Accepted Manuscript P -

Optimal placement of TCSC and SVC for reactive power planning using Whale
optimization algorithm

Saurav Raj, Biplab Bhattacharyya

PII: S2210-6502(16)30113-4
DOI: 10.1016/j.swevo.2017.12.008
Reference: SWEVO 339

To appearin:  Swarm and Evolutionary Computation BASE DATA

Received Date: 14 July 2016
Revised Date: 15 November 2017
Accepted Date: 17 December 2017

Please cite this article as: S. Raj, B. Bhattacharyya, Optimal placement of TCSC and SVC for reactive
power planning using Whale optimization algorithm, Swarm and Evolutionary Computation BASE DATA
(2018), doi: 10.1016/j.swevo.2017.12.008.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.swevo.2017.12.008

Optimal placement of TCSC and SVC for reactive power
planning using Whale optimization algorithm

Saurav Raj, Biplab Bhattacharyya
Department of Electrical Engineering,
Indian Institute of Technology(Indian School of Mg), Dhanbad-826004, India.
Email: sauravsonusahu@agmail.com, biplabdgpl@rediffoom

Abstract: In the present work, Whale optimization algorittMiOA), Differential evolution
(DE), Grey wolf optimization (GWO), Quasi-oppositiobased Differential Evolution
(QODE) and Quasi-opposition based Grey wolf optation (QOGWO) algorithm has been
applied for the solution of reactive power plannwgh FACTS devices i.e., Thyristor
controlled series compensator (TCSC) and Static &anpensator (SVC). WOA is a
recently developed nature-inspired meta-heuridgorahm based on hunting behaviour of
Humpback Whales; DE is a stochastic real-paranmiBmization technique comprising of
genetic parameters namely - mutation & cross-oaad GWO is a nature-inspired meta-
heuristic algorithm based on hunting behaviour odyGvolf. Standard IEEE 30 and IEEE 57
bus test system has been adopted for the testiqgpges. Location of TCSC has been
determined by the power flow analysis method amdtion of SVC has been determined by
the voltage collapse proximity indication (VCPI) tined. Further, WOA, GWO, DE, QODE
and QOGWO algorithms have been applied to findofitemal setting of all control variables
including TCSC, the series type and SVC, the skintt of FACTS device in the test system
which minimizes active power loss and system opegatost while maintaining voltage
profile within permissible limit. The superiorityf the proposed WOA technique has been
illustrated by comparing the results obtained walh other techniques discussed in the
present problem. ANOVA test has also been condutbtedhow the statistical analysis
between different techniques. The proposed appreadws lesser number of iterations
which does not gets trapped in the local minima afiggrs promising convergence
characteristics.

Key words: Grey wolf optimization; Reactive power; SVC; TCS®ltage collapse; Whale
optimization.

1. Introduction

In the prevailing power system networks, the ecanoand environmental friendly
transfer of electrical energy is a challenging tdsk the power system operators.
Construction of new transmission lines to meet ¢herent electricity demand cannot be
considered a feasible option due to many reasariadimg the cost as one of the prime
factor. The need for more efficient and fast resjog electrical systems has prompted the
use of a new technology based on solid-state deuitetransmission system. The new
technology includes Flexible AC transmission sys{EMCTS) devices with existing power
system to improve the performance of the poweresystin a connected power network,
FACTS provides new opportunity for controlling tlee power flow and minimizing losses
while maintaining the bus voltages within a permbies limit. Effective and co-ordinated
reactive power planning at weak buses of poweesgyshay help in minimizing active power
loss and improve the voltage profile of entire cected power network.

Authors have presented simulated annealing bagedithim in [1-2] for the optimal

placement of capacitors in a connected power n&tvodal analysis method to determine
the weak buses for the voltage stability improveimendescribed in [3]. The concept of
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