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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE ELECTRICAL INSTALLATIONS -
Part 8-1: Energy efficiency

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stapdardization comprising
aII national eIectrotechnicaI committees (IEC National Committees) The object of IBC is to promote

this end and in addltlon to other activities, IEC publishes International Standars pecifications,
Technical Reports, Publicly Available Spe0|f|cat|ons (PAS) and Guides (¥

Publication(s)”). Their preparation is entrusted to technical committees; any IEE
in the subject dealt with may participate in this preparatory work. Inte

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matter

interested IEC National Committees.

3) IEC Publications have the form of recommendations fg
4) In order to promote international uniformit

5) IEC itself does not provide a y attgstation ©

6) All users should@e '
7) No liability shall attac

8) Attention is

9) Attentio Ay g t

haN not\de held responsible for identifying any or all such patent rights.

International Standard IEC 60364-8-1 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock.

The text of this standard is based on the first edition and the following documents:

FDIS Report on voting
64/1969/FDIS 64/1977/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60364, under the general title Low-voltage electrical installations,

can be found on the IEC website. Documents
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful

understanding of its contents. Users should therefore print thj t using a

colour printer. /\

O
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INTRODUCTION

The optimization of electrical energy usage can be facilitated by appropriate design and
installation considerations. An electrical installation can provide the required level of service
and safety for the lowest electrical consumption. This is considered by designers as a general
requirement of their design procedures in order to establish the best use of electrical energy.
In addition to the many parameters taken into account in the design of electrical installations,
more importance is nowadays focused on reducing losses within the system and its use. The
design of the whole installation therefore takes into account inputs from users, suppliers and
utilities.

The rate of replacement of existing properties is low, between 2 % and 5 % annually,
depending on the state of the local economy. It is therefore important that\this standard
covers existing electrical installations in buildings, in addition to new j i It is in the
refurbishment of existing buildings that significant overall improveme
can be achieved.

based on kWh saving. It then provides/guidance\o \g priority to the measures depending
on the return of investment,i.e. i < ica ergy costs divided by the amount of
investment

This standard is intended s“and recommendations for the electrical part
of the energy mE@a

Account should be’ taken, i of mduced works (CIVI| works compartmentalization)

recommendations to design the adequate
e’ ability to improve the management of performance of the

1 Numbers in square brackets refer to the Bibliography.
Documents
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 8-1: Energy efficiency

1 Scope

This part of IEC 60364 provides additional requirements, measures and recommendations for
the design, erection and verification of all types of low-voltage electrical installation including
local production and storage of energy for optimizing the overall efficient uSe ofelectricity.

It introduces requirements and recommendations for the design of~ar_electrical installation

This standard does not specifically adres:@ NG 8 Yation systems.

2 Normative reference

The following dogurents, in
are indispensab i
undated reference e
amendments) applie

are normatively referenced in this document and
ated references, only the edition cited applies. For
of the referenced document (including any

IEC 60287~ R ables — Calculation of the current rating — Part 3-2: Sections on
i Economic optimization of power cable size

IEC 60364 (all parts), Low-voltage electrical installations

IEC 60364-5-52:2009, Low-voltage electrical installations — Part 5-52: Selection and erection
of electrical equipment — Wiring systems

IEC 60364-5-55:2011, Low-voltage electrical installations — Part 5-55: Selection and erection
of electrical equipment — Other equipment

IEC 60364-7-712:2002, Electrical installations of buildings — Part 7-712: Requirements for
special installations or locations — Solar photovoltaic (PV) power supply systems

IEC 61557-12:2007, Electrical safety in low voltage distribution systems up to 1 000 V a.c.
and 1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures —
Part 12: performance measuring and monitoring devices (PMD)
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IEC 62053-21, Electricity metering equipment (a.c.) — Particular requirements — Part 21: Static
meters for active energy (classes 1 and 2)

IEC 62053-22, Electricity metering equipment (a.c.) — Particular requirements — Part 22: Static
meters for active energy (classes 0,2 S and 0,5 S)

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 General

3.1.1
zone
area (or a surface) defining part of an installation

Note 1 to entry: Examples of a zone can be a kitchen of 20 m? or a storage area ofs

3.1.2

current-using equipment

electrical equipment intended to convert electrical
example light, heat, mechanical energy

[SOURCE: IEC 60050-826:2004, 826-46-02

3.1.3
electrical distribution system
set of coordinated electyiCa

breakers, wires, busbars
electrical energy

3.1.4 Q
usage

type of application

ahsformers, protection relays, circuit-
powering current-using equipment with

¥’used such as lighting, heating, etc.

3.1.5
distribution

3.1.6
load energy profile
electrical energy consumed over a specified period of time for a mesh or a group of meshes

3.1.7

electrical energy efficiency

EEE

system approach to optimize the efficiency of electrical energy use

Note 1 to entry: Energy efficiency improvement measures take into account the following considerations:
— both the consumption (kWh) and the price of electricity technology;

— environmental impact.

Note 2 to entry: “Energy efficiency” is considered to represent “Electrical energy efficiency” in this standard.

Documents
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3.1.8

mesh

group of electrical equipment powered from one or more circuits of the electrical installation
for one or more zones including one or more services for the purpose of electrical energy
efficiency

3.1.9

active electrical energy efficiency measures

measures for the optimization of electrical energy produced, supplied, flowing and consumed
by an electrical installation for the best permanent functionally equivalent service

Note 1 to entry: In this context, the word “measure” is to be understood as “provision”.

3.1.10

passive electrical energy efficiency measures
measures for the choice of parameters of electrical equipment (type
improve overall electrical energy efficiency of the electrical i
initial construction parameters such as limiting air penetration,
insulation, and other parts of the structure of the building

Note 1 to entry: In this context, the word “measure” is to be understoodhas™provisy

3.1.11
electrical energy efficiency profile

EIEC
combination of efficiency

3.1.13

efficiency measufes
EM { >
level of implementdt)

3.1.14

3.1.15
energy efficiency parameter
influencing factor on the energy efficiency of the installation

3.2 Electrical energy management

3.21

installation monitoring and supervision system

set of coordinated devices for the purpose of controlling and supervising electrical parameters
in an electrical distribution system

Note 1 to entry: Examples of devices are
— current sensors,

— voltage sensors,

— metering and monitoring devices,

— power quality instruments,

- supervision software tools. Documents
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3.2.2

electrical energy management system

EEMS

system comprising different equipment and devices in the installation for the purpose of
energy efficiency management

3.2.3

rational use of energy

energy use by consumers in a manner best suited to the realization of economic objectives,
taking into account technical, social, political, financial and environmental constraints

3.24

electrical energy management and efficiency
system approach to optimize the efficiency of energy used to perform g
or function and taking care of inputs from user needs, utilities nes
availability of local storage or production of electrical energy

3.2.5

load shedding
approach where the electrical loads are switched off for variable i oPtime to optimize
demand

3.3 Energy measurement

3.3.1
energy measurement
process of obtaining one or more value

3.3.2
metering
applying a device measting e

3.3.3 Q
estimation

process of judging

Note 1 to entry:

3.34
monitoring
continuing pPrQ
measurements,

e purpose of determining the effectiveness of the plans and procedures

[SOURCE: IEC 60050-881:1983, 881-16-02 [3], modified — the words "for radiation protection"
have been omitted]

3.35
evaluation
comparison of monitored results against targets

3.3.6
forecast
an estimate of the expected value of a parameter at a given future date

3.3.7

total harmonic distortion of the voltage wave

THDu

ratio of the r.m.s. value of the harmonic content of an alternating quantity (volt

r.m.s. value of the fundamental component of the quantity (voltage) ﬁaé(i.ﬂﬁents
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3.3.8

total harmonic distortion of the current wave

THDi

ratio of the r.m.s. value of the harmonic content of an alternating quantity (current) to the
r.m.s. value of the fundamental component of the quantity (current)

3.4 Sectors of activities

3.4.1
residential buildings (dwellings)
premises designed and constructed for private habitation

3.4.2
commercial buildings
premises designed and constructed for commercial operations

Note 1 to entry: Examples of commercial buildings are offices, retail, distribujion, p\ bahks, hotels.

3.4.3
industrial buildings
premises designed and constructed for manufacturing and- Mg gperations

Note 1 to entry: Examples of industrial buildings are factori

3.4.4
infrastructure

4 General

4.1 Fundame,
4.1.1 Safety of tk

The requirements dations of this part of IEC 60364 shall not impair
requirements Ansluded\ parts of the IEC 60364 series. The safety of persons, property

4.1.2 Availability of electrical energy and user decision

Energy efficiency management shall not reduce electrical availability and/or services or
operation below the level desired by the user.

The user of the electrical installation shall be able to take the final decision over whether they
accept or not to use a service at nominal value, or optimized value or not to use it for a
certain time.

At any time the user shall be able to make an exemption and to use the service in accordance
with his needs while being aware that this can be more costly than expected from the
electrical energy point of view.

NOTE Examples are if someone is ill, the user may decide to heat the room at a higher temperature, even during
peak consumption; if a company receives an urgent delivery order, the workshop may need to work at an

unexpected hour. Documents
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4.1.3 Design requirements and recommendations
The design principles of this standard take into account the following aspects:

— load energy profile (active and passive);

— availability of local generation (solar, wind, generator, etc.);

— reduction of energy losses in the electrical installation;

— the arrangement of the circuits with regard to energy efficiency (meshes);
— the use of energy according to customer demand;

— the tariff structure offered by the supplier of the electrical energy;

without losing the quality of service and the performance of the electrical i

5 Sectors of activities

For a general approach to electrical energy efficiency, four sectors~may\be ptified, each
having particular characteristics requiring specific methodq v Ok implementation of EEE:

— residential buildings (dwellings);
— commercial buildings;

— industrial buildings;

— infrastructure.
6 Design requirements and recg

6.1 General

This clause gives the

— the load ene@r
— the minimizatioh 0

lation, taking into account:

electrical installation by means of

HV/LV substation, local energy production source and

The main load de within the installation shall be determined. The loads in kVA, together
with their durations™ef operation, and/or an estimate of the annual load consumption (in kWh)
should be identified and listed.

6.3 Determination of the transformer and switchboard location with the barycentre
method

Account shall be taken of the building’s use, construction and space availability for the best
position to be obtained, but this should be determined with the building's designers and
owners prior to construction. To keep losses to a minimum, transformers and main distribution
switchboards shall be located (where possible) in such a way as to keep distances to main
loads to a minimum. The methods used for determining the position can be used to determine
the optimal available site for the distribution equipment and transformers.

The barycentre method is one solution which identifies if the load distribution is uniform or of
localized type and determines the total load barycentre location. See examples of calculations
in Annex A.
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6.4 HV/LV substation
6.4.1 General

To find the optimal solution for the transformer, consideration of the following topics shall be
taken into account:

— the optimum number of HV/LV substations;

— the working point of the transformer;

— the efficiency of the transformer.

As an LV consumer, it is important to have an early discussion with the utility on the number
and location of the substations, transformers and switchboards.

As an HV consumer, it is important to consider the number and bstations,
transformers and LV switchboards.

6.4.2 Optimum number of HV/LV substations

in Annex A.

If the barycentre is located in one building\side, it\s 8
to this barycentre; on the 6ther handiif\the barycentrg Is located in the middle of the building
e H

cases, it is advised tp \divi cakdistribution among several HV/LV substations
located to their resped | anables the optimization of LV cable lengths and
sizes. < >

6.4.3 Working p@

The maximu ici ormer is when the iron and copper losses are equal.

NOTE 1 8
of the transforme
NOTE 2 Efficiens
IEC 60076-20 [4], N

calctlation can be accomplished using any appropriate standard for transformers, e.g.
VA guide TP1 [5] and IEEE C57.12 standards [6]

6.4.4 Efficiency of the transformer

Transformers are inherently efficient electrical machines. Their environmental impact mainly
depends on the working point energy losses.

The choice of an energy efficient transformer may have a significant impact on the energy
efficiency of the whole installation.

Energy efficiency of the transformers may be classified on the basis of their load and no-load
energy losses.

The choice of the top energy efficiency class results in increased cost. However, the payback
time can be estimated to be relatively short (few years) compared to the average lifetime
(more than 25 years) of the transformer.
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Where located within the building, energy efficient transformers can reduce the energy
consumption of the air conditioning or mechanical ventilation required to limit the ambient
temperature in the transformer location.

The placement of transformers may be subject to further safety constraints in the case of oil-
immersed transformers.

Reference should be made to manufacturers’ information for more details on energy efficient
transformers, including design guidelines, estimated payback time, heat dissipation needs and
installation constraints in the presence of other heat-dissipating equipment.

6.5 Efficiency of local production

Under consideration.

6.6 Efficiency of local storage

Under consideration.

6.7 Losses in the wiring

6.7.1 Voltage drop

6.7.2 Cross-sectionakarea

Increasing the cross-se

shall be made by asse
this over-sizing.@

For cables, the chose 3 detérmined taking into account the cost of losses that will

ill reduce the power losses. This decision
a time scale against the additional cost due to

smaller conductQgs.

NOTE In some applitations (particularly industrial), the most economical cross-sectional area of conductor may
be several sizes larger than that required for thermal reasons.

6.7.3 Power factor correction

Reduction of the reactive energy consumption at the load level reduces the thermal losses in
the wiring.

A possible solution to improve the power factor could be the installation of a power factor
correction system at the respective load circuits.

NOTE A power factor correction could be made at the load level or centrally, depending on the type of
application. The complexity of the issue leads to consideration of each individual application.

6.7.4 Reduction of the effects of harmonic currents

Reduction of harmonics at the load level, e.g. selection of harmonic-free products, reduces

the thermal losses in the wiring. Documents
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Possible solutions include:

— reducing harmonics by the installation of harmonic filters at the respective load circuits;
— reducing the effect ofharmonics by increasing the cross-sectional area of the conductors.

NOTE A reduction of harmonics could be made at the load level or centrally, depending on the type of application.
The complexity of the issue leads to consideration of each individual application.

7 Determination of the zones, usages and meshes

7.1 Determining the zones

A zone represents a surface area in m2 or a location where the electrj is used. It may
correspond for example to

— an industrial workshop,

— afloor in building,

— aspace near windows or a space far from windows,

— aroom in a dwelling,

— a private swimming pool,

— a hotel kitchen.

Designers, electrical contractors or
building.

7.3.1).

7.2 Determining the

Identification of the
measurement a @

— lighting
— motors;

— appliances.
7.3 Determining the meshes
7.3.1 General

A mesh is a circuit or a group of circuits identified with respective current-using equipment as
useful for energy efficiency management.

A mesh may belong to one or several zones (see 7.1).
A mesh determines one or several usages (see 7.2) in one or several zones.

Meshes shall be managed to use electrical energy to always fulfil the need, taking into
account factors such as the availability of daylight, occupation of a room, availability of
energy, external temperature, others aspects linked to the building construction and passive

energy efficiency. Documents
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One circuit belongs to one mesh.

The determination of the meshes in the installation shall be defined so that they deliver the
associated usage, while allowing effective management of the consumption of energy, and
considering at least one of the criteria defined in 7.3.2.

7.3.2 Criteria for considering meshes
7.3.21 General

The following criteria are necessary for defining the different meshes of an electrical
installation from the point of view of energy management and monitoring with regards to
efficiency.

In addition to criteria depending on the local price of energy,
necessary for defining different meshes of an electrical installation
energy management and monitoring with regards to efficiency.

7.3.2.2 Technical criteria based on external paramete
temperature, etc.)

from an energy efficiency point of view
windows and a second one for luminai

For example the r
electrical circuitsy

7.3.2.5

In general, small
an installation.

es are not effective when pursuing energy efficiency improvements for

In a location where a group of utilisation equipment needs to operate all at the same time,
creating a large mesh containing all this equipment is beneficial. In cases such as multiple
luminaires in a single room, having several small meshes permits a more effective use of
energy.

7.3.2.6 Economic criteria based on the variable cost of electricity

The cost of electricity may vary with the time of use (increase or decrease of the kWh cost at
a given time), and with the maximum power allowed by the grid (demand/response may be
necessary for monitoring the energy).

Depending on the price variability of the electricity for buying, selling and storage, it can be
useful, when possible, to defer or anticipate certain uses or design meshes with this

consideration, in mind. Documents
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7.3.2.7 Technical criteria based on energy inertia

It is not possible, or it is at least difficult, to introduce load shedding on a mesh dealing with
lighting (no inertia), while it is easier on a mesh including water heating systems (large
inertia). Considering inertia of loads is useful in deciding how to introduce load shedding
between appropriate meshes.

Meshes including recharging of batteries, heating systems, air cooling, a fridge, etc. can be
gathered against meshes including lighting, available socket-outlets for the IT equipment, etc.
It will therefore be possible to introduce load shedding and rules for load shedding in meshes
having a high inertia. This is an input for product standardization for product design and
installation design.

A high inertia is generally associated with easier load shedding due to hat the status

of the load is not really affected by the variation of the electrical supp

7.3.3 Meshes

Electrical management for energy efficiency is a syste mi optimize the
management of energy used for a specific service within™a i

new functions design

increase of ele
therefore mean'
assembly, which mclut

a mesh may expegfie

Introducing & 8 ipment or functions for reducing, measuring, optimizing and

For example the use ©f a control device, e.g. a thermostat in an electric heating system, a
human presence detector in an electric lighting system, etc. may increase the instant or global
consumption of particular equipment for some devices but decrease the total consumption of
the whole mesh.

According to this standard, the smallest mesh is limited to one electrical device and the
largest mesh covers all electrical circuits used in the whole building for all services.

7.4 Impacts on distribution system design

Distribution system design of the electrical installation shall consider energy efficiency at
every stage, including the impact of different load demands, usage, zones and meshes.

The installation of fixed equipment for metering, control and energy management shall be
considered for new construction and future modifications.
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Main distribution switchboards shall be so designed as to segregate circuits supplying each
zone or each mesh defined in 7.3. This requirement shall also apply to other distribution
switchboards, where necessary.

8 Energy efficiency and load management system

8.1 General

An energy efficiency and load management system (see Figure 1) provides guidance on how
to optimize the usage of the energy consumed, taking into account the loads, local production
and storage and user requirements.

For an installation where an energy efficiency system is to be a possible

implementation of this system can be created as described in the foll

User makes decisions, provides
parameters (e.g. user’'s nee
and receives information

Sources of :
energy 1) Inputs from user
5) Mation,
\g. for user

Use of
energy

Local ;
production:

6) Decisions
for loads

\\/> Energy efficiency

management
(hardware and/or software)

! 2) Inputs from 4) Inputs from
Lmmimim-e- energy loads f--------
availability (measurement)
and pricing
(measurement)

5 3 *

3) Inputs from environmental data (e.g. sensors
providing information on temperature,
day/night, humidity, etc.)

IEC

Figure 1 — Energy efficiency and load management system

NOTE The proportion of renewable energy in the grid supply and the amount of local renewable energy may be
determined by national and local requirements.
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8.2 Requirements from the user
8.2.1 General

Requirements from the user are the first input to take into consideration. These requirements
will be the key input to design the energy efficiency management system.

8.2.2 Requirements on the loads

The designer and installer shall take into account the user decisions on selection of energy
efficient appliances (freezer, lamps, etc.).

The user may give priority to the usage of the different loads as an—input of the load

optimization process (e.g. load shedding).

The designer shall take into account the use of the installation in p
design.

The installer shall provide a manual override facility whi
from the automatic functions.

8.2.3 Requirements on the supplies

requirements on the supplies.

8.3 Inputs from loads, sensors and
8.3.1 Measurement

8.3.1.1 Requiremehts orw

Measurement is
subscriber an a
range shall be adapte

From a general poi yenéral use in buildings such as dwellings, shops, public
buildings, offices,_¥tc. ighest metering accuracy is important at the origin of the

. Consequently, device accuracy and measuring
2, as close as possible to the loads.

installation where ithis nvoicing or similar purposes, but also to measure and assess
the effiefency ' e installation, or to enable assessment of the whole installation
efficiency of the component parts. A lower level of accuracy is generally

durations of consumption or follow a trend or to monitor a load.

NOTE There are exceptions to this principle: for example, in cement production where a unique very powerful
load may justify a particular accuracy measurement.

Accuracy of measurement shall at least comply with the following:
— the meter at the origin of the loads shall be accurate for billing purposes and can be used

for the measurement of the efficiency of the whole installation;

— at a lower level, for example for some important meshes it may be necessary to provide
measurement with an accuracy allowing sub-billing within the same entity. For example, a
company such as a hotel may wish to sub-invoice the department for catering seperately
from the department in charge of entertainment,

— at the lowest level of the final circuit directly powering loads it can be enough to provide
information for following trends without precise needs for current to power conversion.

The device measuring range shall be adapted to the maximum values measured in Be mesh.
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Device accuracy should be consistent when used for comparison for similar loads on different
meshes and is dependent on the use of the information required.

Intermediate
distribution
boards

Supply transformer/
Incomer

Main LV
switchboard

=N\

O

distribution boards for final circuits

IEC

pbution scheme

If the distributio tery tured as shown for example in Figure 2, then the
energy/power m [y shall be structured consequently as shown in

Table 1.

1 — Overview of the needs

N

Main LV Intermediate Final distribution
N switchboard distribution board
boards
Possible meshes Thg whole Homogeneous Zones and/or Circuits
ipstallation entities (e.g. usages (e.g.

swimming pool,
workshop, office)

heating of the
lobby)

Ratio between
current in loads
and nominal current

In general, medium
to important:

30 % to 90 %

In general medium:
30 % to 70 %

In general rather
low: 20 % to 40 %

In general very low:

<20 %

Possible Contractual power Network monitoring Power metering Power metering
measurement quality monitoring.
objectives for o See Note 1
network Network monitoring
management
Documents
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Incomer

Main LV
switchboard

Intermediate
distribution
boards

Final distribution
board

Measurement
objectives for
cost management

Revenue metering.
Bill checking.

Energy usage
analysis and
optimization.

Contract
optimization.

Cost allocation.

Energy usage
analysis and
optimization.

Efficiency
assessment.

Contract
optimization.

Cost allocation.

Energy usage
analysis and
optimization.

Efficiency
assessment.

Contract
optimization.

Energy usage
analysis and
optimization.

Energy usage
trends assessment

See Note 2

Regulatory
compliance Regulatory Regulatory
compliance compliance /
Overall system In general, In general, good In general, medi genygal, reliable

accuracy of active excellent accuracy, accuracy, e.g. class | accuracy, e.g atlo should be
energy e.g. class 0.2 to 0.5 to class 2 1 to class 3 nt than
measurement class 1 {\

. . N\
NOTE 1 In this case, the number of measured parameters may be li

NOTE 2 In this case, only a trend assessment may be requested. Theq,
less important than reliable indication.

o/

or E a@e sment

(coefficient of performance (COP),
ract opt|m|zat|on regulatory compliance;
energy manageme

— network mete

8.3.2 Loads
8.3.2.1
Loads shall ding their user’s acceptance of load shedding. Some loads

Iogy equipment systems computers TV sets are not suitable for

For each type of load, an acceptable time of shedding in normal conditions should be
determined. As examples, the acceptable time of shedding for a desktop computer is 0 ms, for
a lamp is 50 ms, for a fridge or heater 15 min.

The maximum time of shedding for each mesh is determined by the individual load with the
lowest rated off-time. For this reason it is recommended to specify meshes that have loads
with similar rated off time.

Information on the ability of loads to accept or not a shedding, and the corresponding
duration(s) is useful.

8.3.2.2 Load shedding and device choice

There are relationships between potential improvements in energy efficiency, lifetime and the
maintenance of devices, systems and installation.
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Some measures taken to improve the energy efficiency of the system in terms of energy
management may have certain drawbacks if the device choice is not appropriate.
Consideration should be given as to how the implementation of energy efficiency measures
can impact the lifetime of the equipment. Equipment should be selected to be suitable with
this management of the energy.

For example, incandescent lamps have been widely used with timers or presence detectors
for corridors, stairs, etc. to improve the energy efficiency of the installation as the lamps are
switched on only when people are present. Their replacement with lamps using another
technology, which are far more sensitive to the number of switching opeartions, can
dramatically reduce the life-time of these lamps, in some cases leading to a rejection of the
timers which were used previously. The consequence is that lamps may now remain switched
on day and night to avoid having to change them too often and by so, doing, reduces the
energy efficiency of the installation. This example illustrates how impoxtiant it is_to take into

8.3.3 Energy sensors

Energy-sensing devices shall be of at least the sa argy performance and
monitoring device defined in Annex D of IEC 6155

8.3.4 Forecasts

Forecasts are indicators to be used as+ energy efficiency management system,
such as weather and occupancy foreca

8.3.5 Data logging

Examination of historig

With respect to

efficiency, a commug

8.3.6

8.4 Inputs from the supplies: energy availability and pricing, smart metering

The user shall consider the information concerning the energy availability and pricing which
may vary with time:

— where the supply is a local source, the user shall consider the minimum and/or the
maximum available power and define the price of this energy based on the total cost of
ownership including fixed and variable costs;

— where the supply come from a local store of energy (e.g. battery), the user shall consider
the maximum available power, the quantity of energy available and define the varying
price of this energy based on the total cost of ownership, including fixed and variable
costs.

8.5 Information for the user: monitoring the electrical installation

The installation should be designed to enable the measurement of its total consumption in
kWh for every hour of each day. This data, and the related cost of energy information, should
be logged and stored for a minimum of one year and should be accessible to the user.
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NOTE Multiple years of data can be useful for effective trend analysis.

In addition, (e.g. by use of submetering), the installation should be designed to enable the
recording and saving of data for the consumption of individual loads or meshes totalling 70 %
of the total load.

8.6 Management of loads through the meshes
8.6.1 General

An energy efficiency management system comprises monitors for the whole smart electrical
installation including loads, local production and storage. It can manually (easiest cases) or
automatically (most situations) monitor the electrical installation of the smart electrical
installation so as to optimize permanently the overall costs and consu Qf the system,
taking into account the user requirements and the input parameters the grid,
local electricity production and storage, the loads, sensors, forecast

8.6.2 Energy management system
The energy management system shall be based on

— end user choices,
— energy monitoring,
— energy availability and cost,

— inputs from loads, local electricity produgtis § storage; engergy sensors and forecasts.

— measurement of meshes
— control,
— power quality,

— reporting, Q
— alarms: verificatiorof

of the devices,

ser define the inputs to the system, i.e. meters, sensors, control
methodology for determining the outputs and control parameters.

The outputs may control load management devices or may supply information from meters or
other displays for the user to act on.

The system may be required to measure power quality, voltage levels and loads. It may also
produce alarms, control loads or change tariffs if preset limits are exceeded.

8.7 Multi-supply source management: grid, local electricity production and storage

The overall power demand should be optimized as far as possible as an aid to the overall
energy reduction of the installation.

NOTE The utilities and the grid balance the use of electrical energy by the end user with the production and
transportation of this energy. As the number of sources of electrical energy increases, and will increasingly be
based on renewable sources, the availability of electrical energy will become more transient. The solution that
utilities will provide to maintain the right balance between unpredictable consumption and uncontrollable production
will be to regulate the price of energy through the smart grid.
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9 Maintenance and enhancement of the performance of the installation

9.1 Methodology

The implementation of electrical energy efficiency measures requires an integrated approach
to the electrical installation as optimization of the electrical energy consumption requires
consideration of all modes of operation of the installation.

The requirements and recommendations of this standard comply with the following
statements:

— Measurement is one of the primary keys for electrical energy efficiency

\s/ already highlighted,
=S % if sustained gains are to
be made. Permanent control is ievi i efficiency.

— The right energy produced and used\at t

Energy audit
and measure:

Q it|‘ 'quipment selection,
her efficency consumption
n|t|a| service settings

etc.

Passive electrical
energy efficiency

HVAC control

lighting control,

variable speed drives,

automatic power factor correction
etc.

Monitor,
maintain,

Meter installation,

monitoring services, Active electrical

improve: electrical energy efficiency analysis, energy efficiency
software
etc.

Control —» Verification,

Improve: maintenance,

etc.

IEC

Figure 3 — Iterative process for electrical energy efficiency management
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Table 2 — Process for electrical energy efficiency management and responsibilities

Action Details Generally performed by
Energy audit and measure Auditor or energy manager
Set the basics Initial equipment selection, higher Installer

efficiency consumption devices.

Initial service settings, etc.

Optimize HVAC control. Installer/tenant or user, energy
R manager
Lighting control.
Variable speed drives.
Automatic power factor correction
etc.
N
Monitor, maintain the performance Meters installation. Energy, fpanagér/tenantqr user

Monitoring services.

Electrical energy efficiency
analysis, software, etc.

N
Control, improve Verification, maintenance, etc. < \é\er&\@nagéﬂltenant or user

caqrresponds (to é}e manent cycle to be followed

neasurements have been performed
ifled need to be implemented,
be done on a regular basis.
ed by new provisions and new

9.2 Installation life cycle methodology

The electrical energy efficiency apprgac

(once, occasionally or permanently),
following which verification and
Measurement of indicators should
maintenance.

NOTE 1 In existing installatidgs,

NOTE 2 Verificatio
efficiency.

This requj

NOTE 4 Simply understanding where and how energy is used can yield up to 10 % savings according to
experience, without any capital investment, using only procedural and behavioural changes. This is typically
accomplished by connection of measuring equipment to an energy management system presenting a synthesis of
all key parameters of energy efficiency.

9.3 Energy efficiency life cycle
9.3.1 General

This life cycle is how the energy efficiency of the installation can be improved and/or
maintained.

9.3.2 Performance programme

Where users of the installation require an energy efficiency rating, they are invited to agree on
an energy efficiency performance programme which should include:

— initial and periodic audit of the installation;

— appropriate accuracy of measuring equipment; Documents
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— implementation of measures to improve the efficiency of the installation;
— periodic maintenance of the installation.

NOTE 1SO 50001 gives best practices for energy management systems.
9.3.3 Verification

The general purpose of electrical energy efficiency measures is to optimize the total electrical
energy consumption. Therefore it is necessary ensure the efficiency of all measures
implemented in the electrical installation for the entire life of the installation. This can be
improved by permanent monitoring and periodic control.

9.3.4 Maintenance

In addition to safe operation as stated in in various parts of 0864 series,
maintenance is needed to keep the installation in an acceptable ¢ond egance of

10.1 General

Clause 10 gives requirements for analysis op e 2 e designer of an electrical
installation or facility manager has to S f gasures and to achieve an
energy efficiency performance level

— efficiency of the electrisal disfributiorn s

— installation of contrpl

NOTE Informative € D
installation classes ahd allati

10.2.1.1 Motors.and controls

An a.c. induction motor can consume more energy than it actually needs, especially when
operated at less than full-load conditions. This excess consumption of energy is dissipated by
the motor in the form of heat. Idling, cyclic, lightly loaded or oversized motors consume more
power than necessary. A better choice of motor and motor control will improve the global
energy efficiency of the electric motor system.

As about 95 % of the operating cost of a motor comes from its electrical energy consumption,
adopting a higher energy efficiency class according to IEC 60034-30, especially for high-duty
applications, saves significant energy.

Consideration shall be given to the use of motor starters, or other motor control devices such
as variable speed drives, to achieve higher energy efficiency, particularly for efficient
management of energy for intensive consumption applications (e.g. flow control of fans,
pumps, air compressors).

Examples of aspects to be considered are Documents
Document Sharing Hub

Full document details: IEC 60364-8-12014


http://avadocuments2026.com/doc/iec-60364-8-1-2014
http://avadocuments2026.com/doc/iec-60364-8-1-2014

- 28 - IEC 60364-8-1:2014 © IEC 2014

— reducing electrical energy consumption,
— optimizing the rated power,
— reducing the inrush current,

— reducing noise and vibration, in this way avoiding mechanical damage and failures within
the air conditioning or heating system,

— better control and better accuracy in achieving required flow and pressure.

NOTE In industry, 60 % of consumed electricity is used to turn motors and 63 % of this energy is used for
applications such as pumps and fans.

10.2.1.2 Lighting

Solutions for lighting control can |mprove the energy effi |en more than 50 %. These

To operate lighting only when and
implemented by using for instance:
— movement detectors;

— dimming controls;
— timed switches;

— clock switches;

- |ight-sensitiv<i>i
— constant brightrness

— the appropnate\ centrol system to optimize environment control (e.g. temperature,
humidity, etc.) depending on the usage and occupancy of individual spaces.

NOTE An example is a heating system controlled by a timer monitoring the temperature threshold according to
the expected occupancy.

10.2.2 Distribution system
10.2.2.1 General
Efficiency of an electrical distribution system is based on the following principles:

— intrinsic efficiency of electrical equipment such as transformers or reactors and wiring
systems;

— topology of the electrical distribution system at all levels of voltage, e.g. location of
primary transformer and length of cables.

10.2.2.2 Transformers and reactors

Where one or more transformers are used to supply the electrical installation, special care
shall be taken concerning the type of transformer and its efficiency. Documents
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NOTE This subclause does not apply to public power grid transformers.

Transformer efficiency depends on load. Full-load losses and no-load losses shall be
optimized according 6.4, taking into consideration the daily, weekly and annual load profile if
known or estimated.

LV/LV transformers also generate energy losses and often operate at reduced load. These
losses shall be estimated.

As described in 10.2.3.4, a voltage level close to the nominal level (U,), or slightly higher is
preferable. The transformer shall be used for voltage adjustment so that current-using
equipment is supplied at rated voltage.

10.2.2.3 Wiring systems

The cross-sectional areas of conductors and integrated archite
reduce losses.

consumption).
10.2.2.4 Power ;
Reduction of rea
electrical enerQy

Where a reduction_of reactive power is required, the optimized level of reactive energy
consumption shall be determined. This level is generally determined according to the utility
contract requirements.

In order to reduce reactive energy consumption the following may be implemented:

— selection of current-using equipment with low reactive energy consumption;
— systems for compensation of reactive energy by using capacitors.

NOTE Harmonic distortion rate is an important consideration for selecting capacitor banks.

10.2.3 Installation of monitoring systems

10.2.3.1 General

The electrical distribution system needs to meet the monitoring capability requirements.
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In the case of measurement by zone, each zone needs to have a dedicated feeder, allowing
the installation monitoring system to perform the relevant measurements.

In the case of measurement by usage, each usage needs to have a dedicated feeder, allowing
the installation monitoring system to perform the relevant measurements.

An installation monitoring system has three main objectives:

a) Control of performance and benchmarking of consumption pattern

An annual measurement of the total kWh consumption based on utility meters can be
used. Timed data measurements (e.g. measurement every 30 min) can also be used, from
which load profiles may be produced. It shall be possible to consolidate_this information
with other energy consumption data and external factors such ee-day data,
occupancy rate, etc. Some focus on particular energy use may be according to
national regulation (e.g. lighting, heating, etc.)

b) Identification of energy use and any changes of consumption
This is necessary
— to build an action plan and check the effectiveness 4
— to check the operation of control systems used 16 opti
c) Power quality survey

Power quality may influence energy. efficien
or abnormal ageing of equipment.

For these objectives, designers and
and monitoring strategy that includes:

— supervision too
software) when

Accuracy for me@e
measures.

agurement may be greater when the point of measurement
allation or zone:

comply with an accuracy class defined in IEC 62053-21 and
Accuracy class shall be aligned with the requested efficiency

— at the main switchboard level, accuracy shall better than 5 %;

— at sub-distribution boards or final distribution boards and downstream, accuracy shall be
better than 10 % from 5 % to 90 % of the nominal unit.

10.2.3.2 Energy

It is of prime importance, in term of electrical energy efficiency, to first measure current-using
equipment electricity consumption.

10.2.3.3 Load profile

Measurement of the energy used over short periods of time is necessary to give a load profile.
This should be over a period of a minimum of 24 h to give a reasonable estimate of load
profile.

NOTE The time period of measurement is typically from every 10 min to 1 h maximum. The timeﬁriod varies
depending on the usage, zone and the sector of activity, and also the season (especially for lighting a Muments
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10.2.3.4 Voltage drop

Voltage drop has an impact on the electrical energy efficiency of the electrical installation.

Where the voltage drop measurement is required, the installation voltage measurement shall
be made on the current-using equipment and at the origin of the circuit powering the current-
using equipment.

The recommendation on maximum voltage drop within the consumer’s installation is provided
in Table G 52.1 of IEC 60364-5-52:2009.

10.2.3.5 Power factor

Where power factor measurement is relevant, it shall be implemented.

10.2.3.6 Harmonics

harmonics stress insulation, overload cables and ftr e outages and disturb
many types of equipment such as computers, telephone y M achines. The life of

losses as the co
an indirect energy

Measurements shalMe analysed and then direct or programmed actions shall be undertaken:

— direct action consists of making energy efficiency improvements immediately, such as
operating windows, or controlling temperatures;

— programmed actions consist of analysing previous measurements over a period of time
(for example, a year) and comparing the results with defined objectives. Then actions shall
consist of:

e maintaining existing solutions,

e implementing new solutions.

Energy management is required to achieve sustainable and maximum reductions of electricity
consumption by

— setting energy targets,
— designing energy management measures to optimize electricity consumption.
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12 Assessment process for electrical installations

12.1 New installations, modifications and extensions of existing installations

Under consideration.

12.2 Adaptation of existing installations

Under consideration.

@%
S
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Annex A
(informative)

Determination of transformer and switchboard
location using the barycentre method

A.1 Barycentre method

When designing an installation, consideration should be given to locating transformers and
switchboards as closely as possible to high energy consumption equipment and systems in
order to minimize losses within the installation electrical distribution system-

losses.

6.7.2.

Each load shall be~nd
— the coordinate:o
is available,

— the estimated a

If the estimation ofthe 2
be usednstead.

The location of\the barycentre defined by its coordinates (x;, y,, z,) or (x;, y,) shall be
determined by the apgropriate formula:

Zji:(xi’yi’zi ) EAC,

e,

(be/b’Zb):

or

ij:(xi'yi ) EAC,

"'EAC,

(xbﬂyb):

The transformer or the switchboard feeding this group of n loads should be located as close
as possible to the barycentre of these electrical loads.
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