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31 Alternative Supplies

Alternative supplies include but are not limited
to low-voltage generating sets and Photovoltaic
(PV) installations.

31.1 General

An installation that incorporates alternative sup-
plies is designed to supply, either continuously
or occasionally, all or part of the installation with
the following supply arrangements:

a. Supplyto aninstallation or part of an installa-
tion which is not connected to the main sup-
ply of a supplier;

b. Supply to an installation or part of an instal-
lation as an alternative to the main supply of
a supplier; and

c. Appropriate combinations of the above.

NOTE:

Requirements of the supplier should be
ascertained before a generating set is
installed in an installation connected to the
main supply of a supplier.

NOTE:

This part of the guide does not cover the sup-
ply to an installation that functions in paral-
lel with the main supply (co-generation).

31.2 Requirements for alternative sources
of supply

Where any form of alternative supply (emer-
gency supply, UPS, etc.), is connected to an elec-
trical installation, a notice to this effect shall be
displayed at the main switch of the installation,
and where such supply;

a. supplies power only to certain circuits in a
distribution board, a power-on indicator (visi-
ble or audible) shall be provided on each such
distribution board as well as a notice indicat-
ing that the standby power main switch shall
also be switched off in an emergency.

b. only supplies a part of the electrical instal-
lation, the notice shall also be displayed on
each distribution board in that part of the
installation.

The means of excitation and commutation shall
be appropriate for the intended use of the gener-
ating set and the safety and proper functioning of
other sources of supply shall not be impaired by
the generating plant.

The prospective short-circuit current and pro-
spective earth fault current shall be assessed for
each source of supply or combination of sources,
which can operate independently of other
sources or combinations.

The short-circuit rating of protective devices
within the installation and, where appropriate, con-
nected to the main supply, shall not be exceeded
for any of the intended methods of operation of
the sources.

Where the alternative supply is intended to pro-
vide a supply to an installation that is not con-
nected to the main supply, or to provide a sup-
ply as a switched alternative to the main supply,
the capacity and operating characteristics of the
alternative supply shall be such that danger or
damage to equipment does not arise after the
connection or disconnection of any intended
load as a result of the deviation of the voltage or
frequency from the standard range.

Means shall be provided to automatically discon-
nect such parts of the installation, as may be nec-
essary if the capacity of the alternative supply is
exceeded.
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Where an alternative supply is provided to an
installation or part of an installation as a switched
alternative to the main supply, the change-over
switching device shall disconnect the main sup-
ply before the alternative supply is switched in.
The change-over switching device shall be inter-
locked in such a way that the main supply and
the alternative supply cannot be connected to
the installation or part of the installation at the
same time.

Except where otherwise permitted in the respec-
tive country regulations, where a socket-outlet
is installed in a circuit on standby power, such
circuit shall be protected by an earth leakage pro-
tection device with a rated earth leakage tripping
current (rated residual current) IA, not exceeding
30 mA.

A 230V generator with a V-O-V earth connection
(center tap on winding which is earthed), shall
not be connected to a fixed electrical installation.

NOTE:

Such a generator may be used as a free-
standing unit to provide power to specific
appliances.

32 Measurement

This chapter is an introduction to the different
applications of measurements, and to the main
standards relevant for these different applica-
tions. There are different types of applications
that require measurements. Basically, applica-
tions can be split between 5 categories, Power
availability and reliability (see Figure 9).

So as to properly operate an electrical installa-
tion, it is recommended that measurements of
the main characteristics of the supply such as
voltage, current, frequency, and/or active power
are provided as a minimum. Some electrical phe-
nomena can have an impact on both installation
assets and operations within a plant (e.g. unbal-
ance can reduce the life time of motors, dips can
stop a process, etc.)

Table 2 describes the main problems that can
occur in a network:

32.1 Grid power quality

Some regulations or specific contracts require
energy providers to keep voltage character-
istics at any supply terminal within specified
limits. These specifications cover limits or val-
ues related to voltage, frequency, rapid voltage
changes, harmonics, inter harmonics, unbalance,
dips, swells, interruptions, and flicker.

Measurements are typically made on the energy
provider side (to check delivered energy com-
plies to the contract) and on the consumer side
(to check received energy complies with the con-
tract) with Power Quality Instruments class A
according to IEC 61000-4-30.

32.2 Billing

Billing is the process that allows energy suppliers
or their representatives to invoice their custom-
ers according to a defined contract, for meas-
ured usages or services. These applications are
covered by international, regional or local stand-
ards in addition to utility specifications. These
applications are intended to protect the energy
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consumers and energy providers against incor-
rect or fraudulent metering. In most cases the
meter used by the energy provider is installed
at the consumer location, this is why attention
is focused on avoiding frauds. This intent is
achieved through setting out requirements:

e on meter performance (accuracy of active
electrical energy meters, construction of
meters where a third party assessment may
be requested)

e on securing meters against tampering (seal-
ing of the meter housing, securing the metro-
logical relevant software, securing the meter
configuration parameters and interfaces)

e on marking of meters, including marking of
manufacturing year in order to allow accu-
racy verification with a time interval defined
by national codes. Devices for billing applica-
tions are devices with specific legal metrol-
ogy requirements, and are then subject to
specific requirements such as periodic verifi-
cation (usually every 6 to 10 years) according
to local regulations.

32.3 Cost Allocation, Bill Checking and
Sub-Billing

Sub-billing is the process that allows a landlord,
property management firm, condominium asso-
ciation, homeowner association or other multi-
tenant property to spread out an invoice over
tenants, for measured usages or services. This
fee is usually combined with other fees within
a tenant’s facility fee. Since the meter used for
sub billing is typically installed in electrical room
not accessible by the tenant, the risk of fraud is
very limited. This is why devices complying with
IEC 61557-12 as well as devices used for billing
applications can be used for sub-billing applica-
tions. Attention should be put on environmental
aspects where the device used for sub-billing
needs to fit EMC, temperature and mechanical
environment. In any case, measuring devices
used in for sub-billing in switchboards and pan-
els need to comply with IEC 61557-12.

Demand Side
Consumers
e
Residential
— Cost allocation,
 — Bill checking,
@ Sub-billing

Buildings
Power availability
and reliability
Infrastructure
Data Centers,
—

Fig. S1: The five main measurement applications in relationship to the supply side and the demand side

Figure 9
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Cost allocation is the process that allows a facil-
ity manager to allocate energy costs to internal
cost centers that consume energy (e.g. plants,
workshop).

Bill checking is the process that allows customers
to check that invoice(s) sent by energy suppliers
or their representatives is correct.

32.4 Power Metering and Monitoring Device
(PIVID)

Increasingly, digital equipment is replacing
analog equipment in electrical installations. It
supports more accurate measurement of new
values and is able to make these available to
users at both local and remote locations. Devices
intended to perform monitoring have various
characteristics which require a shared reference
system. This system must allow users to make
easier choices in terms of performance levels,
dependability and to interpret different meas-
ured parameters.

All these various measuring devices (referred
to as “PMD"” for “Power Metering and Monitor-
ing Device”) have to meet the requirements of
International Standard IEC 61557-12: “Electrical
safety in low voltage distribution systems up
to 1000V a.c. and 1500V d.c. - Equipment for
testing, measuring or monitoring of protective
measures — Part 12: Power Metering and moni-
toring devices (PMD)” The standard gives a list
of the main requirements applicable to PMD with
guidance about sensors to use (in case sensors
are requested).

32.5 PMD Functions

All the possible electrical parameters to be
measured are listed. For each parameter, a list
of requirements is specified, such as the rated
range of operation, the range of influence quan-
tities, the measurement techniques, etc.

The considered electrical parameters are given
here:

1. Active energy (classes are equivalent
to the classes defined in IEC 62053-21 and
IEC 62053-22),

2. Reactive energy (classes are equivalent
to the classes defined in IEC 62053-23)

3. Apparent energy,

4. Active, reactive and apparent power,
5. Frequency,

6. r.m.s. phase and neutral current,
7. r.m.s. voltage,

8. Power factor,

9. Voltage dip and swell,

10. Voltage interruption,

11. Voltage unbalance,

12. Harmonic voltage and distortion,
13. Harmonic current and distortion,

14. Maximum, minimum, peak, average,
demand and values.
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33 Marking

According to International Standard IEC 61557-
12, devices have a code denoting their installa-
tion options, operating temperature range and
accuracy class. As a result, it has become signifi-
cantly easier to select and identify these devices.

33.1 Uncertainty over a measuring range

The notion of performance classes (e.g. class1
for active energy measurement) specified by
IEC 61557-12 is much more than a requirement
related to uncertainty at nominal current.

e Intrinsic uncertainty: compliance covers per-
formance under two sets of reference condi-
tions

e Operating uncertainty: compliance covers
performance under 12 environmental and
electromagnetic influence quantities which
typically affect PMD operation

e Overall system uncertainty: some information
is provided about how to estimate uncertainty
of a PMD operating with external sensors.

33.2 Intrinsic uncertainty

Intrinsic uncertainty is the uncertainty of a meas-
uring instrument when used under reference
conditions (e.g. at 23°C) for different Power Fac-
tor values. In this standard, it is a percentage of
the measured value (readings).

Intrinsic uncertainty limits for class 1 and class 0,2
active energy measurement at Power Factor = 1,
is according toTable 8 of IEC 61557-12.

33.3 Operating uncertainty

Operating uncertainty is the uncertainty under the
rated operating conditions (including drifts related
to temperature, frequency, EMC, and others).

Table 9 of IEC61557-12 specifies tests and uncer-
tainty maximum variation of uncertainty due to
various influence quantities such as ambient T°,
frequency, unbalance, harmonics and EMC.

33.4 Overall system uncertainty

Overall system uncertainty is the uncertainty
including the instrumental uncertainty of several
separated instruments (sensors, wires, meas-
uring instrument, etc.) under the rated operat-
ing conditions. In case sensors are embedded
in the power meter, overall system uncertainty
and operating uncertainty are the same. In case
sensors are external, it is recommended to use
sensors with the same performance class as the
power meter.
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Appendix A: Tables

IT1@ IT2® Comments

Electrical characteristics

Fault current - - — + - Only the IT system offers virtually
negligible first-fault currents

Fault voltage - - - + - In the IT system, the touch voltage is very
low for the first fault, but is considerable
for the second

Touch voltage +—— - - + - In theTT system, the touch voltage is very
low if system is equipotential, otherwise
it is high

Protection of persons + + + + + All SEAs (system earthing arrangement)

against indirect contact are equivalent, if the rules are followed

Protection of persons + - - + - Systems where protection is ensured by

with emergency generat- RCDs are not sensitive to a change In the

ing sets internal impedance of the source

Protection against fire + + Not + + All SEAs in which RCDs can be used are

(with an RCD) equivalent. The TN-C system is forbidden

allowed . . . .
on premises where there is a risk of fire

Overvoltages

Continuous overvoltage + + + - + A phase-to-earth overvoltage is continu-
ous in the IT system if there is a first insu-
lation fault

Transient overvoltage + - - + - Systems with high fault currents may
cause transient overvoltages

Overvoltage if trans- - + + + + In the TT systems, there is a voltage

former breakdown imbalance between the different earth

(primary/secondary) electrodes. The other systems are intercon-

nected to a single earth electrode

Electromagnetic compatibility

Immunity to nearby In the TT system, there may be voltage

lighting strikes imbalances between the earth electrodes.
In the TT system, there is a significant
current loop between the two separate
earth electrodes.

|
+
+
+
+

Immunity to lighting - - - - - All SEAs are equivalent when a MV line
strikes on MV lines takes a direct lighting strike
Continuous emission of + + - + + Connection of the PEN to the metal

an electromagnetic field structures of the building is conducive

to the continuous generation of electro-
magnetic fields

Transient non-equi- + - - + - The PE is no longer equipotential if there
potentiality of the PE is a high fault current
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IT1@ IT2® Comments

Continuity of service

Interruption for first fault - - - + + Only the IT system avoids tripping for the
first insulation fault

Voltage dip during + - - + - TheTN-S,TNC and IT (2nd fault) systems

insulation fault generate high fault currents which may

cause phase voltage dips

Installation

Special devices - + + - - TheTT system requires the use of RCDs.
The IT system requires the use of IMDS

Number of earth - + + —/+ —/+ TheTT system requires two distinct earth

electrodes electrodes. The IT system offers a choice

between one or two earth electrodes

Number of cables - - + - - Only the TN-C system offers, in certain
cases, a reduction in the number of cables

Maintenance

Cost of repairs - - —_— - ——  The cost of repairs depends on the
damage caused by amplitude of the fault
currents

Installation damage + - - ++ - Systems causing high fault currents

require a check on the installation after
clearing the fault

Table 1: Comparison of system Earthing arrangements.
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Influence on installation energy

efficiency

Comments

Parameter Measure-
ment

Power Factor PF

(PF or cos phi)

Voltage and THDu

current har-

monics

Permanent or U

frequent evia-
tions of voltage

Voltage Uimb
unbalance

Dips and Udip
interruptions Uint
Frequency f
Flicker or Pst
RVC RVC

Low PF generates additional losses
in the installation. Energy provider is
charging penalties to the customer

Low PF generates additional losses
in the installation. Energy provider is
charging penalties to the customer

Negative sequence harmonics (u2)
are slowing motors down.
Harmonics generates extra losses
in the installation

Devices may work outside their
specified range, and they may over
consume, mainly motors

Voltage unbalance generates
extra losses in motors

Cables heating (cables need
to be oversized)

Early failure of some devices,
mainly motors

Early failure of some devices,
mainly motors

Early failure of some devices,
mainly motors

Process interruption with financial
impacts

Rotating machines may change their
speed according to frequency

These phenomena can generate
disturbing phenomena on lighting

Table 2: Main problems that can occur in an electrical network and their potential consequences.
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Type of

arrangement

IT system

TN system

Operations

Techniques
for protection of
persons

Advantages and
disadvantages

¢ Signaling of first
insulation fault

e Locating and eliminating
of first fault

¢ Disconnection for
second insulation fault

¢ Interconnection and earth-
ling of conductive parts

e Surveillance of first fault
using an insulation moni-
toring device (IMD)

e Second fault results in cir-
cuit interruption (circuit-
breaker or fuse)

e Solution offering the best
continuity of service (first
fault is signaled)

e Required competent
surveillance personnel
(location of first fault)

Table 3: Main characteristics of system Earthing arrangements.

¢ Disconnection for first
insulation fault

e Earthling of conductive
parts combined with use
of RCDs

e First insulation fault
results in interruption by
detecting leakage currents

e Easiest solution in terms
of designs and insulation

¢ No insulation monitoring
device (IMD) required

e However, each fault re-
sults in interruption of the
concerned circuit.

¢ Disconnection for first
insulation fault

¢ [nterconnection and earth-
ling of conductive parts
and neutral imperative

e First insulation fault
results in interruption
by detecting overcurrent
(circuit-breaker or fuse)

¢ Low-cost solution in
terms of insulation

e Difficult design (Calcula-
tion of loop impedances)

¢ Qualified operating per-
sonnel required

¢ Flow of high fault currents
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