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a b s t r a c t

Genetic algorithms (GAs) are widely used for optimal allocation of capacitors in distribution systems.
When dealing with large-scale systems, such as in case of unbalanced multi-converter distribution sys-
tems, these algorithms can require significant computational efforts, which reduce their effectiveness. In
order to reduce processing time for GAs and simultaneously maintain adequate levels of accuracy, meth-
ods based on the reduction of the search space of GAs or based on micro-genetic algorithms have been
proposed. These methods generally guarantee good solutions with acceptable levels of computational
effort. In this paper, some fast, GA-based methods are compared and applied for solving the problem
of optimal sizing and siting of capacitors in unbalanced multi-converter distribution systems. The algo-
rithms have been implemented and tested on the unbalanced IEEE 34-bus test distribution system, and
their performances have been compared with the performance of the simple genetic algorithm technique.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

In this paper, the problem of determining the optimal sizing and
location of capacitors in distribution systems is considered. This is
a typical example of a large-scale, mixed, non-linear, constrained,
optimization problem, since the solution should take into account
various operational and equipment limits.

The objective of the capacitor placement is either to minimize
the total costs (i.e., costs of capacitors and losses) or to optimize the
voltage profile, and to make sure that these capacitors will have the
minimum impact on the waveform distortion of the bus voltages in
the distribution system. This is due to the possibility of unwanted
over-voltages that may be caused by harmonic resonance due to the
presence of static converters in the system. Furthermore, the facts
that distribution systems can operate with unbalanced loading con-
ditions and can be characterized by the presence of feeders with
missing phases mean that the optimization will have to account
for any unbalances in the system.

Then, the optimal placement of capacitors should be formu-
lated with reference to an unbalanced multi-converter distribution
system.

∗ Corresponding author. Tel.: +39 0817683212; fax: +39 0812396897.
E-mail address: danproto@unina.it (D. Proto).

Such problems can be solved by using GAs that have been proven
to find good solutions for sizing and locating capacitors [1–9]. How-
ever, as the system size increases, as is the case for unbalanced
systems in which the waveform distortions have to be taken into
account, the solution of this problem by GAs requires extensive cal-
culation capacity and time, making efforts to produce fast solution
procedures important.

In order to reduce processing time while maintaining reasonable
accuracy, methods based on the reduction of GA search space or
micro-genetic algorithms can be used.

A reduced feasible region, i.e., the search space, can be deter-
mined by means of sensitivity structures [8,9] or by fuzzy logic
[10]; therefore, the optimization problem is faced in two steps, i.e.,
(1) determine the reduced feasible region (i.e., the reduced set of
candidate busbars for the capacitor location) and (2) find the opti-
mal solution in this reduced region, f.i. applying a simple genetic
algorithm.

In this paper, two different approaches for the reduction of the
feasible region are assessed. The first approach is based on the
Inherent Structure Theory of Networks (ISTN); this Theory, which
is based on the spectral representation of the admittance matrix,
helps identify the individual candidate busbars at which the con-
nection of a capacitor will give the maximum improvement of the
voltage profile. The ISTN is based on the reformulation of network
admittance and impedance matrices with respect to their eigen-
values and eigenvectors, and the Theory was first proposed by
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