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a b s t r a c t

One of the most important responsibilities of Distribution System Operator (DSO) is to maintain the cus-
tomer voltage within specified ranges. Capacitor banks have long been used to provide voltage support
and to correct displacement power factor on distribution network. This paper presents a new approach
for real time voltage control of distribution networks that has improvements over the conventional volt-
age control models. This approach will be active in emergency conditions where, in real time, the voltages
in some nodes leave their permissible ranges. In the proposed model, it is assumed that renewable dis-
tributed generations are integrated in the distribution system, and the communication infrastructure of
smart grid has already been implemented. Also, all the capacitors are fitted with Remote Terminal Unit
(RTU) and are completely accessible and controllable. Unlike previous voltage control methods, the pro-
posed approach does not need the load and renewable generation forecast data to regulate voltage. More-
over, the calculation time of the proposed approach is considerably reduced. The proposed voltage
control algorithm is applied on two different models, and each presented model has a substantial
improvement over previous models. DSO can choose one of them based on a trade-off between cost
and power quality index. To verify the effectiveness and robustness of the proposed control scheme,
the developed voltage control scheme is tested on a typical distribution network. The simulation results
show that the proposed real time voltage control has the capability to maintain distribution voltage in
specified ranges.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Due to the development of renewable Distributed Generation
(DG), which is installed in medium-voltage distribution grid,
voltage control currently is a very important issue in distribution
systems. Smart grid should provide new digital technologies such
as monitoring, two way communication facilities, and automatic
control to improve the overall performance of the distribution grid.
Voltage control is one of these performances that is developed by
utilizing new communication and monitoring equipments.

The presence of renewable DGs can affect voltage profile in the
distribution network [1]; the output of these units is variable and
this power variation has direct influence on voltage profile. One
of the important equipment for voltage regulation in distribution
network are shunt capacitors which are used to inject reactive
power to eliminate voltage drops on long feeders, and to correct
power factor. Initially, the distribution capacitors were installed
in the traditional fashion as fixed installations. These fixed
capacitor banks were switched manually on a seasonal basis.

Therefore, for optimum and cost effective operation of these
switched capacitors, it is necessary to coordinate them in a smart
fashion. These capacitors can mitigate the voltage fluctuations
and increase the consumer expected power quality if they are
switched properly.

In the last decade, online monitoring of distribution network
has been a hot topic in power system engineering. The new control
system as well as communication link have been integrated to
power system that help operators to manage the system effi-
ciently. The Distribution Automation (DA) system provides Super-
visory Control And Data Acquisition (SCADA) capabilities
throughout the modern distribution system. The communication
infrastructure supports measurement and control systems such
as Remote Terminal Units (RTUs) in distribution substations or
feeders. With this wide spread deployment of DA, the Distribution
System Operator (DSO) can switch the distribution line capacitor
banks in real time to dynamically maintain voltages of distribution
nodes in an acceptable range.

Reactive power must be compensated to guarantee an efficient
delivery of active power to loads, thus releasing system capacity,
reducing system losses, and improving system power factor and
bus voltage profile. Volt/VAr control (VVC) is an important issue
in the daily operation of distribution systems, because the proper
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dispatch of Volt/VAr devices not only reduces the total power loss,
but also improves the voltage profile for distribution feeders.
Capacitors are widely used in distribution systems for reactive
power compensation, to achieve power and energy loss reduction,
to improve service quality via voltage regulation and to achieve
deferral of construction, if possible, via system capacity release
[2]. Switched capacitors give further flexibility in the control of
grid’s voltage, power factor, and losses [3].

The objective of VVC is to supply controlled reactive power by
switching optimally the switched capacitors installed in the distri-
bution system such that the voltage drop and real power loss is
minimum. Traditionally, this problem of optimal capacitor switch-
ing has been solved through various optimization techniques.
However, as the time taken by these traditional optimization
methods are quite significant, these methods may not be suitable
for online application.

To manage voltage regulation issues and accommodate a wide
variety of distributed generation, DG units need to be coordinated
with traditional utility devices such as voltage regulators [4]. In [5],
a multi-agent, optimal reactive power dispatching method was
proposed for voltage support of DG units in a single feeder. The
paper did not consider the shunt capacitors. In [6,7] the VVC
problem is solved by optimization algorithm for a day ahead
scheduling. Disadvantage of these methods is that they require
forecasted daily load and power output of renewable distributed
generation. In [8], daily VCC model in distribution systems using
DG units has been proposed, which determines the active power
values of DGs, reactive power values of capacitors and tap posi-
tions of transformers for the next day. Unfortunately, the comput-
ing time of these methods do not let them to be used in real time
scheduling. In [9], an online voltage security approach has been re-
ported in which the ancillary services provided by the electric
loads enhance the voltage stability in power systems operation.
In [10], to reduce the calculation time of solving the optimal capac-
itor switching problem, an artificial neural network-based ap-
proach has been developed. Also in [11,12], this problem is
solved by neural network. These methods have the same drawback
of requiring forecasted daily load, and DGs’ effect on voltage profile
was not considered in them. In [13] the problem of voltage regula-
tion has been well addressed by studying the impacts of DGs on
the voltage profile and the operation of step voltage regulators
(SVR) and feeder shunt capacitors. In [14], a new approach for volt-
age regulators function’s improvement in multiple feeders which
include DGs was proposed.

In this paper, a new approach for control and coordination of
switched capacitors in the distribution system in which there are
some renewable distributed generation is proposed. The proposed
method is performed based on the RTU data which are collected

from the selected points of distribution feeders. These RTUs are in-
stalled on the capacitor bank nodes, and there are communication
links between them. The maximum and minimum values of volt-
age nearby the capacitor buses is estimated according to measured
parameter. In the proposed model, the capacitors are switched
based on the measured parameters that are received from RTUs,
and this approach does not need to access the load or renewable
units forecasted data.

This paper is organized as follows. Section 2 details the capaci-
tors’ effects on distribution voltage profile. Section 3 specifies volt-
age estimation among capacitor buses. Section 4 explains proposed
system structure. Section 5 discusses the simulation cases and re-
sults from case studies.

2. Capacitors effects on distribution voltage profile

While reactive powers injected by capacitors vary in some
nodes of distribution network, the lines current will change. This
is the cause of voltage change and accordingly voltage drops
through the distribution network. To clarify the effect of a capaci-
tor on distribution voltage drop, let us consider two-bus test sys-
tem in Fig. 1. The voltage drop in this system is calculated based
on alternation of capacitor reactive power injection.

Consider DP and DQ as the variation of line active and reactive
power, the variation in voltage at bus 2 while the voltage value at
bus 1 is kept constant is defined as follows:

DV2 ¼ ðRþ jXÞ DP � jDQ
V�2

� �
ð1Þ

DV2 ¼
ðRDP þ XDQÞ þ jðXDP � RDQÞ

V�2
ð2Þ

As the imaginary part of voltage drop is small, it can be ne-
glected. Therefore, the voltage drop related to active and reactive
power flow between buses 1 and 2 is written as follows:

DV2 ¼
ðRDP þ XDQÞ

V�2
ð3Þ

Nomenclature

Vmax,i maximum voltage nearby the ith capacitor
Vmin,i minimum voltage nearby the ith capacitor
Vdif,i the difference between maximum and minimum volt-

age of ith capacitor
n number of capacitors
Sj capacity of each switching step in jth capacitor bank
Step(j) step of jth capacitor
Step0(j) step of jth capacitor in previous period
Nsj number of switching steps in a jth capacitor bank
Vest,n,n+1 estimated voltage between RTUn and RTUn+1 calculated

by RTUn

Vest,n+1,n estimated voltage between RTUn and RTUn+1 calculated
by RTUn+1

Vn the voltage of the DG or capacitor’s bus at which RTUn is
connected

Pn,n+1 the active power flow from RTUn bus to RTUn+1 bus
Qn,n+1 the reactive power flow from RTUn bus to RTUn+1 bus
Pn,n�1 the active power flow from RTUn bus to RTUn�1 bus
Qn,n�1 the reactive power flow from RTUn bus to RTUn�1 bus
rn,n+1 the lines resistance between RTUn and RTUn+1

xn,n+1 the lines reactance between RTUn and RTUn+1

rn resistance of line n
xn reactance of line n

Fig. 1. Two-bus test system.
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