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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE ELECTRICAL INSTALLATIONS -
Part 8-1: Functional aspects — Energy efficiency

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be 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.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) revision of Annex B;

b) revision of 4.2: Energy efficiency assessment for electrical installations;
c) update of 8.3: Input from loads, sensors and forecasts;

d) introduction of new definitions.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
64/2353/FDIS 64/2360/RVD

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

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

It has the status of a group energy efficiency publication in accordance with IEC Guide 118
and IEC Guide 119.

The reader's attention is drawn to the fact that Annex C lists all of the "in-some-country"
clauses on differing practices of a less permanent nature relating to the subject of this
document.

A list of all parts in the IEC 60364 series, published under the general title Low-voltage
electrical installations, can be found on the IEC website.

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

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

The contents of the corrigendum of May 2019 have been included in this copy.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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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 has therefore to take into account inputs from users, suppliers
and utilities.

It is important that this document covers existing electrical installations in buildings, in
addition to new installations. It is in the refurbishment of existing buildings that significant
overall improvements in energy efficiency can be achieved.

The optimization of the use of electricity is based on energy efficiency management which is
based on the price of electricity, electrical consumption and real-time adaptation. Efficiency is
checked by measurement during the whole life of the electrical installation. This helps identify
opportunities for any improvements and corrections. Improvements and corrections may be
implemented by redesign or equipment replacement. The aim is to provide a design for an
efficient electrical installation which allows an energy management process to suit the user's
needs, and in accordance with an acceptable investment. This document first introduces the
different measures to ensure an energy efficient installation based on kWh saving. It then
provides guidance on giving priority to the measures depending on the return of investment;
i.e. the saving of electrical energy and reducing of electrical power costs divided by the
amount of investment.

This document is intended to provide requirements and recommendations for the electrical
part of the energy management system addressed by ISO 50001.

It introduces requirements, recommendations and methods for the design and the energy
efficiency assessment of an electrical installation within the framework of an energy efficiency
management approach in order to get the best permanent functionally equivalent service for
the lowest electrical energy consumption and the most acceptable energy availability and
economic balance.

The assessment method described in Annex B based on the electrical energy efficiency of the
installation allows a classification of energy efficiency installation according to the following
levels:

EEO EE1 EE2 EE3 EE4 EES

Low Level of efficiency High

IEC

NOTE Account can be taken, if appropriate, of induced works (civil works, compartmentalization) and the
necessity to expect, or not, the modifiability of the installation.

This document introduces requirements and recommendations to design the adequate
installation in order to give the ability to improve the management of the energy performance
of the installation by the tenant/user or for example the energy manager.

All requirements and recommendations of this part of IEC 60364 enhance the requirements
contained in Parts 1 to 7 of the IEC 60364 series.
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LOW-VOLTAGE ELECTRICAL INSTALLATIONS -

Part 8-1: Functional aspects — Energy efficiency

1 Scope

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

It introduces requirements, recommendations and methods for the design and the energy
efficiency (EE) assessment of an electrical installation within the framework of an energy
efficiency management approach in order to get the best permanent functionally equivalent
service for the lowest electrical energy consumption and the most acceptable energy
availability and economic balance.

These requirements, recommendations and methods apply, within the scope of
IEC 60364 (all parts), for new installations and modification of existing installations.

This document is applicable to the electrical installation of a building or system and does not
apply to products. The energy efficiency of products and their operational requirements are
covered by the relevant product standards.

Where another standard provides specific requirements for a particular system or installation
application (e.g. manufacturing system covered by ISO 20140 (all parts)), those requirements
may supersede this document.

This document does not specifically address building automation systems.

This group energy efficiency publication is primarily intended to be used as an energy
efficiency standard for the low voltage electrical installations mentioned in Clause 1, but is
also intended to be used by technical committees in the preparation of standards, in
accordance with the principles laid down in IEC Guide 119 and IEC Guide 118.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 61557-12, Electrical safety in low voltage distribution systems up to 1 000 V AC and
1500 V DC - Equipment for testing, measuring or monitoring of protective measures —
Part 12: Power metering and monitoring devices (PMD)

IEC 61869-2, Instrument transformers — Part 2: Additional requirements for current
transformers

IEC 62053-21, Electricity metering equipment (a.c.) — Particular requirements — Part 21: Static
meters for active energy (classes 1 and 2)
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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)

IEC Guide 118, Inclusion of energy efficiency aspects in electrotechnical publications

IEC Guide 119, Preparation of energy efficiency publications and the use of basic energy
efficiency publications and group energy efficiency publications

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 General

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

Note 1 to entry: Examples of a zone can be a kitchen of 20 m? or a storage area of 500 m2.

3.1.2

current-using equipment

electric equipment intended to convert electric energy into another form of energy, for
example light, heat, mechanical energy

[SOURCE: IEC 60050-826:2004, 826-16-02]

3.1.3

electrical installation

assembly of associated electric equipment having co-ordinated characteristics to fulfil specific
purposes

[SOURCE: IEC 60050-826:2004, 826-10-01]

3.1.4
usage
type of application for which electricity is used

EXAMPLE Lighting, heating.

3.1.5

load energy profile

figure representing the energy consumption (Y-axis) within a period of time (X-axis) based on
measurements for a mesh or a group of meshes

EXAMPLE Hourly consumption of energy for a period of a week.

3.1.6

power demand profile

figure representing the power demand (Y-axis) for a given integration period within a period of
time (X-axis) based on measurements for a mesh or a group of meshes
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3.1.7

electrical energy efficiency

EEE

system approach for optimizing the efficiency of electricity usage

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.

3.1.8

mesh

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

3.1.9

active electrical energy efficiency measure

operational measure, either manually or automatically controlled, for optimizing the energy
efficiency of the electrical installation

EXAMPLE Thermostat control, occupancy lighting control, building optimization control systems.

3.1.10

passive electrical energy efficiency measure

measure for optimizing the energy efficiency of the electrical installation by selection and
erection of electrical equipment other than control equipment

EXAMPLE Selection and location of transformer, cross section of cables, routing of wiring system, sub-division of
circuits.

3.1.11
electrical installation efficiency class
defined level of energy efficiency for an electrical installation

Note 1 to entry: See Annex B.

3.1.12
driving parameter
external factors that affect energy efficiency

EXAMPLE Regulation, environmental conditions, occupancy, energy prices and management requirements, mode
of operation, duty cycle, load curves, state, operating, parameters, indoor temperature, lighting levels, production
volume.

3.1.13

barycentre method

procedure to optimize the position of energy source(s) and loads in consideration of energy
efficiency

3.1.14
EE assessment
process to determine the electrical installation efficiency class of an installation

3.2 Electrical energy management

3.21

electrical energy management system

EEMS

system monitoring, operating, controlling and managing energy resources and Igads of the
installations cﬁocuments
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3.2.2
load shedding
method(s) of optimizing demand by controlling the electrical loads for variable periods of time

3.2.3

demand response

changes in electric usage by end-user customers from their normal consumption patterns in
response to changes in the price of electricity over time, or to incentive payments designed to
induce lower electricity use at times of high wholesale market prices or when system reliability
is jeopardized

3.24

user interface

means that allow the user to monitor and/or control the electrical installation, locally or
remotely

EXAMPLE Visual or audible signal, local display, remote display, push button.
3.3 Energy measurement

3.3.1
measurement
process of obtaining value(s) that can be attributed to a quantity

3.3.2

monitoring

continuing procedure for the collection and assessment of pertinent information, including
measurements, for the purpose of identifying deviations and determining the effectiveness of
the plans and procedures

[SOURCE: IEC 60050-881:1983, 881-16-02, modified — Addition of "identifying deviations
and"; deletion of "for radiation protection".]

3.3.3

power metering and monitoring device

PMD

combination in one or more devices of several functional modules dedicated to metering and
monitoring electrical parameters in energy distribution systems or electrical installations, used
for applications such as energy efficiency, power monitoring and network performance

3.34

billing

process that allows energy suppliers or their representatives to invoice their customers
according to a defined contract

Note 1 to entry: These applications can be covered by international standards, regulations such as MID in Europe
or NMI in Australia, and/or utility specifications.

3.3.5

sub-billing

process that allows the property manager to allocate an energy invoice from the energy
supplier and charges as appropriate to specific tenants

3.3.6

cost allocation

process that allows a facility manager to account for energy costs from internal cost centres
that consume energy

EXAMPLE Process line, test and inspection, administration.

Documents

Document Sharing Hub

Full document details: IEC 60364-8-1-2019


http://www.avadocuments.com/doc/iec-60364-8-1-2019
http://www.avadocuments.com/doc/iec-60364-8-1-2019

IEC 60364-8-1:2019 © IEC 2019 -13 -

3.3.7
estimation
process of judging one or more values that can be attributed to a quantity

Note 1 to entry: Estimation by a competent person can provide data of a reasonable accuracy.

3.3.8
forecast
estimate of the expected value of a parameter at a given future date

3.3.9

total harmonic distortion of the voltage wave

THD,

ratio of the RMS value of the harmonic content of an alternating quantity (voltage) to the RMS
value of the fundamental component of the quantity (voltage)

3.3.10

total harmonic distortion of the current wave

THD,

ratio of the RMS value of the harmonic content of an alternating quantity (current) to the RMS
value of the fundamental component of the quantity (current)

3.3.11

degree day

unit used to determine the heating requirements of buildings, representing a fall of one degree
below a specified average outdoor temperature (usually 18 °C) for one day

3.4 Sectors of activities

3.41
residential installations
premises designed and constructed for private habitation and including associated areas

Note 1 to entry: Associated areas include common areas, garages, gardens, pools.

3.4.2
commercial installations
premises designed and constructed for commercial operations

EXAMPLE Offices, retail, distribution centres, public buildings, banks, hotels, hospitals, schools.

3.4.3
industrial installations
premises designed and constructed for manufacturing and processing operations

EXAMPLE Factories, workshops.

3.4.4
infrastructure installations
systems or premises designed and constructed for transport or utility operations

EXAMPLE Airport terminals, port facilities, transport facilities.

3.5 Abbreviated terms

BS bonus

DB distribution board

DSO distribution system operator

EEE Electrical energy efficiency
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EM energy management
HVAC heating, ventilation and air conditioning

ICT information and communications technologies
KPI key performance indicator
MA performance maintenance

PDS power drive system
PEI peak efficiency index
PM power monitoring

PMD power metering and monitoring device

PV photovoltaic

THD total harmonic distortion

UPS uninterruptible power supplies
4 General

4.1 Fundamental principles
411 Safety of the electrical installation

The requirements and recommendations of this part of IEC 60364 shall not impair
requirements included in other parts of the IEC 60364 series.

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 electrical installation shall have provisions for overriding the energy efficiency
management settings according to the user's decision.

EXAMPLE 1 If someone is ill, the user can decide to heat the room to a higher temperature, even during peak
consumption.

EXAMPLE 2 If a company receives an urgent delivery order, there can be a need for the workshop to operate at
an unexpected hour.

4.1.3 Design principles
The design principles of this document take into account the following aspects:

— load energy profile (active and reactive energy);

— availability of local generation (PV, wind turbine, generator, etc.) and storage;

— reduction of energy losses in the electrical installation;

— the arrangement of the circuits with regard to energy efficiency (meshes, see 7.4);
— the customer's power use distribution over time;

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

maintaining the quality of service and the performance of the electrical installation.

In order to verify the achievement of electrical energy efficiency measures, an overall energy
efficiency assessment should be made.
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4.2 Energy efficiency assessment for electrical installations
4.2.1 General

Assessment of installations shall be performed according to Annex B. This assessment shall
be achieved preferably by measurement. It may be also achieved by calculation.

The frequency of periodic inspection of an installation shall be determined having regard to
the type of installation and equipment, its use and operation, the frequency and quality of
maintenance, factors liable to influence energy efficiency and the external influences to which
it is subjected. The results and recommendations of the previous report, if any, shall be taken
into account.

The maximum interval for follow-up assessment is recommended to not exceed:
— five years for commercial;
— three years for industrial and infrastructure.

NOTE National committees may decide if the energy efficiency assessment is made as a requirement or a
recommendation in their national standard.

4.2.2 Action plan following an assessment according to Annex B

Where assessment is performed on a new installation and the assessment identified an
electrical installation efficiency class lower than required, the identified variances shall be
corrected or other action shall be taken based on local regulation, if any.

Where periodic assessment identifies the electrical installation efficiency class is lower than
the required value performed, an action plan is typically needed to achieve the required or
desired electrical installation efficiency class.

5 Sectors of activities

For a general approach to electrical energy efficiency (EEE), four sectors may be identified,
each having particular characteristics requiring specific methodology of implementation:

— residential installations;
— commercial installations;
— industrial installations;

— infrastructure installations.

Categorization is intended to facilitate the comparison between similar installations.

Users of this document, such as local authorities, design institutes, building owners,
architects, facility managers, should consider assigning specific installation types (sub-
sectors) to one of the above sectors of activity.

6 Design requirements and recommendations

6.1 General
While designing an electrical installation, the following shall be taken into account:
— the load energy profile (active and reactive energy);

— the minimization of energy losses in the electrical installation by means of:

o optimal location of the transformers, local production and switchboard (barycentre),
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e reduction of losses in wiring;

— local production and storage.
6.2 Determination of load energy profile

The prospective load energy profile within the installation shall be determined.

Synthetic profiles (typical load energy curves) from loads or load groups may be used from
similar applications.

If measurements or synthetic profiles are not available, the main loads (based on equipment
rating) including expected duration of operation should be identified. This consumption could
then be summed to create a load energy profile.

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 buildings designers and
owners prior to construction. To keep the wiring losses to a minimum, the main distribution
transformers and switchboards shall be located, taking into consideration the building
constraints, 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 an iterative approach that can be used to determine

— whether the load distribution is uniform, or of localized type,
— whether the loads or other equipment should be relocated, and
— the total load barycentre location.

See examples of calculations in Annex A.

6.4 HV/LV substation
6.4.1 General
To find the optimal solution for the transformer, the following shall be considered:

— the optimum number and location of HV/LV substations;
— the working point of the transformer;
— the efficiency of the transformer;

— the load energy profile.

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

6.4.2 Optimum number and location of HV/LV substations

Depending on several criteria such as the required power, the building surface area and the
load distribution, the number of HV/LV substations and the distribution layout will have an
influence on the lengths and cross-sectional areas of conductors.

If the barycentre is located in one building side, it is advised to choose one substation close
to this barycentre; or if the barycentre is located in the middle of the building layout, it may not
be possible to locate the HV/LV substation near the load centre. In such cases, it is
recommended to split the electrical distribution into several HV/LV substations located close
to their respective barycentres. This facilitates the optimization of LV conductor Iﬁ%ths and
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6.4.3 Working point of the transformer

The maximum efficiency of a transformer is when the iron and copper losses are equal. This
occurs at a load less than the rated power of the transformer, typically between 30 % and
50 %.

6.4.4 Efficiency of the transformer

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 is classified on the basis of their load and no-load
energy losses.

The choice of the top energy efficiency class results in increased initial cost. However, the
payback time can be estimated to be relatively short (a few years) compared to the average
lifetime (more than 25 years) of the transformer.

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.

Reference should be made to manufacturers' information for more details on energy efficient
transformers with respect to IEC TS 60076-20, including design guidelines, estimated
payback time, heat dissipation needs, installation constraints in the presence of other heat-
dissipating equipment.

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

6.5 Efficiency of local production and local storage

Renewable energy and associated storage contribute to the overall electrical energy
efficiency of the installation.

To achieve high values of energy coverage with local energy generation, adequate local
storage and/or reverse feeding into the network of the utility should be considered.

6.6 Losses in the wiring
6.6.1 Voltage drop

The energy losses in the wiring are reduced by reducing the voltage drop.

Recommendations on the maximum voltage drop in the installation are provided in
IEC 60364-5-52:2009, 525.

6.6.2 Cross-sectional areas of conductors

Increasing the cross-sectional area of conductors determined according to IEC 60364-5-52
will reduce the losses.

The cross-sectional area of conductors for distribution circuits (feeders) and final circuits
supplying loads having a high consumption shall be based on a technical and economical
assessment considering the cost of:

— the conductor(s),

— the erection and mounting of the conductor(s), and Documents
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— the energy losses in the conductor(s) over the expected life time.

The expected life time will vary depending on the type of load, installation and the expected
use of the installation.

The cross-sectional area of other conductors should be determined assessing the savings
within a time scale against the additional cost.

A calculation method can be found in IEC 60287-3-2.

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

6.6.3 Power factor correction

Consideration shall be given to power factor improvement.

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

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

NOTE A power factor correction can 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.

6.6.4 Reduction of the effects of harmonic currents

Reduction of harmonics at the load level, for example the selection of harmonic-free products,
reduces the losses in the wiring.

Possible solutions include:

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

— using methods that produce less harmonics, like sinusoidal pulse width modulation
(SPWM), in the renewable energy resources' inverters connected to the point of
connection (POC).

NOTE A reduction of harmonics can 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

Identification of the zones is needed to enable the correct determination of the meshes
(see 7.4).

A zone represents an area or a location where electricity is used. It may correspond for
example to:

— an industrial workshop;

— afloorin a building;

— an area of a room near windows or an area of a room away from windows;

— aroom in a dwelling;

— a private swimming pool,;
—  a hotel kitchen. Documents
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Designers, electrical contractors or the building owner shall agree on the zones within the
building.
7.2 Determining the usages within the identified zones

Identification of the usage for a particular circuit or zone is needed to enable accurate
measurement and analysis of its energy consumption, power flow and other electrical
parameters.

Different usages could be the following:

— hot water production;

— HVAC (cooling and heating);
— lighting;

— motors;

— appliances.

7.3 Demand response

Demand response is the management of the electricity demand in response to supply
conditions.

Demand response is intended to adapt the consumption of energy to the generated power,
especially when generation with renewable energy (e.g. windpower, photovoltaic) is present,
and to guarantee system stability. Demand response programs may include dynamic
pricing/tariffs, price-responsive demand bidding, contractually obligated and voluntary
curtailment, and direct load control/cycling.

Methods of demand response are:

— time-based rates such as time-of-use pricing (e.g. critical peak pricing, variable peak
pricing, real time pricing, critical peak rebates);

— limitation of the supply of energy;

— real-time load energy curves.

The energy efficiency and load management system gives response to the supply conditions
from the grid (see Clause 8).

NOTE Real time (pricing) refers to typical time intervals from 5 min to 60 min, deepening on national conditions.
7.4 Determining the meshes
7.4.1 General

A mesh may belong to one or several zones (see 7.1).

A more effective solution concerning energy monitoring and controlling is to assign a
complete mesh to one zone.

A mesh determines one or several usages (see 7.2) in one or several zones.

Meshes shall be designed such that they may be managed to use electrical energy to always
fulfil the need, taking into account driving parameters such as the availability of daylight,
occupation of a room, availability of energy, outdoor temperature, other aspects linked to the
building construction and passive energy efficiency.

One circuit belongs to one mesh or a cluster of meshes. Documents
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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 7.4.3.

7.4.2 Meshes

Electrical management for energy efficiency is a system approach aiming to optimize the
management of energy used for a specific service within a defined "electrical mesh", taking
into account all necessary information concerning the technical and economic approaches.

It is seldom that the optimum of a system equals the sum of the optima of each part of the
system. It is therefore necessary to consider the most appropriate meshes of the electrical
installation from the electrical energy efficiency point of view.

This shall be considered in order to get the lowest electrical energy consumption and/or cost
with regards to a solution for a service which is, and can be, compared to another solution.

It has also to be considered that the installation of a device to introduce modified operation or
new functions designed to optimize electrical consumption for that product may result in an
increase of electrical consumption for interrelated loads within the same system. It is
therefore meaningless to separately consider only one or several devices where the
assembly, which includes that device or all of those devices, within the system of a circuit or a
mesh may experience optimized consumption, even though the consumption of some
individual parts may increase.

Introducing electrical equipment or functions for reducing, measuring, optimizing and
monitoring energy consumption or any other use aiming to improve the use of electricity may
increase the energy consumption in some parts of a system.

For example, the use of a control device (e.g. a thermostat in an electric heating system, a
human presence detector in an electric lighting system) 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 document, 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.

7.4.3 Criteria for considering meshes
7.4.3.1 General

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

7.4.3.2 Technical criteria based on driving parameters (time, illuminance,
temperature, etc.)

Interruption of some services or applications should be avoided during certain periods of time.
The designer, and/or end user should agree on the daily, weekly, monthly or yearly schedule
for the periods when some services or applications shall be available or can be reduced or
shut off. Identifying these applications and gathering them in a mesh are key from an energy
efficiency point of view. For example, defining a mesh for luminaires near windows and a
second one for luminaire(s) near the wall allows for switching off those near the windows
when daylight is sufficient.

Documents

Document Sharing Hub

Full document details: IEC 60364-8-1-2019


http://www.avadocuments.com/doc/iec-60364-8-1-2019
http://www.avadocuments.com/doc/iec-60364-8-1-2019

IEC 60364-8-1:2019 © IEC 2019 -21-

7.4.3.3 Technical criteria based on control

A mesh can gather together some loads functionally linked with one or more control devices,
for example the thermostat of an electric heating system controlling radiators from several
electrical circuits, so that those radiators belong to the same mesh.

7.4.3.4 Technical criteria based on critical points for measurement

The accuracy of a measurement is not the same if the objective is to follow a trend or to
invoice a service. The purpose of measurement can help to decide on the appropriate mesh.

7.4.3.5 Criteria based on meshes

In a location where a group of current using 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 more effective use of
energy.

7.4.3.6 Economic criteria based on the variable cost of electricity

The cost of electricity may vary with the time of use, 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.

7.4.3.7 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 to decide 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 information and
communications technologies (ICT) 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
product standardization, for product design and installation design.

A high inertia is generally associated with easier load shedding due to the fact the status of
the load is not really affected by the variation of the electrical supply.

7.5 Driving parameters
7.5.1 General

Driving parameters having the most influence on energy efficiency shall be identified.

Driving parameters should be assessed to evaluate their relative influence on the overall
consumption of the installation.

Dedicated indicators should be analysed to verify the energy efficiency of the installation
according to the influence of the driving parameters.

EXAMPLE kWh per m2 per degree days.
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7.5.2 Occupancy

Adapting the usage of energy to the occupancy of the building helps the management of
energy.

Occupancy may be determined in the following ways:

— presence of at least one person in a defined zone;

— indication of the number of persons in a defined zone.
7.5.3 Operating time

Operating timing may be an effective strategy to set up and reduce the building energy
consumption and allows to reduce services which are not needed at certain periods of time.
Operating timing may be done:

— at building level,;

— at floor level;

— at a zone level depending on the floor;
— at a mesh level.

7.5.4 Environmental conditions

Local environmental conditions such as outside temperature, solar (illuminance and heating),
wind, humidity, pollution may be considered as driving parameters.

7.5.5 Cost of electricity

As cost of electricity may vary depending on the time and/or period of the year, it shall be
taken into account as a driving parameter for optimizing the usage of electrical energy.

7.6 Impacts on the design of an electrical installation

The design of an 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 power metering and monitoring devices, control and
energy management shall be considered for new constructions and future modifications.

Main distribution switchboards shall enable the segregation of circuits supplying each zone or
each mesh defined in 7.4. This requirement shall also apply to other distribution boards where
necessary.

8 Energy efficiency and load management system

8.1 General
An energy efficiency and load management system controls the usage of the energy

consumed, taking into account the loads, local production and storage and user requirements,
(see Figure 1).

For an installation where an energy efficiency system is to be applied, a possible
implementation of this system can be created as described in 8.2 to 8.7.
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Figure 1 — Energy efficiency and load management system overview

8.2 User specification

8.2.1 General

The user specification will be the key input to design the energy efficiency management
system.

8.2.2 Requirements on the loads

The designer, and/or user shall take into account at least the following considerations:

— selection of energy efficient appliances (freezer, lamps, etc.);

— assignment of load priority for use as an input of the load optimization process (e.g. load
shedding);

— intended use of the installation in providing an energy efficient design;

— provision of a manual override facility which enables the user to take control from the
automatic functions.

8.2.3 Requirements on the supplies
The decisions taken by the user on the pattern of usage regarding the loads wilbaffect the
requirements on the supplies. ocuments
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8.3 Inputs from loads, sensors and forecasts
8.3.1 General
8.3.1.1 Measurement of parameters

Making measurements is key to determine and assess the efficiency of a building. The
measurement of electrical parameters is required in determining the electrical consumption
and needs to be supplemented by the measurement of relevant driving parameters such as:

— presence of people;

— temperature;

— quality of air (e.g. CO,);

— day light;

— operating time;

— cost of energy.

8.3.1.2 Requirements on accuracy and measuring range

Energy measurement provides the subscriber with an awareness of his consumption.
Consequently, device accuracy and measuring range shall be adapted to the intended use.

For buildings such as dwellings, shops, public buildings, offices, the highest metering
accuracy is necessary at the origin of the installation where it is used for billing or similar
purposes, but also to measure and assess the efficiency of the whole installation, or to enable
assessment of the whole installation as defined for example in IS0 50001 and IS0 50006,
efficiency by summation of the component parts. A lower level of accuracy is generally
sufficient downstream. For the lowest level, at the final circuit level, it is adequate to provide
the 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 can justify a particular accuracy measurement.

The meter at the origin of the circuits that is used for billing purposes can be used for the
measurements of the energy consumption of the whole installation as part of the assessment
process. In the same manner, a power quality instrument used at the origin of the circuit and
providing energy consumption measurement can be used. Table 1 describes the applicable
standards for measurement.

Table 2 shall be used to determine the minimum accuracy of electrical measurement
equipment.

The device measuring range shall be suitable for the maximum values anticipated for the
mesh and should be appropriate for the anticipated measured value levels.

Devices used for comparison for similar loads on different meshes shall have equivalent
capabilities (e.g. accuracy, range).

Electrical measurement devices shall be selected according to the relevant application and
Table 1.
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Table 1 — Measurement applications

Measurement Applicable IEC Device name Usual device name Complementary
application product standards | according to explanations
standards
Billing or IEC 62053-21 Electricity Revenue meter, Energy metering for billing
(Contractual) or IEC 62053-22 metering electricity meter, utility |applications (e.g. utility
equipment meter invoicing a landlord or a

mall owner, sub-billing to
tenants)

Energy usage
analysis

IEC 61557-12 @

Power metering
and monitoring
device

(PMD-I or
PMD-II or
PMD-III)

Power meter, energy
meter

Energy cost and usage
analysis (for cost allocation
or sub-billing within a
company or for energy
efficiency purposes)

Power monitoring

IEC 61557-12 °

Power metering
and monitoring

Power meter, energy
meter

Demand side power quality
analysis and energy cost

device (PMD-II and usage analysis
or PMD-I11)

Energy estimation Indicator or Energy estimator Devices for giving
sensor information needed to

correctly operate the
energy management
system, for example
running time of equipment,
number of operation, basic
measurement

2 Devices used for power quality monitoring, when they provide active energy measurement function, can be
used for energy usage analysis.

Devices used for power quality monitoring in accordance with IEC 62586-1 can be used for power monitoring
especially where comparable measurements are needed.

NOTE Other information such as occupancy, number of operations, manufacturing figures, is provided by
different instruments and are covered by other standards.

If the electrical installation is conveniently structured as shown for example in Figure 2, then

the energy/power measurement and monitoring shall be structured consequently as shown in
Table 2.
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Figure 2 — Electrical distribution scheme

Table 2 — Overview of the needs for power metering and monitoring

pool, workshop,
office)

of the lobby)

Incomer Main LV Intermediate Final distribution
switchboard distribution boards
boards
Meshes The whole installation | Homogeneous Zones and/or Circuits
entities usages
(e.g. swimming (e.g. heating

Critical range for
current accuracy
(percentage of
rated current
anticipated for
actual load 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 %

objectives for cost

— Bill checking

— Energy usage
analysis and
optimization

— Contract
optimization

— Energy usage
analysis and
optimization

— Efficiency
assessment

— Contract
optimization

— Energy usage
analysis and
optimization

— Efficiency
assessment

— Contract
optimization

Measurement Power metering and Power metering Power metering Power metering
objectives for monitoring or power and monitoring and monitoring and monitoring
network quality analysis

management

Measurement — Revenue metering | — Cost allocation — Cost allocation — Energy usage

analysis and
optimization

— Energy usage
trends
assessment

Overall system
accuracy of
active energy
measurement

Accuracy class £ 1

Accuracy class < 2

Accuracy class < 2

Accuracy class < 2

NOTE Accuracy classes (also called performance classes) are defined in IEC 61557-12.
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8.3.1.3 Measurement

Measurement equipment shall be installed according to the application and to its location
within the installation.

An example for the location of measurement or monitoring equipment and the parameters to
be measured is given Figure 3. Where applicable, the measuring and monitoring of
parameters shall be done for each phase.

IEC 61557-12 defines power metering and monitoring device (PMD) classification with
minimal required functions according to its application:
— PMD-I: Energy efficiency: energy usage analysis for energy efficiency assessment;

— PMD-II: Basic power monitoring: power monitoring for electrical energy distribution
monitoring and control within the installation;

— PMD-Ill: Advanced power monitoring and network performance: advanced power
monitoring and network performance monitoring.
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Key

Symbol Function

PMD power metering and monitoring device
PMD-I PMD including at least: E_
PMD-II PMD including at least: P, Q, S, E,E, [ I U and/or V, PF,

PMD-IlI PMD including at least: P, Q, S, E L E,E |1 Iy U and/or V, PF, THDU and/or THDV
and/or THD-R,, and/or THD-R,,, THD, ancf/or THD-R,

total active power

total active energy

&l

total reactive power

total apparent power

total reactive energy

=

total apparent energy

£
e

SNEIRIEIREE

frequency

line current

N~
F4

neutral current

line to line voltage

NS

line to neutral voltage

~
b

power factor

THD, total harmonic distortion voltage related to fundamental

THD-R, total harmonic distortion voltage related to RMS value

THD, total harmonic current related to fundamental

THD-R, total harmonic current related to RMS value

PD protective device with isolation function

motor
L load

LS local power supply (e.g. PV, wind turbine, generator) (if present)

Figure 3 — Example of measurement equipment selection in an installation

8.3.2 Communication

Implementation of an EEMS requires devices having communication capabilities.
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The energy management system for energy efficiency shall not impair communication for
other purposes such as safety, control or the operation of devices or equipment.

8.3.3 Data logging

Examination of historical data is an input for making energy demand forecasts (see 8.3.5).

With respect to the quality and effectiveness of the results in obtaining a high level of energy
efficiency, a communication system of all required and foreseen data should be provided
thanks to an energy server such as defined in IEC 62974-1.

8.3.4 Loads
8.3.4.1 Energy sensor selection

The association of measuring devices with external current and/or voltage sensors (sensor-
operated meter/PMD) builds a complete system required to measure the active energy (kWh)
which is the main parameter for energy efficiency. The system performance class depends on
the class of sensor and the meter/PMD performance class (see Table 1). The class of the
sensor shall be selected to be equivalent to or lower than the class of the meter or PMD.

Where a direct type measuring device (direct connected energy or power meter) is used, the
accuracy class of the device refers to active energy (kWh) measurement accuracy and shall
meet the required performance of Table 2.

Maximum current in a circuit, and minimum current that need to be monitored shall be defined
for each measuring point, and sensors shall be selected accordingly. Selection of sensors
shall be made according to IEC 61869-2.

8.3.4.2 Influencing factors for measurement equipment

A set of influencing factors (such as temperature) that can generate deviations in the
measurement accuracy are defined in standards such as IEC 61557-12. Compliance to a
measuring class defined in these standards implies requirements on the maximum deviations
due to these influencing quantities.

8.3.4.3 Continuous improvement process

The continuous improvement process is necessary for energy efficiency. In the latter stages
of the process, the differences to be measured are progressively smaller, and a device with
better class of measurement accuracy than the minimum defined in Table 2 may be foreseen.

To check the achievement of the energy efficiency objectives targeted, the measuring device
accuracy class shall be suitable for the smallest percentage difference expected to be
measured for the whole process.

EXAMPLE Where in the long term, 2 % of energy savings is at stake, a class 1 or better device is relevant.
8.3.4.4 Measurement for verification of the energy efficiency action plan

The effectiveness of actions taken in accordance with the energy efficiency action plan shall
be verified. This gives the possibility to demonstrate success or understand reasons for
variances.

For each item in the energy efficiency action plan, the energy savings achieved in each part
of the installation or item of equipment, as appropriate, shall be measured separately or
determined by an equally effective method.
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Where the measured value is obtained by adding or subtracting individual measurements,
these measurements and estimations shall have sufficient accuracy to achieve the required
overall need.

When checking the consistency of measurement, the facility manager shall take into
consideration the discrepancies due to the use of energy estimators, differences in accuracy
measurement, calculation of measurement by addition or subtraction.

8.3.4.5 Load shedding capability classification
Current using equipment shall be classified with respect to load shedding based on:

— the suitability of the load for power interruption, and
— user acceptance of power interruption to that load.

Some current using equipment such as information and communication technology (ICT)
equipment systems, desktop computers, TV sets are not suitable for load shedding. Some
others like heaters, fridges, can accept without any impact on their service a shedding up to a
certain period of time.

For each type of current using equipment, 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 current using
equipment with the lowest rated off time. For this reason, it is recommended to specify
meshes that have current using equipment with similar rated off time.

Information on the ability of loads to accept or not a shedding, and the corresponding
duration(s) is useful. Occupancy or application shall be considered when to accept or not load
shedding.

The decision to switch OFF or switch ON a certain current using equipment is related to the
energy forecast (energy needs within a controllable process), the power demand to be
expected and the electrical energy available.

8.3.4.6 Impact of load shedding

Load shedding may have an impact on lifetime and the maintenance of devices, systems and
installations. This needs to be taken into account in the design of the installation and on the
selection of the equipment.

Some measures taken to improve the energy efficiency of the system (in terms of energy
management) may have some drawbacks if the device choice is not appropriate.
Consideration should be given as to how the implementation of energy efficiency measures,
active or passive, can impact the lifetime of the equipment. Equipment should be selected to
be suitable with this management of the energy.

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
operations, can dramatically reduce the life-time of these lamps that in some cases leads 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, will reduce the energy efficiency of the installation. This
example illustrates how important it is to take into consideration the comprehensive cost sensitivity of the user: the
cost of replacement of the lamps exceeds the savings on energy cost. The right choice regarding the energy
efficiency may be to use lamps with the right technology regarding the switching issue to offer a lower energy
consumption of the installation and a normal expected lifetime of the lamps.
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The specification regarding load shedding availability and maximum time of shedding without
impacting the expected service of equipment or machinery should be available or stated to
optimize the impact of load shedding.

NOTE For household and similar premises, IEC 629621 will provide requirements for load shedding equipment.
8.3.5 Forecasts
Forecasts are inputs to be used for the energy efficiency management system such as:

— weather forecasts to manage efficiently current using equipment with thermal inertia such
as HVAC or heaters;

— occupancy forecasts to prevent unnecessary usage of current using equipment;

— production forecasts for renewable energy;

— manufacturing forecasts for adaptation of the production.
8.4 Inputs from the supplies: energy availability and pricing

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

The relative price and availability of energy from the locally generated versus utility supplied
sources impacts the decision on which source to use and/or the charge or discharge of the
electrical storage system, if any.

8.5 Monitoring the performance of the electrical installation

The installation should be designed at least with a user interface to enable the measurement
of its total electrical energy consumption for a certain period of time at minimum every hour.
This data, and the related cost of energy information, should be logged and stored for a
period of time. For comparison of measures, the same data logging interval should be used.

NOTE Multiple years of data can be useful for effective trend analysis.

In addition, 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 (e.g. by use of
power monitoring and metering device).

8.6 Management of loads through meshes
8.6.1 General

An energy efficiency management system manages the whole electrical installation including
loads, local production and storage. It can manually (easiest cases) or automatically (most
situations) monitor the electrical installation so as to optimize the overall costs and
consumption of the system, taking into account the user requirements and the input
parameters coming from the grid, local electricity production and storage, the loads, sensors,
forecasts, etc.

8.6.2 Electrical energy management system (EEMS)
The EEMS shall be based on:

— end user choices;

— energy monitoring;

1 Under preparation. Stage at the time of publication IEC/PRVC 62962:2018.
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— energy availability and cost;
— inputs from loads, local electricity production and storage, energy sensors and forecasts.

The EEMS shall include:

— measurement (e.g. power consumption) and monitoring of meshes;

— control;

— power quality;

— reporting;

— warnings: status of the monitoring devices;

— tariff management, if any;

— security of data;

— display function for user and/or public awareness.

The requirements of the user define the needs of the system, i.e. power metering and

monitoring devices, sensors, control inputs, etc., and the 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, power factor, load currents.
The energy management system may also produce warnings when and where pre-set
thresholds are exceeded to manage load shedding.

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.

The design of the management system depends on the availability of each source. The
needed continuity of supply and the requirements for demand response are important for the
overall energy efficiency of the installation. These aspects shall lead to an appropriate
selection of source switching equipment.

NOTE For household and similar premises, IEC 629912 will provide requirements for source switching equipment.
For other premises, transfer switching equipment complies with IEC 60947-6-1.

9 Maintenance and enhancement of the performance of the installation

9.1 Methodology

The implementation of electrical energy efficiency measures, active or passive, 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. See Figure 4
and refer to the requirements and recommendations given in Table 3.

2 Under preparation. Stage at the time of publication IEC/ACD 62991:2018.
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Set the basics: Initial equipment selection, } Passive electrical
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devices,
initial service settings
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Figure 4 — Iterative process for electrical energy efficiency management

Table 3 — Process for electrical energy efficiency management and responsibilities

Action Details Generally performed by

Energy audit and measure Analysis of data from installed Auditor or energy manager
power metering and monitoring
devices and/or non-installed
measurement equipment

Set the basics Initial equipment selection, higher Designer and/or installer
efficiency consumption devices

Initial service settings, etc.

Optimize HVAC control Installer/tenant or user, energy
manager

Lighting control
Variable speed drives

Automatic power factor correction,
etc.

Monitor, maintain the performance Power metering and monitoring Energy manager/tenant or user
devices installation

Monitoring services

Electrical energy efficiency
analysis, software, etc.

Control, improve Verification, maintenance, etc. Energy manager/tenant or user
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Measurement, optimization and monitoring are important for electrical energy efficiency:

a) To audit energy consumption by measures that will provide an indication of the situation
and the main avenues to pursue savings (where the main consumptions are, what the
consumption pattern is). An initial assessment can be conducted based on a set of
measurements for various meshes within the installation and a comparison to
benchmarked energy usage criteria established for the combinations of equipment within
the mesh or installation. While this can help point to areas that can be subjected to more
detailed analysis, determination of whether the installation is efficient will depend on more
precise measurements and assessment of parts of the installation in comparison with the
overall energy usage.

b) To optimize through permanent automation or control. As already highlighted, everything
that consumes energy shall be addressed actively if sustained gains are to be made.
Permanent control is critical for achieving maximum efficiency.

c) To monitor, maintain and improve the electrical installation. As targets are fixed over a
long time frame, electrical energy efficiency programmes represent a permanent
improvement over time.

9.2 Installation life cycle methodology

The electrical energy efficiency approach corresponds to a permanent cycle to be followed
during the whole life of the electrical installation. Once measurements have been performed
(once, occasionally or permanently), the provisions identified need to be implemented,
following which verification and maintenance should be done on a regular basis.
Measurement of indicators should be repeated followed by new provisions and new
maintenance.

NOTE 1 In existing installations, measurements per zone or per usage are typically performed only occasionally,
due to the non-adaptable architecture of the electrical installation.

NOTE 2 Verification is not understood as in IEC 60364-6, but is ongoing monitoring associated with energy
efficiency.

NOTE 3 Maintenance refers to the use of monitoring to identify opportunities for improvement.

In existing installations, measures for reducing electrical consumption should be considered.
This requires a correct knowledge of electrical consumption per usage or per area. Analysis of
electrical consumption is the first step to achieve electricity consumption reduction in existing
installations. An iterative process should be achieved for each existing installation.

NOTE 4 Simply understanding where and how energy is used can yield up to 10 % savings according to
experiences, without any capital investment, using only procedural and behavioural changes. This is typically
accomplished by connection of the 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 maintenance 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;

— implementation of an energy efficiency action plan to improve the efficiency of the
installation;

— periodic maintenance of the installation.
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NOTE ISO 50001 gives best practices for energy management systems.
9.3.3  Verification

The general purpose of electrical energy efficiency measures, active or passive, is to optimize
the total electrical energy consumption. Therefore, it is necessary to determine the
effectiveness of the energy efficiency action plan implemented in the electrical installation for
the entire life of the installation. This can be achieved by permanent monitoring and/or
periodic verification, and/or audit. See Annex B.

Where electrical measurements used for verification is made with non installed measurement
equipment, this equipment shall comply with IEC 61557-12 or equivalent.

9.4 Data management

Data, initial integration period and the archiving system shall be selected according to the
user needs.

Collected and archived data shall relate to the same integration period to allow comparison.
Data shall be stored for verification of the effectiveness of the energy efficiency measures.

9.5 Maintenance

In addition to safe operation as stated in various parts of the IEC 60364 series, maintenance
is needed to keep the installation in an acceptable condition. Maintenance of this kind shall be
reviewed on an economic and energy efficiency basis.

10 Parameters for implementation of efficiency measures

10.1 General

Clause 10 gives requirements for analysis or means that the designer of an electrical
installation or facility manager has to use to determine efficiency measures, active or passive,
and to achieve an energy efficiency performance level. These measures and levels are used
to build the installation profile and electrical installation efficiency class as follows:

a) efficiency of current-using/carrying equipment;

b) efficiency of the electrical installation;

c) implementation of monitoring systems;

d) installation of local power supply.

Current-using/carrying equipment efficiency is based on the specification and use of that
equipment.

10.2 Efficiency measures
10.2.1 Current-using-equipment
10.2.1.1 Motors and controls

The choice of motor and motor control according to the application will have an impact on the
energy efficiency of the system.

To achieve higher energy efficiency, consideration shall be given to the use of motor starters
or other motor control devices like variable speed drives, particularly for efficient management
of energy for intensive consumption applications (e.g. flow control of fans, pumps, air
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Adopting a higher energy efficiency class motor according to IEC 60034-30-1 may save a
significant amount of energy.

NOTE 1 Guidance for energy efficiency optimization is provided in IEC 61800-9-1 and IEC 61800-9-2.
Examples of aspects to be considered are:

— 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 the required flow and pressure.

NOTE 2 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

Lighting can represent a large amount of energy consumption in an electrical installation
depending upon the type of lamps and luminaires for their application. Lighting control is one
of the easiest ways to improve energy efficiency. Therefore, careful consideration should be
given to lighting control. The type of lamp, ballast switchgear and controlgear should be taken
into consideration when applying lighting control.

Solutions for lighting control can improve the energy efficiency. These systems should be
flexible and designed for the comfort of the users. The solutions can range from very small
and local, such as with timer and occupancy sensors, up to sophisticated customized and
centralized solutions that are part of complete building automation systems.

To operate lighting only when and where needed, permanent control of lighting may be
implemented by using for instance:

— movement detectors;

— dimming controls;

— timed switches;

— clock switches;

— light sensitive switches;

— constant brightness controls.

10.2.1.3 Heating, ventilation and air conditioning
Consideration should be given to:

— the choice of HVAC equipment depending on the installation structure and usage;

— the appropriate control 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.
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10.2.2 Electrical installation

10.2.2.1 General

The efficiency of an electrical installation is based on the following principles:

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

— topology of the electrical installation at all levels of voltage, for example 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.

NOTE 10.2.2.2 does not apply to public power grid transformers.

Transformer efficiency depends on load. Full-load losses and no-load losses shall be
optimized according to 6.4, taking into consideration the daily, weekly and annual load energy
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 architecture may be optimized to
reduce losses.

To optimize the integrated architecture by locating the power source at an adequate location
and optimized route of wiring system, 6.3 shall be applied.

To reduce losses in the wiring by increasing the cross-sectional areas of the wiring system
cables compared to the minimum sizes provided by IEC 60364-5-52 and/or reducing reactive
and harmonic currents, 6.6 shall be applied.

For allocation of circuits, 7.4 shall be applied.

Electric energy losses, off-load consumption and on-load energy consumption of equipment
other than current-using-equipment connected in series with the wiring system, for example
switchgear and controlgear, power monitors and relays included in an electrical circuit, is
negligible in comparison to the energy used in the load and in the energy transportation
(typically less than 1/1 000 of the load energy consumption).

10.2.2.4 Power factor correction

Reduction of reactive energy consumption improves electrical energy efficiency as maximum
electrical energy will be transformed into active energy. Reduction of reactive energy will also
reduce electrical energy losses in wiring systems, particularly in the low-voltage public
distribution network, and reduce electrical energy losses in the HV transmission, HV
distribution network and the customer's network.
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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 measures may be implemented:

— selection of current-using equipment with low reactive energy consumption;

— installation of systems for compensation of reactive (inductive or capacitive) energy;

— installation of systems that have the ability to adjust their power factor such as active
infeed convertors.

NOTE Harmonic distortion is an important consideration for selecting capacitor banks.
10.2.3 Implementation of management systems
10.2.3.1 Electrical energy management system (EEMS)

The electrical installation needs to be monitored to manage its performance. Each power
metering and monitoring device shall provide data to the EEMS according to the measurement
plan designed for the installation. In small installations, this may be a manual system.

In the case of measurement by zone, each zone needs to have a dedicated circuit with an
associated power metering and monitoring device, allowing the EEMS to perform the relevant
measurements.

In the case of measurement by usage, each usage needs to have a dedicated circuit, with an
associated power metering and monitoring device, or each load of the different usage needs
to be measured and added to determine the overall usage consumption. This will allow the
electrical power monitoring system to give the relevant information for the management of the
performance.

An EEMS has different objectives.

a) Control the overall power and energy performance, and benchmark the electrical
consumptions

An annual measurement of the total energy consumption based on utility meters can be
used to determine the annual baseline of the installation. Timed data measurements
based on additional power metering and monitoring devices can be used, from which more
precise load energy profiles may be determined per zone, usage or load.

Some focus on particular energy use may be necessary according to the energy
performance programme or to national regulation (e.g. lighting, heating). Thanks to
recordings of multiple years' consumption data, the electrical energy monitoring system
will allow comparisons and benchmark of energy consumptions.

b) Identify influence of driving parameters

To verify the real consumption performance of the installation, integration of driving
parameters influence is necessary, such as external temperature (degree day), occupation
of the buildings, working hours.

It shall be possible to consolidate the energy consumption information with other data to
access to relevant indicators such as kWh/°C/mZ2.

c) Follow up indicators (KPI)

Relevant (key) performance indicators shall be identified and made available on the EEMS
to allow performance monitoring and management.

The list of indicators will evolve as an iterative process with the energy efficiency life cycle
starting with main consumption, zones and usage.

d) Identify deviations and changes of consumption pattern
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Consumption monitoring and automatic consumption alarms can be set up to identify
potential electrical energy losses or savings.

It is necessary, in case of identification of deviations or losses, to build an action plan and
check the effectiveness of actions, and check the operation of control systems used to
optimize consumption.

e) Monitor the power quality of the electrical installation
Power quality may influence energy efficiency performance in several ways: extra losses
or abnormal ageing of equipment.

For these objectives, designers and electrical contractors shall develop a measurement and
monitoring strategy that includes:

— permanent monitoring of devices measuring relevant parameters such as: energy, active
power, power factor, voltage, power quality indicators (harmonic distortion, reactive
energy, etc.);

— identification of action plans to optimize the electrical energy power quality (filters, choice
of equipment).
Implementation of an EEMS is required for buildings with:

— a capacity higher than 250 persons; or
— a power consumption higher than 100 000 kWh/year.

10.2.3.2 Energy consumption management

It is of prime importance, in terms of electrical energy efficiency management, to first manage
the electrical consumption of significant current-using equipment, or meshes.

Energy consumption may be estimated by nominal power consumption and expected use
(duty cycle, consumption pattern or period).

Monitoring and management systems should be implemented first at the location where the
higher energy consumptions are identified.

10.2.3.3 Energy consumption monitoring

Monitoring of the electrical power and energy used over periods of time is necessary to
understand the behaviours of the current using equipment. Load energy consumption profiles
and/or power demand profiles are required to enable energy efficiency analysis. The
integration period of the profiles (interval between two measures) should be defined according
to the operating patterns of the loads or to the utility meters power demand integration
periods to allow comparisons.

NOTE 1 The integration time period for utility meters is typically from every 10 min to 1 h maximum.

The analysis of these profiles can be accomplished by graphical representation with curves or
bargraphs.

EXAMPLE Load energy consumption profiles are represented by curves with kWh on the Y axis and time on the X
axis. Power demand profiles are represented by bargraphs with kW on the Y axis and time periods on the X axis.

NOTE 2 Power metering and monitoring devices with power demand features have memory and time stamping

capabilities to store power demand profiles. This avoids loss of consumption profiles in case of communication
issue with the EEMS.
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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 IEC 60364-5-52:2009, Table G.52.1.

10.2.3.5 Power factor

Power factor monitoring allows a control for keeping the power factor always as close as
possible to 1. That also allows to reduce the penalties for power factor outside the limits set
by the utilities, if any.

10.2.3.6 Harmonics

Non-linear electrical equipment, such as power electronic systems, including power drive
systems (PDS), inverters, uninterruptible power supplies (UPS), other power converters, arc
furnaces, transformers and discharge lamps, generates voltage distortion or harmonics.
These harmonics stress insulation, overload cables and transformers, cause outages and
disturb many types of equipment such as computers, telephones and rotating machines. The
life of equipment can be reduced.

The presence of harmonics may result in more heating than linear power and as a
consequence generate additional electrical energy losses through the wiring system.
Therefore, the measurement of the total harmonic distortion of the voltage wave, THD,, at the
installation level and the total harmonic distortion of the current wave, THD,, at the current-
using equipment level for harmonics is recommended. Other appropriate measurement for
harmonics should also be performed.

10.2.4 Local power supply
10.2.4.1 Renewable and local production of energy

On-site renewable energy sources and other local production sources do not of themselves
increase the efficiency of the electrical installation, but to reduce the overall utility network
losses as the consumption of the building from the utility is reduced, this may be considered
an indirect energy efficiency measure.

For installation of local power sources, see |IEC 60364-5-55:2011, Clause 551, and for
photovoltaic installations, see IEC 60364-7-712.

10.2.4.2 Energy storage

On-site energy storage systems optimize the use of local renewable sources production
(example: solar production) and can limit power impact on the local network as well as
optimize tariffs. They do not of themselves increase the efficiency of the electrical installation,
but will at least reduce the overall utility network losses as the consumption of the building
from the utility supply is reduced, and thus may be considered part of the energy management
of the installation.

NOTE The shared energy storage system between installations can also be considered as they can optimize the
design and improve the overall efficiency of the electrical energy distribution.
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11 Energy efficiency actions

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

— direct action consists in making energy efficiency improvements immediately, such as
closing or opening the windows, or controlling temperatures of the building;

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

e maintaining existing solutions;

e implementing new solutions.
Energy management achieves sustainability and optimizes the electricity consumption by:

— setting energy targets;
— designing energy management measures to optimize electricity consumption.
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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 electrical installation.

The barycentre method provides a way of defining the most energy efficient location of the
transformers and switchboards in an installation thanks to the reduction of the electrical
losses. Alternative optimization methods can also be used (see Clause A.3).

The objective of this method is to install the transformer and switchboard at a location based
on a relative weighting due to the energy consumption of the loads, so that the distance to a
higher energy consumption load is less than the distance to a lower energy consumption load.

The barycentre enables the equipment location to be defined in order to minimize as much as
possible the lengths and cross-sectional areas of conductors. Increasing the size of cables in
order to meet voltage drop limitations can thus be avoided for high rating feeders. See also
6.6.2.

This method considers electrical energy efficiency only in order to define a theoretical location
of the source, even if other aspects (e.g. construction requirements, aesthetic considerations,
environmental conditions) should be considered.

Each load is identified by:

— the coordinates of its location: (x;,y;) or (x;,v;,z;) depending on whether 2D or 3D vision is
available;

— the estimated annual consumption in kWh, EAC,. If the estimation of the annual
consumption is unknown, the power of the load in kVA or kW should be used instead.

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

Zii:(x,-,yi,zi)xEACi

(xer’erb):

or

Ziz:(xi,yi)XEACi
(xb»J’b): =
._{EAC;

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.

Example 1: calculation of the barycentre in a production plant Documents
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The example production plant has the following loads (see Figure A.1):

1) Logistics storage EAC4 =120 kWh at the position x;=4m; y;=4m
2) Utilities EAC, = 80 kWh at the position  x, =9m; y,=1m
3) Office EAC3 =20 kWh at the position x3=9m; y;=8m
4) Production EAC, = 320 kWh at the position x,=6m; y,=12m

According to the barycentre formula:

(xb’yb)= i=n
i=1

EAC;

The x, position of the barycentre is given (in meters) by:

_ 4x120+9x80+9x20+6x320 3300

X, =6,11

120 + 80 + 20 + 320 540

Similarly, the y, position of the barycentre is given (in meters) by:
_ 4x120+1x80+8x20+12x320 4560 _ga4

b 120 + 80 + 20 + 320 540

The resulting barycentre location is shown on Figure A.1.
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Figure A.1 — Example 1: floor plan of production plant with
the planned loads and calculated barycentre

Example 2: calculation of the barycentre of three different loads with different usage:

The barycentre of three different loads has the following annual consumption
(see Figure A.2):

— load 1: position: (1, 1), consumption: 80 kWh;
— load 2: position: (9, 9), consumption: 80 kWh;
— load 3: position: (20, 5), consumption: 320 kWh.

Coordinates of the barycentre:

(1,1)x 80 + (9,9) x 80 + (20,5) x 320
80 + 80 + 320

&, yp)= =(15,5)
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Figure A.2 — Example 2: barycentre calculated

A.2 Total load barycentre

A.2.1 General

The total load barycentre is calculated taking into account all the loads implemented in the
installation.

The "source" means the main switchboards of the installation when using the barycentre
method.

The source should be located as close as possible to the total load barycentre.
Example: industrial building

The building layout in Figure A.3 shows the building topology. Without using the barycentre
tool, the switchboard rooms were originally located in position @.

By calculation of the total load barycentre, the result shows clearly that position @ is much
closer to receptors of high power (utilities) and consequently will improve cable utilization and
thereby reduce cable losses.
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