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a b s t r a c t

The responsibility of Brazilian companies which produce and distribute electricity is to comply with stan-
dards and requirements about the level and quality of voltage that meet consumer demand. One of the
strategies adopted to maintain control over the operations of the electricity supply is that of installing
voltage regulators throughout the distribution network. However, this activity requires the management
of available resources in terms of investing in equipment installations, and this is a major challenge for
companies in the electricity sector. From this perspective, this article proposes a multicriteria model for
prioritizing locations for installing voltage regulators in an electricity distribution network, which takes
into consideration technical, regulatory, economic and social criteria to evaluate the consequences of
installing voltage regulators and their operational performance. Thus, this paper presents an application
of the Additive-veto Model for ranking multicriteria decision problems so as to relate the performance
assessed by the decision-maker for allocating equipment to the set of available locations.

� 2015 Elsevier Ltd. All rights reserved.

Introduction

Companies which produce and supply electricity in Brazil must
comply with standards and requirements set by the Brazilian
Electricity Regulatory Agency (ANEEL), with regard to acquiring
equipment and maintaining it so that they meet the quality criteria
for the service offered. ANEEL lays down rules and goals of opera-
tional performance, as well as indices and market rates of energy
trading [1]. Thus, companies must comply with technical proce-
dures to ensure satisfactory levels of quality of service. As a regu-
lator, ANEEL imposes penalties and fines when non-compliance
with the established requirements occurs, and this can damage
the image and adversely affect the financial investments of compa-
nies in the electricity sector [2].

ANEEL presents two performance indicators used to assess the
levels of quality of service [3]. The first indicator is DEC (equivalent
duration of interruption per consumer unit), a parameter that indi-
cates the average length of time that the power supply to a
consumer unit is interrupted in a certain observation period. The
second indicator is FEC (equivalent frequency of interruption per

consumer unit), a parameter that indicates the frequency of
occurrence of interruptions in the supply of energy to consumer
units. With these indicators, it is possible to calculate the average
time that service delivery is not available and the frequency with
which this occurs, thereby allowing the adoption of new technolo-
gies for automating service capacity [4].

To determine the rules and operational standards for the elec-
tricity sector, ANEEL publishes PRODIST – Procedures for Electricity
Distribution in the National Electricity System – [3], a document
that presents the requirements for attaining levels of compliance
with maintaining the electricity supply and its quality. The
requirements listed in this document are related to the
maintenance and provision of efficient, regular and reliable energy
to consumer units, which is a major challenge for companies in the
electricity distribution sector, mainly due to the increase in the
number of consumer units and the limits of territorial expansion
served by electric power equipment [5].

One of the Brazilian companies that is active in the electricity
sector is responsible for supplying electricity to more than 185
cities in the state of Pernambuco, Brazil [6]. This company covers
a concession area of 98,546.7 km2 in which it has over 3.2 million
customers who consume 12,266,246 MW h on average per year.
These indices favor the characterization of the company at three
levels of supply of energy tension throughout the territory of its
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activities. For the average level of energy voltage of 13.8 kV, there
are 73,228 km of transmission lines which have 631 feeders
supplied by 135 substations.

The dimension of the distribution network is the main factor
that shows the potential difficulty in maintaining quality in the
process of offering service to the consumer units. From this per-
spective, the appeal of investing in voltage regulators throughout
the distribution network is desirable to ensure that the company
can control that it provides acceptable standards of voltage.
Dimmers are used to maintain, on a scale of ±15%, the level of
electricity voltage feeders. Thus, installing regulators is recom-
mended when the limits of the permissible power fluctuations fall
outside the standards set by standards for the electrical sector in a
particular region.

However, investment in voltage regulators requires decisions
on the strategic location for installing such equipment in order to
serve the largest number of consumer units. From this perspective,
it is important to consider technical, regulatory, economic and
social parameters, and the extent of investment in equipment, as
evaluation criteria, in the process of prioritizing such locations.
Therefore this article puts forward a multicriteria model to assist
in the process of prioritizing locations for installing voltage regula-
tors in the power distribution network of 15 kV.

The impact of this study can be seen from an economic point of
view, as well as from the society point of view. The geographical
region of this system consists of the whole State of Pernambuco
in Brazil, which has an estimated population of 9 million. The 3.2
million consumers includes industry, commerce and residences
(49%). The total annual revenue of the company is around US$ 1.3
billion. For the company’s 135 substations, the voltage regulation
equipment is one of the items of capital investment. The total cap-
ital investment in 2013 was US$ 120million. Therefore, the priority
for these investments is an important issue and considers multiple
objectives in order to fulfill strategic issues of the company. Thus,
this geographical region is analyzed by criteria (which represent
organization’s objectives), which are: sector’s regulations, company
image, size of consumer units affected and billing. From the results,
it is possible to consider investment priorities such as equipment
acquisition and its installation in these regions, while considering
the definition and application of the decision model to support
strategic and financial planning in the electricity sector.

Context of the problem

In goods production systems, the occurrence of faults and
interruptions in the operation of machines can be mitigated by
managing strategic production so that the situation is overcome
and losses perceived by customers are minimized. However, when
failures and interruptions occur in service production systems, it is
difficult to hide these from customers, since, in general, services
are produced at the same time as they are delivered to customers
who are therefore directly affected by them. Thus, assessments
must be made of the costs incurred because of such interruptions
and of customers’ negative perceptions [7,8].

Planning and installing an electrical power and energy system
involves using resources to invest in equipment to meet the
demands of consumer units. The proposal for such planning is to
use the available resources and plant to maintain the level of qual-
ity required in service delivery throughout the region of operation
of the power supply company, and to obtain the best return for the
operational and management functions of the company [9].

Therefore, to maintain standards in the quality of service, the
aspects that may affect the company’s operations in the energy
supply process must be identified. These issues, which can easily
be listed as potential causes of failures or interruptions of service,
directly affect the companýs performance indicators, namely DEC

and FEC. These discontinuities, in general, can cause voltage varia-
tions in the grid, which causes loss of control or of evidence about
the operating process [10,11].

One of the measures commonly taken to maintain compliance
with the standards of service to be offered is to use and install volt-
age regulators beside power feeder equipment at certain points of
the energy supply [12]. To adopt this strategy, the need for instal-
ling such equipment must be identified by calculating the probabil-
ity of technical and regulatory losses on operational performance in
a given region. Thus, on observing a set of locations, if a feeder pre-
sents a high probability in this regard, it does not serve a region at
the standards set for the quality, and thus the greater will be the
need to install a voltage regulator in this region.

The set of possible locations for installing voltage regulators can
be identified by a computational simulation of the load of the sys-
tem throughout the distribution network. This system identifies
the power feeders that must be attended to. In other words, they
are those which are closest to or beyond the limits of voltage levels
regulated by ANEEL in the electricity network. The voltage regula-
tor is defined for a distribution networks of 15 kV.

According to the PRODIST instructions, the compliance of elec-
trical voltage refers to the comparison between the voltage value
obtained from a measurement process and the voltage specified
as appropriate, precarious or critical according to the connection
point observed in the consumer unit. Thus, the voltage level is con-
sidered adequate when it is between 0.95 and 1.05 of its nominal
voltage value when a steady supply of electricity is maintained.
Thus, it is possible to set indicators for standards so as to establish
quality and this requires appropriate investment by the organiza-
tion [13]. Thus, it is possible for the company to obtain data which
it can use to plan for investments.

By using a simulator system of a power load, the company is
able to check which locations need to be assisted by a voltage reg-
ulator to enable oscillations of the power voltage to be controlled.
However, investment in the installation equipment is restricted by
the financial resources that the company can make available. Thus,
the problem of installing voltage regulators involves the issue of
prioritizing locations selected in accordance with the degree of
need for a power feeder controller.

Therefore, what should be done is to plan and prioritize the
areas that most need such regulators so as to prevent interruptions
to the transmission of power transmission. This can be done by
evaluating different factors involved in the acquisition and mainte-
nance of equipment needed to meet standards for the supply of
electricity, such as by considering the technical parameters, regu-
latory issues, and economic and social conditions that must be
met by the company so that it can conduct the interactions needed
for the decision process. This is an activity that requires more effort
by management and operational sectors [10,11,14].

The problem of allocating voltage regulators

Efforts required in the process of allocating voltage regulators in
electricity distribution systems, in general, consider strategic
aspects of the interaction of the various operational functions of
the company. These aspects may be associated with the cost of
installation, utilization rate of equipment, service quality and min-
imizing losses in different dimensions with regard to the control of
voltage changes throughout the network [15,16], and they can be
treated as evaluation criteria in the selection process for installing
such equipment.

When many evaluation criteria are involved, allocating
equipment can be understood as a complex decision process.
However, there are analytical and strategic tools that assist in
managing resources to determine the consequences of the
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