ https://www.researchgate.net/publication...g_genetic_algorithms

[44] 4 matches

€ from a PlagScan document dated 2018-04-03 11:37

[47] 5 matches

@ https://www.researchgate.net/publication...Combined_Cycle_Units

[48] 5 matches

@ www.ijcaonline.org/volume7/number2/pxc3871488.pdf

[50] 3 matches

@ https:/www.sciencedirect.com/science/article/pii/S2212017315002339

[51] 3 matches

@ https:/mwww.scribd.com/document/25793251...ximizing-Penetration

[52] 3 matches

1 documents with identical matches

@ https://www.researchgate.net/publication...r_linear_programming

[56] 5 matches

@ https:/www.researchgate.net/publication...a_deregulated_market

[58] 4 matches

@ https:/www.deepdyve.com/Ip/springer-jou...ntrollers-DEL3p0Q9Y0

[60] 2 matches

@ https://link.springer.com/content/pdf/10.1007/978-3-642-53848-3_10.pdf

[61] 3 matches

@ https://www.researchgate.net/profile/Kar...n=publication_detail

[62] 2 matches

@ www.ieejournal.com/wp-content/uploads/Vo...rk Contingency.pdf

[63] 1 matches

@ www.ripublication.com/irphfijict_spl/07_ijictv3n11spl.pdf

[64] 4 matches

@ https:/www.researchgate.net/publication...es_of_Voltage_Source

[65] 2 matches

@ article.sciencepublishinggroup.com/html/10.11648.j.ijsts.20150304.26.html

[66] 2 matches


https://www.researchgate.net/publication/283706683_Multi_Objective_For_Optimal_Reactive_Power_Flow_Using_Modified_PSO_Considering_TCSC
http://www.wseas.us/e-library/conferences/2007venice/papers/600-790.pdf
https://www.sciencedirect.com/science/article/pii/S0378779609001655
https://vdocuments.mx/documents/ieee-2012-3rd-international-conference-on-intelligent-systems-modelling-and-589e9d4043354.html
https://www.researchgate.net/profile/R_Kanimozhi/publication/271282016_A_Novel_Line_Stability_Index_for_Voltage_Stability_Analysis_and_Contingency_Ranking_in_Power_System_Using_Fuzzy_Based_Load_Flow/links/5695cf7008ae820ff074e5a6.pdf?inViewer=0&pdfJsDownload=0&origin=publication_detail
http://pdfsr.com/pdf/congestion-management-using-optimal-choice-and-allocation-of-facts-controllers
http://www.aei.tuke.sk/papers/2015/1/08_Reddy.pdf
http://www.univ-setif.dz/cip2007/Theme_E/Articles_E/E21.pdf
https://www.researchgate.net/profile/Jitendra_Bhadoriya4/publication/305722518_Identification_of_Critical_Transmission_Line_for_Voltage_Collapse_Using_Deterministic_Indices_in_Ieee-14_Bus_System/links/579c2dda08ae802facba5d7d/Identification-of-Critical-Transmission-Line-for-Voltage-Collapse-Using-Deterministic-Indices-in-Ieee-14-Bus-System.pdf
http://file.scirp.org/Html/1834.html
https://pdfs.semanticscholar.org/d4ce/b08c45d21bd0e497443a378ca105d9733fd8.pdf
https://www.sciencedirect.com/science/article/pii/S0378779606000630
https://www.researchgate.net/publication/284791391_Optimal_choice_and_allocation_of_FACTS_devices_using_genetic_algorithms
http://www.plagscan.com/highlight?doc=119969705&source=47
https://www.researchgate.net/publication/224704021_Stochastic_Optimization_Techniques_for_Economic_Dispatch_with_Combined_Cycle_Units
http://www.ijcaonline.org/volume7/number2/pxc3871488.pdf
https://www.sciencedirect.com/science/article/pii/S2212017315002339
https://www.scribd.com/document/257932511/PSO-Based-Optimal-PV-Placement-for-Maximizing-Penetration
https://www.researchgate.net/publication/224179071_Maximizing_power_system_loadability_by_optimal_allocation_of_SVC_using_mixed_integer_linear_programming
https://www.researchgate.net/publication/3862766_Role_of_FACTS_in_a_deregulated_market
https://www.deepdyve.com/lp/springer-journals/power-transfer-capability-enhancement-with-multitype-facts-controllers-DEL3p0Q9Y0
https://link.springer.com/content/pdf/10.1007%2F978-3-642-53848-3_10.pdf
https://www.researchgate.net/profile/Karim_Sebaa/publication/239730909_FACTS_location_and_size_for_reactive_power_system_compensation_through_the_multi-objective_optimization/links/567e7f0208ae051f9ae64361.pdf?origin=publication_detail
http://www.ieejournal.com/wp-content/uploads/Volume/Vol_5_No_12/Firefly Algorithm based Optimal Power Flow with Static VAR Compensator for Improvement of Power System Security under Network Contingency.pdf
http://www.ripublication.com/irph/ijict_spl/07_ijictv3n11spl.pdf
https://www.researchgate.net/publication/252064099_Investigation_of_Harmonic_Characteristics_in_Printer_due_to_Different_Types_of_Voltage_Source
http://article.sciencepublishinggroup.com/html/10.11648.j.ijsts.20150304.26.html

@ https:/www.researchgate.net/publication...Using_L-Index_Method

M 167] (0.0%] 1 matches

@ https:/www.researchgate.net/publication..._IEEE_Press_New_York

v [0l (02%] 2 matches

@ www.ijerd.com/paper/vol8-issue7/J08076974.pdf

v (0:0% ] 2 matches

€ from a PlagScan document dated 2016-10-28 23:27

Vo2l (03%] 2 matches

Q@ https://mww.ibm.com/support/knowledgecen...multivariate_fcs.htm

M [76] (0.0%] 1 matches

@ https://www.researchgate.net/publication... Transmission_Systems

v e (02%] 1 matches

@ https:/www.mathworks.com/matlabcentral/...ration-limit-reached

¥ 180] (0.0%] 1 matches

@ https:/www.sciencedirect.com/science/article/pii/S1877705811016699

v Bl (0:0% ] 1 matches

@ https://link.springer.com/content/pdf/10.1007/s13198-014-0258-x.pdf

v B2 (0:0% ] 1 matches

@ https:/www.researchgate.net/publication...ell_A_Jardy_J-P_Bell

Vo184 (02%] 1 matches

Q@ https://mww.scribd.com/presentation/6380...Into-a-Dynamic-Power

v 187] (0.0%] 1 matches

6 pages, 4764 words

PlagLevel: selected / overall
244 matches from 89 sources, of which 83 are online sources.

Settings

Data policy: Compare with web sources, Check against my documents, Check against my documents in the organization repository, Check
against organization repository, Check against the Plagiarism Prevention Pool

Sensitivity: Medium

Bibliography: Consider text

Citation detection: Reduce PlagLevel

Whitelist: --


https://www.researchgate.net/publication/273594884_Improvement_of_Voltage_Profile_through_the_Optimal_Placement_of_FACTS_Using_L-Index_Method
https://www.researchgate.net/publication/246160446_Understanding_FACTS_concepts_and_technology_flexible_AC_transmission_systems_IEEE_Press_New_York
http://www.ijerd.com/paper/vol8-issue7/J08076974.pdf
http://www.plagscan.com/highlight?doc=119969705&source=72
https://www.ibm.com/support/knowledgecenter/SSLVMB_22.0.0/com.ibm.spss.statistics.algorithms/alg_multiple_imputation_multivariate_fcs.htm
https://www.researchgate.net/publication/4378032_Understanding_FACTS_Concepts_and_Technology_of_Flexible_AC_Transmission_Systems
https://www.mathworks.com/matlabcentral/answers/157908-stepwiseglm-what-is-happening-when-warning-iteration-limit-reached
https://www.sciencedirect.com/science/article/pii/S1877705811016699
https://link.springer.com/content/pdf/10.1007%2Fs13198-014-0258-x.pdf
https://www.researchgate.net/publication/263313854_The_viscosity_of_aluminium_and_its_alloys-A_review_of_data_and_models_Special_Section_Proceedings_of_the_2003_International_Symposium_on_Liquid_Metals_Guest_Editors_P_D_Lee_A_Mitchell_A_Jardy_J-P_Bell
https://www.scribd.com/presentation/63808178/Integration-of-FACTS-Devices-Into-a-Dynamic-Power

2012 Third International Conference on Intelligent Systems Modelling and Simulation

Optimal Placement of A Series FACTS Controller in Java-Bali 24-bus Indonesian
System for Maximizing System Loadability by Evolutionary Optimization Technique

I Made Wartana”, Student Member, IEEE, J G Singh”, Member, IEEE, Werakorn Ongsakul®, Member,
IEEE, Ni Putu Agustini®
DP)Electrical Dept., National Institute of Technology (ITN), Malang 65145, Indonesia

e-mail: niputu.agustini

ahoo.co.id

YEnergy FoS, Asian Institute of Technology (AIT), Pathumthani 12120, Thailand

e-mail: m.wartana@hotmail.com; jgsingh@ait.ac.th; ongsakul

Abstract—In this paper, a series FACTS controller namely
Thyristor Controller Series Compensator (TCSC) has been
suggested to enhance the power system loadability. The
location of the controller and the setting of their control
parameters are optimized by one type of Evolutionary
Optimization Technique to improve the performance of the
power network. The objective functions are to maximize the
system loadability whereas maintaining system security and
stability margins, e.g., small signal stability, voltage stability
index, and line stability factor within limits by considering
the investment costs of the controller and minimizing active
power loss of the system. The series FACTS controller is
modeled and incorporated in the Newton Raphson power
flow problem. The effectiveness of the proposed
methodology has been investigated on a practical Java-Bali
24-bus Indonesian grid system.

Keywords-evolutionary optimization techniqu; FACTS
controllers; system loadability; system security and stability
margins.

1. INTRODUCTION

In recent decades, the actual power systems are facing
new challenges due to deregulation and restructuring of
the electricity market™tt has become imperative to better
utilize the existing power networks to increase capacities
by installing FACTS controllers [1][.1}Thc variables and
parameter of the transmission line, which include line
reactance, voltage magnitude, and phase angle are able to
be controlled using FACTS controllers in a fast and
effective way [2]. The benefits derived from FACTS
include improvement of the stability of power system
networks, such as the small signal stability, transient
stability, and thus enhance system reliability[.lTIowever,
controlling power flows is the main function of FACTS
[3],[4][.2Maximal system loadability can also be obtained
with the optimal location and parameter setting of
FACTS controllers [5],[6][.1%11050 basic ideas behind the
FACTS concept play an active role in the operation and
control of competitive power systems[.l

The maximum benefit of the FACTS controllers
depends greatly on how these controllers are allocated in
the power syslem[.'ﬁamel% on their location and settings
[4]. The range of FACTS controllers includes: Static Var
Compensator (SVC); Thyristor Controlled Series
Compensator (TCSC); Unified Power Flow Controller
(UPFC); and Static Compensator (STATCOM).

978-0-7695-4668-1/12 $26.00 © 2012 IEEE
DOI 10.1109/1SMS.2012.133
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In the last few years, in the research arena of
computational intelligence, several cooperative and
competitive stochastic search techniques have rapidly
2iained popularity as efficient optimization techniques.

®uch techniques include a hybrid Tabu Search (TS) and

Simulated ~ Annealing  (SA) [7], Evolutionary
Programming (EP) [8], Genetic Algorithm (GA) [9],[1052,}
Bacterial Swarming Algorithm (BSA) [llﬂz,}zmd Particle
Swarm Optimization (PSO) [12],[13]. The GA and PSO
techniques have been formulated to solve optimal
location and parameter settings of multiple TCSCs and
UPFCs to increase power system loadability [13],[14][.”
The application of PSO technique for optimal location of
multiple FACTS controllers, taking into consideration the
cost of installation and the system loadability, has been
reported [5], [14].

From the previous works, it can be concluded that the
problem of optimal location of FACTS controllers using
PSO algorithm is generally formulated as a mono-
objective optimization problem. Unfortunately, the
formulation of FACTS location problem as a mono-
objective optimization is not quite practical. While,
planners the power systems aim to take advantage of
FACTS controllers considering several objectives at the
same time. However, the dynamic performance base on
small signal stability considering the investment cost of
FACTS controllers, active power loss, and their impact
on placement to maximize system loadability in the
network are not wholly considered yet.

In this paper, the PSO algorithm is developed for
optimal placement of single TCSC device to maximize
system loadability within system security and stability
margins. By means of the optimal placement of TCSC
device, system loadability is maximized and
simultaneously the installation cost and active power loss
of the controller is minimized as well.

II. COMPONENT MODELLING

A. Power System Modeling

In this paper, the dynamic nature of the controller
requires detailed dynamic modelling of power system
components [15] have been considered as follow.
Synchronous machine has been modelled as IEEE Type
5.2 whereas turbine governor model is considered as
IEEE Type 1. In addition, AVR has been taken as IEEE
Type 2 model.
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The robust controller continuously monitors and
adjusts the grid parameters for achieving maximum
system loadability. Among the various factors required
for increasing the system loadability, which considered
were voltage setting of slack and voltage controlled buses
and the line loading of transmission line. Controller
adjusts the settings of AVR and turbine governor for
reactive and active power support and power requirement
during increasing power system loadability. Eigenvalue
based stability constraints and voltage and line stability
indices have been used to assure the grid stability at
various levels of increasing power system loadability.

B. TCSC Modeling

The basic idea behind power flow control with the
TCSC is to decrease or increase the overall lines effective
series transmission impedance, by adding a capacitive or
inductive reactive correspondingly. The TCSC [455}is
modeled as variable impedance where the equivalent
reactance of line is defined as:

Xj =Xine +X:('S(' @
where, X, is the transmission line reactance, and Xrcsce
is the TCSC reactance A fter installing TCSC, the new
reactance of line is presented by:

X; =(—¢, X, @
where, ¢, is the percentage of reactance compensation.
UPhe level of the applied compensation of the TCSC

usually varies between 20% inductive and 80%
capacitive.

III. PROBLEM FORMULATION

As specified, the aim of optimization is to place the
UPFC controller into a power network in the most
favorable positions in order to optimize the location and
setting of single UPFC controller”"This is to maximize
system loadability (MSL) by maintaining security and
stability margins and to minimize the investment cost (C)
of the UPFC controller’ > The objective functions taken
into account in this paper are expounded in detail in this
section.

Al MAximize the System Loadability (SL)
Maximize F,(x,u) ={4 } 3)

N, N,
Subjectto V=" OLIxY BVV, (4)

i=1 i=1
where VL is the thermal and bus violation limit factor,
OLL; and BVYV; represent the overloaded line factor and
branch the bus voltage violation factor, respectively; and
is elaborated in (8) and (9); N, and N, are the total
numbers of transmission lines and buses, respectively. In
addition A;is a load parameter of the system, which
intends to locate the maximum sum of power that the
network is able to supply within the system security
margin.

PPhe load parameter A; in (3) is defined as a function of

a load factor As:

A=expbja At A emary )

where y is the coefficient to adjust the slope of the
function, and ﬂr}m is the maximal limit of A¢. The load

factor As reflects the variation of power loads Py;and Qy;,
which are defined as [10]:

P(1,)=4p, 1i=m+l, .. N (6)

Q)=4,Q, i=m+l, ..., Ny (7)

where, mis the total number of generator buses. A¢ = 1

indicates the base case load.

The indexes of the system security state consist of two
parts. The first part, OLL;, relates to the branch loading
and penalizes overloads in the lines"he value of OLL;
equals to 1 if the jth branch loading is less than its rating.
q LL; increases logarithmly (actual logarithm) with the
overload and it can be calculated from:

r it P <P,

OLL =
exp[rou
max

where Py and P

buses i and j and the thermal limit for the line between

®)
1_

ﬁt ’ 1 P‘I > P)I:ﬂdx’
Pij

are the real power flow between

buses i and j respectively. Iy, | is the coefficient which
is used to adjust the slope of the exponential function.
“Phe second part BVVjin (4) concerns the voltage

levels for each bus of the power network! Mhe value of
BVV; is defined as:

4
BVV =1’
eXp(rBW‘l -V
where BVVj is the bus voltage violation factor at bus j and

if0.9<V, <1.1

); otherwise

©

I’y tepresents the coefficient used to adjust the slope

of the exponential function in the above equation. The

equation shows that appropriate voltage magnitudes are
close to 1 p.u[.lgimilar to OLL;, the value of BVV; is equal
to 1 if the voltage level falls between the minimal and

maximal voltage limits'? Outside the range, BVYV;
increases exponentially with the voltage variation.

B. Minimize the installation cost (C) of TCSC

The installation cost of FACTS controllers has been
mathematically formulated and is given by [5],[13][.2’

E (x,u)= IC(f)x Sx1000 (10)
where, F,(x,u) is the optimal installation cost of
FACTS controllers in US$ , IC(f) is the installation cost
of FACTS controllers in US$/kVAR and f is vector that
represents the variable of FACTS controllers.

(Based on the Siemens AG Database [5],[1052¥hc cost
functions for FACTS controllers are developed[}ﬁ"he cost
function for TCSC is:

Cresc=00015 S -07130 S453.75

For UPFC:
whereEzPCTgsc is in US$/kVAR and S is the operating
range of the FACTS controllers in MVAR.

an
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Fig. 1. Cost function of the FACTS controllers: TCSC, SVC and

UPFC.
s =R.[-K1 12)

where, Q,is the reactive power flow in the line after
installing FACTS controllers in MVAR and Q,is the
reactive power flow in the line before installing FACTS
controllers in MVAR.

UMie cost function for TCSC, SVC, and UPFC are
shown in Fig. 2.

C. Minimization of Active Power Loss (Pjoss) of the
transmission lines
This objective is to minimize the active power losses
(Ploss) in the transmission lines and which can be
expressed as:

Nl

Foow) =3

1

g V+ ¥ —2VV, cos B8, —5,](13)
where, N is the number of transmission linesnggk is the
conductance of the k™ line; V28, and V;£§; are the
voltages at the end buses-i and j of the k™ line,
respectively.

D. Dependent and Control Variavble

In the two objective functions, x is the vector of
dependent variables such as slack bus power Pg; load
bus voltage V... %, generator reactive power outputs

Qg and apparent power flow Si'X can be expressed as:
X" =BV, Vs Qg QeSS ] (14)

Furthermore, u is a set of the control variables, such
as generator real power outputs Pg except at the slack bus
Pgi, generator voltages Vg, and the locations of FACTS
controllers, L, and their parameter settings[l}u can be
expressed as:

¥ =R B, VooV, LX resod ] (15)

The equality and inequality constraints of the Newton
Raphson Power Flow (NRPF) problem incorporating
FACTS controllers are given in following subsection.

El ﬁ:]qﬁlality Constraint

These constraints represent the typical load flow
equations as follows:

Ny
[z}g = P+ }g\{((}dcosé“jﬁ— B, smé‘ij); 1=123..N, (16)

Ny
Q = Q+ V) V(Gsing, - Boss,} 1-123..N, (17)
i=1

where, Ny, is the number of buses in the system.

F. Inequality Constraint

The inequality constraints h(x, u) are limits of control
variables and state variables. Generator active power Pg,
reactive power Qg, voltage V;, and phase angle §; are
restricted by their limits as follows:

P <p, <P™ i=l...,m
Gi i Gi
QG‘"‘“ <Qg Q™ i=1,...m (18)
Y V™ i=l, N
-09<6, <09 i=lo,Ny
The parameter settings of multi-type FACTS
controllers are restricted by their limits as follows:
ese € Xrese <X
I < by < B 19
\énin < VS < V;mx
erig” <igy <igy”
The constraint of transmission loading Pj; is
represented as
L _
B|< Ffj ;o 1= L. N (20)
The load factor A is constrained by its limits as:
1<, <A 1)

Power System Stability Constraints
e Small signal stability
The system used for the small signal stability analysis
is a differential algebraic equation (DAE) set, in the

form:

. x=f(xy)
il
O=gky)
where, x is the vector of the state variables and y the
vector of the algebraic variables, which are only voltages
amplitudes V and phases 0" he system state matrix Ag is
thus computed by manipulating the complete Jacobian
matrix A., which is defined by the linearization of the
DAE system equations (30) as follow.

[a{ } e5)

e wafal e @)

X y AX
0 Ve Vg G, G, Ay

The state matrix A is simply obtained by eliminating the
algebraic variables as follow.

A=F-FG G,

(22)

24

where, Fy, Fy, G, Gy are Jacobian Matrices as given in
(30).

If the complex eigenvalues of the linearized system
have negative real parts, then the power system would be
able to withstand small disturbances and is thus,
considered stable in the small-signal sense. " The
eigenvalue stability analysis is incorporated in the
constraint by the equation in PSAT [15], [23]:
7P Ej(Fx. Fy,Gy.Gy) =0 (25)

The eigenvalue based stability assures grid stability
u der various levels of system loadability.
e Fast voltage stability index

Fast Voltage Stability Index (FVSI) proposed by
Musirin [16] is utilized in this paper to assure the safe bus

B
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loading[.s(’The FVSI is the device used to indicate the
voltage stability condition formulated based on a line or a
bus as defined by
2
Pyt = p ot (26)
Vi X

where, Z is the line impedance, X is the line reactance, Q;
is the reactive power at the receiving end, and V; is the
sending and voltage.

"Phe line that exhibits FVSI close to 1100 implies that it
is approaching its instability point[.le FVSI goes beyond
1 0, one of the buses connected to the line will
experience a sudden voltage drop leading to the collapse
of the system[.lFVSI index incorporation in the controller
assures that no bus will collapse due to overloading.

e Line stability factor

System stability index is also assured by Line Stability
Factor (LQP) proposed by A Mohamed et al [17][.36rhc
formulation begins with the power equation in a power
system and is expressed as

LQP = 4 % %1)].2 +Q; @7
AN

where, X is the line reactance, V; is the sending end
voltage, Pjis the sending end real power, and Q; is the
receiving end reactive power. The LQP must be kept less
than 1.00 to maintain a stable system. LQP assure the
controller that no line is over loaded under any grid
condition.

IV. METHODOLOGY DEVELOPMENT

AlU¥erview of PSO

Particle Swarm Optimization (PSO) is a relatively new
and robust stochastic heuristic optimization technique
introduced by Eberhart and Kennedy [6]. It is based on
the movement and intelligence of swarms of insects or
flocks of birds and other such groups. In a PSO system,
the group is a community made up of all flying particles
moving around in a multidimensional space. While in
flight, each particle modifies its position according to its
own experience, as well as the experience of neighboring
particles, until it finds a relatively static point or until -
computational limitations are surpassed[.]}

Each particle in search space is defined by the
’Xi(

following elements [2, 3]E1 is the value of particle i

at generation K he update of particle i in the search
space is defined by (24); Phesp is the best value found

by the particle i until generation k[f}vik+1 is the velocity
of particle i at generation K he update of velocity during
the search procedure is presented by (24); gp.., 1is the

best particle found in the group until generation k

Xik+] _ Xik +v1!( +1 (28)

kil ok and K, ¢ x rand (w .
Vi T WO TG X Poegt, T i QX TG (Bhest™ N

where,
w: weighting function,

(29)

ci: weifhting factor,
rand; PFandom number between 0 and 1,
pbcs\l[.lgbest of particle i,
5
Loest+ Sbest of the group['
The following weighting function is usually utilized [2]:
Wmax — Wmin .
W=Wmax = . Xxiter (30)
iter; ax
where:
Wmax: 1nitial weight,
Wmin: final weight,
iter,.x: maximum iteration number,
iter: current iteration number.

B. Calculation of Fitness Function

The controlled problem of optimization for the best
possible placement of single TCSC device is changed
into an unconstrained optimization problem using a
penalty factor (PF) as given in (31). This becomes the
fitness function in the PSO technique.

Fitnessfunction =u \F, —u,E -, E + PF#VL—I\(31)

There are forth terms to the equation. The first term
corresponds to maximize SL of the TCSC device
formulated by (3). The second and the third terms
correspond to minimize system installation costs of the
TCSC device and simultaneously to minimize active
power loss of transmission system represented by (10)
and (13), respectively. The last term corresponds to a
constraints violation that is multiplied by a PF to
calculate the fitness function given by (31) for each
particle. j;is the weighting coefficient which is used to
adjust the slope of the PSO. For each particle, the line
and the bus data is updated according to its TCSC
device's setting and location and the current system
loadability (SL). The NRPF method is performed to
gauge the voltage at each bus and line flow''ts sing these
results, the value of VL for each particle is attained by
using (4) and the fitness function of each particle is
calculated by using (31). The particle that gives the
maximum value for the fitness function in the population
is considered as gpes; particle[.l}

The new velocity and the new position of each particle
are calculated using (29) and (28), respectively[.ml"he
procedures are repeated until the maximum number of
iterations is reached then the value of VL and all stability
constrains as shown in (25), (26) and (27) for the gpes
particle is checked. If the value is equal to 1, then using
that gpes particle, the current value of SL can be met out
without violating line flow, bus voltage limit constraints,
and all stability constrains within limits as well. In
addition, the gy particle is saved together with its
installation cost and SL. SL is then increased again when
the PSO algorithm is run. If the value of VL for the gpey
particle is not equal to 1 then the g particle is unable to
meet out the current SL and the gy particle with VL = 1,
obtained in the previous run, is considered as the best
optimal setting. The SL corresponding to that gy particle
is considered as the maximum SL.

3D
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V. SIMULATION AND DISCUSSION
A. Be-objective Optimization

Firstly, the optimization problem is formulated as bi-
objective optimizations problem considering
maximization of the system loadability and minimization
of the installation cost (C) of the TCSC device within
security and all stability matrgins[,l

In order to give a more practical aspect to this paper,
the proposed method has been applied on the realistic
Java-Bali 24-bus Indonesian grid system [18]. Single line
diagram of the system is shown at Fig. A.1, the bus and
line data are taken from the Indonesia Government
Electrical Company and which has 8 generators and 49
lines. The total active and reactive load of the system is
10570.87 MW and 4549.23 MVAR, respectively.

TABLE 1
NSGA-II SOLUTIONS OF CASE 1 FOR BI-OBJECTIVE OPTIMIZATIONS
Location | Compensation Max. SL | Min. C Pross
(line) %) @ | (x109USs | (pu)
18-19 20 166.34 0.44 4.93

The optimal locations and parameter settings of the
TCSC needed to attain the maximum SL and the
minimum C, of the systems are shown in Table I. From
Table 1, it is observed that placing TCSC in the line 18-
19 (KMBNG-GNDUL) with setting of 20 % from
reference gives the maximum SL and the minimum C of
$ 0.44 million by considering stability constrains,
respectively with total Py 0f 4.93 pu.

The eigenvalue, represented the stability of system in
term of small signal stability at the optimal solution
solution depicts in Fig. 2. It is evident that the
installation of TCSC assures grid stability with all the
eigenvalues in the left hand side of the S-plane during the
optimal solution. Furthermore, the graph does not include
the far end stable eigenvalues (real eigenvalue less than -
0.2) in the chart, whereas Fig. 3 shows the stability of the
system, represented by their FVSI, and LPQ results, at the
optimal solutions of system loadability using the TCSC.

10
®Eigenvalue ® ° & =~
=
L
Real part fo
<
¢ DN ——— o (I
0.2 -0.15 -0.1 -0.05 é"
e

¢ °
=16

Fig. 2 Eigenvalue of optimal placement of TCSC for Java-Bali 24-bus
Indonesian system for bi-objective optimizations.
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Fig. 20 Pareto front of optimal placement of TCSC for Java-Bali 24-bus
Indonesian system for bi-objective optimizations.

B. Three-objective Optimization

In this step, the problem is formulated as three-
objective optimisations, by added the minimization of
active power losses (Pjos) of the power system to the first
problem[.”fhc optimal locations and parameter settings of
TCSC device of the three-objectives by considering
security and all the stability constraints is presented in
Table II. From this table, it is clear that the installation of
TCSC in line 19-1 (GNDUL-SRLYA) provides the
maximum SL of 265.33 %, whereas the minimum C of
the device and Ploss are $1.30 million and 3.08 pu,
respectively. The stability constraints at the optimal
solutions that represented by its eigenvalue, FVSI, and
LQP within acceptable limits are depicted in Figs. 3 and
4.

When compared with first step, from table II can be
concluded that placing the TCSC in the line 19-1 with
compensation setting of 20 % significantly reduced the
Pyoss Of transmission system from 4.93 pu to 3.08 pu with
similar maximum SL, but of course the installation cost
(C) in this step increased almost three times. Figs?g and 4
show the stability of the system, represented by their
eigenvalues, FVSI, and LPQ results, at the optimal
solutions of system loadability using the TCSC.

TABLE I1
NSGA-II SOLUTIONS OF CASE 1 FOR THREE -OBJECTIVES
OPTIMIZATIONS
Location | Compensation Max. SL | Min. C Min. Pioss
(line) (%) ©) | 109USs | (pw
19-1 20 165.33 1.30 3.08
w’
®Eigenvalue
g < ® £
| =
Real part Fo
<
S— OO0 £
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* ®
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Fig. 3 Eigenvalue of optimal placement of TCSC for Java-Bali 24-bus
Indonesian system for three-objective optimizations
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Fig. 4. Pareto front of optimal placement of TCSC for Java-Bali 24-bus
Indonesian system for three-objective optimizations

VI. CONCLUTION

This research uses the most powerful evolutionary
optimization technique, namely, Particle Swarm
Optimization (PSO) to maximize system loadability by
placing single TCSC device in the most optimal location.
Since the TCSC device is expensive, maximizing system
loadability is subject to minimizing the investment costs
of TCSC device and active power loss of transmission
line. The results obtained from implementing this show
that the proposed technique performed well.

This technique has superior features that include high
quality solution, stable convergence characteristics, and
good computation efficiency. Moreover the results show
that the system's loadability can be increased efficiently
by the PSO algorithm within the security and stability
margins. In addition, the algorithm is able to solve the
optimal location and settings of the one type of series
FACTS controllers formulated as multi-objective
optimizations problem and applied to realistic power
system. Thus all the obtained results validate and support
the proposed technique.
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