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The efficiency of this approach is analyzed in terms of
quality of service, optimization of investment, optimization

of installation, maintenance, and simplification of operation

The process of
restructuring, priva-
tization, and deregu-

lation has created a
competitive global mar-
ketplace for energy.
Early preparation to
meet market competi-
tion and make the best
use of technology will
determine success in
this new and challenging
environment. The utili-
ties of the future will be
focused on their exper-
tise in order to do what
they do best. Moreover,
twenty-first century utili-
ties will try to further
improve system reliabili-
ty and efficiency by
upgrading and modern-
izing the network’s infrastructure while simultaneously
being cost effective.

In today’s deregulated marketplace, simply delivering
power to customers is no longer sufficient; utilities must
provide a certain level of quality of service and must
deliver the commodity safely, reliably, and cost-effective-
ly. Moreover, information traditionally used only within a
given utility is now desired by many players, since the
integration, consolidation, and dissemination of informa-
tion both inter- and intra-utility has become a critical part
of the deregulation picture. Exponential advances in

hardware, software, and
communication equip-
ment allow the trans-
portation, storing, and
manipulation of vast
quantities of data at
blinding speed relative to
just a few years ago. As a
result, utilities have shift-
ed their focus to informa-
tion technology and
automation to optimize
operations and improve
the bottom line.

This article proposes a
global approach for the
management and control
of medium-voltage (MV)
networks. The efficiency
of this approach is ana-
lyzed in terms of quality
of service, optimization of

investment, optimization of installation, maintenance, and
simplification of operation.

Fault Detection, Management, 
and Control Needs
From the analysis of the causes of faults, it has been
found that the majority of faults comes from MV net-
works, while the faults in high-voltage (HV) and low-volt-
age (LV) networks are fewer (Figure 1). Consequently,
the MV network is the part of the whole network to
which the greatest care should be taken in order to
improve the quality of service.

The MV underground network is made up of numer-
ous substations. Substations could be manually operat-
ed, have difficult access (geographical constraints,
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distance, traffic), or be subjected to bad weather condi-
tions. These particularities could result in poor quality of
service, high operating costs, and safety problems for
operating staff and people.

The MV overhead network is made up of long lines
(radial lines from 10 to 100 km long) and is very sensitive
to harsh environments (confronted with all types of
weather conditions, pollution, etc.). The result is a lack
of efficiency and poor quality of service: numerous short
breaks due to transient faults, long outages, considerable
voltage drops, an overloaded network, and considerable
losses. Operating costs are often high as well, whereas
operators and the public can be subjected to safety
problems.

In addition, the requirements of network managers for
data to operate and maintain networks is becoming an
increasingly important part of their business, especially
where regulating authorities exert a high level of pres-
sure. For example, in today’s deregulated marketplace,
the traditional substation control methods, either locally
or remotely (fault indicators, remote control), are not
adequate. Indeed, network operators must have all the
information concerning the installations on the network
(substation equipment, installation status, load curves,
etc.) in a simple and economical manner.

Parameters Affecting 
Selection of Equipment
From the above analysis of the needs of the MV network
managers and operators, it is concluded that it is impor-
tant to manage and control the MV distribution network
in order to improve customer service and satisfaction as
well as to optimize the network operation.

However, the selection of equipment for network fault
detection, management, and control is not an easy task.
This selection must fulfill certain criteria, such as mas-
tering of investment, optimization of maintenance, mas-
tering of distribution quality index, globalization, and
compatibility of the solution.

To be able to provide a certain level of quality of ser-
vice, it is necessary to accurately quantify it in a factual
manner. Electric power utilities commonly use measure-
ment indicators for their quality of service, such as sys-
tem average interruption duration index, system average
interruption duration index for permanent outages only,
system average interruption frequency index, system
average interruption frequency index for permanent out-
ages only, system average interruption frequency index
for short outages only.

Another variable to be taken into account is the cost
estimation for nondistributed energy per year. It
increases with the number of faults per year, the peak
power demand, the length of distribution lines or
cables that are connected to each feeder, the length of
the outage, the billed price per kWh, and, above all, the
cost of consequences.

In brief, the quality of service depends on the type
and density of the population (rural or urban), the type
of distribution (overhead or underground), and the
stakes and total costs that were accepted as the conse-
quence of a break in service.

Network management involves remote control (tele-
control) functionality. MV distribution networks often
have a tree structure mainly with overhead lines. The
selection and placement of equipment and control sys-
tems in these networks require careful planning to opti-
mize performance. There are many possible ways to
place remote control points and fault passage indicators
(FPI) on the network:
� Install telecontrol on existing pole mounted or substa-

tion switchgear, the difficult point being the motoriza-
tion of the existing MV switches

� Install FPI function on existing pole mounted or sub-
station switchgear

� Create new telecontrolled points (pole mounted or
substation) corresponding to the available power
growth in the MV network

� Create telecontrolled network points for improving
network dependability without increasing the avail-
able power (installation of one to three MV switches
without MV/LV transformer)

� Anticipate the expansion of telecontrolled points by
systematically installing motorized MV switches.
The selection and placement of equipment must

increase the efficiency of the network management in
terms of investment optimization, reduction of minutes
of loss, reduction of customers concerned by loss of
voltage, and reduction of time to localize the fault and
reconfigure the network.

Equipment
Within the considered framework, the improvement of
service and customer satisfaction is achieved through
the reduction of the duration of outages and the reduc-
tion of the number of outages. The disturbances could
be short breaks or long breaks. Figure 2 presents a
scheme for the improvement of the continuity of supply.
For example, in order to avoid short breaks, network
monitoring and preventive maintenance are followed; for
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Figure 1. Analysis of network faults
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long breaks, network fault tracking and remote control
are used.

The improvement of network operation is achieved
through the reduction of the time for fault localization
and the elimination of equipment damage.

Among these different problems, two of them, long
outages and numerous short outages, can be solved
using two kind of solutions:
� Fault passage indicators
� Automation and remote control systems.

Fault Passage Indicators
FPIs comprise a cost-effective solution to locate faulty
network sections. A comprehensive range of FPIs is avail-
able in the market, using either a directional or current-
based fault detection method and covering all types of
MV networks neutral grounding.

The fault detection function must be seen as a part of
the network protection plan. So, depending on local speci-
fication of line and cable distribution, the setting should
be adapted for a better accuracy of the function. Conse-
quently, the FPI function must be fully programmable on-

site. Obviously, it is also a key economic factor,
as it allows stock management optimization.

FPIs with contacts intended for connec-
tion of remote terminal units (RTU) permit
remote fault detection. In order to simplify
the communication function, it is recom-
mended to use a solution compatible with
the control unit one (same protocol and
same transmission system).

Automation and Remote Control Systems
In a substation with remote control func-

tions, the electronic component must provide the fol-
lowing functionality:
� RTU communication with control center

- Range of protocol
- Various transmission systems

� Uninterrupted power supply for
- Substation motorization
- Transmission system
- All electronic devices

� FPI function including
- Direct acquisition from current transformer
- Phase-to-phase over-current
- Phase-to-earth over-current

� Interface with the switchgear
- Ready to connect
- Capacity from one to numerous feeders

� Local control and maintenance facilities.
Various manufacturers could supply all these func-

tions. Obviously, economic is not an optimized solution.
Thus, in term of efficiency of network control, a single
unit, fully tested in the manufacturing site, is the only
kind of equipment, that can guarantee safe installation,
simplified commissioning, comprehensive maintenance,
and EMC compatibility. Figure 3 shows an integrated
substation control unit for four feeders. The reduction of
cabling in such units significantly increases the quality
and the availability of the control system.

Mixed Solution
Automation and remote control systems as well as FPIs
can be used separately but also in combination (mixed
solution). In the mixed case, part of the substations use
remote control and/or automation capabilities, while the
other ones use FPIs. The choice between these two kinds
of solutions is indeed a technical and economic choice.
FPIs are a very economical solution to improve signifi-
cantly quality of service, while remote control systems,
with higher investment, allow even higher impact. Figure
4 presents the MV network equipment for the improve-
ment of the continuity of service.

Global Approach
This article proposes a global approach for fault detec-
tion, management, and control of medium voltage net-
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Figure 2. Scheme for the improvement of the continuity of supply

Figure 3. Integrated substation control unit for four feeders
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works. The approach aims at increasing the
efficiency of the network management in term
of investment optimization, reduction of min-
utes of loss, reduction of customers con-
cerned by loss of voltage, and reduction of
time to localize the fault and reconfigure the
network.

The proposed approach involves a seg-
mentation of the network into sections
according to the type of substations used and
suggests an efficient scheme for fault detec-
tion, management and control. Moreover, it
presents a new multifunctional device for sub-
station remote management and monitoring.

Network Segmentation
The fault localization and network reconfigu-
ration scheme is defined from the use of three
main types of substations:
� Substations or pole mounted switches

with a telecontrol unit including FPI function
� Substations or pole mounted switches with SCADA

connected FPI
� Substations or pole mounted switches with stand-

alone FPIs.
These three types of substation split the network into

three main sections, and each of these sections has dif-
ferent characteristics:
� Large section edged by fully telecontrolled substa-

tions or pole mounted switches
� Medium section edged by substations or pole mount-

ed switches with SCADA connected FPI
� Small section edged by substations or pole mount-

ed switches with standalone FPIs.
The telecontrol center can immediately isolate the

large section. All customers in this section are not reen-
ergized when the network is reconfigured. The larger
the section, the bigger the number of customers with a
long outage.

The medium section in fault is immediately localized
at the control center. The maintenance crew
can be dispatched directly to the manual
switch and operate accordingly. The result is
that all customers in the healthy medium sec-
tions are supplied in a relatively medium time.

The small section needs the maintenance
crew to patrol on the network. The time to
access and isolate the section is rather long.
Generally, this section is as short as possible
and needs the FPI function to be installed in
each substation (underground network) or at
each new branch (overhead network).

Efficiency of Fault Detection
Figure 5 illustrates the localization of a faulty
section and the reconfiguration of the net-

work from the control center. In case of fault occurrence,
the FPI memorizes the passage of fault current and the
upstream protection opens. The reconfiguration of the
network from the control center includes polling remote
control substations, isolating the faulty section, restoring
supply on the upstream section, and restoring supply on
the downstream section.

The most efficient scheme is to equip all substations
with full telecontrol units, but this is not an optimal situ-
ation in terms of an economical approach. The best-opti-
mized solution is to mix the three types according to
various criteria such as:
� Number of substations on a feeder
� Number of customers in each section
� Importance of customer in each section (hospital,

ministry, plant, ...)
� Accessibility of the substation
� Transmission facilities for remote indication
� Motorization facilities in existing substation.

A typical network could be equipped with:

FPI

Remotely Indicating FPI

Substation Remote-Control Unit

Remote-Controlled Overhead Switch

Figure 4. Medium-voltage network equipment for the improvement of
the continuity of service
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Network Reconfiguration from Control Center
• Polling Remote-Controlled Substations
• Isolation of Faulty Section

Figure 5. Localization of the faulty section



� One to three fully telecontrolled substations per
primary feeder

� All substations equipped with FPIs
� Some substations equipped with remote FPIs.

A very good solution is the following: 10 to 15% of the
network is remote controlled, 20 to 30% of the network is
equipped with remote FPIs, and the rest of the network
is equipped with FPIs.

Progressive Investments
The automation of an existing network through progres-
sive, long-term investment is suggested, since the
replacement of all existing substations by new ones
requires a long time and is very expensive. Moreover,
motorization of old equipment is difficult, and its reliabil-
ity is not guaranteed.

Placement of FPIs in all underground substations is
strongly advised. The benefit is immediately visible in
terms of time to localize a fault, but also in terms of sav-
ing the asset, since it is easy to install FPIs on an existing
network, and the localization of the faulty section is done
by a patrol relatively fast.

Remote controlled substations can be used in order
to meet new supply needs. Another solution is to add
remote control network points between existing sub-
stations, to use remote control interfaces for the
remote command of substations, and to gradually
automate the network.

Remote Management and 
Monitoring of Substations
In the following, a new multifunctional device dedicat-
ed to substation remote management and monitoring
is proposed.

Hardware Architecture
The system comprises a device called a remote manage-
ment unit in each distribution substation and a Web
server situated on the user’s intranet, which concen-

trates information access. The Web serv-
er and the remote management units are
linked via the global system for mobile
communication (GSM) network. The
server has a telephone modem. This
architecture (first phase) allows access
to data in the client Intranet. Moreover, a
second phase involves placing the server
on the Internet. The aim is to provide
data access for different correspondents
and to enhance the service provision.
The architecture for the second phase
will be similar to that of the first phase,
however the server will be hosted by a
service provider and must integrate data
access security.

The remote management unit is situat-
ed in the LV switchgear of the distribution substation.

The Web server is a personal computer (PC) or an
equivalent tool of the market, which is exclusively used
as a data concentrator. The server is connected to the
Intranet network via a standard Ethernet link. The maxi-
mum number of remote management units used with a
single server is 8,000.

The system, thanks to new Web and GSM technolo-
gies, which are becoming less and less expensive, makes
it possible to:
� Access pertinent information from anywhere via com-

munications standards (GSM, Web browser)
� Propose a delocalized maintenance service to utilities

(asset management)
� Provide utilities with information about load curves,

quality of service, alarms on events, and substation
equipment characteristics.
From his/her PC, the user can access information

using a simple navigator. If an alarm occurs, the user
receives an e-mail or a short message service (SMS) mes-
sage. Figure 6 presents the whole communication system.

Software Architecture
The substation carries a remote management unit that
includes four analog inputs for current measurement
(three phase and one neutral), one analog input for
voltage measurement, one analog input for transformer
temperature measurement, six digital inputs (for
alarms and events), two relay outputs, and a connector
for local interface.

The archived information is adapted to substation
supervision, and it includes:
� Power records covering 1 year
� Service cut-off (outage) alarms
� Alarms for temperature thresholds of distribution

transformer
� Alarms for power thresholds
� Miscellaneous substation information (equipment,

interventions, etc.)
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Figure 6. Communication system
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� Records of input/output status changes
� Records outages and voltage dips.

In remote mode, the information is displayed via a
Web browser. A Web server is, therefore, placed in the
user’s network (intranet or possibly Internet). For each
substation, it is possible to display the following pages:
� Substation information page, which shows physical

location of substation, type of equipment, mainte-
nance operations, etc.

� Substation status page, which shows the status of
the substation on the date of the last connection
with the substation

� Event history page, which shows any change of
status of one of the digital inputs and any exceed-
ing of thresholds

� File loading page, used to download files contained in
the remote management unit to the PC, using file
transfer protocol (FTP)

� Configuration page, used to configure the remote
management unit.
In local mode, a connector providing a link to a laptop

PC is sufficient, and the local display is the same as the
remote one.

Architecture Evaluation
The proposed architecture, dedicated to substation
remote management and monitoring, has the follow-
ing advantages:
� Optimizes transformer change: load of transformer is

known so premature replacement for upgrading can
be avoided, or, on the other hand, premature ageing
due to overload can also be avoided

� Facilitates substation maintenance operations and
manages the equipment inventory without site visits

� Optimizes intervention time: the cause of the
problem and its location are known; the relay
dates and records outages so as to quantify their
number and duration

� Offers the possibility to connect input/output for
remote alarms adapted to client needs: fault indicator,
door sensor, etc.

� Besides traditional distribution substation control
methods, it provides the operator (in a simple and
economical manner) with all the information con-
cerning the installations on his network (substation
equipment, installation status, load curves, etc.) and
in this way it notably contributes in the improvement
of the quality of service. It is a relevant tool to make
network planning.
The proposed architecture has the following

advantages compared with an architecture where a
server is integrated into the remote management unit
of each substation:
� Rapid connection: Data access is faster with an

intermediate server, because the pages have been
saved. In addition, the server takes care of the tele-

phone connection.
� No security problems: Access is secured by the

client’s Intranet.
� Simpler configuration: The configuration of parame-

ters common to all remote management units is
undertaken by the server in a transparent manner,
i.e., the e-mail configured to receive alarms does not
have to be updated in each remote management unit.
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