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This guide has been written for electrical Engineers who have to design,
select electrical equipment, install these equipment and, inspect or
maintain low-voltage electrical installations in compliance with international
Standards of the International Electrotechnical Commission (IEC).

“Which technical solution will guarantee that all relevant safety rules are
met?” This question has been a permanent guideline for the elaboration of
this document.

An international Standard such as the IEC 60364 series “Low voltage
Electrical Installations” specifies extensively the rules to comply with to
ensure safety and correct operational functioning of all types of electrical
installations. As the Standard must be extensive, and has to be applicable
to all types of equipment and the technical solutions in use worldwide, the
text of the IEC rules is complex, and not presented in a ready-to-use order.
The Standard cannot therefore be considered as a working handbook, but
only as a reference document.

The aim of the present guide is to provide a clear, practical and step-
by-step explanation for the complete study of an electrical installation,
according to IEC 60364 series and other relevant IEC Standards. The first
chapter (A) presents the methodology to be used, and refers to all chapters
of the guide according to the different steps of the study.

We all hope that you, the reader, will find this handbook genuinely helpful.

Schneider Electric S.A.

The Electrical Installation Guide is a single document covering the
techniques and standards related to low-voltage electrical installations.
It is intended for electrical professionals in companies, design offices,
inspection organisations, etc.

This Technical Guide is aimed at professional users and is only intended
to provide them guidelines for the definition of an industrial, tertiary or
domestic electrical installation. Information and guidelines contained in this
Guide are provided AS IS. Schneider Electric makes no warranty of any
kind, whether express or implied, such as but not limited to the warranties
of merchantability and fithess for a particular purpose, nor assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness
of any information, apparatus, product, or process disclosed in this Guide,
nor represents that its use would not infringe privately owned rights.

The purpose of this guide is to facilitate the implementation of International
installation standards for designers & contractors, but in all cases the
original text of International or local standards in force shall prevail.

This new edition has been published to take into account changes in
techniques, standards and regulations, in particular electrical installation
standard IEC 60364 series.

We thank all the readers of the previous edition of this guide for their
comments that have helped improve the current edition.

We also thank the many people and organisations, too numerous to name
here, who have contributed in one way or another to the preparation of this
guide.
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Tools for more efficiency
in electrical installation design

Electrical installation Wiki

The Electrical Installation Guide is also available on-line as a wiki
in 4 languages:

> in English en.electrical-installation.org

> in Russian ru.electrical-installation.org
English
> in Chinese cn.electrical-installation.org
> in German de.electrical-installation.org
Russian ' . . )
Our experts constantly contribute to its evolution. Industry and academic
professionals can collaborate too!
Chinese
German

Power Management Blog

In the Schneider Electric blog, you will find the best tips about standards, tools,
software, safety and latest technical news shared by our experts. You will find

even more information about innovations and business opportunities. This is
your place to leave us your comments and to engage discussion about your
expertise. You might want to share with your Twitter or LinkedIn followers.

blog.schneider-electric.com/power-management-metering-monitoring-power-quality
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Online tools

Online Electrical calculation Tools

A set of tools designed to help you:

@ display on one chart the time-current curves of different circuit-breakers or fuses
@ check the discrimination between two circuit-breakers or fuses, or two Residual
Current devices (RCD), search all the circuit-breakers or fuses that can be
selective/cascading with a defined circuit-breaker or fuse

@ calculate the Cross Section Area of cables and build a cable schedule

@ calculate the voltage drop of a defined cable and check the maximum length

hto.power.schneider-electric.com/int/en

Ecodial Advanced Calculation 4

The new Ecodial Advanced Calculation 4 software is dedicated to electrical
installation calculation in accordance with IEC60364 international standard or
national standards.

This 4th generation offers new features like:

® management of operating mode (parallel transformers, back-up generators...)
@ discrimination analysis associating curves checking and discrimination tables,
direct access to protection settings
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Electrical installation guide 2016

Etienne TISON has been working with Schneider
Electric since 1978. He has been always involved
is various activities in low voltage field.

In 2008, Etienne TISON has been appointed
Chairman of IEC TC64 as well as Chairman of
CENELEC TC64.

Foreword

Etienne TISON, International Electrotechnical Commission (IEC) TC64
Chairman.

The task of the IEC Technical Committee 64 is to develop and keep up-to-
date requirements

- for the protection of persons against electrical shock, and

- for the design, verification and implementation of low voltage electrical
installations.

Series of standard such as IEC 60364 developed by IEC TC64 is
considered by the international community as the basis of the majority of
national low-voltage wiring rules.

IEC 60364 series is mainly focussed on safety due the use of electricity by
people who may not be aware of risk resulting from the use of electricity.

But modern electrical installations are increasingly complex, due to external
input such as

- electromagnetic disturbances

- energy efficiency

Consequently, designers, installers and consumers need guidance on the
selection and installation of electrical equipment.

Schneider Electric has developed this Electrical Installation Guide
dedicated to low voltage electrical installations. It is based on IEC TC64
standards such as IEC 60364 series and provides additional information
in order to help designers, contractors and controllers for implementing
correct low-voltage electrical installations.

As TC64 Chairman, it is my great pleasure and honour to introduce this
guide. | am sure it will be used fruitfully by all persons involved in the
implementation of all low-voltage electrical installations.

Etienne TISON
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A - General rules of electrical installation design 1 Meth Od 0 | Ogy

For the best results in electrical installation design it is recommended to read
and to use all the chapters of this guide in the order in which they are presented.

A - General rules of electrical installation design Rules and statutory regulations

Range of low-voltage extends from 0 V to 1000 V in a.c. and from 0 V to 1500 V

in d.c. One of the first decision is the selection of type of current between the
alternative current which corresponds to the most common type of current through
out the world and the direct current. Then designers have to select the most
appropriate rated voltage within these ranges of voltages. When connected to a
LV public network, the type of current and the rated voltage are already selected
and imposed by the Utility.

Compliance with national regulations is then the second priority of the designers
of electrical installation. Regulations may be based on national or international
standards such as the IEC 60364 series.

Selection of equipment complying with national or international product standards
and appropriate verification of the completed installation is a powerful mean

for providing a safe installation with the expected quality. Defining and complying
with the verification and testing of the electrical installation at its completion as well
as periodic time will guarantee the safety and the quality of this installation all along
its life cycle. Conformity of equipment according to the appropriate product standards
used within the installation is also of prime importance for the level of safety

and quality.

Environmental conditions will become more and more stringent and will need

to be considered at the design stage of the installation. This may include national
or regional regulations considering the material used in the equipment as well as
the dismantling of the installation at its end of life.

A83 - Installed power loads - Characteristics Installed power loads - Characteristics

A84 - Power loading of an installation A review of all applications needing to be supplied with electricity is to be done. Any
possible extensions or modifications during the whole life of the electrical installation
are to be considered. Such a review aimed to estimate the current flowing in each
circuit of the installation and the power supplies needed.

The total current or power demand can be calculated from the data relative

to the location and power of each load, together with the knowledge of the operating
modes (steady state demand, starting conditions, non simultaneous operation, etc.)
Estimation of the maximum power demand may use various factors depending

on the type of application; type of equipment and type of circuits used within the
electrical installation.

From these data, the power required from the supply source and (where appropriate)
the number of sources necessary for an adequate supply to the installation is readily
obtained.

Local information regarding tariff structures is also required to allow the best choice
of connection arrangement to the power-supply network, e.g. at medium voltage

or low voltage level.

B - Connection to the MV utility distribution Connection to the MV public distribution network

network Where this connection is made at the Medium Voltage level a consumer-type
substation will have to be studied, built and equipped. This substation may be
an outdoor or indoor installation conforming to relevant standards and regulations
(the low-voltage section may be studied separately if necessary). Metering
at medium-voltage or low-voltage is possible in this case.

C - Connection to the LV utility distribution Connection to the LV utility distribution network

network Where the connection is made at the Low Voltage level the installation will be
connected to the local power network and will (necessarily) be metered according
to LV tariffs.

D - MV & LV architecture selection guide MV & LV architecture selection guide

The whole electrical system including the MV installation and the LV installation

is to be studied as a complete system. The customer expectations and technical
parameters will impact the architecture of the system as well as the electrical
installation characteristics.

Determination of the most suitable architecture of the MV/LV main distribution and
LV power distribution level is often the result of optimization and compromise.
Neutral earthing arrangements are chosen according to local regulations, constraints
related to the power-supply, and to the type of loads.

© Schneider Electric - all rights reserved
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E - LV Distribution

F - Protection against electric shocks & electric
fires

G - Sizing and protection of conductors

H - LV switchgear: functions & selection

J - Overvoltage protection

K — Energy efficiency in electrical distribution

The distribution equipment (panelboards, switchgears, circuit connections, ...)
are determined from building plans and from the location and grouping of loads.
The type of premises and allocation can influence their immunity to external
disturbances.

LV distribution

The system earthing is one protective measure commonly used for the protection
against electric shocks. These systems earthings have a major impact on the

LV electrical installation architecture and they need to be analysed as early

as possible. Advantages and drawbacks are to be analysed for a correct selection.
Another aspect needing to be considered at the earlier stage is the external
influences. In large electrical installation, different external influences may be
encountered and need to be considered independently. As a result of these external
influences proper selection of equipment according to their IP or IK codes has to be
made.

Protection against electric shocks & electric fires

Protection against electric shock consists in providing provision for basic protection
(protection against direct contact) with provision for fault protection (protection
against indirect contact). Coordinated provisions result in a protective measure.
One of the most common protective measures consists in “automatic disconnection
of supply” where the provision for fault protection consists in the implementation

of a system earthing. Deep understanding of each standardized system (TT, TN
and IT system) is necessary for a correct implementation.

Electrical fires are caused by overloads, short circuits and earth leakage currents,
but also by electric arcs in cables and connections. These dangerous electric arcs
are not detected by residual current devices nor by circuit breakers or fuses. The
arc fault detector technology makes it possible to detect dangerous arcs and thus
provide additional protection of installations. See chapter F §9 for more information.

Sizing and protection of conductors

Selection of cross-sectional-areas of cables or isolated conductors for line
conductors is certainly one of the most important tasks of the design process of

an electrical installation as this greatly influences the selection of overcurrent
protective devices, the voltage drop along these conductors and the estimation of
the prospective short-circuit currents: the maximum value relates to the overcurrent
protection and the minimum value relates to the fault protection by automatic
disconnection of supply. This has to be done for each circuit of the installation.
Similar task is to be done for the neutral conductor and for the Protective Earth (PE)
conductor.

LV switchgear: functions & selection

Once the short-circuit current are estimated, protective devices can be selected for
the overcurrent protection. Circuit breakers have also other possible functions such
as switching and isolation. A complete understanding of the functionalities offered by
all switchgear and controlgear within the installation is necessary. Correct selection
of all devices can now be done.

A comprehensive understanding of all functionalities offered by the circuit breakers
is of prime importance as this is the device offering the largest variety of functions.

Overvoltage protection

Direct or indirect lightning strokes can damage electrical equipment at a distance
of several kilometres. Operating voltage surges, transient and industrial frequency
over-voltage can also produce the same consequences. All protective measures
against overvoltage need to be assessed. One of the most used corresponds

to the use of Surge Protective Devices (SPD). Their selection; installation

and protection within the electrical installation request some particular attention.

Energy efficiency in electrical distribution

Implementation of active energy efficiency measures within the electrical installation
can produce high benefits for the user or owner: reduced power consumption,
reduced cost of energy, better use of electrical equipment. These measures will
most of the time request specific design for the installation as measuring electricity
consumption either per application (lighting, heating, process...) or per area (floor,
workshop) present particular interest for reducing the electricity consumption still
keeping the same level of service provided to the user.
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A - General rules of electrical installation design

L - Power Factor Correction

M - Harmonic management

N - Characteristics of particular sources and
loads

P - Photovoltaic Installations

Q - Residential and other special locations

R - EMC guidelines

S - Measurement

A companion tool of
the Electrical Installation Guide

(1) Ecodial is a Schneider Electric software available in several
languages and according to different electrical installation
standards.

Reactive energy

The power factor correction within electrical installations is carried out locally,
globally or as a combination of both methods. Improving the power factor has a
direct impact on the billing of consumed electricity and may also have an impact on
the energy efficiency.

Harmonics

Harmonic currents in the network affect the quality of energy and are at the origin

of many disturbances as overloads, vibrations, ageing of equipment, trouble

of sensitive equipment, of local area networks, telephone networks. This chapter
deals with the origins and the effects of harmonics and explain how to measure them
and present the solutions.

Particular supply sources and loads

Particular items or equipment are studied:
m Specific sources such as alternators or inverters

m Specific loads with special characteristics, such as induction motors, lighting
circuits or LV/LV transformers

m Specific systems, such as direct-current networks.

A green and economical energy
The solar energy development has to respect specific installation rules.

Generic applications

Certain premises and locations are subject to particularly strict regulations: the most
common example being residential dwellings.

EMC Guidelines

Some basic rules must be followed in order to ensure Electromagnetic Compatibility.
Non observance of these rules may have serious consequences in the operation

of the electrical installation: disturbance of communication systems, nuisance
tripping of protection devices, and even destruction of sensitive devices.

Measurement

Measurement is becoming more and more an essential part of the electrical
installations. Chapter S is an introduction to the different applications of
measurements, such as energy efficiency, energy usage analysis, billing, cost
allocation, power quality ... It also provides a panorama of the relevant standards
for these applications, with a special focus on the IEC 61557-12 related to Power
Metering and monitoring devices (PMD).

Ecodial software

Ecodial software(") provides a complete design package for LV installations,

in accordance with IEC standards and recommendations.

The following features are included:

m Construction of one-line diagrams

m Calculation of short-circuit currents according to several operating modes (normal,
back-up, load shedding)

m Calculation of voltage drops

m Optimization of cable sizes

m Required ratings and settings of switchgear and fusegear

m Discrimination of protective devices

m Optimization of switchgear using cascading

m Verification of the protection of people and circuits

m Comprehensive print-out of the foregoing calculated design data

There is a number of tools which can help to speed-up the design process.

As an example, to choose a combination of components to protect and control
an asynchronous motor, with proper coordination (type 1, 2 or total, as defined
in international standard IEC 60947-4-1), rather than selecting this combination

using paper tables, it is much faster to use tools such as the Low Voltage Motor
Starter Solution Guide.
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2 Rules and statutory regulations

(1) m the lower values in the first and second columns are
voltages to neutral and the higher values are voltages between
phases. When one value only is indicated, it refers to three-
wire systems and specifies the voltage between phases. The
lower value in the third column is the voltage to neutral and the
higher value is the voltage between lines.

m voltages in excess of 230/400 V are intended for heavy
industrial applications and large commercial premises.

m concerning supply voltage range, under normal operating
conditions, the supply voltage should not differ from the
nominal voltage of the system by more than +10 %.

Low-voltage installations are usually governed by a number of regulatory
and advisory texts, which may be classified as follows:
m Statutory regulations (decrees, factory acts, etc.)

m Codes of practice, regulations issued by professional institutions, job specifications

m National and international standards for installations
m National and international standards for products

2.1 Definition of voltage ranges

IEC voltage standards and recommendations

Three-phase four-wire or three-wire systems

Nominal voltage (V)

Single-phase three-wire systems
Nominal voltage (V)

50 Hz 60 Hz 60 Hz

- 120/208 120/2401)
2300 2400) -
230/400() 230/400() -

- 2771480 -

- 480 -

- 347/600 -

- 600 -
400/690®) - -

1000 600 -

(a) The value of 230/400 V is the result of the evolution of 220/380 V and 240/415 V
systems which has been completed in Europe and many other countries. However,

220/380 V and 240/415 V systems still exist.

(b) The value of 400/690 V is the result of the evolution of 380/660 V systems which
has been completed in Europe and many other countries. However, 380/660 V systems

still exist.

(c) The value of 200 V or 220 V is also used in some countries.
(d) The values of 100/200 V are also used in some countries on 50 Hz or 60 Hz

systems.

Fig. Al: Standard voltages between 100 V and 1000 V (IEC 60038 Edition 7.0 2009-06) )

Series |

Series |l

Highest voltage

Nominal system

Highest voltage

Nominal system

for equipment (kV) |voltage (kV) for equipment (kV) |voltage (kV)
3.6 3.3 30) 4.400) 4.160)
7.2(0) 6.6(®) 60) - -

12 1 10 - -

- - - 13.2€) 12470
- - - 13.97) 13.2€)

_ _ _ 14.52() 13.8®
(17.5) - (15) - -

24 22 20 - -

- - - 26.4(€) 24.94(c.€)
36 33 30@) - -

- - - 36.5() 34.5€)
40.5) — 350 — —

Note 1: It is recommended that in any one country the ratio between two adjacent

nominal voltages should be not less than two.

Note 2: In a normal system of Series |, the highest voltage and the lowest voltage do
not differ by more than approximately £10 % from the nominal voltage of the system.
In a normal system of Series Il, the highest voltage does not differ by more than +5 %
and the lowest voltage by more than -10 % from the nominal voltage of the system.
(a) These systems are generally three-wire systems, unless otherwise indicated. The
values indicated are voltages between phases.
The values indicated in parentheses should be considered as non-preferred values.
It is recommended that these values should not be used for new systems to be

constructed in future.

(b) These values should not be used for new public distribution systems.
(c) These systems are generally four-wire systems and the values indicated are
voltages between phases. The voltage to neutral is equal to the indicated value divided

by 1.73.

(d) The unification of these values is under consideration.
(e) The values of 22.9 kV for nominal voltage and 24.2 kV or 25.8 kV for highest
voltage for equipment are also used in some countries.

Fig. A2: AC 3 phases Standard voltages above 1 kV and not exceeding 35 kV
(IEC 60038 Edition 7.0 2009)@
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A - General rules of electrical installation design

2.2 Regulations

In most countries, electrical installations shall comply with more than one set of
regulations, issued by National Authorities or by recognized private bodies. It is
essential to take into account these local constraints before starting the design.
These regulations may be based on national standards derived from the IEC 60364:
Low-voltage electrical installations.

2.3 Standards

This Guide is based on relevant IEC standards, in particular IEC 60364. IEC

60364 has been established by engineering experts of all countries in the world
comparing their experience at an international level. Currently, the safety principles
of IEC 60364 series, IEC 61140, 60479 series and IEC 61201 are the fundamentals
of most electrical standards in the world (see table below and next page).

IEC 60038
IEC 60051 series
IEC 60071-1
IEC 60076-1
IEC 60076-2
IEC 60076-3
IEC 60076-5
IEC 60076-7
IEC 60076-10
IEC 60076-11
IEC 60076-12
IEC 60146-1-1
IEC 60255-1
IEC 60269-1
IEC 60269-2

IEC 60282-1

IEC 60287-1-1
IEC 60364-1

IEC 60364-4-41
IEC 60364-4-42
IEC 60364-4-43
IEC 60364-4-44
IEC 60364-5-51
IEC 60364-5-52
IEC 60364-5-53
IEC 60364-5-54
IEC 60364-5-55
IEC 60364-6

IEC 60364-7-701
IEC 60364-7-702
IEC 60364-7-703
IEC 60364-7-704
IEC 60364-7-705
IEC 60364-7-706
IEC 60364-7-708
IEC 60364-7-709
IEC 60364-7-710
IEC 60364-7-711
IEC 60364-7-712
IEC 60364-7-713
IEC 60364-7-714
IEC 60364-7-715
IEC 60364-7-717
IEC 60364-7-718
IEC 60364-7-721
IEC 60364-7-729
IEC 60364-7-740

IEC 60364-7-753
IEC 60364-8-1
IEC 60446

IEC 60479-1
IEC 60479-2
IEC 60479-3
IEC 60529
IEC 60644

IEC standard voltages
Direct acting indicating analogue electrical measuring instruments and their accessories
Insulation co-ordination - Definitions, principles and rules
Power transformers - General
Power transformers - Temperature rise for liquid immersed transformers
Power transformers - Insulation levels, dielectric tests and external clearances in air
Power transformers - Ability to withstand short-circuit
Power transformers - Loading guide for oil-immersed power transformers
Power transformers - Determination of sound levels
Power transformers - Dry-type transformers
Power transformers - Loading guide for Dry-type power transformers
Semiconductor converters - General requirements and line commutated converters - Specifications of basic requirements
Measuring relays and protection equipment - Common requirements
Low-voltage fuses - General requirements
Low-voltage fuses - Supplementary requirements for fuses for use by authorized persons (fuses mainly for industrial application) - Examples
of standardized systems of fuses A to K
High-voltage fuses - Current-limiting fuses
Electric cables - Calculation of the current rating - Current rating equations (100 % load factor) and calculation of losses - General
Low-voltage electrical installations - Fundamental principles, assessment of general characteristics, definitions
Low-voltage electrical installations - Protection for safety - Protection against electric shock
Low-voltage electrical installations - Protection for safety - Protection against thermal effects
Low-voltage electrical installations - Protection for safety - Protection against overcurrent
Low-voltage electrical installations - Protection for safety - Protection against voltage disturbances and electromagnetic disturbances
Low-voltage electrical installations - Selection and erection of electrical equipment - Common rules
Low-voltage electrical installations - Selection and erection of electrical equipment - Wiring systems
Low-voltage electrical installations - Selection and erection of electrical equipment - Isolation, switching and control
Low-voltage electrical installations - Selection and erection of electrical equipment - Earthing arrangements and protective conductors
Low-voltage electrical installations - Selection and erection of electrical equipment - Other equipment
Low-voltage electrical installations - Verification
Low-voltage electrical installations - Requirements for special installations or locations - Locations containing a bath or shower
Low-voltage electrical installations - Requirements for special installations or locations - Swimming pools and fountains
Low-voltage electrical installations - Requirements for special installations or locations - Rooms and cabins containing sauna heaters
Low-voltage electrical installations - Requirements for special installations or locations - Construction and demolition site installations
Low-voltage electrical installations - Requirements for special installations or locations - Agricultural and horticultural premises
Low-voltage electrical installations - Requirements for special installations or locations - Conducting locations with restrictive movement
Low-voltage electrical installations - Requirements for special installations or locations - Caravan parks, camping parks and similar locations
Low-voltage electrical installations - Requirements for special installations or locations - Marinas and similar locations
Low-voltage electrical installations - Requirements for special installations or locations - Medical locations
Low-voltage electrical installations - Requirements for special installations or locations - Exhibitions, shows and stands
Low-voltage electrical installations - Requirements for special installations or locations - Solar photovoltaic (PV) power supply systems
Low-voltage electrical installations - Requirements for special installations or locations - Furniture
Low-voltage electrical installations - Requirements for special installations or locations - External lighting installations
Low-voltage electrical installations - Requirements for special installations or locations - Extra-low-voltage lighting installations
Low-voltage electrical installations - Requirements for special installations or locations - Mobile or transportable units
Low-voltage electrical installations - Requirements for special installations or locations - Communal facilities and workplaces
Low-voltage electrical installations - Requirements for special installations or locations - Electrical installations in caravans and motor caravans
Low-voltage electrical installations - Requirements for special installations or locations - Operating or maintenance gangways
Low-voltage electrical installations - Requirements for special installations or locations - Temporary electrical installations for structures,
amusement devices and booths at fairgrounds, amusement parks and circuses
Low-voltage electrical installations - Requirements for special installations or locations - Heating cables and embedded heating systems
Low-voltage electrical installations - Energy efficiency
Basic and safety principles for man-machine interface, marking and identification - Identification of equipment terminals, conductors
terminations and conductors
Effects of current on human beings and livestock - General aspects
Effects of current on human beings and livestock - Special aspects
Effects of current on human beings and livestock - Effects of currents passing through the body of livestock
Degrees of protection provided by enclosures (IP code)
Specification for high-voltage fuse-links for motor circuit applications

(Continued on next page)
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IEC 60664
IEC 60715

IEC 60724
IEC 60755
IEC 60787
IEC 60831-1

IEC 60831-2

IEC 60947-1
IEC 60947-2
IEC 60947-3
IEC 60947-4-1
IEC 60947-6-1
IEC 61000 series
IEC 61140

IEC 61201
IEC/TR 61439-0
IEC 61439-1
IEC 61439-2
IEC 61439-3
IEC 61439-4
IEC 61439-5
IEC 61439-6
IEC 61557-1

IEC 61557-8

IEC 61557-9

IEC 61557-12

IEC 61558-2-6

IEC 61643-11
IEC 61643-12

IEC 61643-21

IEC 61643-22

IEC 61921

IEC 61936-1
IEC 62271-1
IEC 62271-100
IEC 62271-101
IEC 62271-102
IEC 62271-103
IEC 62271-105
IEC 62271-200

IEC 62271-202
IEC 62305-1
IEC 62305-2
IEC 62305-3
IEC 62305-4
IEC 62586-2
IEC TS 62749

Insulation coordination for equipment within low-voltage systems - all parts

Dimensions of low-voltage switchgear and controlgear. Standardized mounting on rails for mechanical support of electrical devices in switchgear
and controlgear installations.

Short-circuit temperature limits of electric cables with rated voltages of 1 kV (Um = 1.2 kV) and 3 kV (Um = 3.6 kV)

General requirements for residual current operated protective devices

Application guide for the selection of high-voltage current-limiting fuses-link for transformer circuit

Shunt power capacitors of the self-healing type for a.c. systems having a rated voltage up to and including 1000 V - Part 1: General - Performance,
testing and rating - Safety requirements - Guide for installation and operation

Shunt power capacitors of the self-healing type for a.c. systems having a rated voltage up to and including 1000 V - Part 2: Ageing test, self-healing
test and destruction test

Low-voltage switchgear and controlgear - General rules

Low-voltage switchgear and controlgear - Circuit breakers

Low-voltage switchgear and controlgear - Switches, disconnectors, switch-disconnectors and fuse-combination units

Low-voltage switchgear and controlgear - Contactors and motor-starters - Electromechanical contactors and motor-starters

Low-voltage switchgear and controlgear - Multiple function equipment - Transfer switching equipment

Electromagnetic compatibility (EMC)

Protection against electric shocks - common aspects for installation and equipment

Use of conventional touch voltage limits - Application guide

Low-voltage switchgear and controlgear assemblies - Guidance to specifying assemblies

Low-voltage switchgear and controlgear assemblies - General rules

Low-voltage switchgear and controlgear assemblies - Power switchgear and controlgear assemblies

Low-voltage switchgear and controlgear assemblies - Distribution boards intended to be operated by ordinary persons (DBO)

Low-voltage switchgear and controlgear assemblies - Particular requirements for assemblies for construction sites (ACS)

Low-voltage switchgear and controlgear assemblies - Assemblies for power distribution in public networks

Low-voltage switchgear and controlgear assemblies - Busbar trunking systems (busways)

Electrical safety in low voltage distribution systems up to 1000 V a.c. and 1500 V d.c. - Equipment for testing, measuring or monitoring of protective
measures - General requirements

Electrical safety in low voltage distribution systems up to 1000 V a.c. and 1500 V d.c. - Equipment for testing, measuring or monitoring of protective
measures - Insulation monitoring devices for IT systems

Electrical safety in low voltage distribution systems up to 1000 V a.c. and 1500 V d.c. - Equipment for testing, measuring or monitoring of protective
measures - Equipment for insulation fault location in IT systems

Electrical safety in low voltage distribution systems up to 1000 V a.c. and 1500 V d.c. - Equipment for testing, measuring or monitoring of protective
measures - Performance measuring and monitoring devices (PMD)

Safety of transformers, reactors, power supply units and similar products for supply voltages up to 1100 V - Particular requirements and test

for safety isolating transformers and power supply units incorporating isolating transformers

Low-voltage surge protective devices - Surge protective devices connected to low-voltage power systems - Requirements and test methods
Low-voltage surge protective devices - Surge protective devices connected to low-voltage power distribution systems - Selection and application
principles

Low voltage surge protective devices - Surge protective devices connected to telecommunications and signalling networks - Performance
requirements and testing methods

Low-voltage surge protective devices - Surge protective devices connected to telecommunications and signalling networks - Selection

and application principles

Power capacitors - Low-voltage power factor correction banks

Power installations exceeding 1 kV a.c. - Part 1: Common rules

High-voltage switchgear and controlgear - Common specifications

High-voltage switchgear and controlgear - Alternating-current circuit breakers

High-voltage switchgear and controlgear - Synthetic testing

High-voltage switchgear and controlgear - Alternating current disconnectors and earthing switches

High-voltage switchgear and controlgear - Switches for rated voltages above 1 kV up to and including 52 kV

High-voltage switchgear and controlgear - Alternating current switch-fuse combinations for rated voltages above 1 kV up to and including 52 kV
High-voltage switchgear and controlgear - Alternating current metal-enclosed switchgear and controlgear for rated voltages above 1 kV

and up to and including 52 kV

High-voltage switchgear and controlgear - High-voltage/low voltage prefabricated substations

Protection against lightning - Part 1: General principles

Protection against lightning - Part 2: Risk management

Protection against lightning - Part 3: Physical damage to structures and life hazard

Protection against lightning - Part 4: Electrical and electronic systems within structures

Power quality measurement in power supply systems - Part 2: Functional tests and uncertainty requirements

Assessment of power quality - Characteristics of electricity supplied by public networks

(Concluded)

2.4 Quality and safety of an electrical installation

In so far as control procedures are respected, quality and safety will be assured
only if:

m The design has been done according to the latest edition of the appropriate wiring
rules

m The electrical equipment comply with relevant product standards

m The initial checking of conformity of the electrical installation with the standard
and regulation has been achieved

m The periodic checking of the installation recommended is respected.
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2.5 Initial testing of an installation

Before a utility will connect an installation to its supply network, strict pre-
commissioning electrical tests and visual inspections by the authority,
or by its appointed agent, must be satisfied.

These tests are made according to local (governmental and/or institutional)
regulations, which may differ slightly from one country to another. The principles
of all such regulations however, are common, and are based on the observance
of rigorous safety rules in the design and realization of the installation.

IEC 60364-6 and related standards included in this guide are based on an
international consensus for such tests, intended to cover all the safety measures and
approved installation practices normally required for residential, commercial and (the
majority of) industrial buildings. Many industries however have additional regulations
related to a particular product (petroleum, coal, natural gas, etc.). Such additional
requirements are beyond the scope of this guide.

The pre-commissioning electrical tests and visual-inspection checks for installations
in buildings include, typically, all of the following:

m Electrical continuity and conductivity tests of protective, equipotential and earth-
bonding conductors

m Insulation resistance tests between live conductors and the protective conductors
connected to the earthing arrangement

m Test of compliance of SELV (Safety Extra Low Voltage) and PELV (Protection by
Extra Low Voltage) circuits or for electrical separation

m Insulation resistance/impedance of floors and walls

m Protection by automatic disconnection of the supply

0 For TN, by measurement of the fault loop impedance, and by verification

of the characteristics and/or the effectiveness of the associated protective devices
(overcurrent protective device and RCD)

0 For TT, by measurement of the resistance RA of the earth electrode of the
exposed-conductive-parts, and by verification of the characteristics and/or the
effectiveness of the associated protective devices (overcurrent protective device
and RCD)

0 For IT, by calculation or measurement of the current Id in case of a fist fault at
the line conductor or at the neutral, and with the test done for TN system where
conditions are similar to TN system in case of a double insulation fault situation,
with the test done for TT system where the conditions are similar to TT system

in case of a double insulation fault situation.

m Additional protection by verifying the effectiveness of the protective measure

m Polarity test where the rules prohibit the installation of single pole switching
devices in the neutral conductor.

m Check of phase sequence in case of multiphase circuit

m Functional test of switchgear and controlgear by verifying their installation and
adjustment

m Voltage drop by measuring the circuit impedance or by using diagrams

These tests and checks are basic (but not exhaustive) to the majority of installations,
while numerous other tests and rules are included in the regulations to cover
particular cases, for example: installations based on class 2 insulation, special
locations, etc.

The aim of this guide is to draw attention to the particular features of different types
of installation, and to indicate the essential rules to be observed in order to achieve
a satisfactory level of quality, which will ensure safe and trouble-free performance.
The methods recommended in this guide, modified if necessary to comply with any
possible variation imposed by a utility, are intended to satisfy all precommissioning
test and inspection requirements.

After verification and testing an initial report must be provided including records

of inspection, records of circuits tested together with the test result and possible
repairs or improvements of the installation.

2.6 Putin out of danger the existing electrical
installations
This subject is in real progress cause of the statistics with origin electrical

installation (number of old and recognised dangerous electrical installations, existing
installations not in adequation with the future needs etc.)
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2.7 Periodic check-testing of an installation

In many countries, all industrial and commercial-building installations, together
with installations in buildings used for public gatherings, must be re-tested
periodically by authorized agents.

The following tests should be performed

m Verification of RCD effectiveness and adjustments

m Appropriate measurements for providing safety of persons against effects

of electric shock and protection against damage to property against fire and heat
m Confirmation that the installation is not damaged

m |dentification of installation defects

Figure A3 shows the frequency of testing commonly prescribed according

to the kind of installation concerned.

Type of installation Testing frequency
Installations m Locations at which a risk of degradation, | Annually

which require fire or explosion exists

the protection m Temporary installations at worksites

of employees m Locations at which MV installations exist

m Restrictive conducting locations where
mobile equipment is used

Other cases Every 3 years
Installations in buildings According to the type of establishment From one to
used for public gatherings, and its capacity for receiving the public three years

where protection against
the risks of fire and panic
are required

Residential According to local regulations Example : the REBT
in Belgium which
imposes a periodic
control each 20 years.

Fig A3: Frequency of check-tests commonly recommended for an electrical installation

As for the initial verification, a reporting of periodic verification is to be provided.

Conformity of equipment with the relevant 2.8 Conformity assessement (with standards and
standards can be attested in several ways specifications) of equipment used in the installation

The conformity assessement of equipment with the relevant standards can be
attested:

m By mark of conformity granted by the certification body concerned, or
m By a certificate of conformity issued by a certification body, or
m By a declaration of conformity given by the manufacturer.

Declaration of conformity

As business, the declaration of conformity, including the technical documentation,
is generally used in for high voltage equipments or for specific products. In Europe,
the CE declaration is a mandatory declaration of conformity.

Note: CE marking

In Europe, the European directives require the manufacturer or his authorized
representative to affix the CE marking on his own responsibility. It means that:

® The product meets the legal requirements
m It is presumed to be marketable in Europe.

The CE marking is neither a mark of origin nor a mark of conformity, it completes the
declaration of conformity and the technical documents of the equipments.

Certificate of conformity

A certificate of conformity can reinforce the manufacturer's declaration

and the customer's confidence. It could be requested by the regulation

of the countries, imposed by the customers (Marine, Nuclear,..), be mandatory
to garanty the maintenance or the consistency between the equipments.

Mark of conformity

Marks of conformity are strong strategic tools to validate a durable conformity. It
consolidates the confidence with the brand of the manufacturer. A mark of conformity

© Schneider Electric - all rights reserved
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is delivered by certification body if the equipment meets the requirements from

an applicable referential (including the standard) and after verification of the
manufacturer’s quality management system.

Audit on the production and follow up on the equipments are made globally each year.

Quality assurance

A laboratory for testing samples cannot certify the conformity of an entire production
run: these tests are called type tests. In some tests for conformity to standards,
the samples are destroyed (tests on fuses, for example).

Only the manufacturer can certify that the fabricated products have, in fact,

the characteristics stated.

Quality assurance certification is intended to complete the initial declaration

or certification of conformity.

As proof that all the necessary measures have been taken for assuring the quality
of production, the manufacturer obtains certification of the quality control system
which monitors the fabrication of the product concerned. These certificates are
issued by organizations specializing in quality control, and are based

on the international standard ISO 9001: 2000.

These standards define three model systems of quality assurance control
corresponding to different situations rather than to different levels of quality:

m Model 3 defines assurance of quality by inspection and checking of final products

m Model 2 includes, in addition to checking of the final product, verification of the
manufacturing process. For example, this method is applied, to the manufacturer of
fuses where performance characteristics cannot be checked without destroying the fuse

m Model 1 corresponds to model 2, but with the additional requirement that the
quality of the design process must be rigorously scrutinized; for example, where it is
not intended to fabricate and test a prototype (case of a custom-built product made to
specification).

2.9 Environment

The contribution of the whole electrical installation to sustainable development can
be significantly improved through the design of the installation. Actually, it has been
shown that an optimised design of the installation, taking into account operation
conditions, MV/LV substations location and distribution structure (switchboards,
busways, cables), can reduce substantially environmental impacts (raw material
depletion, energy depletion, end of life), especially in term of energy efficiency.
Beside its architecture, environmental specification of the electrical component

and equipment is a fundamental step for an eco-friendly installation. In particular to
ensure proper environmental information and anticipate regulation.

In Europe several Directives concerning electrical equipments have been published,
leading the worldwide move to more environment safe products.

a) RoHS Directive (Restriction of Hazardous Substances): in force since July 2006
and revised on 2012. It aims to eliminate from products six hazardous substances:
lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBB) or
polybrominated diphenyl ethers (PBDE) from most of end user electrical products..
Though electrical installations being “large scale fixed installation” are not in the
scope, RoHS compliance requirement may be a recommendation for a sustainable
installation

b) WEEE Directive (Waste of Electrical and Electronic Equipment): in force since
August 2005 and currently under revision. Its purpose is to improve the end of life
treatments for household and non household equipment, under the responsibility
of the manufacturers. As for RoHS, electrical installations are not in the scope

of this directive. However, End of Life Product information is recommended

to optimise recycling process and cost.

c) Energy Related Product, also called Ecodesign. Apart for some equipments like
lighting or motors for which implementing measures are compulsory, there are no
legal requirements that directly apply to installation. However, trend is to provide
electrical equipments with their Environmental Product Declarattion, as it is becoming
for Construction Products, to anticipate Building Market coming requirements.

d) REACh: (Registration Evaluation Authorisation of Chemicals). In force since
2007, it aims to control chemical use and restrict application when necessary to
reduce hazards to people and environment. With regards to Energy Efficiency and
installations, it implies any supplier shall, upon request, communicate to its customer
the hazardous substances content in its product (so called SVHC, Substances of
Very High Concern). Then, an installer should ensure that its suppliers have the
appropriate information available

In other parts of the world new legislations will follow the same objectives.
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3 Installed power loads -
Characteristics

An examination of the actual apparent-power
demands of different loads: a necessary
preliminary step in the design

of a LV installation

The nominal power in kW (Pn) of a motor
indicates its rated equivalent mechanical power
output.
The apparent power in kVA (Pa) supplied to
the motor is a function of the output, the motor
efficiency and the power factor.

Pn

~ ncosoe

The examination of actual values of apparent-power required by each load enables
the establishment of:

m A declared power demand which determines the contract for the supply of energy

m The rating of the MV/LV transformer, where applicable (allowing for expected
increased load)

m Levels of load current at each distribution board.

3.1 Induction motors

Current demand

The rated current In supplied to the motor is given by the following formulae:

m 3-phase motor: In = Pn x 1000 / (V3 x U x 1] X cos @)

m 1-phase motor: In = Pn x 1000 / (U x 1 x cos @)

where

In: rated current (in amps)

Pn: nominal power (in kW)

U: voltage between phases for 3-phase motors and voltage between the terminals
for single-phase motors (in volts). A single-phase motor may be connected phase-to-
neutral or phase-to-phase.

1: per-unit efficiency, i.e. output kW / input kW

cos @: power factor, i.e. kW input / kVA input.

Subtransient current and protection setting

m Subtransient current peak value can be very high; typical value is about 12
to 15 times the rms rated value In. Sometimes this value can reach 25 times In.

m Schneider Electric circuit breakers, contactors and thermal relays are designed
to withstand motor starts with very high subtransient current (subtransient peak value
can be up to 19 times the rms rated value In).

m If unexpected tripping of the overcurrent protection occurs during starting, this
means the starting current exceeds the normal limits. As a result, some maximum
switchgear withstands can be reached, life time can be reduced and even some
devices can be destroyed. In order to avoid such a situation, oversizing of the
switchgear must be considered.

m Schneider Electric switchgears are designed to ensure the protection of motor
starters against short-circuits. According to the risk, tables show the combination

of circuit breaker, contactor and thermal relay to obtain type 1 or type 2 coordination
(see chapter N).

Motor starting current

Although high efficiency motors can be found on the market, in practice their starting
currents are roughly the same as some of standard motors.

The use of start-delta starter, static soft start unit or variable speed drive allows
to reduce the value of the starting current (Example: 4 In instead of 7.5 In).

See also chapter N §5 "Asyncronous motors" for more information

Compensation of reactive-power (kvar) supplied to induction motors

It is generally advantageous for technical and financial reasons to reduce the current
supplied to induction motors. This can be achieved by using capacitors without
affecting the power output of the motors.

The application of this principle to the operation of induction motors is generally
referred to as “power-factor improvement” or “power-factor correction”.

As discussed in chapter L, the apparent power (kVA) supplied to an induction motor
can be significantly reduced by the use of shunt-connected capacitors. Reduction
of input kVA means a corresponding reduction of input current (since the voltage
remains constant).

Compensation of reactive-power is particularly advised for motors that operate for
long periods at reduced power.

kW input

cos g = KVA input SO that a kVA input reduction will increase

As noted above

(i.e. improve) the value of cos ¢.
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The current supplied to the motor, after power-factor correction, is given by:
cos
I-la —
CoSs @
where cos @ is the power factor before compensation and cos ¢’ is the power factor
after compensation, la being the original current.

Figure A4 below shows, in function of motor rated power, standard motor current
values for several voltage supplies (IEC 60947-4-1 Annex G)

kwW hp 230V 380 - 400 V 440 - 500 V 690 V
415V 480 V
A A A A A A

0.18 - 1.0 - 0.6 - 0.48 0.35
0.25 - 1.5 - 0.85 - 0.68 0.49
0.37 - 1.9 - 1.1 - 0.88 0.64
- 12 - 1.3 - 1.1 - -
0.55 - 2.6 - 1.5 - 1.2 0.87
- 3/4 - 1.8 - 1.6 - -
- 1 - 2.3 - 2.1 - -
0.75 - 3.3 - 1.9 - 1.5 1.1
1.1 - 4.7 - 7 - 2.2 1.
- 1-1/2 - 3.3 - 3.0 - -
- 2 - 4.3 - 34 -
1.5 - 6.3 - 3.6 - 2.9 21
2.2 - 8.5 - 4.9 - 3.9 2.8
- 3 - 6.1 - 4.8 - -
3.0 - 11.3 - 6.5 - 5.2 3.8
4 - 15 9.7 8.5 7.6 6.8 4.9
- 5 - 9.7 - 7.6 - -
5.5 - 20 - 1.5 - 9.2 6.7
- 7-1/2 - 14.0 - 11.0 - -
- 10 - 18.0 - 14.0 - -
7.5 - 27 - 15.5 - 12.4 8.9
11 - 38.0 - 22.0 - 17.6 12.8
- 15 - 27.0 - 21.0 - -
- 20 - 34.0 - 27.0 - -
15 - 51 - 29 - 23 17
18.5 - 61 - 35 - 28 21
- 25 - 44 - 34 -
22 - 72 - 41 - 33 24
- 30 - 51 - 40 - -
- 40 - 66 - 52 - -
30 - 96 - 55 - 44 32
37 - 115 - 66 - 53 39
- 50 - 83 - 65 - -
- 60 - 103 - 77 - -
45 - 140 - 80 - 64 47
55 - 169 - 97 - 78 57
- 75 - 128 - 96 - -
- 100 - 165 - 124 - -
75 - 230 - 132 - 106 77
90 - 278 - 160 - 128 93
- 125 - 208 - 156 - -
110 - 340 - 195 156 113
- 150 - 240 - 180 - -
132 - 400 - 230 - 184 134
- 200 - 320 - 240 - -
150 - - - - - - -
160 - 487 - 280 - 224 162
185 - - - - - - -
- 250 - 403 - 302 - -

E 200 - 609 - 350 - 280 203

S 220 - - - - - - -

8 - 300 - 482 - 361 - -

£ 250 - 748 - 430 - 344 250

=) 280 - - - - - - -

= - 350 - 560 - 414 - -

5 - 400 - 636 - 474 - -

= 300 - - - - - - -

ks

w

g Fig. A4: Rated operational power and currents (continued on next page)
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kw hp 230V 380 - 400 V 440 - 500 V 690 V

415V 480 V
A A A A A A
315 - 940 - 540 - 432 313
- 450 - - - 515 - -
335 - - - - - - -
355 - 1061 - 610 - 488 354
- 500 - 786 - 590 - -
375 - - - - - - -
400 - 1200 - 690 - 552 400
425 - - - - - - -
450 - - - - - - -
475 - - - - - - -
500 - 1478 - 850 - 680 493
530 - - - - - - -
560 - 1652 - 950 - 760 551
600 - - - - - - -
630 - 1844 - 1060 - 848 615
670 - - - - - - -
710 - 2070 - 1190 - 952 690
750 - - - - - - -
800 - 2340 - 1346 - 1076 780
850 - - - - - . -
900 - 2640 - 1518 - 1214 880
950 - - - - - . -
1000 - 2910 - 1673 - 1339 970

Fig. A4: Rated operational power and currents (concluded)

3.2 Resistive-type heating appliances and
incandescent lamps (conventional or halogen)
See also chapter N §4 "Lighting circuits"

The current demand of a heating appliance or an incandescent lamp is easily

obtained from the nominal power Pn quoted by the manufacturer (i.e. cos ¢ = 1)
(see Fig. A5).

Nominal | Current demand (A)

power l-phase 1-phase 3-phase 3-phase
(kW) 127V 230V 230V 400 V
0.1 0.79 0.43 0.25 0.14
0.2 1.58 0.87 0.50 0.29
0.5 3.94 217 1.26 0.72
1 7.9 4.35 2.51 1.44
1.5 11.8 6.52 3.77 217
2 15.8 8.70 5.02 2.89
2.5 19.7 10.9 6.28 3.61
3 23.6 13 7.53 4.33
35 27.6 15.2 8.72 5.05
4 31.5 17.4 10 5.77
45 35.4 19.6 11.3 6.5

5 39.4 21.7 12.6 7.22
6 47.2 26.1 15.1 8.66
7 55.1 304 17.6 10.1
8 63 34.8 20.1 1.5
9 71 39.1 22.6 13

10 79 43.5 25.1 14.4

Fig. A5: Current demands of resistive heating and incandescent lighting (conventional or
halogen) appliances
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The currents are given by:

Pn @

V3u

Pn®
m 1-phase case: la= U

m 3-phase case: la=

where U is the voltage between the terminals of the equipment.

For an incandescent lamp, the use of halogen gas allows a more concentrated light
source. The light output is increased and the lifetime of the lamp is doubled.

Note: At the instant of switching on, the cold filament gives rise to a very brief but
intense peak of current.

3.3 Fluorescent lamps
See also chapter N §4 "Lighting circuits"
Fluorescent lamps and related equipment

The power Pn (watts) indicated on the tube of a fluorescent lamp does not include
the power dissipated in the ballast.

The current is given by:

Phaliast + PN
U cos @

la=

Where U = the voltage applied to the lamp, complete with its related equipment.
If no power-loss value is indicated for the ballast, a figure of 25 % of Pn may be
used.

Standard tubular fluorescent lamps

With (unless otherwise indicated):
m cos ¢ = 0.6 with no power factor (PF) correction® capacitor
m cos ¢ = 0.86 with PF correction(@ (single or twin tubes)

m cos ¢ = 0.96 for electronic ballast.

If no power-loss value is indicated for the ballast, a figure of 25 % of Pn may be
used.

Figure A6 gives these values for different arrangements of ballast.

Arrangement Tube power |Current (A) at 230 V Tube
of lamps, starters | (W) @ Magnetic ballast Electronic |length
and ballasts ballast (cm)
Without PF With PF
correction correction
capacitor capacitor
Single tube 18 0.20 0.14 0.10 60
36 0.33 0.23 0.18 120
58 0.50 0.36 0.28 150
Twin tubes 2x18 0.28 0.18 60
2x 36 0.46 0.35 120
2 x 58 0.72 0.52 150

(3) Power in watts marked on tube

Fig. A6: Current demands and power consumption of commonly-dimensioned fluorescent
lighting tubes (at 230 V-50 Hz)

Compact fluorescent lamps

Compact fluorescent lamps have the same characteristics of economy and long life
as classical tubes. They are commonly used in public places which are permanently
illuminated (for example: corridors, hallways, bars, etc.) and can be mounted in
situations otherwise illuminated by incandescent lamps (see Fig. A7 next page).

(1) la'in amps; U in volts. Pn is in watts. If Pn is in kW, then
multiply the equation by 1000

(2) “Power-factor correction” is often referred to as
“compensation” in discharge-lighting-tube terminology.

Cos ¢ is approximately 0.95 (the zero values of V and |

are almost in phase) but the power factor is 0.5 due to the
impulsive form of the current, the peak of which occurs “late”
in each half cycle
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The power in watts indicated on the tube
of a discharge lamp does not include
the power dissipated in the ballast.

Type of lamp Lamp power  Current at 230 V
(W) (A)
Separated 10 0.080
ballast lamp 18 0.110
26 0.150
Integrated 8 0.075
ballast lamp 1 0.095
16 0.125
21 0.170

Fig. A7: Current demands and power consumption of compact fluorescent lamps (at 230 V-50 Hz)

3.4 Discharge lamps

See also chapter N §4 "Lighting circuits"

Figure A8a gives the current taken by a complete unit, including all associated
ancillary equipment.

These lamps depend on the luminous electrical discharge through a gas or vapour
of a metallic compound, which is contained in a hermetically-sealed transparent
envelope at a pre-determined pressure. These lamps have a long start-up time,
during which the current la is greater than the nominal current In. Power and current
demands are given for different types of lamp (typical average values which may
differ slightly from one manufacturer to another).

Type of Power Current In(A) Starting Luminous Average Utilization
lamp (W) |demand PF not PF X In Period efficiency timelife of

(W) at corrected corrected (mins) (lumens lamp (h)

230V 400V |230V 400V |230V 400V per watt)
High-pressure sodium vapour lamps
50 60 0.76 0.3 14t016|4t06 80 to 120 9000 m Lighting of
70 80 1 0.45 large halls
100 115 1.2 0.65 m Outdoor spaces
150 168 1.8 0.85 = Public lighting
250 274 3 1.4
400 431 4.4 22
1000 1055 10.45 4.9
Low-pressure sodium vapour lamps
26 345 0.45 0.17 1.1t01.3 |7 to 15 100 to 200 8000 m Lighting of
36 46.5 0.22 to 12000 autoroutes
66 80.5 0.39 m Security lighting,
91 105.5 0.49 station
131 154 0.69 m Platform, storage

areas

Mercury vapour + metal halide (also called metal-iodide)
70 80.5 1 0.40 1.7 3to5 70 to 90 6000 m Lighting of very
150 172 1.80 0.88 6000 large areas by
250 276 2.10 1.35 6000 projectors (for
400 425 3.40 2.15 6000 example: sports
1000 1046 8.25 5.30 6000 stadiums, etc.)
2000 2092 2052 |16.50 8.60 | 10.50 6 2000
Mercury vapour + fluorescent substance (fluorescent bulb)
50 57 0.6 0.30 17t02 |3to6 40 to 60 8000 m Workshops
80 90 0.8 0.45 to 12000 with very high
125 141 1.15 0.70 ceilings (halls,
250 268 2.15 1.35 hangars)
400 421 3.25 2.15 m Outdoor lighting
700 731 5.4 3.85 m Low light output
1000 1046 8.25 5.30
2000 2140 2080 |15 11 6.1

(1) Replaced by sodium vapour lamps.
Note: these lamps are sensitive to voltage dips. They extinguish if the voltage falls to less than 50 % of their nominal voltage, and will
not re-ignite before cooling for approximately 4 minutes.

Note: Sodium vapour low-pressure lamps have a light-output efficiency which is superior to that of all other sources. However, use of
these lamps is restricted by the fact that the yellow-orange colour emitted makes colour recognition practically impossible.

Fig. A8a: Current demands of discharge lamps
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3.5 LED lamps & fixtures
See also chapter N §4 "Lighting circuits"

A lamp or luminaire with LED technology is powered by a driver:

m can be integrated into the bulb (tube or lamp for retrofit) : in this case refer to the
power indicated on the lamp

m if separated : in that case it is necessary to take into account the power dissipated
in the driver and the power indicated for one or several associated LED modules.

This technology has a very short start-up time. On the other hand, the inrush current
at the powering is generally much higher than for fluorescent lamp with electronic
ballast.

Note: The power in Watts indicated on the LED module with a separated driver
doesn’t include the power dissipated in the driver.

Power Power Starting Luminous Average Utilization
demand factor Inrush Inrush Full efficiency timelife
(W) at current current Time (lumens
230V Ip/In time to per watt)
(microsec) start
3to 400 W >0.9 Up to 250 <250 <05 100 to 140 20000 m All lighting
microsec to 1 sec to 50000 applications in all
domains (housing,
commercial and
industrial building,
infrastructure)

Fig. A8b: Main characteristics of LED lamps & fixtures
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4 Power loading of an installation

The installed power is the sum of the nominal
powers of all power consuming devices

in the installation.

This is not the power to be actually supplied
in practice.

The installed apparent power is commonly
assumed to be the arithmetical sum of the kVA
of individual loads. The maximum estimated
kVA to be supplied however is not equal

to the total installed kVA.

(1) For greater precision, account must be taken of the factor
of maximum utilization as explained below in 4.3

In order to design an installation, the actual maximum load demand likely
to be imposed on the power-supply system must be assessed.

To base the design simply on the arithmetic sum of all the loads existing in the
installation would be extravagantly uneconomical, and bad engineering practice.

The aim of this chapter is to show how some factors taking into account the diversity
(non simultaneous operation of all appliances of a given group) and utilization (e.g.
an electric motor is not generally operated at its full-load capability, etc.)

of all existing and projected loads can be assessed. The values given are based

on experience and on records taken from actual installations. In addition to providing
basic installation-design data on individual circuits, the results will provide

a global value for the installation, from which the requirements of a supply system
(distribution network, MV/LV transformer, or generating set) can be specified.

4.1 Installed power (kW)

Most electrical appliances and equipments are marked to indicate their nominal
power rating (Pn).

The installed power is the sum of the nominal powers of all power-consuming
devices in the installation. This is not the power to be actually supplied in practice.
This is the case for electric motors, where the power rating refers to the output power
at its driving shaft. The input power consumption will evidently be greater.

Fluorescent and discharge lamps associated with stabilizing ballasts, are other
cases in which the nominal power indicated on the lamp is less than the power
consumed by the lamp and its ballast.

Methods of assessing the actual power consumption of motors and lighting
appliances are given in Section 3 of this Chapter.

The power demand (kW) is necessary to choose the rated power of a generating set
or battery, and where the requirements of a prime mover have to be considered.

For a power supply from a LV public-supply network, or through a MV/LV transformer,
the significant quantity is the apparent power in kVA.

4.2 Installed apparent power (kVA)

The installed apparent power is commonly assumed to be the arithmetical sum
of the kVA of individual loads. The maximum estimated kVA to be supplied however
is not equal to the total installed kVA.

The apparent-power demand of a load (which might be a single appliance) is
obtained from its nominal power rating (corrected if necessary, as noted above
for motors, etc.) and the application of the following coefficients:

1 = the per-unit efficiency = output kW / input kW

cos ¢ = the power factor = kW / kVA

The apparent-power kVA demand of the load

Pa =Pn/(n x cos ¢)

From this value, the full-load current la (A)(") taken by the load will be:

Pax 10°
mla=——
\
for single phase-to-neutral connected load
Pa x 10°

mla-Tmu

for three-phase balanced load where:

V = phase-to-neutral voltage (volts)

U = phase-to-phase voltage (volts)

It may be noted that, strictly speaking, the total kVA of apparent power is not the
arithmetical sum of the calculated kVA ratings of individual loads (unless all loads are
at the same power factor).

It is common practice however, to make a simple arithmetical summation, the result
of which will give a kVA value that exceeds the true value by an acceptable “design
margin”.
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When some or all of the load characteristics are not known, the values shown in
Figure A9 may be used to give a very approximate estimate of VA demands
(individual loads are generally too small to be expressed in kVA or kW).

The estimates for lighting loads are based on floor areas of 500 mZ2.

Fluorescent lighting (corrected to cos ¢ = 0.86)

Type of application Estimated (VA/m?Z) Average lighting
fluorescent tube level (lux = Im/m?)
with industrial reflector®)

Roads and highways 7 150

storage areas, intermittent work

Heavy-duty works: fabrication and 14 300

assembly of very large work pieces

Day-to-day work: office work 24 500

Fine work: drawing offices 41 800

high-precision assembly workshops
Power circuits

Type of application Estimated (VA/m?)
Pumping station compressed air 3to6
Ventilation of premises 23
Electrical convection heaters:

private houses 115 to 146
flats and apartments 90

Offices 25
Dispatching workshop 50
Assembly workshop 70
Machine shop 300
Painting workshop 350
Heat-treatment plant 700

(1) example: 65 W tube (ballast not included), flux 5,100 lumens (Im),
luminous efficiency of the tube = 78.5 Im / W.

Fig. A9: Estimation of installed apparent power

4.3 Estimation of actual maximum kVA demand

All individual loads are not necessarily operating at full rated nominal power

nor necessarily at the same time. Factors ku and ks allow the determination

of the maximum power and apparent-power demands actually required to dimension
the installation.

Factor of maximum utilization (ku)

In normal operating conditions the power consumption of a load is sometimes less
than that indicated as its nominal power rating, a fairly common occurrence that
justifies the application of an utilization factor (ku) in the estimation of realistic values.
This factor must be applied to each individual load, with particular attention

to electric motors, which are very rarely operated at full load.

In an industrial installation this factor may be estimated on an average at 0.75

for motors.

For incandescent-lighting loads, the factor always equals 1.

For socket-outlet circuits, the factors depend entirely on the type of appliances being
supplied from the sockets concerned.

For Electric Vehicle the utilization factor will be systematically estimated to 1, as it
takes a long time to load completely the batteries (several hours) and a dedicated
circuit feeding the charging station or wall box will be required by standards.
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Diversity factor - Coincidence factor (ks)

It is a matter of common experience that the simultaneous operation of all installed
loads of a given installation never occurs in practice, i.e. there is always some
degree of diversity and this fact is taken into account for estimating purposes by the
use

of a factor (ks).

This factor is defined in IEC60050 - International Electrotechnical Vocabulary,

as follows:

m Coincidence factor: the ratio, expressed as a numerical value or as a percentage,
of the simultaneous maximum demand of a group of electrical appliances

or consumers within a specified period, to the sum of their individual maximum
demands within the same period. As per this definition, the value is always < 1 and
can be expressed as a percentage

m Diversity factor: the reciprocal of the coincidence factor. It means it will

always be = 1.

The determination of ks factors is the Note: In practice, the most commonly used term is the diversity factor, but it is
responsibility of the designer, since it requires used in replacement of the coincidence factor, thus will be always <= 1. The term
a detailed knowledge of the i’nstallation and the "simultaneity factor" is another alternative that is sometimes used.
conditions inwhich the individual circuits are to The factor ks is applied to each group of loads (e.g. being supplied from a
. . . . distribution or sub-distribution board).

be exploited. For this reason, it is not possible . ) .
to give precise values for general application The following tables are coming from local standards or guides, not from

9 : international standards. They should only be used as examples of determination
of such factors.

Diversity factor for an apartment block

Some typical values for this case are given in Figure A10, and are applicable to
domestic consumers without electrical heating, and supplied at 230/400 V (3-phase
4-wires). In the case of consumers using electrical heat-storage units for space

Number of downstream Diversity

consumers factor (ks)
2t04 1
5t09 0.78
10 to 14 0.63
15t0 19 0.53
20 to 24 0.49
251029 0.46
30 to 34 0.44
35 to 39 0.42
40 to 49 0.41
| | - = - 50 and more 0.38
4th Fig. A10: Example of diversity factors for an apartment block as defined in French standard
floor q gﬁcﬁ{ﬁume's 0-|78 NFC14-100, and applicable for apartments without electrical heating
3rd 4 consumers i i
floor - 1 A 0.63 heating, a factor_of 0.8 is recommended, regardless of the number of consumers.
| Example (see Fig. A11):
5 storeys apartment building with 25 consumers, each having 6 kVA of installed load.
ond The total installed load for the building is: 36 + 24 + 30 + 36 + 24 = 150 kVA
floor goc%}iumers 0.53 The apparent-power supply required for the building is: 150 x 0.46 = 69 kVA
| From Fig. A11, it is possible to determine the magnitude of currents in different
sections of the common main feeder supplying all floors. For vertical rising mains
o fed at ground level, the cross-sectional area of the conductors can evidently be
fl|00r g gﬁ{}i\umefs 0.49 progressively reduced from the lower floors towards the upper floors.
| These changes of conductor size are conventionally spaced by at least 3-floor =
intervals. g
In the example, the current entering the rising main at ground level is: §
ground 4 consumers 3 =
floor =P 24 VA 0.46 150 x 046 x 10° _, '\ g
| 400 /3 2
the current entering the third floor is: 3
3 =
+ .
—— (36 24)x0g3x10 _55A %
Fig. A11l: Application of the diversity factor (ks) to an apartment 400 +3 5
block of 5 storeys 2
c
3
©
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Rated Diversity Factor for distribution switchboards

The standards IEC61439-1 and 2 define in a similar way the Rated Diversity Factor
for distribution switchboards (in this case, always < 1)

IEC61439-2 also states that, in the absence of an agreement between the assembly
manufacturer (panel builder) and user concerning the actual load currents

(diversity factors), the assumed loading of the outgoing circuits of the assembly or
group of outgoing circuits may be based on the values in Fig. A12.

If the circuits are mainly for lighting loads, it is prudent to adopt ks values close to

unity.
Type of load Assumed loading factor
Distribution - 2 and 3 circuits 0.9
Distribution - 4 and 5 circuits 0.8
Distribution - 6 to 9 circuits 0.7
Distribution - 10 or more circuits 0.6
Electric actuator 0.2
Motors < 100 kW 0.8
Motors > 100 kW 1.0

Fig. A12: Rated diversity factor for distribution boards (cf IEC61439-2 table 101)

Diversity factor according to circuit function

ks factors which may be used for circuits supplying commonly-occurring loads,
are shown in Figure A13. It is provided in French practical guide UTE C 15-105.

Circuit function Diversity factor (ks)
Lighting 1
Heating and air conditioning 1
Socket-outlets 0.1t00.2(™M
Lifts and catering hoist @ m For the most powerful
motor 1
m For the second most
powerful motor 0.75
m For all motors 0.60

(1) In certain cases, notably in industrial installations, this factor can be higher.
(2) The current to take into consideration is equal to the nominal current of the motor,
increased by a third of its starting current.

Fig. A13: Diversity factor according to circuit function (see UTE C 15-105 table AC)
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4.4 Example of application of factors ku and ks

An example in the estimation of actual maximum kVA demands at all levels of an
installation, from each load position to the point of supply is given Fig. A14.

In this example, the total installed apparent power is 126.6 kVA, which corresponds
to an actual (estimated) maximum value at the LV terminals of the MV/LV transformer
of 65 kVA only.

Note: in order to select cable sizes for the distribution circuits of an installation, the
current | (in amps) through a circuit is determined from the equation:
_kvAx10®

[ KVAX U
U3

where kVA is the actual maximum 3-phase apparent-power value shown on the
diagram for the circuit concerned, and U is the phase to- phase voltage (in volts).

Level 1 Level 2 Level 3
\ If If \
Utilization Apparent Utilization ~ Apparent  Diversity Apparent  Diversity Apparent  Diversity Apparent
power factor power factor power factor power factor power
(Pa) max. demand demand demand demand
kVA max. kVA kVA kVA kVA
Workshop A Lathe no.l 5 4 —Distribution
box
no.2 5 4 —
no.3 5 -—m 4 —— Power
4 5 0.8 4 0.75 14,4974 {Workshop A
Pedestal- - distribution
. box
drill no.l 2 08}—16——
-m L 18.9— Main
5 socket- no. 2 2 1.6 Socket- 0.9 general

distributi
outlets 10/16 A 18 18 3.6 X dsibion
30 fluorescent 3 3 3 dircuit MGDB

lamps

Power

Workshop B Compressor 15 12 12 gt Workshop B LV / MV
Istriobution
3 socket- 106 [L}—106—] 04 Jazesfig 15.6— tes(()

outlets 10/16 A Lghting 0.0
10 fluorescent 1 1 1 Gircuit 0.9
lamps
Workshop C Ventilation no. 1 2.5 25 Distribution Workshop C
no.2 2.5 25 box comer | distribution
1 | 35 circuit_| POX

Oven no.l 15 15 09 |—37.8—]
5 ket no. 2 45 15 Socket

socket- -
outlets 10/16 A 18 18 5 Hairg
20 fluorescent 2 2 2 S

lamps

Fig A14: An example in estimating the maximum predicted loading of an installation (the factor values used are for demonstration purposes only)
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4.5 Choice of transformer rating

When an installation is to be supplied directly from a MV/LV transformer

and the maximum apparent-power loading of the installation has been determined,

a suitable rating for the transformer can be decided, taking into account the following
considerations (see Fig. A15):

m The possibility of improving the power factor of the installation (see chapter L)

m Anticipated extensions to the installation

m Installation constraints (e.g. temperature)

m Standard transformer ratings.

The nominal full-load current In on the LV side of a 3-phase transformer is given by:
_Pax 10°
U3
where
m Pa = kVA rating of the transformer
m U = phase-to-phase voltage at no-load in volts (237 V or 410 V)
m In is in amperes.

In

For a single-phase transformer:

_Pax10®
v

In

where
m V = voltage between LV terminals at no-load (in volts)

Simplified equation for 400 V (3-phase load)
mIn=kVAx 1.4

The IEC standard for power transformers is IEC 60076.

Apparent power In (A)

kVA 237V 410V
100 244 141
160 390 225
250 609 352
315 767 444
400 974 563
500 1218 704
630 1535 887
800 1949 1127
1000 2436 1408
1250 3045 1760
1600 3898 2253
2000 4872 2816
2500 6090 3520
3150 7673 4436

Fig. A15: Standard apparent powers for MV/LV transformers and related nominal output currents
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4.6 Choice of power-supply sources

The importance of maintaining a continuous supply raises the question of the use
of standby-power plant. The choice and characteristics of these alternative sources
are part of the architecture selection, as described in chapter D.

For the main source of supply the choice is generally between a connection

to the MV or the LV network of the power-supply utility. In some cases main source
of supply can be rotating generators in the case of remote installations with difficult
access to the local Utility public grid (MV or LV) or where the reliability of the public
grid does not have the minimum level of reliability expected.

In practice, connection to a MV source may be necessary where the load exceeds
(or is planned eventually to exceed) a certain level - generally of the order of

250 kVA, or if the quality of service required is greater than that normally available
from a LV network.

Moreover, if the installation is likely to cause disturbance to neighbouring consumers,
when connected to a LV network, the supply authorities may propose a MV service.

Supplies at MV can have certain advantages: in fact, a MV consumer:

m Is not disturbed by other consumers, which could be the case at LV

m s free to choose any type of LV earthing system

m Has a wider choice of economic tariffs

m Can accept very large increases in load

It should be noted, however, that:

m The consumer is the owner of the MV/LV substation and, in some countries,

he must build equip and maintain it at his own expense. The power utility can,

in certain circumstances, participate in the investment, at the level of the MV line
for example

m A part of the connection costs can, for instance, often be recovered if a second
consumer is connected to the MV line within a certain time following the original
consumer’s own connection

m The consumer has access only to the LV part of the installation, access to the
MV part being reserved to the utility personnel (meter reading, operations, etc.).
However, in certain countries, the MV protective circuit breaker (or fused load-break
switch) can be operated by the consumer

m The type and location of the substation are agreed between the consumer

and the utility.

More and more renewable energy sources such as photovoltaic panels are used
to supply low-voltage electrical installations. In some case these PV panels

are connected in parallel to the Utility grid or these PV panels are used in an
autonomous mode without connection to the public grid. Conversion from d.c. to a.c.
is then necessary as rated voltage of these PV panels are higher and higher (few
hundreds volts) and also because PV panels produce d.c. currents.

See also chapter P "Photovoltaic installations"
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B - Connection to the MV utility
distribution network

1 Power supply at medium voltage

(1) According to the IEC there is no clear boundary between
medium and high voltage. Local and historical factors

play a part, and limits are usually between 30 and 100 kV
(see IEV 601-01-28). The publication IEC 62271-1 "High-
voltage switchgear and controlgear; common specifications”
incorporates a note in its scope: "For the use of this standard,
high voltage (see IEV 601-01-27) is the rated voltage above
1000 V. However, the term medium voltage (see IEV 601-01-
28) is commonly used for distribution systems with voltages
above 1 kV and generally applied up to and including 52 kV.".

The term "medium voltage" is commonly used for distribution systems with voltages
above 1 kV and generally applied up to and including 52 kV("). For technical and
economic reasons, the service voltage of medium voltage distribution networks
rarely exceeds 35 kV.

In this chapter, networks which operate at 1000 V or less are referred to as low
voltage (LV) networks.

The connection of an electrical installation to a MV utility distribution network is
always realized by means of a dedicated MV substation usually designed "Main
substation". Depending on its size and specific criteria mainly related to the loads
(Rated voltage, number, power, location, etc...), the installation may include
additional substations designed "Secondary substations". The locations of these
substations are carefully selected in order to optimize the budget dedicated to MV
and LV power cables. They are supplied from the main substation through the
internal MV distribution.

Generally, most of the loads are supplied in low voltage by means of MV/LV step
down transformers. Large loads such as asynchronous motors above around 1MW
are supplied in MV. Only LV loads are considered in this electrical guide.

MV/LV step down power transformers are indifferently located either in the main
substation or in the secondary substations. Small installations may only include a
single MV/LV transformer installed in the main substation in most of the cases.

A main substation includes five basic functions:

Function 1: Connection to the MV utility network

Function 2: General protection of the installation

Function 3: Supply and protection of MV/LV power transformers located
in the substation

Function 4: Supply and protection of the internal MV distribution
Function 5: Metering.

For the installations including a single MV/LV power transformer the general
protection and the protection of the transformer are merged.

The metering can be performed either at MV level or at LV level. It is authorized
at LV level for any installation including a single MV/LV transformer, provided that
the rated power of the transformer remains below the limit fixed by the local utility
supplying the installation.

In addition to the functional requirements the construction of both main and
secondary substations shall comply with the local standards and rules dedicated
to the protection of persons. IEC recommendations should also be taken into
consideration in all circumstances.

1.1 Main requirements for power supply
at Medium Voltage and typical architectures

The characteristics of electrical equipment (switchgears, transformers, etc...) installed
in the substations are fixed by the rated values of both voltage and current specified
for the distribution network supplying the installation:

m Ur, rated voltage, rms value, kV

m Ud, rated power frequency withstand voltage, rms value, kV during 1mn

m Up: rated lightning impulse withstand voltage, peak value, kV

m Un, service voltage, rms value, kV

As the rated voltage Ur indicates the maximum value of the "highest system voltage"
of networks for which the equipment may be used, the service voltage Un really
existing in the network, including its possible variations shall remain below the rated
voltage.

m Rated normal current Ir, rms value, A

m Rated short-time withstand current Ik, rms value, kA

m Rated peak withstand current Ip, peak value, kA.

Considering the previous requirements and basic usages, four typical architectures
can be defined for an electrical installation connected to a MV utility distribution
network:

Fig. B1: single MV/LV power transformer with metering at LV level

Fig. B2: single MV/LV power transformer with metering at MV level

Fig. B3: several MV/LV transformers, all located in the main substation

Fig. B4: several secondary substations supplied by an internal MV distribution. Most of
MVI/LV transformers are located in secondary substations. Some of them when required
are installed in the main substation
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The functional and safety requirements defined above are detailed in this chapter, in
the following sub-clauses:

m 1.2 to 1.4: Voltages and currents according to IEC Standards, different types of
MV power supply, practical issues concerning MV distribution networks

m 2.1 to 2.2: Procedure for the establishment of a new substation

m 3.1 to 3.4: Protection against electrical hazards, faults and mis-operations

m 4.1 to 4.2: Consumer substation with LV metering

m 5.1 to 5.2: Consumer substation with MV metering

m 6.1 to 6.4: Choose and use MV equipment and MV/LV transformers

m 7.1 to 7.3: Substation including generators and parallel operation

of transformers

m 8.1 to 8.3: Types and constitution of MV/LV distribution substations.

The methodology of selection of an architecture for a MV/LV electrical installation
is detailed in chapter D.

. : Main Substation
Main Substation

- - Function 1 Function 5 | | Function 2 Function 3 Function 3 Function 3
Function 1 Function 3 Connection | | Metering at | | General Protection Protection Protection
Connection Protection to the MV MV Level protection of MV/LV of MV/LV of MV/LV
to the MV of MV/LV utility of the transformer 1| | transformer 2| | transformer 3
utility transformer distribution installation
distribution network
network 1

A T Y Y Y

_ Y
MV/LV
MVILY Transformer 1,2 & 3
Transformer * + +
LV Distribution LV Distribution LV Distribution
Function 5
ll\_/l\/e}_egr:egl at Fig. B3: Installation including several MV/LV transformers, all located in the main substation
vV

Y

LV Distribution

Fig. B1: Instal_latlon |nc_|ud|ng asingle MV/LV power Function 1 Function 5 Function 2 Function 4 Function 4 Function 3
transformer with metering at LV level Connection | | Metering at | | General Protection Protection Protection
to the MV MV Level protection of internal of internal of MV/LV
utility of the MV transformer
distribution installation distribution distribution
) ) network
:
Function 1 Function 5 Function 3 —T Y Y
Connection Metering at Protection
to the MV MV Level of MV/LV Internal MV distribution (spur, ring or parallel service) MV/LV
utility transformer Transformer
distribution
network * * *
A
| MV/LV MV/LV MV/LV LV Distribution
Transformer Transformer Transformer
MV/LV
Transformer + + +
LV Distribution LV Distribution LV Distribution

LV Distribution

Fig. B2: Installation including a single MV/LV power
transformer with metering at MV level

Secondary
Substation 1

Secondary
Substation 2

Secondary
Substation 3

Fig. B4: Installation including several secondary substations supplied by an internal

MV distribution
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B - Connection to the MV utility
distribution network

1.2 Medium voltages and current values
according to IEC Standards

1.2.1 Rated voltage values according to IEC 60071-1 (Insulation
co-ordination — Part 1: Definitions, principles and rules) (see Fig. B5)

m Ur, rated voltage, rms value, kV: this is the maximum rms value of voltage that the
equipment can withstand permanently. 24 kV rms for example.

m Ud, rated power frequency withstand voltage, rms value, kV during 1 mn: defines
the level of rms over-voltages that the equipment may withstand during 1 minute.
50 kV rms for example.

m Up: rated lightning impulse withstand voltage, peak value, kV: define the level of
lightning over-voltages that the equipment may withstand. 125 kV peak for example.
m The service voltage, Un rms value, kV: is the voltage at which the MV utility distribution
network is operated. For example, some networks are operated at Un 20 kV. In this
case, switchgear of at least 24 kV rated voltage shall be installed.

IEC standardised voltages

A

Ud Up
0.5 Up /

/ NS

Rated voltage 0 1.2 s 50 us

Rated power frequency

¢ Rated lightning
withstand voltage

withstand voltage

50 Hz 1 mn ‘ 20 7.2 |60 ‘
28 12| 75 |
. 38 (175 95 |
.50 24 125 |
| 70 36 170 |
ud Ur Up

Fig. B5: Example of standard values Ur, Ud, Up (kV)

1.2.2 Rated current values according to IEC 62271-1 (High-voltage
switchgear and controlgear - Part 1: Common specifications)

m Rated normal current Ir, rms value, A: this is the rms value of current that
equipment may withstand permanently, without exceeding the temperature rise
allowed in the standards. 630 A rms for example.

m Rated short-time withstand current Ik, rms value, kA: this is the rms value of the
short circuit current that the equipment can carry during a specific time. It is defined
in kA for generally 1 s, and sometimes 3 s. It is used to define the thermal withstand
of the equipment 12 kA rms 1s for example.

m Rated peak withstand current Ip, peak value, KA: this is the peak value of the short
circuit current that the equipment may withstand. It is used to define the electro-dynamic
withstand of the equipment, 30 kA peak for example.
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1.3 Different types of MV power supply

The following methods may be used for the connection of an electrical installation
to a MV utility distribution network.

1.3.1 Connection to an MV radial network: Single-line service

The substation is supplied by a tee-off from the MV radial network (overhead line

or underground cable), also known as a spur network.

This method provides only one supply for loads (see Fig. B6, A and B). It is widely
used for installations including a single MV/LV transformer with LV metering. It can
also be used without any restriction for installations with MV metering including either
several MV/LV transformers or even an internal MV distribution netwok.

The connection is made by means of a single load break switch associated

to a earthing switch dedicated to overhead line or underground cable grounding.
This principle can be the first step of the two other methods of connection (ring main
and dual parallel feeders), the upgrading of the substation being generally performed
during an extension of the installation or required by the adjunction of loads asking a
higher level of supply continuity.

Generally, the pole-mounted transformers in rural areas are connected to the over-
head lines according to this principle without load break switch nor fuses. Protection
of the line and associated switching devices are located in the remote substations
supplying the over-head distribution network.

1.3.2 Connection to an MV loop: Ring-main service

The substation is connected to a loop (see Fig. B6, C) of the medium voltage
distribution network. The line current passes through the substation which gives
the possibility to supply the substation by two different ways.

With this arrangement, the user benefits of a reliable power supply based on two
redundant MV feeders.

The connection is made by means of two independent load break switches, each
associated to an earthing switch for underground cables earthing.

This method is mainly used for the underground MV distribution networks found
in urban areas.

1.3.3 Connection to two dual MV cables: Parallel feeders service

Two parallel underground cables are used to supply the substation. Each cable is
connected to the substation by means of a load-break switch. (see Fig. B6, D).
As mentioned for single and ring main service cable grounding is performed

by means of earthing switches associated to the load break switches.

The two load break switches are interlocked, meaning that only one load break
switch is closed at a time.

This principle gives the possibility to supply the substation by two independent
sources giving a full redundancy.

In the event of the loss of supply, the load-break switch supplying the installation
before the loss of supply must be open and the second must be closed.

This sequence can be performed either manually or automatically.

This method is used to supply very sensitive installation such as hospitals

for example. It is also often used for densely-populated urban areas supplied by
underground cables.
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Supplieeronsumer General protection and
transformer protection :
ﬁ are merged: Circuit d @* B RS EIY
breaker or Load break
Single-line service switch + fuses
—i D ) ; : :
Installation including a single MV/LV power transformer with metering at LV level

Single-line service
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General protection and

switch + fuses

MV transformer protection
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g breaker or Load break
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extension to form

@ a ring main)

Installation including a single MV/LV power transformer with metering at MV

Transformer Transformer 1
protection: Circuit
breaker or Load
break switch + fuses _’ @
General
MV protection:
Metering * Circuit ﬁ
breaker
Transformer Transformer N
Parallel protection: Circuit
feeders breaker or Load
® service TV break switch + fuses ’@
Al o Ar
T' Installation including several MV/LV transformers, all located in the main substation
Feeder protection:
Circuit breaker —} Feeder 1
General
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Metering Circuit q
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service .
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A

Installation including several secondary substations supplied by an internal MV distribution

Fig. B6: A: Single line service. B: Single line service with provision for extension to ring main or parallel feeder service. C: Ring main service. D: parallel feeder
service
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The use of centralised remote control and
monitoring based on SCADA (Supervisory
Control And Data Acquisition) systems and
recent developments in digital communication
technology is increasingly common in countries
where the complexity associated

with highly interconnected networks justifies
the investment required.

Fig. B7: Supervisory Control And Data Acquisition System SCADA

1.4 Some practical issues
concerning MV distribution networks

1.4.1 Overhead networks

Weather conditions such as wind may bring overhead wires into contact and cause
phase to phase short-circuits.

Over voltages due to lightning strokes may generate flash-over across ceramic

or glass insulators and cause phase to earth faults

Temporary contacts of vegetation such as trees with live overhead conductors may
also generate phase to earth faults.

Most of these faults are temporary. They disappear naturally with the interruption

of the voltage. This means that the supply can be restored after a short delay
following the tripping. This delay is usually named "dead time".

Hence the sequence of fault clearing and voltage restoration in an overhead network
is as follows:

m Fault detection by phase to phase or phase to earth protection

m Circuit breaker opening, the faulty over-head line is de-energized

m Dead time

m Circuit breaker reclosing. Following the reclosing two situations are possible:

0 The fault has been cleared by the interruption of the voltage, the reclosing is
successful

O The line is still faulty, a new tripping is initiated followed again by a reclosing
sequence.

m Several sequences of tripping-reclosing may be activated depending on the rules
of operation of the network adopted by the utility

m If after the execution of the preselected number of reclosing sequences the fault
is still present, the circuit breaker is automatically locked and consequently the faulty
part of the network remains out of service until the fault is localized and eliminated.
As such, it is possible to improve significantly the service continuity of overhead
networks by using automatic reclosing facilities. Generally a reclosing circuit breaker
is associated to each overhead line.

1.4.2 Underground networks

Cable Faults on underground MV cables may have several causes such as:

m Poor quality of cable laying, absence of mechanical protection

m Bad quality of cable terminations confection

m Damages caused by excavators or tools such as pneumatic drills

m Over voltages generated by lightning strokes occurring on overhead line
connected to underground cables. The over voltages can be amplified at the levels
of the junctions between overhead lines and underground cables causing the
destruction

of the cable terminations. Lightning arresters, are often installed at these locations to
limit the risks of damages.

The experience shows that the rate of fault occurring on underground cables is lower
than the one registered for overhead lines. But faults on underground cables are
invariably permanent and take longer time to locate and repair.

A loop architecture (see Fig. B10) correctly instrumented with fault detectors

and motorized load break switches allow within a short period of time to identify

a faulty cable, to disconnect it and to restore the supply to the whole substations
included in the loop.

These procedures of faults detection, cables disconnection and supply restoration
can be automatically performed in less than one minute by dedicated functions
commonly integrated in remote control and monitoring systems of MV networks.

1.4.3 Remote control and monitoring for MV networks (see Fig. B7)

Remote control and monitoring of MV feeders make it possible to reduce

loss of supply resulting from cable faults by supporting fast and effective loop
reconfiguration.

This facility relies on motorized switches associated with fault detectors on a number
of substations in the loop and controlled by remote control units.

All stations containing this equipment can have their supply restored remotely,
whereas other stations will require additional manual operations.
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distribution network

= 1.4.4 Values of earth fault currents in MV networks

(see Fig. B8 and Fig. B9)

The values of earth fault currents in MV distribution networks depend on the

MV neutral earthing system. These values must be limited to reduce their effects,
mainly:

m Damages to equipment

m Temporary over voltages

m Transient over voltages

m Touch and step voltages.

The neutral of an MV network can be earthed by five different methods, according
to type (resistive, inductive) and the value (zero to infinity) of the impedance Z,
connected between the neutral and the earth:

m Z, = = jsolated neutral, no intentional neutral earthing connection

m Z, is related to a resistance with a fairly high value,

m Z, is related to a reactance, with a generally low value,

m Z, is related to a compensation reactance, designed to compensate

the capacitance of the network

m Z, = 0: the neutral is solidly earthed.

Methods of Neutral Earthing

Isolated Resistance | Reactance Compensated | Solid
Damages Very low Low Low Very low Very high
Temporary High Medium Medium Medium Low
over voltages
Transient over | High Low High High Low
voltages
Touch and Very low Low Low Low High
step voltages

Fig. B8: Effects of the phase to earth fault current

The fault current Iy, is the sum of two components:
m The neutral current through the impedance Z,
m The capacitive current through the phase to
earth capacitors.

When Z, is a reactance these two currents are

opposite, which means that the reactance T
compensate the capacitive current. If the

compensation is perfect, the fault current value = ‘
is zero. A

Fig. B9: Circulation of the phase to earth fault current
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1.4.5 Medium voltage loop (see Fig. B10)

A medium voltage loop is generally supplied from two separate primary substations.
It supplies secondary MV/LV substations dedicated to the LV public distribution
and private electrical installations.

The MV/LV secondary substations and those dedicated to the connection of private
electrical installations are connected in series by means of underground cables.
Two load break switches are used for the connection of each secondary substation.
The loop is normally open, all the load break switches are closed except one.

In case of fault between A and B, the breaker C trips clearing the fault. The two
substations S1 and S2 are de-energized. The restoration of the supply to all
substations is then realized as follow:

1 - Isolation of the faulty cable by opening load break switches A and B

2 - Closing open point D

3 - Reclosing circuit breaker C. The open point is now between S1 and S2.

This sequence of faulty cable disconnection followed by the restoration

of the supply can be executed either manually by the operators of the MV network
or automatically by means of dedicated functions integrated in remote control

and monitoring systems of MV networks.

Manual operations are generally long whereas automatic supply restoration can

be executed within less than one minute by the remote control system. These
automatism now available in any control system require a suitable instrumentation of
the loop:

m Fault detectors at both ends of the underground cables

m Motorized load break switches

m Remote Terminal Unit (RTU) in each secondary substation. The RTU performes:
0 The monitoring of the fault detectors and load break switches

O Local automatism

0 The command of load break switches

0 The communication with the remote control and monitoring center

m DC auxiliary supply in every substation.

As described above, most of the loops are historically equipped with load break
switches and protected at each end only by circuit breakers located in the

HV/ MV primary substations. In case of fault, all the customers supplied by a faulty
feeder are disconnected. But in fact the customers upstream from the fault could
have not been disconnected.

The addition of circuit breakers, adequately located and associated with appropriate
protection relays may reduce the number of customers disconnected in case of fault.

As an example, a loop including two additional circuit breakers is divided in four
independent sections. Assume the open point located between the two additional
circuit breakers. In case of fault in the section delimited by these two circuit breakers
only a part of the secondary substations of the section will be disconnected,

all the other remaining energized.

Primary substation Primary substation
HVIMV HV/IMV
?transformer? ?transformer?
AR R R R AR R IR R R
Open point

5T ([T

L\ \

S1 Fault \ ‘82 \
C A B D

Fig. B10: Open loop configuration and operation
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distribution network

2 Procedure for the establishment
of a new substation

Large consumers of electricity are always fed by a medium voltage supply.

On LV systems operating at 120/208 V (3-phases 4-wires), a load of 50 kVA may be
considered as "large", while on a 230/400 V (3-phases 4-wires) system this limit is
generally above 100 kVA. These two systems of LV distribution are widely used in
most of the parts of the world. See chapter A §2.1 "Definition of voltage ranges".

The IEC recommends a "world" standard low voltage system of 230/400 V for
3-phases 4-wires. This is a compromise which will allow the existing systems
operated at either 220/380 V or 240/415 V, or close to these values, to comply
simply with the proposed standard by just adjusting the off load tap changers of the
MVI/LV distribution transformers.

The choice of the most appropriate level of supply of a new electrical installation

is under the responsibility of the utility operating the network to which the installation
is supposed to be connected.

The decision is mainly based on two criteria:

m The distance to the primary substation that will feed the installation

m The total power required by the installation.

Other criteria such as the rate of availability of the electricity supply are also taken
into account.

There are two possibilities for the construction of a substation dedicated to the
supply of a new electrical installation:

1 - The utility builds the substation according to its own specifications, close to the
consumer’s premises. The MV/LV transformer(s) however, remain located inside the
installation, close to the loads.

Depending on local rules the MV/LV transformer(s) may belong or not to the utility,
they may be installed or not by the owner of the installation, the utility has or not
unrestricted access to their locations

2 - The owner of the electrical installation builds and equips the substation inside

his premises.

In most of the cases the utility must at least have unrestricted access to the metering
and to the part of the substation ensuring the connection of the installation to

the MV utility network. The utility may require a separate room for the equipment
dedicated to these two functions.

The following chapters only refer to the construction of the substation by the owner
of the electrical installation.

2.1 Preliminary information

In most of the cases the project of the construction of a new substation must be
submitted before any further detailed studies to the approval of the utility operating
the MV network that will feed the substation. The list of information to provide for
this approval may be the result of preliminary discussions with the utility. Among all
information, the following are generally required:

2.1.1 Maximum anticipated power (kVA) demand

The method of evaluation of this parameter is detailed in Chapter A, it must take into
account the future additional loads. According to chapter A, two factors associated
to the loads are used in the proposed method:

m The factor of maximum utilization (ku)

m The diversity factor (ks).

2.1.2 Layout and arrangement drawings of the proposed substation

The following information may be required:

m Situation of the substation with regard to traffic lane

m Location of the substation inside the installation

m Dispositions foreseen for the unrestricted access of the utility operating staff
m Arrangement drawings showing clearly the location of the electrical equipment
(MV Switchboard, transformers, Metering panel,...)

m Routing of MV cables

m Single line diagram and type of protections against phase to phase and phase
to earth faults

m Main characteristics of electrical equipment

m Solution foreseen for the compensation of the reactive energy

m Principle of the earthing system

m Presence in the installation of a power generator operated in parallel

with the MV network

m Etc.
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2.1.3 Degree of supply continuity required

The consumer must estimate the consequences of a failure of supply in terms of:
m Safety of the persons

m Impact on the environment

m Safety of the installation

m Loss of production.

He shall indicate to the utility the acceptable frequency of the interruptions
of the electricity and their durations.

2.2 Information and requirements provided
by the utility

Based on the information provided by the consumer, the utility must provide his
proposition, his commitment and his own requirements concerning the connection
of the substation:

m Level of voltage

m Supply by overhead line

m Supply by underground cables

m Single-line service, ring type supply, parallel feeders, etc.

m Rated values concerning the voltage

m Rated value concerning the current

m Details concerning the applicable tariff and the billing of the electrical energy
m Comments on drawings and information provided by the consumer

m Specific requirements applicable to the substation.

The detailed studies of the substation must take into account all these parameters
and requirements.

2.3 Commissioning, testing, energizing

When required by the local authority, commissioning tests and checking must be
successfully completed to get the authorization to energize a new installation.
The following tests and checking are generally mandatory and applicable to the
whole installation:

m Verification that the main substation complies with all the requirements expressed
by the utility

m Measurement of earth-electrodes resistances

m Electrical continuity of all equipotential and bonding conductors

m Inspection and functional testing of all MV components

m Dielectric test of switchgears and transformers

m Inspection and testing of the LV parts of the installation

m Mechanical and electrical interlocks checking

m Protective-relays checking

m Other additional tests and checking mat be required.

As soon as the conformity official document is issued, the utility proceeds with the
energizing of the installation.
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3 Protection against electrical
hazards, faults and mis-operations
in electrical installations

i(

Fig. B11: Direct contact
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Fig B12: Indirect contact
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The subject of protection in the industry and electrical installations is vast. It covers
many aspects:

m Protection of the persons and animals against electrical shocks

m Protection of the equipment and components against the stresses generated

by short-circuits, lightning surges, power-system instability, and other electrical
perturbations

m Protection of the property and equipment against damages and destructions

m Protection against the production losses

m Protection of the workers, the surrounding population and the environment against
fire, explosions, toxic gases, etc.

m Protection of the operators and of the electrical equipment from the consequences
of incorrect operations. This means that the switching devices (Load break switches,
disconnectors, earthing switches) must be operated in the right order. Suitable
Interlocking ensures strict compliance with the correct operating sequences.

Four aspects of the protection are detailed in the scope of this guide:

m Protection against electrical shocks

m Protection of the transformers against external constraints and internal faults
m Improvement of MV/LV transformer protection with circuit breaker associated
to self powered relay

m Protection of the operators against the consequences of incorrect operations
by appropriate interlocks.

3.1 General principle of protection
against electrical shocks in electrical installations

Protective measures against electric shocks are based on two well known dangers:
m Direct contact: contact with an active conductor, i.e. which is live with respect to
the earth in normal circumstances. (see Fig. B11).

m Indirect contact: contact with a conductive part of an apparatus which is normally
dead and earthed, but which has become live due to an internal insulation failure.
(see Fig. B12).

Touching the part with hand would cause a current to pass through the hand and
both feet of the exposed person. The value of the current passing through the human
body depends on:

O The level of the touch voltage generated by the fault current injected in the earth
electrode (see Fig. B12)

0 The resistance of the human body

O The value of additional resistances like shoes.

B Touch voltage: B Earth potential rise: Ue | m Ib: Current through | | If: Earth Fault

Ut m Ue=RmxIf the human body current

mUtsUe m b = UYRb B Rm: Resistance of
B Rb: Resistance of | the earth electrode
the human body

W The touch voltage Ut is lower than the earth potential rise Ue. Ut depends on the potential
gradient on the surface of the ground.

In Figure B13, the green curve shows the variation of the earth surface potential along
the ground: it is the highest at the point where the fault current enters the ground, and
declines with the distance. Therefore, the value of the touch voltage Ut is generally lower
than the earth potential rise Ue.

On the left side, it shows the earth potential evolution without potential grading earth
electrodes. On the right side, it describes how buried potential grading earth electrodes
made of naked copper (S1,S2, Sn..) contribute to the reduction of the contact voltages
(Ut, Us).

A third type of shock hazard is also shown in Figure B13, the "step- voltage" hazard
(Us): the shock current enters by one foot and leaves by the other. This hazard exists in
the proximity of MV and LV earth electrodes which are passing earth-fault currents. It is
due to the potential gradients on the surface of the ground. Animals with a relatively long
front-to-hind legs span are particularly sensitive to step-voltage hazards.

It clearly appears that the higher is the potential gradient without control (Ue), the higher
are the levels of both touch voltage (Ut) and step voltage (Us).

Any presence of bonding conductors between all the metallic parts embedding concrete
reinforcement contributes significantly to the reduction of contact voltages (touch, step).
In addition, surrounding the MV installation with any equipotential loop of buried naked
copper contributes to a wider equipotential area.
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m Ue: Earth potential rise. m Ut: Prospective touch voltage. m Us: Prospective step voltage.

m E: Earth electrode. m S1,52,S3: Potential grading earth electrodes (e.g. ring earth electrodes),
connected to the earth electrode E

Fig B13: Potential gradient control - EN50522 - Earthing of power installations exceeding 1 kV a.c.

3.1.1 Direct-contact protection or basic protection

There are four main principles of protection against direct contact hazards:

m By containing all live parts in housings made of insulating material or in metallic
earthed cubicles.

For MV switchgear, the IEC standard 62271-200 (Prefabricated Metal Enclosed
switchgear and controlgear for voltages up to 52 kV) specifies a minimum Protection
Index (IP coding) of IP2X to ensures the direct-contact protection. Furthermore, the
metallic cubicles has to demonstrate an electrical continuity between all inside and
outside metallic parts.

m By placing live parts out of reach. This principle is used in Air Insulated
Substations "AlS" (see Fig. B14)

m By installations of barriers also used in AlS substations (see Fig. B15)

m By insulation. The best example of protection by insulation is the electrical LV and
HV cables.

Minimum distance
from the ground

min. 2.00

‘ Accessible
\ surface
Al

J—L Minimum safety distance

Fig. B15: Protection by installation of barriers. The safety
distances are fixed by IEC 61936

Minimum distance
from the ground

| Live parts
Dy, = Minimum working
distance

22250

Accessible surface il

Fig. B14: Protection by placing live parts out of reach. The safety distances are fixed by IEC 61936
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3.1.2 Indirect-contact protection or fault protection

As described above, a person touching the metal enclosure or the frame

of an electrical apparatus affected by an internal failure of insulation is subject

to an indirect contact.

Extensive studies have demonstrated that a current lower than 30 mA passing
through the human body can be considered as not dangerous. It correspond

to a touch voltage of about 50 V.

This means that the operation of installations may continue in presence of any
phase to earth fault if the touch voltages can be maintained below 50 V. In all other
situations where the expected touch voltages are above 50 V the interruption

of the supply is mandatory. The higher the expected touch voltages are, the lower
the interruption time must be. The maximum admissible interruption times, function
of the expected touch voltages are specified by the IEC 60364 and IEC 61936 for
LV and HV systems respectively.

Case of fault on L.V. system

Only the isolated neutral system (IT) allows to maintain touch voltages below 50 V
and does not require the interruption of the supply in presence of phase to earth
faults. Other two neutral systems (TT and TN) are always subjected to expected
touch voltages above 50 V. In these cases the interruption of the voltage is
mandatory. It is ensured within the time specified by the IEC 60364, either by the
circuit breakers or the fuses protecting the electrical circuits. For more information
concerning indirect contact in LV system, refer to chapter F.

Indirect-contact hazard in the case of a MV fault

In MV electrical systems, the expected touch voltages may reach values requiring
interruption of the supply within much shorter times than the quickest opening time
of the breakers. The principle of protection used for the LV systems cannot be
applied as such for MV systems.

One possible solution for the protection of the persons it to create equipotential
systems by means of bonding conductors interconnecting all the metallic parts of
the installation: enclosures of switchgears, frames of electrical machines, steel
structures, metallic floor pipes, etc. This disposition allows to maintain the touch
voltages below the dangerous limit.

A more sophisticated approach concerning the protection of persons against indirect
contact in MV and HV installations is developed in IEC 61936 and EN 50522. The
method developed in these standards authorizes higher touch voltage limits justified
by higher values of the human body resistance and additional resistances such as
shoes and layer of crushed rock.

3.2 Protection of transformer and circuits

The electrical equipment and circuits in a substation must be protected in order

to limit the damages due to abnormal currents and over voltages.

All equipment installed in a power electrical system have standardized ratings

for short-time withstand current and short duration power frequency voltage.

The role of the protections is to ensure that these withstand limits can never be
exceeded, therefore clearing the faults as fast as possible.

In addition to this first requirement a system of protection must be selective.
Selectivity or discrimination means that any fault must be cleared by the device

of current interruption (circuit breaker or fuses) being the nearest to the fault, even if
the fault is detected by other protections associated with other interruption devices.
As an example for a short circuit occurring on the secondary side of a power
transformer, only the circuit breaker installed on the secondary must trip. The
circuit breaker installed on the primary side must remain closed. For a transformer
protected with MV fuses, the fuses must not blow.

They are typically two main devices able to interrupt fault currents, circuit breakers
and fuses :

m The circuit breakers must be associated with a protection relay having three main
functions:

0 Measurement of the currents

0 Detection of the faults

0 Emission of a tripping order to the breaker

m The fuses blow under certain fault conditions.
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3.2.1 Transformer protection
Stresses generated by the supply

Conservator Alarm Output: Two types of over voltages may stress and even destroy a transformer:
Aging & Minor faults m The lightning over voltages due to lightning stroke falling on or near an overhead
causing slow release line supplying the installation where the transformer is installed
°f9a.st urn fault m The switching over voltages generated by the opening of a circuit breaker or a load
d e break switch for instance.
oil leakage Depending of the application, protection against these two types of voltage surges
Buchholz may be necessary and are often ensured by means of Z,,0 surge arrestors preferably
Transformer &Y 4-Pet-cock connected on the MV bushing of the transformer.
Tank % Trip Output: Stresses due to the load
Mercury —| || *%/ Internal sovere faults A transformer overload is always due to an increase of the apparent power demand (kVA)
switch g'f"g;gs i of the installation. This increase of the demand can be the consequence of either a
I 1] N high pressure progressive adjunction of loads or an extension of the installation itself.
To ol From The effect of any overload is an increase of the temperature of oil and windings
conservator €= € onsformer of the transformer with a reduction of its life time.
The protection of a transformer against the overloads is performed by a dedicated
protection usually called thermal overload relay. This type of protection simulates
Deflector plate the temperature of the transformer’s windings. The simulation is based on the measure

of the current and on the thermal time constant of the transformer. Some relays are
able to take into account the effect of harmonics of the current due to non-linear
Fig. B16a: Breathing transformer protected by buchholz loads such as rectifiers, computers, variable speed drives etc. This type of relay is
also able to evaluate the remaining time before the emission of the tripping order
and the time delay before re-energizing the transformer.
In addition, oil-filled transformers are equipped with thermostats controlling
the temperature of the oil.
Dry-type transformers use heat sensors embedded in the hottest part of the windings
insulation.
Each of these devices (thermal relay, thermostat, heat sensors) generally provides
two levels of detection:
m Alow level used to generate an alarm to advise the maintenance staff,
m A high level to de-energize the transformer.

Internal faults in oil filled transformers

In oil filled transformers, internal faults may be classified as follow:
m Faults generating production of gases, mainly:
O Micro arcs resulting from incipient faults in the winding insulation
O Slow degradation of insulation materials
O Inter turns short circuit
m Faults generating internal over pressures with simultaneously high level of line
over currents:
0 Phase to earth short circuit
0 Phase to Phase short circuit.
These faults may be the consequence of external lightning or switching over voltage.
Depending on the type of the transformer, there are two kinds of devices able to detect
internal faults affecting an oil filled transformer.
m The Buchholz dedicated to the transformers equipped with an air breathing conservator
(see Fig. B16a)
The buchholz is installed on the pipe connecting the tank of he transformer to the
conservator (see Fig. B16b). It traps the slow emissions of gasses and detect the flow
back of oil due to the internal over pressures
m The DGPT (Detection of Gas, Pressure and Temperature) for the integral filled
) . ) transformers (see Fig. B17, Fig. B18a and Fig. B18b). This type of transformer is
Fig. B16b: Transformer with conservator manufactured up to around10 MVA. The DGPT as the buchholz detects the emissions of
gasses and the internal over pressures. In addition it monitors the temperature of the oil.

Concerning the monitoring of gas and temperature the buchholz and the DGPT provide
two levels of detection:

m Alow level used to generate an alarm to advise the maintenance staff,

= A high level to trip the switching device installed on the primary side of the transformer
(circuit breaker or load break switch associated with fuses).

In addition, both the buchholz and the DGPT are suitable for oil leakages detection.

Fig. B18a: Contacts of the transformer

protection relay DGPT (cover removed) ) )
Fig. B18b: Transformer protection relay

DGPT

Fig. B17: Integral filled transformer
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Fig. B19: Dry type transformer

Fig. B20: Thermal relay for protection of dry type transformer

(Ziehl)

Time J

Minimum pre-arcing
time of MV fuse

B/A = 1.35 at any
moment in time
D/C = 2 at any
current value

f————— O ———

Circuit breaker

1 tripping

l characteristic
< A—>] Current
«———B— >

Fig. B21: Discrimination between MV fuse operation and
LV circuit breaker tripping, for transformer protection

U

U; —— MV Lv
—

Fig. B22: MV fuse and LV circuit breaker configuration

Overloads and internal faults in dry type transformers

(see Fig. B19 and Fig. B20)

The dry type transformers are protected against over-heating due to possible
downstream overloads by a dedicated relay monitoring thermal sensors embedded
in the windings of the transformer (see Fig. B20).

The internal faults, mainly inter turns and phase to earth short circuits occurring
inside a dry type transformers are cleared either by the circuit breaker or the fuses
installed on the primary side of the transformer. The tripping of the circuit breakers
when used is ordered by the phase to phase and phase to earth over current
protections.

Inter turns faults need a dedicated attention:

m They generally generate moderate line over currents. As an example when 5 % of
a HV winding are short circuited the line current of the transformer does not exceed
2 In, for a short circuit affecting 10 % of the winding the line current is limited around
31n.

m Fuses are not appropriate to clear properly such currents

m Dry type transformers are not equipped with additional protection devices such as
DGPT dedicated to internal faults detection.

Hence, internal faults generating low level of line over current may not be safely
cleared by fuses. Protection by means of over current relay with adequate
characteristic and settings is preferred (Schneider Electric VIP relay range for
example).

Discrimination between the protective devices upstream and downstream

of the transformer

It is a common practice to ensure the discrimination between the MV circuit breaker
or fuses installed on the primary side of a transformer and the LV circuit breaker.

The characteristics of the protection ordering the tripping or the MV circuit breaker or
the operating curves of the fuses when used must be such as in case of downstream
fault the LV circuit breaker only trips. The MV circuit breaker must remain closed or
the fuse must not blow.

The tripping curves of MV fuses, MV protection and LV circuit breakers are given by
graphs giving the operating time as a function of the current.

The curves are in general inverse-time type. LV circuit breakers have an abrupt
discontinuity which defines the limit of the instantaneous action.

Typical curves are shown in Fig. B21.

Discrimination between LV circuit breaker and MV fuses (see Fig. B21 and
Fig. B22)

m All parts of the MV fuse curve must be above and to the right of the LV CB curve.
m In order to leave the fuses unaffected (i.e. undamaged), the two following
conditions must be satisfied:

O All parts of the minimum pre-arcing fuse curve must be shifted to the right of the
LV CB curve by a factor of 1.35 or more.

- Example: where, at time T, the CB curve passes through a point corresponding
to 100 A, the fuse curve at the same time T must pass through a point corresponding
to 135 A, or more, and so on.

0 All parts of the fuse curve must be above the CB curve by a factor of 2 or more

- Example: where, at a current level | the CB curve passes through a point
corresponding to 1.5 seconds, the fuse curve at the same current level | must pass
through a point corresponding to 3 seconds, or more, etc.

The factors 1.35 and 2 are based on the maximum manufacturing tolerances given
for MV fuses and LV circuit breakers.

In order to compare the two curves, the MV currents must be converted to the
equivalent LV currents, or vice-versa.

Discrimination between LV circuit breaker and MV circuit breaker

m All parts of the minimum MV circuit breaker curve must be shifted to the right

of the LV CB curve by a factor of 1.35 or more:

- Example: where, at time T, the LV CB curve passes through a point corresponding
to 100 A, the MV CB curve at the same time T must pass through a point
corresponding to 135 A, or more, and so on.

m All parts of the MV CB curve must be above the LV CB curve. The time difference
between the two curves must be 0.3 s at least for any value of the current.

The factors 1.35 and 0.3 s are based on the maximum manufacturing tolerances
given for MV current transformers, MV protection relay and LV circuit breakers.
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Fig. B23: Schneider Electric VIP 30 self powered relay for
basic transformer protection

Fig. B24: Schneider Electric VIP 300 self powered IDMT
(Inverse Definite Minimum Time) overcurrent and earth-fault
relay

3.3 MVILV transformer protection with circuit breaker

MVI/LV transformer protection with circuit-breaker is usually used in large Commercial,
Industrial and Building applications and especially when the transformer power
exceeds 800 kVA. In these applications, switchboards made of modular units provide
high flexibility.

The protection chain of each unit may include self powered relays (see Fig. B23 and
Fig. B24) bringing a high level of safety and optimized CTs (See Fig. B25).

This solution provides interesting benefits concerning:

®m The maintenance

m The improvement of protection of the transformer

m The improvement of the discrimination with the LV installation
m The insensitivity to the inrush currents

m The detection of low earth fault currents.

Fig. B25: Schneider Electric SM6 and Premset switchboards including MV/LV transformer protection
with circuit breaker associated to self powered relay
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3.3.1 Maintenance

Modern protective relays are now almost maintenance free, as they include self
testing features. However it remains necessary to check the protection chain at
commissioning stage and periodically (every 5 or 10 years).

3.3.2 Protection performance

Circuit breakers combined with electronic protection relays bring many protection
selectivity benefits, including:

m coordination with upstream and downstream devices;

m discrimination of inrush currents;

m detection of low level of phase to phase and phase to earth fault currents.

3.3.3 Discrimination with LV installation

In cases where the LV installation includes an incoming LV Air circuit breaker,
discrimination with the MV circuit-breaker is easy, as it is possible to choose the
right curve in the electronic relay to ensure discrimination between MV and LV
protection.

3.3.4 Inrush current

Transformer energizing produces very high transient inrush current that can reach
peak values, up to about ten times the peak rated current for step-down transformer,
and 25 times for step-up transformer. This is a natural phenomenon and the
protection should not operate. The circuit breaker allows high flexibility to avoid
tripping current while still maintaining a good level of protection due to the electronic
relay time/current characteristic.

3.3.5 Low magnitude phase fault current

A MV/LV transformer has usually a very low failure rate. Most of the faults are
interturn faults or phase to earth faults. Phase-to-phase faults between MV bushing
are of more seldom occurrences (see Fig. B26).

— =1
x x — [~
=1
=
Transformer internal Transformer internal Short Circuit inside
fault between MV fault inside primary LV switchboard
bushings (< 1 %) windings (60 %) busbar (< 20 %)

Fig. B26: Localization of a fault

Most common faults are short-circuit inside a turn of the MV winding where the fault
level is of low magnitude (1 to 6 times the rated current) (see Fig. B26).

In case of circuit breaker, as soon as the fault reaches the setting, the relay will
detect it and trip safely the circuit breaker, disconnecting the MV/LV transformer
circuit.

3.3.6 High magnitude fault currents

In the rare event of a short-circuit between MV bushings, the protection must act
quickly. In that case the circuit breaker is slower than the MV fuse that has current
limiting capabilities. However, the circuit breaker will clear the fault in less than
100 ms, and this is effective enough to avoid any serious damages.

3.3.7 Low level MV earth-faults

In case of either high impedance earth fault on MV winding or solid earth-faults in
impedance earthed neutral system, the earth fault magnitude is below the rated
current of the transformer. Modern self powered relays integrate sensitive earth fault
protection and then provide effective coverage on these conditions.
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3.3.8 Case of public distribution

In public distribution applications, such as MV ring network configurations, utilities
look for the simplest repetitive MV/LV substations that are dispersed in a large
geographical area. The power of MV/LV transformer is generally limited to 630 kVA
or less. Compact and often non extensible 3 function switchgear are specified by
the utilities. In these cases, protection of MV/LV transformers by MV fuses offers an
optimized solution (see Fig. B27).

Fig. B27: Compact 3 function switchgear

3.4 Interlocks and conditioned operations

Mis-operations in electrical installations may expose operating personnel

to danger and lead to electrical incidents.

As a measure of protection against incorrect sequences of manoeuvres by operating
personnel, mechanical and electrical interlocks are included in the mechanisms

and in control circuits of electrical apparatus.

The interlocks may be classified in two categories:

m Functional interlocks incorporated in MV functional units and dedicated to the
operation of the apparatus located in the units only. These interlocks are generally
realized by means of specific mechanical devices linked with the mechanisms

of the apparatus

m Interlocks between MV functional units or between a functional unit and another
equipment such as a MV/LV transformer. Most of these interlocks are realized by
means of keys transferred from one equipment to another when they are made free.
They may be improved by additional electrical interlocks.

3.4.1 Functional interlocks

Some interlocks are mandatory in MV functional units according to IEC 62271-200,
dedicated to metal enclosed switchgear, for example to prevent from:

m closing a switch or circuit breaker on a closed earthing switch;

m closing an earthing switch while the associated switching function is closed

Specific additional interlocks may be specified by the users when required by their
operational rules, for example:

m Allowing the opening of a MV cable connection compartment only if the earthing
switch associated to the remote end of the MV cable is closed.

The access to a MV compartment requires a certain number of operations which
shall be carried out in a pre-determined order. To restore the system to its former
condition it is necessary to carry out operations in the reverse order.

Dedicated procedures and instructions may also ensure that the operations are
performed in the right sequence.

Hence, the accessibility to an MV compartment can be either interlock controlled or
based on procedure. A compartment can also be accessible only by means of tools
if its access is not necessary for normal operation or maintenance of the switchgear,
or "not accessible", access being either forbidden or impossible (see Fig. B28).

© Schneider Electric - all rights reserved
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Type of
accessibility to
a compartment

Interlock-controlled

Access features

Opening for normal operation
and maintenance, e.g. , fuse
replacement.

Type of construction

Access is controlled by the
construction of the switchgear,
i.e., integrated interlocks prevent
impermissible opening.

Procedure-based

Opening for normal operation
or maintenance, e.g. , fuse
replacement.

Access control via a suitable
procedure (work instruction of the
operator) combined with a locking
device (lock).

Tool-based

Opening not for normal operation
and maintenance, e.g. , cable
testing.

Access only with tool for opening;
special access procedure
(instruction of the operator).

Not accessible Opening not possible not intended for operator; opening can destroy the
compartment. This applies generally to the gas-filled compartments of
gas-insulated switchgear. Because the switchgear is maintenance-free

and climate-independent, access is neither required nor possible.

Fig. B28: Type of accessibility to a compartment

Fig. B29: Example of functional unit architecture with
compartments, favoring service continuity

3.4.2 Key interlocking

The interlocks between devices located in separate MV functional units or between
a functional unit and access to a MV/LV transformer for example are performed by
means of keys.

The principle is based on the possibility of freeing or trapping one or several keys,
according to whether or not the required conditions of operation are satisfied.
These conditions ensure the safety of the personnel by the avoidance of incorrect
operations.

Note: Concerning the MV/LV substations, the interlocks shall be specified during the

design stage. Hence, the apparatuses concerned by the interlocks will be equipped
during the manufacturing with the appropriate keys and locking devices.

3.4.3 Service continuity

The notion of Loss of Service Continuity: "LSC" (see Fig B29 and Fig. B30) defines
the conditions of access to any high voltage accessible compartment of a given high
voltage functional unit.

IEC 62271-200 defines four categories of Loss of Service Continuity: LSC1, LSC2,
LSC2A, LSC2B.

Each category defines which other high voltage compartments and /or other
functional units can be kept energized when opening an accessible high-voltage
compartment in a given functional unit.

For the single busbar architectures the following definitions are applicable:

m LSC1 functional unit

Functional unit having one or several high-voltage accessible compartments, such
that, when any of these accessible high-voltage compartments is open, the busbar
and one or several other functional units of the switchgear must be de-energized
m LSC2 functional unit

Functional unit having at least an accessible compartment for the high-voltage
connection (called connection compartment), such that, when this compartment

is open the busbar can remain energized. All the other functional units of the
switchgear can continue to be operated normally.

Note: When LSC2 functional units have accessible compartments other than the
connection compartment, further subdivisions into LSC2A and LSC2B are defined.
m LSC2A functional unit

Functional unit having several high-voltage accessible compartments, such that, the
busbar can remain energized when any other accessible high voltage compartment
is open. All the other functional units of the switchgear can continue to be operated
normally

m LSC2B functional unit

Functional unit having several high-voltage accessible compartments, such that, the
high-voltage connections compartment and the busbar can remain energized when
any other accessible high voltage compartment is open. All the other functional units
of the switchgear can continue to be operated normally.
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Applies when

LSC1 When any compartment of the FU is open the | One or several compartments in

busbar and one or several other FUs of the the considered FU are accessible
switchgear must be de-energised

LSC2 When the cable compartment is open the Only the connection compartment
busbar can remain energized and all the in the considered FU is accessible
other FUs of the switchgear can be operated
normally

LSC2A The busbar can remain energized when any Several compartments in the
other accessible high voltage compartment considered FU are accessible

is open. All the other functional units of the
switchgear can continue to be operated

normally
LSC2B The high-voltage connections compartment Several compartments in the
and the busbar can remain energized considered FU are accessible

when any other accessible high voltage
compartment is open. All the other functional
units of the switchgear can continue to be
operated normally

Fig. B30: Loss of Service Continuity definitions

3.4.4 Interlocks in substations

Example of functional interlocks, embedded in single functional units

m Load break switch closing: the door must be closed and the earthing switch open
m Earthing switch closing: the door must be closed and associated circuit breaker,
switch and/or isolating apparatus open

m Access to an accessible compartment: the associated circuit breaker, switch and/
or isolating apparatus must be open and the earthing switch closed.

Example of functional interlocks involving several functional units or separate
equipment (see Fig. B31):

Lets consider a MV/LV transformer supplied by a MV functional unit including:

m A load break switch

m A set of MV fuses

m An earthing switch

The transformer is installed in a dedicated cubicle.

The access to the MV/LV transformer is authorized when the following conditions
are satisfied:

m MV load break switch open

m MV earthing switch closed and locked in close position

m LV circuit breaker open and locked in open position

The required sequence of operations to meet these conditions in full safety is
the following:

m Step 1: Open the LV CB and lock it open with key "O". Key "O" is then free

m Step 2: Open the MV load break switch. Check that the "voltage presence"
indicators are extinguished, unlock earthing switch with key O, key O is now trapped
m Step 3: Close the MV earthing switch and lock it in close position with key S. Key
S is now free

m Step 4: Key S allows to open the door of the transformer cubicle. When the door
is open, key S is trapped.

The restoration of the supply to the LV switchboard is performed with the execution
of the reverse sequence of operation:

m Step 1: Door of the transformer cubicle closing
m Step 2: MV earthing switch opening

m Step 3: MV load break switch closing

m Step 4: LV circuit breaker closing.

Due to LV production, some national regulations require an earthing system as
temporary or permanent device to operate on the transformer under full safety, and
the earthing connection shall be integrated within the interlock procedure.
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Initial configuration: LV Switchboard energized. Step 3: Load break switch open,

MV Load break switch closed. LV circuit breaker LV circuit breaker open and locked in open position.
closed. Earthing switch open and locked in Earthing switch closed
open position. Key O trapped. Key S trapped. and locked, Key O trapped, Key S free.

L o |
|||;\|L"’{ - ‘ o nk\:\j | |
key S
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Step 1: Load break switch closed. Step 4: Load break switch open,
LV circuit breaker open and locked. Earthing LV circuit breaker open and locked in open position.
switch open, locked in open position. Key O Earthing switch closed and locked, door of transformer

free, Key S trapped.

Step 2: Load break switch open,
LV circuit breaker open and locked in

cubicle open, Key O trapped, Key S trapped.

Legend

[Ol= Key absent
Key free
[#k Key trapped

— Panel or door

open position. Earthing switch unlocked,

Key O trapped, Key S trapped.

Fig. B31: Example of MV/LV interlocking system
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o onnection w0 e MV udlity 4 The consumer substation
with LV metering

4.1 Definition

A consumer substation with LV metering is an electrical installation connected
to a utility supply network at a nominal voltage usually between 1 kV - 35 kV,
and including generally a single MV/LV transformer not exceeding 1250 kVA.
The substation may be installed either in a dedicated room located in a building,
or outdoor in a prefabricated housing.

4.2 Functions of a substation with LV metering

4.2.1 Connection to the MV network

Connection to the MV network can be made:

m By a single service cable or overhead line,

m By dual parallel feeders via two mechanically interlocked load-break switches
m Via a ring main unit including two load-break switches.

4.2.2 MVI/LV Transformers

Since the ban of PCB in most of the countries, the remaining available insulation
technologies for the transformers are:

m Oil-immersed for transformer preferably located outside premises

m Dry-type, cast-resin preferred for transformers located inside premises such as
buildings receiving the public.

Local regulations define where the use of cast resin transformers is mandatory.

4.2.3 Metering

Most of the LV metering and billing principles take into account the

MV/ LV transformer losses.

The characteristics and the location of the VT’s and CT’s dedicated to the metering
must comply with the utility’s requirements.

The metering current transformers are generally installed in the LV terminal

box of the power transformer, alternatively they can be installed in a dedicated
compartment in the main LV switchboard.

The compartments housing the metering VT’s and CT’s are generally sealed by the
utility.

The meters are mounted on a dedicated panel accessible by the utility at any time.

4.2.4 Local emergency generators

Emergency standby generators are intended to maintain the supply to the essential
loads, in the event of failure of the utility power supply.

A substation with LV metering may include one single emergency generator
connected at low voltage level on the main LV distribution switchboard.

The generator may be sized either for the supply of the whole installation or for a
part only. In this case a load shedding system must be associated to the generator.
The loads requiring an emergency supply may also be grouped on a dedicated LV
busbar (see Fig. B32).

An Uninterruptible Power Supply (UPS) may be added when required at LV level to
avoid the interruption of the supply during the starting of the emergency generator.

MV Emergency
N supply
Main supply ?
v ) Woas \ @2
Yoy YY)
Emergency
UPS I loads
1
Critical loads

Fig. B32: Emergency generator at LV Level
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4.2.5 Capacitors

Capacitors are intended to maintain the power factor of the installation

at the contractual value specified by the utility. The capacitor banks are connected
on the main LV switchboard and can be fixed or adjustable by means of steps
controlled by a regulator.

See chapter L "Power Factor Correction"

4.2.6 LV main switchboard

The MV/LV transformer is connected to a main LV distribution switchboard equipped
with a LV general circuit breaker ensuring:

m The general protection of the LV installation

m The general isolation of the LV circuits, according to the rules of protection of the
persons working in an electrical installations

m The protection of the MV/LV transformer against overload

To comply with the interlocking requirements defined in 3.3, the circuit breaker must
be equipped with padlocking facilities for locking it in open position.

4.2.7 Simplified electrical network diagram

The diagram (Fig. B33) shows:

m The different methods to connect a MV/LV substation to the utility supply:
0 Single-line service

0 Single line service with provision for future connection to a ring or to dual parallel
feeders

0 Dual parallel feeders

0 Loop or ring-main service

m The protection of the MV/LV transformer, either by a load break switch

or by a circuit breaker

® The LV metering

®m The main LV switchboard.

4.3 Choice of MV equipment (Refer to section 6)

MV equipment shall comply with applicable IEC standards and local regulations.
It shall be selected according to the electrical and environmental constraints
to which it is supposed to be subjected.
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Fig. B33: Consumer substation with LV metering

© Schneider Electric - all rights reserved

Schneider Electric - Electrical installation guide 2016




© Schneider Electric - all rights reserved

B - Connection to the MV utility
distribution network

5 The consumer substation
with MV metering

5.1 Definition

A consumer substation with MV metering is an electrical installation connected

to a utility supply system at a nominal voltage usually between 1 kV - 35 kV,

which for example may supply:

m A single MV/LV transformer exceeding generally 1250 kVA

m Several MV/LV transformers

m One or several MV/LV secondary substations.

The single line diagram and the layout of a substation with MV metering depend on
the complexity of the installation and the presence of secondary substations.

For example a substation may:

m Include one single room containing the MV switchboard, the metering panel,

the transformer(s) and the low voltage main distribution board(s),

m Supply one or several transformers, each installed in a dedicated room including
the corresponding main LV distribution switchboard

m Supply one or several secondary MV/LV substations.

5.2 Functions of the substation with MV metering

5.2.1 Connection to the MV network

Connection to the MV network can be made:

m By a single service cable or overhead line,

m By dual parallel feeders via two mechanically interlocked load-break switches
® Via a ring main unit including two load-break switches.

5.2.2 MV/LV Transformers and internal MV distribution

As mentioned for substation with LV metering, only oil-immersed and dry type
cast-resin transformers are allowed with the same rules of installation.

When the installation includes several MV/LV transformers and/or secondary

MV/ LV substations an internal MV distribution network is required.

According to the required level of availability, the MV supplies to the transformers
and the secondary substations may be made,

m By simple radial feeders connected directly to the transformers or to the secondary
substations

m By one or several rings including the secondary MV/LV substations (Fig. B10)

m By duplicate feeders supplying the secondary MV/LV substations.

For the two latter solutions the MV switchboard located in each secondary substation
includes two load break switch functional units for the connection of the substation to
the internal MV distribution and one transformer protection unit, for each transformer
installed in the substation.

The level of availability can be increased by using two transformers operating

in parallel or arranged in dual configuration with an automatic change over system.

It is not recommended to use MV/LV transformers above 2500 kVA due to:

m The high level of the short circuit current generated on the main LV switchboard.

m The number of LV cable required for the connection of the transformer

to the LV switchboard.

5.2.3 Metering

The characteristics and the location of the VT’s and CT’s dedicated to the metering
shall comply with the utility requirements.

The VT’s and CT’s are generally installed in the MV switchboard. A dedicated
functional unit is in most of the cases required for the voltage transformers while
the current transformers may be contained in the functional unit housing the circuit
breaker ensuring the general protection of the substation.

The panel that contains the meters shall be accessible by the utility at any time.

5.2.4 Local emergency generators

Emergency standby generators are intended to maintain the power supply to the
essential loads in the event of failure of the utility power supply.

According to the energy needs an installation may contains one or several
emergency generators.

The generators can be connected:

m At MV level to the MV main substation (see Fig. B34).The generator(s) may be
sized either for the supply of the whole installation or for a part only. In this case
a load shedding system must be associated to the generator(s).

m At LV level on one or several LV switchboards requiring an emergency supply.
At each location, the loads requiring an emergency supply may be grouped

on a dedicated LV busbar supplied by a local generator (see Fig. B31).
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5.2.5 Capacitors

Capacitors are intended to maintain the power factor of the installation

at the contractual value specified by the utility. The capacitor banks can be fixed
or adjustable by means of steps. They can be connected:

m At MV level to the main MV substation

m At LV level on LV switchboards.

5.2.6 LV main switchboard

Every MV/LV transformer is connected to a main LV switchboard complying with the
requirements listed for substation with LV metering (see 4.2.6).

5.2.7 Simplified electrical network diagram

The diagram (Fig. B35) shows:

m The different methods to connect a MV/LV substation to the utility supply:

O Spur network or single-line service

0 Single line service with provision for future connection to a ring or to dual parallel
feeders

0 Dual parallel feeders

0 Loop or ring-main service

m General protection at MV level

m MV metering functions

m Protection of MV circuits

m LV distribution switchboard

Compared with a substation with LV metering, a substation with MV metering
includes in addition:

m A MV Circuit breaker functional unit for the general protection of the substation
m A MV metering functional unit

m MV Functional units dedicated to the connection and the protection of:

0 MV/LV transformers

0 MV feeders supplying secondary substations

0 MV capacitor banks

0 Emergency generators

The general protection usually includes protection against phase to phase and
phase to earth faults. The settings must be coordinated with the protections installed
on the feeder of the primary substation supplying the installation.
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5.3 Choice of MV equipment (Refer to chapter 6)

MV equipment shall comply with applicable IEC standards and local regulations.
It shall be selected according to the electrical and environmental constraints
to which it is supposed to be subjected.
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Fig. B35: Consumer substation with MV metering
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Gietrinution notwrk 6 Choice and use of MV equipment
and MV/LV transformer

6.1 Choice of MV equipment

The electrical equipment must withstand both electrical and environmental
constraints to which it will be submitted during its life time without any mechanical
and dielectric degradation reducing its level of performance.

6.1.1 Standards and specifications

Depending on the devices, components and products included in the MV switchgear,
different standards have to be considered for compliance, such as:
m |[EC 62271-1, 62271-100, 62271-102, 62271-103, 62271-105, 62271-200.

Local regulations may also require compliance with national standards:
m ANSI/IEEE for USA

m EN for European Union

m GOST for Russia

m GB/DL for China.

6.1.2 Types of MV equipment

Substations shall be designed and built according to local standards and practices.
The following types of equipment may be used:

m Compartmented modular units supporting all types of single line diagram

and layout

m Compact solution based on ring-main unit solution when the supply is provided

by a ring.

Aring main unit includes two load break switches for the connection of the substation
to the ring and a transformer protection unit. Some compact RMU designs

are particularly suitable when harsh environmental conditions apply.

6.1.3 Modular metal-enclosed switchgear (Fig. B36)

The IEC 62271-200 standard specifies requirements for "AC metal-enclosed
switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kVv".

Different categories of prefabricated metal enclosed switchgear are defined with
respect to the consequences on network service continuity in case of maintenance
on the switchgear.

For classification in categories, various aspects have to be taken into account:

m Definition of functional unit: "a switchgear component contained in a metallic
enclosure and incorporating all the main and auxiliary circuit equipment required to
perform a single function" - usually a modular unit

m Definition of compartment: "a switchgear component contained in a closed metallic
enclosure. The manufacturer defines the content (e.g. busbar, cable connections, etc.)
m Accessibility to individual compartments (see 3.4.1):

o Controlled by interlocking

O In accordance with procedures; for compartments which can be opened during
normal operation

0 Using tools; for compartments which should not be opened during normal
operation

O Not accessible for compartments which must not be opened

m Loss of Service Continuity (LSC) (see 3.4.3) defining the extent

to which other compartments can remain energised when one compartment

is open. Four LSC categories are defined:

0 LSC1,LSC2,LSC2A,LSC2B

m Definition of partition: "a switchgear component contained in a metallic enclosure
and separating one compartment from another". There are two types of partitions :
0 PM: metallic partitions

O PI: insulating partitions.

Metal-enclosed switchgear can be based on all modern switchgear technologies,
such as:

m AIS (Air Insulated Switchgear)

m SIS (Solid Insulated Switchgear)

m GIS (Gas Insulated Switchgear)

m 2SIS (Shielded Solid Insulated Switchgear).

Fig. B36: SF6 modular unit
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Fig. B37: SM6 Modular Unit

Fig. B38: PREMSET. Shielded Solid Insulated MV equipment

6.1.4 Choice of MV switchgear panel for a transformer circuit

Three types of MV switchgear panel can be used:

m Load-break switch associated to MV fuses without coordination between the fuses
and the breaking capability of the load break switch

m Load-break switch/MV fuses combination with coordination between the fuses and
the breaking capability of the load break switch

m Circuit breaker

As explained in paragraph 3.3, a circuit breaker with a dedicated protection relay
ensures a better protection of the transformer than the MV fuses coordinated

or not with a load break switch.

Note: The fuses used in the load-break switch / fuses combination have striker-pins
which ensure tripping of the 3-pole switch as soon as at least one fuse blows.

6.2 Instructions for use of MV equipment

The purpose of this chapter is to provide general guidelines on how to avoid
or greatly reduce MV equipment degradation on sites exposed to humidity
and pollution.

6.2.1 Normal service conditions for indoor MV equipment

All MV equipment are intented to be used in the normal services conditions
as defined in IEC 62271-1 standard "Common specifications for high-voltage
switchgear and controlgear".

For instance, regarding humidity, the standard mentions:

m The average value of the relative humidity, measured over a period of 24 h
does not exceed 95 %;

m The average value of the water vapour pressure, over a period of 24 h
does not exceed 2.2 kPa;

m The average value of the relative humidity, over a period of one month
does not exceed 90 %;

m The average value of water vapour pressure, over a period of one month
does not exceed 1.8 kPa.

As indicated in the standard, condensation may occasionally occur even under normal
conditions. Either switchgear designed for such conditions shall be used and/or special
measures concerning the substation premises can be implemented to prevent
condensation, such as suitable ventilation and heating of the station.

6.2.2 Use under severe conditions

Under certain severe conditions concerning humidity and pollution, largely beyond
the normal conditions of use mentioned above, electrical equipment can be subject
to damage by rapid corrosion of metal parts and surface degradation of insulating
parts. Examples of suitable measures of protection against condensation and
pollution are listed bellow.

Remedial measures for condensation problems

m Carefully design or adapt substation ventilation.

m Avoid temperature variations.

m Eliminate sources of humidity in the substation environment.
m Install an Heating, Ventilation, Air Conditioning unit (HVAC)
m Make sure cabling is in accordance with applicable rules.

Remedial measures for pollution problems

m Equip substation ventilation openings with chevron-type baffles to reduce entry

of dust and pollution especially when the transformer is installed in the same room
with switchgears or controlgears.

m Install the transformer in a different room to use more efficient ventilation grids if
any,

m Keep substation ventilation to the minimum required for evacuation of transformer
heat to reduce entry of pollution and dust

m Use MV cubicles with a sufficiently high degree of protection (IP)

m Use air conditioning systems or air forced cooling with filters installed in air inlet to
restrict entry of pollution and dust.

m Regularly clean all traces of pollution from metal and insulating parts.

m Instead of using AIS equipment (Fig. B37), use equipment that is insensitive to the
environment such as GIS or 2SIS type (see Fig. B38).
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6.3 Choice of MV/LV transformer

The transformers shall comply with IEC 60076. A transformer is characterized
by its electrical parameters, but also by its technology and its conditions of use.

6.3.1 Characteristic parameters of a transformer

m Rated power: the apparent-power in kVA on which the values of the design
parameters and the construction of the transformer are based. Manufacturing tests
and guarantee refer to this rated power

m Frequency: for power distribution systems discussed in this guide, the frequency
is either 50 Hz or 60 Hz

m Rated primary voltage: the service voltage of the electrical network on which the
transformer in connected

m Rated secondary voltage: the voltage measured between the secondary
terminals when the transformer is off load and energized at its rated primary voltage
m Transformer ratio: RMS value of the rated primary voltage divided by the RMS
value of the rated secondary voltage

m Rated insulation levels: are defined by the values of the overvoltage power
frequency withstand test, and high voltage lightning impulse tests.

For the voltage levels considered in this guide, the encountered switching over
voltages are generally lower than the expected lightning over voltages, so no over
voltage switching tests are required for these voltages

m Off-load tap-Changer switch: allows to adjust the rated primary voltage and
consequently the transformer ratio within the range + 2.5 % and + 5 %.

The transformer must be de-energized before the operation of the switch

m Winding configurations: Star, Delta and Zigzag high and low voltage windings
connections are defined by an alphanumeric code read from the left to the right. The
first letter refers to the high voltage winding, the second letter to low voltage winding :
0 Capital letters are used for the high voltage windings

- D = delta connection

- 'Y = star connection

- Z = zigzag connection

- N = neutral point brought out to a dedicated terminal

O Lower-case letters are used for the low voltage winding

-d =delta

-y =star

- z = interconnected-star (or zigzag)

- n = neutral point brought out to a dedicated terminal

0 A number between 0 and 11 indicates the phase shifting between the primary
and the secondary voltages.

0 A common winding configuration used for distribution transformers is Dyn 11:

- High voltage primary windings connected in Delta

- Low voltage secondary windings connected in Star

- Low voltage neutral point brought out to a dedicated terminal.

- Phase shifting between the primary and the secondary voltage: 30°.

© Schneider Electric - all rights reserved
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Fig. B39: Dry type transformer

6.3.2 Technology and utilization of the transformers

There are two basic types of distribution transformer:
m Dry type (cast resin encapsulated) transformer
m Liquid filled (oil-immersed) transformer.

According IEC 60076, the standard conditions of utilization of the transformers for
outdoor and indoor installation are the following:

m Altitude < 1000 m

m Maximum ambient temperature: 40 °C

m Monthly average temperature: 30 °C during the hottest month

m Annual average temperature: 20 °C.

For other service conditions:

m For oil immersed transformer the IEC 60076-2 specifies the oil and winding
temperature rise.

m For dry type transformer the IEC 60076-11 specifies the thermal class.

The temperature surrounding the transformer is linked to the outdoor service
condition, its cooling mode and efficiency when installed in a room, and its load. Two
loading guides can help to verify if the transformer is correctly defined according to
the expected lifespan, which are respectively the IEC 60076-7 and IEC 60076-12.
An annex within the HV/LV prefabricated substation standard IEC 62271-202 gives
several examples of installation, based on these two guides.

6.3.3 Dry type transformers (see Fig. B39)

The dry type transformers shall comply with IEC 60076-11:

Each individual winding of these transformers is casted in resin according to a
vacuum dedicated process.

The high voltage winding, the low voltage winding and the frame are separate by air.

The encapsulation of a winding uses three components:

m Epoxy-resin based on biphenol A with a viscosity that ensures complete
impregnation of the windings

m Anhydride hardener modified to introduce a degree of resilience in the moulding,
essential to avoid the development of cracks during the temperature cycles occurring
in normal operation

m Pulverulent additive composed of trihydrated alumina Al (OH)3 and silica

which enhances its mechanical and thermal properties, as well as giving exceptional
intrinsic qualities to the insulation in the presence of heat.

m This three-component system of encapsulation gives insulation system temperature
155°C (F) with average winding temperature rise limit at rated current AG = 100 K
which provides excellent fire-resisting qualities and immediate self-extinction.

The moulding of the windings contain no halogen compounds (chlorine, bromine,
etc.) and no other compounds capable of producing corrosive or toxic pollutants,
thereby guaranteeing a high degree of safety to personnel in emergency situations,
notably in the event of a fire.

These transformers are classified as nonflammable. Transformers exposed to fire
risk with low flammability and self extinguishing in a given time.

They are also exceptionally well adapted for hostile industrial atmospheres

and comply with the following class of environment:

m Class E3: up to 95 % of humidity and/or high level of pollution

m Class C3: utilization, transport and storage down to -50 °C.
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6.3.4 Liquid-filled transformers

The most common insulating liquid used in these transformers is mineral oil, which
also acts as a cooling medium.

Mineral oils are specified in IEC 60296, they must not contain PCB (PolyChlorinated
Biphenyl).

Mineral oil can be replaced by an alternative insulating liquid such as high density
hydrocarbons, esters, silicones, halogen liquids.

The oil being flammable, dedicated safety measures against fire are mandatory in
many countries, especially for indoor substations.

The dielectric liquids are classified in several categories according to their fire
performance. This latter is assessed according to two criteria (see Fig. B40):
m The flash-point temperature

® The minimum calorific power.

Code | Dielectric fluid Flash-point Minimum calorific power
(°C) (MJ/kg)

o1 Mineral oil <300 -

K1 High-density hydrocarbons > 300 48

K2 Esters > 300 34-37

K3 Silicones > 300 27-28

L3 Insulating halogen liquids - 12

Fig. B40: Categories of dielectric fluids

There are two types of liquid filled transformers: Hermetically-sealed totally-filled

Fig. B41: Hermetically-sealed totally-filled oil transformer transformers and Air-breathing transformer.

m Hermetically-sealed totally-filled transformers up to 10 MVA (see Fig. B41)

For this type of transformers the expansion of the insulating liquid is compensated
by the elastic deformation of the oil-cooling radiators attached to the tank.

The protection against internal faults is ensured by means of a DGPT device:
Detection of Gas, Internal Over Pressure and Oil Over Temperature.

The "total-fill" technique has many advantages:

0 Water cannot enter the tank

0 Oxidation of the dielectric liquid with atmospheric oxygen is entirely precluded
0 No need for an air-drying device, and so no consequent maintenance (inspection
and changing of saturated desiccant)

0 No need for dielectric-strength test of the liquid for at least 10 years

m Air-breathing transformer (see Fig. B42)

This type of transformer is equipped with an expansion tank or conservator mounted
above the main tank. The expansion of the insulating liquid is compensated inside
the conservator by the raising of the oil level.

A conservator is required for transformers rated above10 MVA which is presently

the upper limit for "totally filled type transformers".

In the conservator the top of the oil is in contact with the air which must remain dry
Fig. B42: Air-breathing oil transformer to avoid any oxidation. This is achieved by admitting the outside air in the
conservator through a desiccating device containing silica-gel crystals.
The protection of breathing transformers against internal faults is ensured by means
of a buchholz mounted on the pipe linking the main tank to the conservator.
The buchholz ensures the detection of gas emission and internal over pressure.
The over temperature of the oil is commonly detected by an additional thermostat.
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6.3.5 Choice of technology

As discussed above, the choice of transformer is between liquid-filled or dry type.
For ratings up to 10 MVA, totally filled units are available as an alternative

to conservator type transformers.

The choice depends on a number of considerations, including:

m Local regulations and recommendations. In some countries dry-type transformers
are mandatory for specific buildings such as hospitals, commercial premises etc.

m Risk of fire

m Prices and technical considerations, taking account the relative advantages of
each technology.

6.3.6 Determination of the optimal power

The over sizing of a transformer results in:
m Excessive investment

m Un necessarily high no-load losses

m Lower on-load losses.

Under sizing a transformer causes:

m A reduced efficiency when fully loaded. The highest efficiency is attained in the
range 50 % - 70 % of the full load,

m On long-term overload, serious consequences for the transformer, owing to the
premature ageing of the windings insulation, and in extreme cases, resulting in
failure of insulation and loss of the transformer.

Definition of optimal power

In order to select an optimal power rating for a transformer, the following factors
must be taken into account:

m List the consumers and define the factor of utilization ku and the diversity factor ks
for each load as describe in chapter A

m Determine the load cycle of the installation, noting the duration of loads

and overloads

m Take into account all possible future extensions of the installation.

m Arrange for power-factor correction, if justified, in order to:

O Reduce billing penalties in tariffs based, in part, on maximum kVA demand

0 Reduce the value of the required apparent power: P(kVA) = P (kW)/cos ¢

m Select the transformer, among the range of standard transformer ratings available.

To avoid over heating and consequently premature ageing of the transformer,
it is important to ensure that cooling arrangements and temperature rise of the
transformer are adequate.

Notes:

m A wrong choice of the winding temperature rise or thermal class can be at the
origin of a reduced lifespan.

m A wrong assessment of the service conditions linked to the load profile can be at
the origin of a reduced lifespan. Ex: Photovoltaic production where the load is during
the day and when a 70°C maximum ambient temperature gradient is met as in Russia
between winter and summer.

6.4 Ventilation in MV Substations

Substation ventilation is generally required to dissipate the heat produced by
transformers and other equipment, and to allow drying after particularly wet or humid
periods.

However, a number of studies have shown that excessive opening can drastically
increase condensation.

The following paragraphs highlight a number of recommendations and good
practices to ensure proper ventilation of MV substations. More details to design a
natural ventilation of a transformer can be found within the MV Technical Guide §
Ventilation.

6.4.1 Remark concerning HV/LV outdoor prefabricated substation in
special service conditions

m Any installation of a transformer in the same room or in the same enclosure

as HV and LV switchgears will impact the lifespan of the products.

m Any air flow generated by the transformer heating reduces the impact of irradiance.
This air flow is the natural convection as required by the IEC 62271-202 standard.
m Any separation of the transformer by a partition wall with the HV and LV
switchgears compartment improves the service condition of the switchgears for
moderate climates, and avoids exposing them to harsh environment as example
wind farms near coastal areas.

m For outdoor installations, any switchgear should be preferably installed in a
thermal insulated enclosure protecting it from outdoor service conditions (dust,
humidity, solar radiation etc.) especially for very hot and cold climates, and harsh
environment.
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Fig. B43: Two different examples of HV/LV substation designs
with natural ventilation, according to the layouts described in
Fig B54

Fig. B44: Example of HV/LV prefabricated substation tested
with 1250 kVA liquid filled transformer
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Fig. B45: Ventilation opening locations

6.4.2 Recommendations for HV/LV substation ventilation

General considerations
Ventilation should be kept to the minimum level required.

Furthermore, ventilation should never generate sudden temperature variations that
can cause the dew point to be reached. For this reason, natural ventilation should

be used whenever possible. Heating could be required when the application can be
de-energized for a period; this is to maintain a minimum air flow. If forced ventilation

is necessary, the fans should operate continuously to avoid temperature fluctuations.

When forced ventilation is not enough to assure the indoor service condition of the
switchgear or when the installation surrounding is a hazardous area, HVAC unit will
be necessary to separate completely the indoor service conditions to the outdoor
service conditions.

Natural ventilation is the mostly used method for MV installations (see Fig. B43 and B44).
A guideline for sizing the air entry and exit openings of HV/LV substations is
proposed in the "MV Technical Guide" by Schneider Electric.

Ventilation opening locations

To favor evacuation of the heat produced by the transformer via natural convection,
ventilation openings should be located at the top and bottom of the wall near the
transformer. The heat dissipated by the MV switchboard could be neglected. To
avoid condensation problems, the substation ventilation openings should be located
as far as possible from the switchboards (see Fig. B45).

Type of ventilation openings

To reduce the entry of dust, pollution, mist, etc., the substation ventilation openings
should be equipped with chevron-blade baffles when the transformer is installed in a
same room with the switchboards, otherwise the use of higher efficiency ventilation
grids is allowed, especially advised when total losses are above 15kW.

Temperature variations inside cubicles

To reduce temperature variations, always install anti-condensation heaters inside
MV cubicles if the average relative humidity can remain high over a long period of
time. The heaters must operate continuously, 24 hours a day, all year long. Never
connect them to a temperature control or regulation system as this could lead to
temperature variations and condensation as well as a shorter service life for the
heating elements. Make sure the heaters offer an adequate service life.

Temperature variations inside the substation

The following measures can be taken to reduce temperature variations inside the
substation:

m Improve the thermal insulation of the substation to reduce the effects of outdoor
temperature variations on the temperature inside the substation

m Avoid substation heating if possible. If heating is required, make sure the
regulation system and/or thermostat are sufficiently accurate and designed to avoid
excessive temperature swings (e.g. no greater than 1 °C). If a sufficiently accurate
temperature regulation system is not available, leave the heating on continuously,
24 hours a day, all year long

m Eliminate cold air drafts from cable trenches under cubicles or from openings in
the substation (under doors, roof joints, etc.).

Substation environment and humidity

Various factors outside the substation can affect the humidity inside.

m Plants: avoid excessive plant growth around the substation, and closing any
opening.

m Substation waterproofing: the substation roof must not leak. Avoid flat roofs for
which waterproofing is difficult to implement and maintain.

m Humidity from cable trenches: make sure cable trenches are dry under all
conditions. A partial solution is to add sand to the bottom of the cable trench.
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Pollution protection and cleaning

Excessive pollution favors leakage current, tracking and flashover on insulators.
To prevent MV equipment degradation by pollution, it is possible to either protect the
equipment against pollution or regularly clean the resulting contamination.

Protection

Indoor MV switchgear can be protected by enclosures providing a sufficiently high
degree of protection (IP).

Cleaning

If not fully protected, MV equipment must be cleaned regularly to prevent
degradation by contamination from pollution.

Cleaning is a critical process. The use of unsuitable products can irreversibly
damage the equipment.
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Fig. B51: Automatic change over associated with stand-alone
generators

Only generators connected at MV level are considered in this chapter.

7.1 Generators in stand-alone operation,
not working in parallel with the supply network

When the installation needs a high level of power availability, one or several

MV standby generator set can be used.

In all the stand alone applications the installation includes an automatic changeover
able to switch from the utility network supply to the generator(s) in case of failure of
the utility supply (see Fig. B51).

The generators are protected by dedicated protections. For medium size generators
the following protections are usually used:

m Phase to phase and phase to earth over current
m Percentage biased differential

m Negative sequence over current

m Overload

m Stator frame fault

m Rotor frame fault

m Reverse active power

m Reverse reactive power or loss of field

m Loss of synchronization

m Over and under voltage

m Over and under frequency

m Overheating of bearings.

It shall be noted that, due to the very low short-circuit current of the generator(s)
compared to the one delivered from the utility supply network, a great attention must
be paid to the settings of the protection and the discrimination. It is recommended
when ordering a generator(s) to check with the manufacturer its (their) ability in
providing a short circuit current ensuring the operation of the phase to phase short
circuit protection. In case of difficulties the boosting of the generator’s excitation is
required and shall be specified.

Voltage and frequency control

The voltage and the frequency are controlled by the primary regulator(s) of the
generator(s). The frequency is controlled by the speed regulator(s), while the voltage
is controlled by the excitation regulator(s).

When several generators operate in parallel an additional control loop is required

to perform the sharing of the active and reactive power between the generators.
The principle of operation is the following:

m The active power delivered by a generator increases when the driven machine

is accelerated and vice versa

m The reactive power delivered by a generator increases when its excitation current
is increased and vice versa.

Dedicated modules are installed to perform this sharing, generally ensuring other
tasks such as the automatic synchronization and coupling of the generators

(see Fig. B52).

7.2 Generators operating in parallel
with the utility supply network

When one or several generators are intended to operate in parallel with the supply
network the agreement of the utility is usually required. The utility specifies the
conditions of operation of the generators and specific requirements may be asked.
The utility generally requires information concerning the generators, such as:

m Level of the short circuit current injected by the generators in case of fault

on the supply network

m Maximum active power intended to be injected in the supply network

m Operation principle of the voltage control

m Capability of the generators to control the power factor of the installation.

In case of fault on the utility supply network, the instantaneous disconnection

of the generators is generally required. It is achieved by means of a dedicated
protection specified by the utility. This protection may operate according to one

or several of the following criteria:

m Under-voltage and over-voltage

m Under-frequency and over-frequency

m Zero sequence overvoltage

The protection generally orders the tripping of the main circuit breaker ensuring
the connection of the installation to the utility while the generators continue to supply
the totality of the internal consumers or a part only if they are not sized for the full
power required (see Fig. B34). In this case load shedding must be simultaneously
executed with the tripping of the main circuit breaker.
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Fig. B52: Control of generators operating in parallel with the utility supply network

Control

When generators at a consumer’s substation operate in island mode (Utility power
supply disconnected) the voltage and the frequency at the main substation level are
both fixed by the generators and consequently the control system of the generators
operate in Voltage/Frequency mode (see Fig. B52).

When the utility power supply is connected the voltage and the frequency are both
fixed by the utility and the control system of the generators must be switched from
Voltage/Frequency mode (V/F control mode) to Active power/Reactive power mode
(P/Q control mode) (see Fig. B52).

The function of the P/Q control mode is to control the exchange of active and
reactive power with the utility. The typical principle of operation used in most of the
applications is the following:

m The amount of the active and reactive power exchanged with the utility are set by
the operator. The settings may be specified by the utility

m The control system maintains the values of the exchange at the required values
by acting on the speed of the generators for the control of active power and on the
excitation current for the control of the reactive power

m The sharing of the active and reactive power between the generators remains in
operation.

The P/Q control mode allows:

m To strictly limit the value of the active power imported from the utility at the amount
which can’t be provided by the generators when the demand of the installation
exceed their capability.

m To maintain at zero the imported active power, when the demand of the installation
remains below the capability of the generators

m To maintain the power factor of the installation at the contractual value specified by
the utility.

When the capability of the generators in providing reactive power is exceeded, the
additional reactive power required to comply with the contractual power factor shall
be supplied by a dedicated capacitor bank.
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7.3 Parallel operation of transformers

The need to operate two or more transformers in parallel may be required when:
m The level of security of supply to be guarantied requires to duplicate the sources
of supply

m The capacity of an existing transformer is exceeded due to the extension

of the installation

m A single large transformer cannot be installed due to the lack of space

m The standardisation of the transformers throughout the installation is required.

It is not recommended to connect more than two transformers in parallel because
the short circuit current at low voltage level may become too high.

7.3.1 Total power (kVA)

The total power (kVA) available when two or more transformers are connected

in parallel, is equal to the sum of the individual transformer’s ratings.

Transformers of equal power rating will each provide a load equal to the total load
provided to the installation, divided by the number of transformers working in parallel.
Transformers of unequal power ratings will share the load in proportion to their
ratings, providing that their voltage ratios and their short circuit impedances

are identical.

7.3.2 Necessary conditions for parallel operation

The following conditions for the connection of power transformers in parallel are
required:

It is preferred to connect in parallel transformers having the same characteristics:
m Same voltage ratio

m Same rated power

m Same short circuit impedance.

m Same coupling symbol of windings as for example D yn 11

m Same impedances of the LV links between the transformers and the main LV
switchboard where the paralleling is realized.

For transformers having unequal rated power their internal impedances are

in the ratio of the rated power of the transformers.

Connection in parallel of transformers having a power ratio equal or higher than two
is not recommended.

When the transformers do not comply with the above requirements,
recommendations for their paralleling shall be asked to the manufacturer.
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of MV/LV distribution substations
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MVI/LV substations may be built in public places, such as parks, residential areas,
etc. or in private premises. In this case the utility must have an unrestricted access
to the substation. This is normally achieved by locating the substation in such

a manner that one of the entrance can be directly accessible at any time

from the public way.

8.1 Different types of substations

A substation may be installed:

m Indoor within a building, in a dedicated room

m Outdoor inside a dedicated housing prefabricated or not
m Outdoor without housing

m Pole mounted.

8.2 Indoor substation

8.2.1 General arrangement of a LV metering substation

Figures (Fig. B53 and Fig. B54) shows a typical layout recommended for a
LV metering substation.

Remark: The cast-resin dry-type transformer does not need a fire protection oil
sump. However, periodic cleaning of the transformer is needed.

LV connections

from
MV connections to transformer — — transformer
¥y LV switchgear
([ 11N
MV Y -
switching (' B
and ~
2 incoming protection = U g
MV panels panel
(L I
% 'L' 'lL b
P
o RN
Current
transformers
) » »
— — — » for metering
4
v/
L Connection to the power- \—Transformer \—Oil sump LV cable
supply network by single-core trench

or three-core cables

Fig. B53: General arrangement of a LV metering substation
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Fig. B54: Examples of general arrangements of LV metering substations, plan view

8.2.2 Connection to the utility
and internal MV and LV interconnections

Connection to the MV utility network is made by, and is under the responsibility
of the utility.

Connection between the MV switchgear and the transformer may be realized by:
m Short copper bars when the transformer is housed in a panel part

of the MV switchboard

m By single-core or three cores screened cables with PR or EPR insulation,

and possible connection to the transformers by plugin type terminals.
Connection between the LV terminals of the transformer and the LV switchgear may
be realized with:

m Single-core cables

m LV busway with heat-shrinkable insulation.

It is highly recommended to use busway for the connection of transformers requiring
more than five single LV cables in parallel per phase. Above five single core cables
per phase the equal share of the current in each cable cannot be ensured and the
laying becomes a real difficulty.

8.2.3 Earthing circuits

To ensure the safety of the persons an equipotential system must be created within
the substation. It is realized according the following recommendations:

m Creation of an earthing electrode under the substation by burying copper
conductors

m Inter-connection by means of protective conductors of all the exposed conductive
parts of the installation:

0 Enclosures of the electrical equipment

0 Screens of the MV cables

O Frame of the transformer

0 Metallic doors

O Ete.

m Connection of all protective conductors at one single common point

m Connection of the common point of the protective conductors and the reinforcing
rods of the concrete slab supporting the substation, should be connected to the earth
electrode.

8.2.4 Lighting

The supply of the lighting circuits can be taken upstream or downstream from the
main incoming LV circuit breaker. Appropriate LV circuit breakers must be provided
for the protection of LV lighting circuits.

The lighting must adequately illuminate:

m The switchgear operating handles

m The mechanical flags indicating the position of electrical apparatus

m All the information displayed on the meters and on the protection relays

m All the instruction plates dedicated to the operations and the safety.

For safety reasons, it is recommended to add emergency lighting boxes including
each an individual battery.
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Walk-in

Fig. B56: Walk in and non-walk in type substations

Non walk-in

8.2.5 Materials for operation and safety

According to local safety rules, the substation shall be equiped with the following
safety equipment:

m Devices for the safe exploitation of the substation:

0 An Insulated stool

0 An insulated mat

0 A pair of insulated gloves stored in a dedicated box

0 A detector of MV voltage presence

m Fire-extinguishing devices complying with the local regulations
m Warning and instruction plates dedicated to:

0 Operation of the substation

O Safety of the persons

O First-aid care to victims of electrical accidents.

8.3 Outdoor substations

8.3.1 Outdoor substations with prefabricated enclosures

The prefabricated outdoor MV/LV substations (see Fig. B55) comply
with IEC 62271-202 standard.

m A type tested prefabricated outdoor substation is subjected to tests
and verifications dedicated to:

0 Degree of protection

0 Temperature class

o Non-flammable materials

0 Mechanical resistance of the enclosure

0 Sound level

O Insulation level

O Internal arc withstand

O Earthing circuit

0 Retention of oil

0 Operation of the substation.

Main benefits:

The prefabricated substations provide a particularly interesting and optimized
solution regarding:

m Delivery time

m Construction works

m Erection works

m Commissioning

m Total cost.

Use of equipment conform o———  —————— Mechanical resistance

to IEC standards: of the enclosure:
m Degree of protection

= Sound level

m Electromagnetic
compatibility

m Insulation level

m Internal arcing

m Functional tests withstand

m Temperature class

m Non-flammable
materials

Fig. B55: Type tested substation according to IEC 62271-202

IEC 62271-202 standard defines requirements for two types of outdoor prefabricated
substations (see Fig. B56):

m Walk-in type substation

m Non walk-in type substation.
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The substations may be situated at ground level, half buried or completely buried
(underground substation), resulting in three types of design (see Fig. B57 and
Fig. B58).

8.3.2 Outdoor substation without enclosure (see Fig. B59)

This kind of outdoor substations based on weatherproof equipment is commonly
used in countries such as UK and India for example.

These substations are generally included in MV rings and include:

= Two functional units dedicated to the connection of the substation to the ring
m One functional unit for the supply and the protection of the MV/LV power
transformer generally done by a circuit breaker unit

m One single MV/LV Power transformer

m One LV distribution panel.

The transformer and the LV panel can be installed in dedicated outdoor type

Underground housing.

Ground level
Half buried

Fig. B57: Outdoor substations. The three type of design 8.3.3 Pole mounted substation

Application
These substations are mainly used for the supply of isolated rural consumers
a- b - from MV overhead lines.

Constitution

This type of substation includes (see Fig. B60):

m A single pole mounted MV/LV power transformer that is, according to the local
rules associated or not with:

0 A load break switch

0 A set of three fuses

O A set of three surge arrestors

m A low voltage circuit breaker

m An earthing electrode realized at the bottom of the pole supporting the equipment.

Fig. B58: Outdoor substations [a] Ground level walk in type The location of the substation must allow easy access of the personnel and handling
substation; [b] Half buried non walk in type substation equipment.

Lightning
arresters,

Fig. B59: Outdoor substation without enclosure

LV circuit breaker D1—»

Earthing conductor 25 mm? copper

-« Protective conductor cover

Safety earth mat

Fig. B60: Pole mounted MV/LV substation
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C - Connection to the LV utility
distribution network

1 Low-voltage utility distribution
networks

The most-common LV supplies are within the
range 120 V single phase to 240/415 V
3-phase 4-wires.

Loads up to 250 kVA can be supplied at LV, but
power-supply organizations generally propose
a MV service at load levels for which their

LV networks are marginally adequate.

An international voltage standard for 3-phase
4-wire LV systems is recommended by the

IEC 60038 to be 230/400 V

1.1 Low-voltage consumers

In Europe, the transition period on the voltage tolerance to “230V/400V + 10% / - 10%"
has been extended for another 5 years up to the year 2008.

Low-voltage consumers are, by definition, those consumers whose loads can be
satisfactorily supplied from the low-voltage system in their locality.

The voltage of the local LV network may be 120/208 V or 240/415 V, i.e. the lower
or upper extremes of the most common 3-phase levels in general use, or at some
intermediate level, as shown in Figure C1.

An international voltage standard for 3-phase 4-wire LV systems is recommended by
the IEC 60038 to be 230/400 V.

Loads up to 250 kVA can be supplied at LV, but power-supply organizations
generally propose a MV service at load levels for which their LV networks are
marginally adequate.

Country Frequency & tolerance |Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
Afghanistan 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k)
Algeria 50+15 220/127 (e) 380/220 (a) 10,000
220 (k) 220/127 (a) 5,500
6,600
380/220 (a)
Angola 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k)
Antigua and Barbuda 60 240 (k) 400/230 (a) 400/230 (a)
120 (k) 120/208 (a) 120/208 (a)
Argentina 50+2 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Armenia 505 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Australia 50+0.1 415/240 (a) 415/240 (a) 22,000
240 (k) 440/250 (a) 11,000
440 (m) 6,600
415/240
440/250
Austria 50+0.1 230 (k) 380/230 (a) (b) 5,000
230 (k) 380/220 (a)
Azerbaijan 50+0.1 208/120 (a) 208/120 (a)
240/120 (k) 240/120 (k)
Bahrain 50+0.1 415/240 (a) 415/240 (a) 11,000
240 (k) 240 (k) 415/240 (a)
240 (k)
Bangladesh 50+2 410/220 (a) 410/220 (a) 11,000
220 (k) 410/220 (a)
Barbados 50+ 6 230/115 (j) 230/115 (j) 230/400 (g)
115 (k) 200/115 (a) 230/155 (j)
220/115 (a)
Belarus 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 (a)
127 (k)
Belgium 50+5 230 (k) 230 (k) 6,600
230 (a) 230 (a) 10,000
3N, 400 3N, 400 11,000
15,000
Bolivia 50+ 0.5 230 (k) 400/230 (a) 400/230 (a)
230 (k)
Botswana 50+ 3 220 (k) 380/220 (a) 380/220 (a)
Brazil 60+3 220 (k, a) 220/380 (a) 69,000
127 (k, @) 127/220 (a) 23,200
13,800
11,200
220/380 (a)
127/220 (a)
Brunei 50+2 230 230 11,000
68,000
Bulgaria 50+0.1 220 220/240 1,000
690
380

Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)
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Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)

Country Frequency & tolerance | Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
Cambodia 50+1 220 (k) 220/300 220/380
Cameroon 50+1 2207260 (k) 220/260 (k) 220/380 (a)
Canada 60 = 0.02 1207240 (j) 347/600 (a) 7,200/12,500
480 (f) 347/600 (a)
240 (f) 120/208
120/240 (j) 600 ()
120/208 (a) 480 (f)
240 (f)
Cape Verde 220 220 380/400
Chad 50+1 220 (k) 220 (k) 380/220 (a)
Chile 50+1 220 (k) 380/220 (a) 380/220 (a)
China 50+0.5 220 (k) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Colombia 60 +1 1207240 (g) 120/240 (g) 13,200
120 (k) 120 (k) 120/240 (g)
Congo 50 220 (k) 240/120 (j) 380/220 (a)
120 (k)
Croatia 50 400/230 (a) 400/230 (a) 400/230 (a)
230 (k) 230 (k)
Cyprus 50+0.1 240 (k) 415/240 11,000
415/240
Czech Republic 50+1 230 500 400,000
230/400 220,000
110,000
35,000
22,000
10,000
6,000
3,000
Denmark 50+1 400/230 (a) 400/230 (a) 400/230 (a)
Djibouti 50 400/230 (a) 400/230 (a)
Dominica 50 230 (k) 400/230 (a) 400/230 (a)
Egypt 50+ 0.5 380/220 (a) 380/220 (a) 66,000
220 (k) 220 (k) 33,000
20,000
11,000
6,600
380/220 (a)
Estonia 50+1 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Ethiopia 50+ 25 220 (k) 380/231 (a) 15 000
380/231 (a)
Falkland Islands 50+3 230 (k) 415/230 (a) 415/230 (a)
Fidji Islands 50+2 415/240 (a) 415/240 (a) 11,000
240 (k) 240 (k) 415/240 (a)
Finland 50+ 0.1 230 (k) 400/230 (a) 690/400 (a)
400/230 (a)
France 50+1 400/230 (a) 400/230 20,000
230 (a) 690/400 10,000
590/100 230/400
Gambia 50 220 (k) 220/380 380
Georgia 50+ 0.5 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Germany 50+0.3 400/230 (a) 400/230 (a) 20,000
230 (k) 230 (k) 10,000
6,000
690/400
400/230
Ghana 50+5 220/240 220/240 415/240 (a)
Gibraltar 50+1 415/240 (a) 415/240 (a) 415/240 (a)
Greece 50 220 (k) 6,000 22,000
230 380/220 (a) 20,000
15,000 §
6,600 §
Granada 50 230 (k) 400/230 (a) 400/230 (a) GT;
Hong Kong 50+ 2 220 (k) 380/220 (a) 11,000 £
220 (k) 386/220 (a) =
Hungary 50+5 220 220 220/380 z
Iceland 50+0.1 230 230/400 230/400 £
o]
g
£
@
)
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Country Frequency & tolerance |Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
India 50+15 440/250 (a) 440/250 (a) 11,000
230 (k) 230 (k) 400/230 (a)
440/250 (a)
Indonesia 50 +2 220 (k) 380/220 (a) 150,000
20,000
380/220 (a)
Iran 50+5 220 (k) 380/220 (a) 20,000
11,000
400/231 (a)
380/220 (a)
Iraq 50 220 (k) 380/220 (a) 11,000
6,600
3,000
380/220 (a)
Ireland 50+ 2 230 (k) 400/230 (a) 20,000
10,000
400/230 (a)
Israel 50 +0.2 400/230 (a) 400/230 (a) 22,000
230 (k) 230 (k) 12,600
6,300
400/230 (a)
Italy 50 + 0.4 400/230 (a) 400/230 (a) 20,000
230 (k) 15,000
10,000
400/230 (a)
Jamaica 50+ 1 220/110 (g) (j) 220/110 (g) () 4,000
2,300
220/110 (g)
Japan (east) +0.1 200/100 (h) 200/100 (h) 140,000
-0.3 (up to 50 kw) 60,000
20,000
6,000
200/100 (h)
Jordan 50 380/220 (a) 380/220 (a) 400 (a)
400/230 (k)
Kazakhstan 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 (a)
127 (k)
Kenya 50 240 (k) 415/240 (a) 415/240 (a)
Kirghizia 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 ()
127 (k)
Korea (North) 60 +0, -5 220 (k) 220/380 (a) 13,600
6,800
Korea (South) 60 100 (k) 100/200 (j)
Kuwait 50 + 3 240 (k) 415/240 (a) 415/240 (a)
Laos 50+ 8 380/220 (a) 380/220 (a) 380/220 (a)
Lesotho 220 (k) 380/220 (a) 380/220 (a)
Latvia 50+ 0.4 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Lebanon 50 220 (k) 380/220 (a) 380/220 (a)
Libya 50 230 (k) 400/230 (a) 400/230 (a)
127 (k) 220/127 (a) 220/127 (a)
230 (k)
127 (k)
Lithuania 50+ 0.5 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Luxembourg 50+0.5 380/220 (a) 380/220 (a) 20,000
15,000
5,000
Macedonia 50 380/220 (a) 380/220 (a) 10,000
220 (k) 220 (k) 6,600
380/220 (a)
Madagascar 50 220/110 (k) 380/220 (a) 35,000
5,000
380/220

Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)
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Country Frequency & tolerance |Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
Malaysia 50+1 240 (k) 415/240 (a) 415/240 (a)
415 (a)
Malawi 50+25 230 (k) 400 (a) 400 (a)
230 (k)
Mali 50 220 (k) 380/220 (a) 380/220 (a)
127 (k) 220/127 (a) 220/127 (a)
220 (k)
127 (k)
Malta 50+2 240 (k) 415/240 (a) 415/240 (a)
Martinique 50 127 (k) 220/127 (a) 220/127 (a)
127 (k)
Mauritania 50+1 230 (k) 400/230 (a) 400/230 (a)
Mexico 60 +0.2 127/220 (a) 127/220 (a) 4,160
120/240 (j) 120/240 (j) 13,800
23,000
34,500
2771480 (a)
127/220 (b)
Moldavia 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 (a)
127 (k)
Morocco 50+5 380/220 (a) 380/220 (a) 225,000
220/110 (a) 150,000
60,000
22,000
20,000
Mozambique 50 380/220 (a) 380/220 (a) 6,000
10,000
Nepal 50 +1 220 (k) 440/220 (a) 11,000
220 (k) 440/220 (a)
Netherlands 50+ 0.4 230/400 (a) 230/400 (a) 25,000
230 (k) 20,000
12,000
10,000
230/400
New Zealand 50+1.5 400/230 (e) (a) 400/230 (e) (a) 11,000
230 (k) 230 (k) 400/230 (a)
460/230 (e)
Niger 50+1 230 (k) 380/220 (a) 15,000
380/220 (a)
Nigeria 50+1 230 (k) 400/230 (a) 15,000
220 (k) 380/220 (a) 11,000
400/230 (a)
380/220 (a)
Norway 502 230/400 230/400 230/400
690
Oman 50 240 (k) 415/240 (a) 415/240 (a)
240 (k)
Pakistan 50 230 (k) 400/230 (a) 400/230 (a)
230 (k)
Papua New Guinea 50 +2 240 (k) 415/240 (a) 22,000
240 (k) 11,000
415/240 (a)
Paraguay 50+0.5 220 (k) 380/220 (a) 22,000
220 (k) 380/220 (a)
Philippines (Rep of the) |60 + 0.16 110/220 (j) 13,800 13,800
4,160 4,160
2,400 2,400
110/220 (h) 440 (b)
110/220 (h)
Poland 50 +0.1 230 (k) 400/230 (a) 1,000
690/400
400/230 (a)
Portugal 50+1 380/220 (a) 15,000 15,000
220 (k) 5,000 5,000
380/220 (a) 380/220 (a)
220 (k)

Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)

Schneider Electric - Electrical installation guide 2016

© Schneider Electric - all rights reserved




C6

© Schneider Electric - all rights reserved

C - Connection to the LV utility
distribution network

Country Frequency & tolerance | Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
Qatar 50+0.1 415/240 (k) 415/240 (a) 11,000
415/240 (a)
Romania 50+ 0.5 220 (k) 220/380 (a) 20,000
220/380 (a) 10,000
6,000
220/380 (a)
Russia 50 +0.2 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
Rwanda 50+ 1 220 (k) 380/220 (a) 15,000
6,600
380/220 (a)
Saint Lucia 50+3 240 (k) 415/240 (a) 11,000
415/240 (a)
Samoa 400/230
San Marino 50+1 230/220 380 15,000
380
Saudi Arabia 60 220/127 (a) 220/127 (a) 11,000
380/220 (a) 7,200
380/220 (a)
The Solomon Islands 50+2 240 415/240 415/240
Senegal 50+ 5 220 (a) 380/220 (a) 90,000
127 (k) 220/127 (k) 30,000
6,600
Serbia and Montenegro | 50 380/220 (a) 380/220 (a) 10,000
220 (k) 220 (k) 6,600
380/220 (a)
Seychelles 50+ 1 400/230 (a) 400/230 (a) 11,000
400/230 (a)
Sierra Leone 50+5 230 (k) 400/230 (a) 11,000
230 (k) 400
Singapore 50 400/230 (a) 400/230 (a) 22,000
230 (k) 6,600
400/230 (a)
Slovakia 50+ 0.5 230 230 2307400
Slovenia 50+ 0.1 220 (k) 380/220 (a) 10,000
6,600
380/220 (a)
Somalia 50 230 (k) 440/220 (j) 440/220 (g)
220 (k) 220/110 (j) 220/110 (g)
110 (k) 230 (k)
South Africa 50+2.5 433/250 (a) 11,000 11,000
400/230 (a) 6,600 6,600
380/220 (a) 3,300 3,300
220 (k) 433/250 (a) 500 (b)
400/230 (a) 380/220 (a)
380/220 (a)
Spain 50+3 380/220 (a) (e) 380/220 (a) 15,000
220 (k) 220/127 (a) (e) 11,000
220/127 (a) 380/220 (a)
127 (k)
Sri Lanka 50+ 2 230 (k) 400/230 (a) 11,000
230 (k) 400/230 (a)
Sudan 50 240 (k) 415/240 (a) 415/240 (a)
240 (k)
Swaziland 50+25 230 (k) 400/230 (a) 11,000
230 (k) 400/230 (a)
Sweden 50+ 0.5 400/230 (a) 400/230 (a) 6,000
230 (k) 230 (k) 400/230 (a)
Switzerland 50 2 400/230 (a) 400/230 (a) 20,000
10,000
3,000
1,000
690/500
Syria 50 220 (k) 380/220 (a) 380/220 (a)
115 (k) 220 (k)
200/115 (a)
Tadzhikistan 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 (a)
127 (k)

Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)
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Country Frequency & tolerance |Domestic (V) Commercial (V) Industrial (V)
(Hz & %)
Tanzania 50 400/230 (a) 400/230 (a) 11,000
400/230 (a)
Thailand 50 220 (k) 380/220 (a) 380/220 (a)
220 (k)
Togo 50 220 (k) 380/220 (a) 20,000
5,500
380/220 (a)
Tunisia 50+2 380/220 (a) 380/220 (a) 30,000
220 (k) 220 (k) 15,000
10,000
380/220 (a)
Turkmenistan 50 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k)
220/127 (a)
127 (k)
Turkey 50+ 1 380/220 (a) 380/220 (a) 15,000
6,300
380/220 (a)
Uganda +0.1 240 (k) 415/240 (a) 11,000
415/240 (a)
Ukraine +0.2/-15 380/220 (a) 380/220 (a) 380/220 (a)
220 (k) 220 (k) 220 (k)
United Arab Emirates 50+ 1 220 (k) 415/240 (a) 6,600
380/220 (a) 415/210 (a)
220 (k) 380/220 (a)
United Kingdom 50+1 230 (k) 400/230 (a) 22,000
(except Northern 11,000
Ireland) 6,600
3,300
400/230 (a)
United Kingdom 50+0.4 230 (k) 400/230 (a) 400/230 (a)
(Including Northern 220 (k) 380/220 (a) 380/220 (a)
Ireland)
United States of 60 + 0.06 120/240 (j) 265/460 (a) 14,400
America 120/208 (a) 120/240 (j) 7,200
Charlotte 120/208 (a) 2,400
(North Carolina) 575 (f)
460 (f)
240 (f)
265/460 (a)
120/240 (j)
120/208 (a)
United States of 60 +0.2 120/240 (j) 480 (f) 13,200
America 120/208 (a) 120/240 (h) 4,800
Detroit (Michigan) 120/208 (a) 4,160
480 (f)
120/240 (h)
120/208 (a)
United States of 60 +0.2 120/240 (j) 4,800 4,800
America 120/240 (g) 120/240 (9)
Los Angeles (California)
United States of 60 +0.3 120/240 (j) 120/240 (j) 13,200
America 120/208 (a) 120/240 (h) 2,400
Miami (Florida) 120/208 (a) 480/277 (a)
120/240 (h)
United States of 60 120/240 (j) 1207240 (j) 12,470
America New York 120/208 (a) 120/208 (a) 4,160
(New York) 240 (f) 2771480 (a)
480 (f)
United States of 60 +0.03 120/240 (j) 265/460 (a) 13,200
America 120/240 (j) 11,500
Pittsburg 120/208 (a) 2,400
(Pennsylvania) 460 (f) 265/460 (a)
230 (f) 120/208 (a)

460 (f)
230 (f)

Fig. C1 : Voltage of local LV network and their associated circuit diagrams (continued on next page)
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C - Connection to the LV utility
distribution network

Country Frequency & tolerance | Domestic (V) Commercial (V) Industrial (V)
(Hz & %)

CS8 United States of 60 120/240 (j) 2271480 (a) 19,900
America 120/240 (j) 12,000
Portland (Oregon) 120/208 (a) 7,200

480 (f) 2,400
240 (f) 2771480 (a)
120/208 (a)
480 (f)
240 (f)
United States of 60 + 0.08 120/240 (j) 2771480 (a) 20,800
America 120/240 (j) 12,000
San Francisco 4,160
(California) 277/480 (a)
120/240 (g)
United States of 60 + 0.08 120/240 (j) 277/480 (c) 12,470
America 120/208 (a) 120/240(h) 7,200
Toledo (Ohio) 1207208 (j) 4,800
4,160
480 (f)

2771480 (a)
120/208 (a)

Uruguay 50+ 1 220 (b) (k) 220 (b) (k) 15,000
6,000
220 (b)
Vietnam 50 +0.1 220 (K) 380/220 (a) 35,000
15,000
10,000
6,000
Yemen 50 250 (K) 440/250 (a) 440/250 (a)
Zambia 50 £ 2.5 220 (K) 380/220 (a) 380 (a)
Zimbabwe 50 225 (K) 390/225 (a) 11,000

390/225 (a)

Circuit diagrams

e N

(a) Three-phase star;  (b) Three-phase star:  (c) Three-phase star;  (d) Three-phase star; (e) Two-phase star;

Four-wire: Three-wire Three-wire: Four-wire: Three-wire
Earthed neutral Earthed neutral Non-earthed neutral  Earthed neutral
(f) Three-phase delta: (g) Three-phase delta; (h) Three-phase open delta; (i) Three-phase
Three-wire Four-wire: Four-wire: open delta:
Earthed mid point of Earthed mid point of one Earthed junction
one phase phase of phases
~
([
\Y Vk —"é
_— - ( 1
- - - 4
(i) Single-phase; (k) Single-phase; (1) Single-phase; (m) Single-wire: (n)bc:
Three-wire: Two-wire: Two-wire Earthed return (swer) ~ Three-wire:
Earthed mid point Earthed end of phase Unearthed Unearthed

Fig. C1: Voltage of local LV network and their associated circuit diagrams (concluded)
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(1) The Figure C2 values shown are indicative only, being
(arbitrarily) based on 60 A maximum service currents for the
first three systems, since smaller voltage drops are allowed at
these lower voltages, for a given percentage statutory limit.
The second group of systems is (again, arbitrarily) based on a
maximum permitted service current of 120 A.

Residential and commercial consumers

The function of a LV “mains” distributor is to provide service connections
(underground cable or overhead line) to a number of consumers along its route.

The current-rating requirements of distributors are estimated from the number of
consumers to be connected and an average demand per consumer.

The two principal limiting parameters of a distributor are:

m The maximum current which it is capable of carrying indefinitely, and

m The maximum length of cable which, when carrying its maximum current, will not
exceed the statutory voltage-drop limit

These constraints mean that the magnitude of loads which utilities are willing to
connect to their LV distribution mains, is necessarily restricted.

For the range of LV systems mentioned in the second paragraph of this sub-clause
(1.1) viz: 120 V single phase to 240/415 V 3-phase, typical maximum permitted loads
connected to a LV distributor might® be (see Fig. C2):

System Assumed max. permitted current kVA
per consumer service
120 V 1-phase 2-wire 60 A 7.2
120/240 V 1-phase 3-wire 60 A 14.4
120/208 V 3-phase 4-wire 60 A 22
220/380 V 3-phase 4-wire 120A 80
230/400 V 3-phase 4-wire 120 A 83
240/415 V 3-phase 4-wire 120 A 86

Fig. C2 : Typical maximum permitted loads connected to a LV distributor

Practices vary considerably from one power supply organization to another, and no
“standardized” values can be given.

Factors to be considered include:

m The size of an existing distribution network to which the new load is to be connected
m The total load already connected to the distribution network

m The location along the distribution network of the proposed new load, i.e. close to
the substation, or near the remote end of the distribution network, etc

In short, each case must be examined individually.

The load levels listed above are adequate for all normal residential consumers, and
will be sufficient for the installations of many administrative, commercial and similar
buildings.

Medium-size and small industrial consumers (with dedicated
LV lines direct from a utility supply MV/LV substation)

Medium and small industrial consumers can also be satisfactorily supplied at low-
voltage.

For loads which exceed the maximum permitted limit for a service from a distributor,
a dedicated cable can usually be provided from the LV distribution fuse- (or switch-)
board, in the power utility substation.

Generaly, the upper load limit which can be supplied by this means is restricted only
by the available spare transformer capacity in the substation.

In practice, however:

m Large loads (e.g. > 300 kVA) require correspondingly large cables, so that,
unless the load centre is close to the substation, this method can be economically
unfavourable

m Many utilities prefer to supply loads exceeding 200 kVA (this figure varies with
different suppliers) at medium voltage

For these reasons, dedicated supply lines at LV are generally applied (at 220/380 V
to 240/415 V) to a load range of 80 kVA to 250 kVA.

Consumers normally supplied at low voltage include:

m Residential dwellings

m Shops and commercial buildings

m Small factories, workshops and filling stations

m Restaurants

m Farms, etc
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C - Connection to the LV utility
distribution network

In cities and large towns, standardized

LV distribution cables form a network through

link boxes. Some links are removed, so that
(&l0] each (fused) distributor leaving a substation

forms a branched open-ended radial system,

as shown in Figure C3

© Schneider Electric - all rights reserved

1.2 LV distribution networks

In European countries the standard 3-phase 4-wire distribution voltage level is
230/400 V. Many countries are currently converting their LV systems to the latest IEC
standard of 230/400 V nominal (IEC 60038). Medium

to large-sized towns and cities have underground cable distribution systems.

MV/LV distribution substations, mutually spaced at approximately 500-600 metres,
are typically equipped with:

m A 3-or 4-way MV switchboard, often made up of incoming and outgoing load-
break switches forming part of a ring main, and one or two MV circuit-breakers or
combined fuse/ load-break switches for the transformer circuits

m One or two 1,000 kVA MV/LV transformers

m One or two (coupled) 6-or 8-way LV 3-phase 4-wire distribution fuse boards, or
moulded-case circuit-breaker boards, control and protect outgoing 4-core distribution
cables, generally referred to as “distributors”

The output from a transformer is connected to the LV busbars via a load-break
switch, or simply through isolating links.

In densely-loaded areas, a standard size of distributor is laid to form a network,
with (generally) one cable along each pavement and 4-way link boxes located in
manholes at street corners, where two cables cross.

Recent trends are towards weather-proof cabinets above ground level, either against
a wall, or where possible, flush-mounted in the wall.

Links are inserted in such a way that distributors form radial circuits from the
substation with open-ended branches (see Fig. C3). Where a link box unites a
distributor from one substation with that from a neighbouring substation, the phase
links are omitted or replaced by fuses, but the neutral link remains in place.

|
|
)
J
4-way
link box
~
CT
HV/LV
substation
O S
— O C

Service
cable

Phase links
removed

Fig. C3 : Showing one of several ways in which a LV distribution network may be arranged for
radial branched-distributor operation, by removing (phase) links
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In less-densely loaded urban areas a more-
economic system of tapered radial distribution
is commonly used, in which conductors of
reduced size are installed as the distance from
a substation increases

Improved methods using insulated twisted
conductors to form a pole mounted aerial cable
are now standard practice in many countries

In Europe, each utility-supply distribution
substation is able to supply at LV an area
corresponding to a radius of approximately
300 metres from the substation.

North and Central American systems of
distribution consist of a MV network from which
numerous (small) MV/LV transformers each
supply one or several consumers, by direct
service cable (or line) from the transformer
location

Service components and metering equipment
were formerly installed inside a consumer’s
building. The modern tendency is to locate
these items outside in a weatherproof cabinet

This arrangement provides a very flexible system in which a complete substation
can be taken out of service, while the area normally supplied from it is fed from link
boxes of the surrounding substations.

Moreover, short lengths of distributor (between two link boxes) can be isolated for
fault-location and repair.

Where the load density requires it, the substations are more closely spaced, and
transformers up to 1,500 kVA are sometimes necessary.

Other forms of urban LV network, based on free-standing LV distribution pillars,
placed above ground at strategic points in the network, are widely used in areas of
lower load density. This scheme exploits the principle of tapered radial distributors in
which the distribution cable conductor size is reduced as the number of consumers
downstream diminish with distance from the substation.

In this scheme a number of large-sectioned LV radial feeders from the distribution
board in the substation supply the busbars of a distribution pillar, from which smaller
distributors supply consumers immediately surrounding the pillar.

Distribution in market towns, villages and rural areas generally has, for many years,
been based on bare copper conductors supported on wooden, concrete or steel
poles, and supplied from pole-mounted or ground-mounted transformers.

In recent years, LV insulated conductors, twisted to form a two-core or 4-core self
supporting cable for overhead use, have been developed, and are considered to be
safer and visually more acceptable than bare copper lines.

This is particularly so when the conductors are fixed to walls (e.g. under-eaves
wiring) where they are hardly noticeable.

As a matter of interest, similar principles have been applied at higher voltages, and
self supporting “bundled” insulated conductors for MV overhead installations are now
available for operation at 24 kV.

Where more than one substation supplies a village, arrangements are made at poles
on which the LV lines from different substations meet, to interconnect corresponding
phases.

North and Central American practice differs fundamentally from that in Europe, in
that LV networks are practically nonexistent, and 3-phase supplies to premises in
residential areas are rare.

The distribution is effectively carried out at medium voltage in a way, which again
differs from standard European practices. The MV system is, in fact, a 3-phase
4-wire system from which single-phase distribution networks (phase and neutral
conductors) supply numerous single-phase transformers, the secondary windings
of which are centre-tapped to produce 120/240 V single-phase 3-wire supplies.
The central conductors provide the LV neutrals, which, together with the MV neutral
conductors, are solidly earthed at intervals along their lengths.

Each MV/LV transformer normally supplies one or several premises directly from the
transformer position by radial service cable(s) or by overhead line(s).

Many other systems exist in these countries, but the one described appears to be
the most common.

Figure C4 (next page) shows the main features of the two systems.

1.3 The consumer-service connection

In the past, an underground cable service or the wall-mounted insulated conductors
from an overhead line service, invariably terminated inside the consumer’s premises,
where the cable-end sealing box, the utility fuses (inaccessible to the consumer) and
meters were installed.

A more recent trend is (as far as possible) to locate these service components in a
weatherproof housing outside the building.

The utility/consumer interface is often at the outgoing terminals of the meter(s) or,

in some cases, at the outgoing terminals of the installation main circuit-breaker
(depending on local practices) to which connection is made by utility staff, following a
satisfactory test and inspection of the installation.

A typical arrangement is shown in Figure C5 (next page).
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C - Connection to the LV utility
distribution network

13.8 kV/2.4-4.16 kV
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= Each MVALV transformer shown
1] 2| 3 represents many similar units
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Main 3 ph and neutral
MV distributor

For primary voltages > 72.5 kV

(see note) primary

winding may be:

- Delta

- Earthed star

- Earthed zigzag

Depending on the country concerned

Tertiary delta normally
(not always) used if the
primary winding is not delta

1ph MV /230V

service transformer

to isolated consumer(s) |
(rural supplies)

Ph N

Resistor replaced

by a Petersen
coil on O/H line
= systems in some
countries
4 3ph
>\ Mv/230/400 V
4-wire distribution
transformer
N1 2 3

LV distribution network

(1) 132 kV for example
(2) 11 kV for example

Note: At primary voltages greater than 72.5 kV in bulk-supply substations, it is common practice in some European countries
to use an earthed-star primary winding and a delta secondary winding. The neutral point on the secondary side is then
provided by a zigzag earthing reactor, the star point of which is connected to earth through a resistor.

Frequently, the earthing reactor has a secondary winding to provide LV 3-phase supplies for the substation. It is then referred

to as an “earthing transformer”.

Fig. C4 : Widely-used American and European-type systems

Fig. C5 : Typical service arrangement for TT-earthed systems
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LV consumers are normally supplied according
to the TN or TT system, as described in
chapters F and G. The installation main circuit-
breaker for a TT supply must include a residual
current earth-leakage protective device. For a
TN service, overcurrent protection by circuit-
breaker or switch-fuse is required

A MCCB -moulded case circuit-breaker- which incorporates a sensitive residual-
current earth-fault protective feature is mandatory at the origin of any LV installation
forming part of a TT earthing system. The reason for this feature and related
leakage-current tripping levels are discussed in Clause 3 of Chapter G.

A further reason for this MCCB is that the consumer cannot exceed his (contractual)
declared maximum load, since the overload trip setting, which is sealed by the
supply authority, will cut off supply above the declared value. Closing and tripping of
the MCCB is freely available to the consumer, so that if the MCCB is inadvertently
tripped on overload, or due to an appliance fault, supplies can be quickly restored
following correction of the anomaly.

In view of the inconvenience to both the meter reader and consumer, the location of
meters is nowadays generally outside the premises, either:
m In a free-standing pillar-type housing as shown in Figures C6 and C7

® In a space inside a building, but with cable termination and supply authority’s fuses
located in a flush-mounted weatherproof cabinet accessible from the public way, as
shown in Figure C8 next page

m For private residential consumers, the equipment shown in the cabinet in

Figure C5 is installed in a weatherproof cabinet mounted vertically on a metal

frame in the front garden, or flush-mounted in the boundary wall, and accessible to
authorized personnel from the pavement. Figure C9 (next page) shows the general
arrangement, in which removable fuse links provide the means of isolation

T
/
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[

- e

S /s /4 i
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T g I AN A
In this kind of installation it is often necessary to place the main installation circuit-

breaker some distance from the point of utilization, e.g. saw-mills, pumping stations,
etc.

(N N‘

Fig. C6 : Typical rural-type installation
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The main installation CB is located in the consumer’s premises in cases where it is
set to trip if the declared kVA load demand is exceeded.

>

Fig. C7 : Semi-urban installations (shopping precincts, etc.)
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C - Connection to the LV utility
distribution network
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The service cable terminates in a flushmounted wall cabinet which contains the
isolating fuse links, accessible from the public way. This method is preferred for
esthetic reasons, when the consumer can provide a suitable metering and main-
switch location.

Fig. C8 : Town centre installations
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Fig. C9 : Typical LV service arrangement for residential consumers

In the field of electronic metering, techniques have developed which make their

use attractive by utilities either for electricity metering and for billing purposes, the
liberalisation of the electricity market having increased the needs for more data
collection to be returned from the meters. For example electronic metering can also
help utilities to understand their customers’ consumption profiles. In the same way,
they will be useful for more and more power line communication and radio-frequency
applications as well.

In this area, prepayment systems are also more and more employed when
economically justified. They are based on the fact that for instance consumers
having made their payment at vending stations, generate tokens to pass the
information concerning this payment on to the meters. For these systems the

key issues are security and inter-operability which seem to have been addressed
successfully now. The attractiveness of these systems is due to the fact they not
only replace the meters but also the billing systems, the reading of meters and the
administration of the revenue collection.
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An adequate level of voltage at the consumers
supply-service terminals is essential for
satisfactory operation of equipment and
appliances. Practical values of current, and
resulting voltage drops in a typical LV system,
show the importance of maintaining a high
Power Factor as a means of reducing voltage
drop.

(1) Transformers designed for the 230/400 V IEC standard
will have a no-load output of 420 V, i.e. 105% of the nominal
voltage

1.4 Quality of supply voltage

The quality of the LV network supply voltage in its widest sense implies:

m Compliance with statutory limits of magnitude and frequency

m Freedom from continual fluctuation within those limits

m Uninterrupted power supply, except for scheduled maintenance shutdowns, or as a
result of system faults or other emergencies

m Preservation of a near-sinusoidal wave form

In this Sub-clause the maintenance of voltage magnitude only will be discussed.

In most countries, power-supply authorities have a statutory obligation to maintain
the level of voltage at the service position of consumers within the limits of £ 5% (or
in some cases + 6% or more-see table C1) of the declared nominal value.

Again, IEC and most national standards recommend that LV appliances be designed
and tested to perform satisfactorily within the limits of + 10% of nominal voltage. This
leaves a margin, under the worst conditions (of minus 5% at the service position, for
example) of 5% allowable voltage drop in the installation wiring.

The voltage drops in a typical distribution system occur as follows: the voltage at
the MV terminals of a MV/LV transformer is normally maintained within a £ 2% band
by the action of automatic onload tapchangers of the transformers at bulk-supply
substations, which feed the MV network from a higher-voltage subtransmission
system.

If the MV/LV transformer is in a location close to a bulk-supply substation, the + 2%
voltage band may be centered on a voltage level which is higher than the nominal
MV value. For example, the voltage could be 20.5 kV + 2% on a 20 kV system. In
this case, the MV/LV distribution transformer should have its MV off-circuit tapping
switch selected to the + 2.5% tap position.

Conversely, at locations remote from bulk supply substations a value of 19.5 kV +
2% is possible, in which case the off-circuit tapping switch should be selected to the
- 5% position.

The different levels of voltage in a system are normal, and depend on the system
powerflow pattern. Moreover, these voltage differences are the reason for the term
“nominal” when referring to the system voltage.

Practical application

With the MV/LV transformer correctly selected at its off-circuit tapping switch, an
unloaded transformer output voltage will be held within a band of + 2% of its no-load
voltage output.

To ensure that the transformer can maintain the necessary voltage level when fully
loaded, the output voltage at no-load must be as high as possible without exceeding
the upper + 5% limit (adopted for this example). In present-day practice, the winding
ratios generally give an output voltage of about 104% at no-load®, when nominal
voltage is applied at MV, or is corrected by the tapping switch, as described above.
This would result in a voltage band of 102% to 106% in the present case.

A typical LV distribution transformer has a short-circuit reactance voltage of 5%. If it
is assumed that its resistance voltage is one tenth of this value, then the voltage drop
within the transformer when supplying full load at 0.8 power factor lagging, will be:

V% drop = R% cos ¢ + X% sin ¢
=05x08+5x0.6
=04+3=3.4%

The voltage band at the output terminals of the fully-loaded transformer will therefore
be (102 - 3.4) = 98.6% to (106 - 3.4) = 102.6%.

The maximum allowable voltage drop along a distributor is therefore 98.6 - 95 = 3.6%.

This means, in practical terms, that a medium-sized 230/400 V 3-phase 4-wire
distribution cable of 240 mm2 copper conductors would be able to supply a total load
of 292 kVA at 0.8 PF lagging, distributed evenly over 306 metres of the distributor.
Alternatively, the same load at the premises of a single consumer could be supplied
at a distance of 153 metres from the transformer, for the same volt-drop, and so on...

As a matter of interest, the maximum rating of the cable, based on calculations
derived from IEC 60287 (1982) is 290 kVA, and so the 3.6% voltage margin is not
unduly restrictive, i.e. the cable can be fully loaded for distances normally required in
LV distribution systems.

Furthermore, 0.8 PF lagging is appropriate to industrial loads. In mixed semi-
industrial areas 0.85 is a more common value, while 0.9 is generally used for
calculations concerning residential areas, so that the volt-drop noted above may be
considered as a “worst case” example.
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C - Connection to the LV utility
distribution network

2 Tariffs and metering

(1) Ripple control is a system of signalling in which a voice
frequency current (commonly at 175 Hz) is injected into the

LV mains at appropriate substations. The signal is injected

as coded impulses, and relays which are tuned to the signal
frequency and which recognize the particular code will operate
to initiate a required function. In this way, up to 960 discrete
control signals are available.

No attempt will be made in this guide to discuss particular tariffs, since there appears
to be as many different tariff structures around the world as there are utilities.

Some tariffs are very complicated in detail but certain elements are basic to all of
them and are aimed at encouraging consumers to manage their power consumption
in a way which reduces the cost of generation, transmission and distribution.

The two predominant ways in which the cost of supplying power to consumers can
be reduced, are:

m Reduction of power losses in the generation, transmission and distribution of
electrical energy. In principle the lowest losses in a power system are attained when
all parts of the system operate at unity power factor

m Reduction of the peak power demand, while increasing the demand at low-load
periods, thereby exploiting the generating plant more fully, and minimizing plant
redundancy

Reduction of losses

Although the ideal condition noted in the first possibility mentioned above cannot

be realized in practice, many tariff structures are based partly on kVA demand, as
well as on kWh consumed. Since, for a given kW loading, the minimum value of

kVA occurs at unity power factor, the consumer can minimize billing costs by taking
steps to improve the power factor of the load (as discussed in Chapter L). The kVA
demand generally used for tariff purposes is the maximum average kVA demand
occurring during each billing period, and is based on average kVA demands, over
fixed periods (generally 10, 30 or 60 minute periods) and selecting the highest of
these values. The principle is described below in “principle of kVA maximum-demand
metering”.

Reduction of peak power demand

The second aim, i.e. that of reducing peak power demands, while increasing demand
at low-load periods, has resulted in tariffs which offer substantial reduction in the cost
of energy at:

m Certain hours during the 24-hour day

m Certain periods of the year

The simplest example is that of a residential consumer with a storage-type water
heater (or storage-type space heater, etc.). The meter has two digital registers, one
of which operates during the day and the other (switched over by a timing device)
operates during the night. A contactor, operated by the same timing device, closes
the circuit of the water heater, the consumption of which is then indicated on the
register to which the cheaper rate applies. The heater can be switched on and off at
any time during the day if required, but will then be metered at the normal rate. Large
industrial consumers may have 3 or 4 rates which apply at different periods during
a 24-hour interval, and a similar number for different periods of the year. In such
schemes the ratio of cost per kWh during a period of peak demand for the year, and
that for the lowest-load period of the year, may be as much as 10: 1.

Meters

It will be appreciated that high-quality instruments and devices are necessary to
implement this kind of metering, when using classical electro-mechanical equipment.
Recent developments in electronic metering and micro-processors, together with
remote ripple-control® from an utility control centre (to change peak-period timing
throughout the year, etc.) are now operational, and facilitate considerably the
application of the principles discussed.

In most countries, some tariffs, as noted above, are partly based on kVA demand,

in addition to the kWh consumption, during the billing periods (often 3-monthly
intervals). The maximum demand registered by the meter to be described, is, in fact,
a maximum (i.e. the highest) average kVA demand registered for succeeding periods
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during the billing interval.

Figure C10 shows a typical kVA demand curve over a period of two hours divided
into succeeding periods of 10 minutes. The meter measures the average value of
kVA during each of these 10 minute periods.

VA

A Maximum average value

during the 2 hour interval

Average values
f for 10 minute
74 periods
-
—
» t
0 1 2 hrs

Fig. C10 : Maximum average value of kVA over an interval of 2 hours

Principle of kVA maximum demand metering

A kVAh meter is similar in all essentials to a kwWh meter but the current and voltage
phase relationship has been modified so that it effectively measures kVAh (kilo-
volt-ampere-hours). Furthermore, instead of having a set of decade counter dials,
as in the case of a conventional kWh meter, this instrument has a rotating pointer.
When the pointer turns it is measuring kVAh and pushing a red indicator before it.
At the end of 10 minutes the pointer will have moved part way round the dial (it is
designed so that it can never complete one revolution in 10 minutes) and is then
electrically reset to the zero position, to start another 10 minute period. The red
indicator remains at the position reached by the measuring pointer, and that position,
corresponds to the number of kVAh (kilo-volt-ampere-hours) taken by the load in

10 minutes. Instead of the dial being marked in kVAh at that point however it can be
marked in units of average kVA. The following figures will clarify the matter.

Supposing the point at which the red indicator reached corresponds to 5 kVAh.
It is known that a varying amount of kVA of apparent power has been flowing for
10 minutes, i.e. 1/6 hour.

If now, the 5 kVAh is divided by the number of hours, then the average kVA for the
period is obtained.

In this case the average kVA for the period will be:

SX%: 5x6 = 30 kVA

6
Every point around the dial will be similarly marked i.e. the figure for average kVA will
be 6 times greater than the kVAh value at any given point. Similar reasoning can be
applied to any other reset-time interval.

At the end of the billing period, the red indicator will be at the maximum of all the
average values occurring in the billing period.

The red indicator will be reset to zero at the beginning of each billing period. Electro-
mechanical meters of the kind described are rapidly being replaced by electronic
instruments. The basic measuring principles on which these electronic meters
depend however, are the same as those described above.
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D - MV & LV architecture selection guide 1 StakeS Of arChIteCtUI'e deS|gn

Choice of distribution architecture

This chapter is dedicated to electrical architecture design for medium and large
buildings. Despite the various types of buildings (office, hotel, industrial, collective
housing, etc.) the stakes for electrical design rely on a key process with practical
considerations described in this chapter.

The choice of distribution architecture has a decisive impact on installation
performance throughout its lifecycle:

m right from the construction phase, choices can greatly influence the installation
time, possibilities of work rate, required competencies of installation teams, etc.

m there will also be an impact on performance during the operation phase in terms
of quality and continuity of power supply to sensitive loads, power losses in power
supply circuits,

m and lastly, there will be an impact on the proportion of the installation that can be
recycled in the end-of-life phase.

The Electrical Distribution architecture of an installation involves the spatial
configuration, the choice of power sources, the definition of different distribution
levels, the single-line diagram and the choice of equipment.

The choice of the best architecture is often expressed in terms of seeking a
compromise between the various performance criteria that interest the customer who
will use the installation at different phases in its lifecycle. The earlier we search for
solutions, the more optimization possibilities exist (see Fig. D1).

These topics are now part of IEC60364 standard in chapter 8 (IEC 60364-8-1: Low
voltage electrical installations - Energy Efficiency).

Potential for
optimization
A

Preliminary
design

Detailled
design

Installation
Exploitation

v

Fig. D1 : Optimization potential

A successful search for an optimal solution is also strongly linked to the ability for
exchange between the various players involved in designing the various sections of
a project:

m the architect who defines the organization of the building according to user
requirements,

m the designers of different technical sections (lighting, heating, air conditioning,
fluids, etc.),

m the user’s representatives e.g. defining the process.

The following paragraphs present the selection criteria as well as the architecture
design process to meet the project performance criteria in the context of industrial
and tertiary buildings (excluding large sites).
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D - MV & LV architecture selection guide 2 Simplified architecture design
process

2.1 The architecture design

The architecture design considered in this document starts at the preliminary design stage
(see Fig. D3 stepl). It generally covers the levels of MV/LV main distribution, LV
power distribution, and exceptionally the terminal distribution level. (see Fig. D2).

In buildings all consumers are connected in low voltage. It means that MV
distribution consists in:

m connection to utility,
m distribution to MV/LV substation(s),
m MV/LV substation(s) itself.
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Fig. D2 : Example of single-line diagram

The design of an electrical distribution architecture can be described by a 3-stage
process, with iterative possibilities. This process is based on taking account of the
installation characteristics and criteria to be satisfied.
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