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KEYWORDS Abstract In present days, continuous effort is being made in bringing down the line losses of the

electrical distribution networks. Therefore proper allocation of capacitors is of utmost importance
because, it will help in reducing the line losses and maintaining the bus voltage. This in turn results
in improving the stability and reliability of the system. In this paper Whale Optimization Algorithm
(WOA) is used to find optimal sizing and placement of capacitors for a typical radial distribution
system. Multi objectives such as operating cost reduction and power loss minimization with
inequality constraints on voltage limits are considered and the proposed algorithm is validated
by applying it on standard radial systems: IEEE-34 bus and IEEE-85 bus radial distribution test
systems. The results obtained are compared with those of existing algorithms. The results show that
the proposed algorithm is more effective in bringing down the operating costs and in maintaining
better voltage profile.

© 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. Thisis an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Whale Optimization
Algorithm (WOA);

Optimal allocation and sizing
of capacitors;

Power loss reduction and
voltage stability improve-
ment;

Radial distribution system;
Operating cost minimization

1. Introduction tribution systems feed inductive loads which leads to higher

power losses in the distribution network and poor power fac-

Electric power distribution system normally operates at low
voltage levels and current is generally high. Majority of the dis-
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rithm; MILP, Mixed Integer Linear Programming; MINLP, Mixed
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tor accompanied by voltage sags. So, the cost of the power
increases. It is reported that about 13% of the total generation
is lost in the low voltage distribution network as line losses [1].
Therefore it is necessary to find alternate approaches to over-
come these problems and ensure stability, reliability and qual-
ity of electric power supply. Connecting capacitors is a well-
known solution to the above stated problems [2,3]. Shunt
capacitors effectively reduce power loss in the system. Gener-
ally, these are used as reactive power compensators in the net-
work. Capacitors will improve the overall system performance
by maintaining voltage levels within the acceptable limits [4,5].
But improper placing of capacitors leads to even higher system
losses and voltage drops [6].Therefore proper planning and
designing is required to place the capacitors. In the recent past,
research has concentrated on placing the capacitors in the
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