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a b s t r a c t

One of the main aims of the System Operator (SO) is to maintain in every moment the system parameters
between feasible operational margins. In certain periods of the day the load suffers fast changes which
cause, specially when it tends to increase, a generalized voltage decrement and a more stressed condition
for many reactive resources. In such cases, many devices may arrive to their operational limits, situation
which translates into a weaker system. To avoid this negative effect the control variables should be
rescheduled to maintain the normal operation conditions in the foreseeable future. This work proposes
a useful tool to assist the SO when determining such actions. The main improvements are due to the
implementation of a hybrid method that allows the comparison of different kinds of control variables
and the inclusion of the operator background and experience in the algorithm that determines the actions.
The performance of the proposed method is tested in both the IEEE 14-Bus and 118-Bus test systems.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Voltage control in an electric system is one of the most critical
tasks for the System Operator (SO), especially when market lib-
eralization as well as the increment in demand cause the system
to work under heavy load conditions, usually close to its working
limits. Consequently, it is important for the operator to have at his
disposal as much information and assistance as possible. This assis-
tance should be useful to take the pertinent decisions in normal
system operation [1,2].

This paper presents a method that focus on the assistance
needed by the SO in normal operation state providing important
information about the evolution of the system when the load varies
and determining a reduced number of control actions to improve
that system evolution. The main objective is to enlarge the sys-
tem feasible operational region when working with the future load
conditions. The proposed approach consists in avoiding, as far as
possible, the limits on the reactive devices by redistributing the
reactive generation effort among the available facilities. By doing
so, the system becomes more flexible and the new working point
will be further away from the operational limits. One of the main
improvements presented is the inclusion of a hybrid method that
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allows the comparison of different kinds of control actions rank-
ing them according to their efficiency in reaching the proposed
objective.

The reactive control variables (u) at the disposal of the SO con-
sidered in this work are the voltages of the PV buses, Vg , LTC
transformers, t, and capacitor or reactor banks, (bsh). Units’ addi-
tional active power rescheduling and load shedding are active
power control actions used to prevent voltage collapse when the
system is close to this critical point. As this work is aimed to study
the system evolution in normal situation such actions will not be
considered, even if the method could be easily extended to include
them.

The method can be easily applied to take into account the most
probable and critical contingencies which may happen in each
scenario. This can be done just by releasing the line or genera-
tor considered in the contingency and executing the method with
the resulting system state. The SO can study in such a way several
scenarios, getting valuable information about the most pertinent
preventive actions in different cases.

For a particular operating point and following a specific pattern
of load increment, the amount of additional load that would cause
an infeasible working point is called the loading margin. There are
several techniques to determine the loading margin caused by a
voltage collapse [3,4].

Continuation methods [5–8] are based on the power flow equa-
tions of the system, looking for the load that leads the system out
of its feasible operational region. The method consists in following
the solution path from a base case to a loadability limit, taking into
account that the path folds at the limit point. Another possibility is
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