IEC/TS 62796:2013(E)

IEC/TS 62796

Edition 1.0 2013-05

TECHNICAL
SPECIFICATION

(" C}
Energy efficiency in electrohea insStalla 'ong\j>




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2013 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC~Rle
latest edition, a corrigenda or an amendment might have been published.

at prepares, and publishes

gu have the

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you to find IEC publications i i dictionary of electronic and
by a variety of criteria (reference number, text, technical ectrical / ining”more than 30 000 terms and
committee,...). Aiti d French, with equivalent terms in
It also gives information on projects, replaced yes/ Also known as the International
withdrawn publications. i pcabulary (IEV) on-line.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Pul Ilshe
details all new publications released i i

also once a month by email.

9

sh to give us your feedback on this publication
€d further assistance, please contact the
Cusfomer Service Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch

IEC/TS 62796

Edition 1.0 2013-05

TECHNICAL
SPECIFICATION

N

Energy efficiency in electrohea astallation

O

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE Q
ICS 25.180.10 ISBN 978-2-83220-855-7

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission




-2- TS 62796 © IEC:2013(E)

CONTENTS
FOREWORD ... e 3
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 5
T SCOPE AN ODJECT. .. et e 6
D o] g = AV = (T =Y (o] T PP 6
3 Terms and definitions ..o s 6
3.1 GENEIAl CONCEPES oo 7
3.2 Equipment, operations and workloads ..o, 7
4  General aspects of energy efficiency measurements in electroheating............ccoceovvniennnn.. 9
4.1 GENETAl ., S P N 9
4.2 Instrumentation ... < D N N 9
4.3 Ambient conditions and initial temperature of the workload....\. ...\ - N e Deneennes 9
4.4 Non-ambient PresSsures .....coooviiiiiiiiiiiiieieieiee e NG N e N e N e e e e e 10
4.5 Chemical reactions......cccoiiiiiiiii i e e N e e N e N e e N et re e 10
4.6 Cooling and heat leakage to ambient.............o S 0O NN e e N ereereeeeneenea, 10
5 Workload categories and requirements
5.1 General.c.cooeiiiiiiiiiiiiiiiiiiieineeeee L e N N e
5.2
5.3
5.4
5.5
6 Measurement of electri
6.1 Measurement okcold
6.2 Measuremen
6.3 Measure
7
8
8.4 Calculations of thermal recovery in the proCess.........oooiviiiiiiiiii 14
8.5 Determination of external energy recoverability .............cooiiiiiiiiiii i 14
8.6 Calculation of the endoreversible thermal efficiency for a heat engine
[ GGl )T PP 15
9 Aspects of management of operation flexibility (smart grid connectivity) ......................... 15
9.1 Load management and smart grid .........cocooiiiiiiiii 15
9.2 Applicability to electroheating installations ..., 15
0.3 TUNE AOWN MBS oo e et e e 15
9.4 Shut-down and start-up capability evaluations ... 16

71 0] [ Yo = o1 2 /28 17



TS 62796 © IEC:2013(E) -3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENERGY EFFICIENCY IN ELECTROHEATING INSTALLATIONS

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, ical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (here r referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiox t i
in the subject dealt with may participate in this preparatory work. International, | and non-

governmental organizations liaising with the IEC also participate in this prep& closely
with the International Organization for Standardization (ISO) in accordance ined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expre 3 2 ible,4n international

3) IEC Publications have the form of recommendations for intgrnationa
Committees in that sense. While all reasonable efforts are(madgé™ S < e technical content of IEC
Publications is accurate, IEC cannot be held responsi they are used or for any
misinterpretation by any end user.

4) In order to promote international unifor

5) IEC itself does not prowde any attestatlon of ¢

6) All users should ensure tf

7) No liability shall ajtach to |
members of its tg \
other damage of y

The main e echnical committees is to prepare International Standards. In
exceptional circu ces, a technical committee may propose the publication of a technical
specification when

+ the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62796, which is a technical specification, has been prepared by IEC technical
committee 27: Industrial electroheating and electromagnetic processing.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
27/882/DTS 27/903/RVC

Full information on the voting for the approval of this technical specification 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.

The committee has decided that the contents of this publication will re
the stability date indicated on the IEC web site under "http://webstofe
related to the specific publication. At this date, the publication will be

nchanged until

+ transformed into an International Standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

@®
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INTRODUCTION

This Technical Specification (TS) was prepared by a working group of IEC TC 27, whose
overall intent was to develop guidelines for the classification of industrial electroheating
systems, which allow for the determination of the performance/efficiency of a given system
and a comparison with other systems of that class.

The initial technical considerations suggested that TC 27 should at first limit its focus on
determination of energy consumption for a defined output of processed workload. The next
step should then be consideration of performance characteristics influencing the energy
efficiency, such as metallurgical or thermal processing particulars. However, during the
course of the work, it turned out that comparisons of performance can_hest be made by
specifying different workloads for different kinds of comparisons.

efficiently absorb the
the normal workload, and

of the efficiency of electroheating
istent terminology and structure in various

1 Numbers in square brackets refer to the Bibliography.
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ENERGY EFFICIENCY IN ELECTROHEATING INSTALLATIONS

1 Scope and object

This Technical Specification is applicable to industrial electroheating installations using
electric energy as input, alone or in combination with other kinds of energy. However, external
combustible fuel energy input is not dealt with, and all considerations begin at the electric
only mains frequency source to which the installation is connected. Any external voltage
transformation from the supply network to the plant into a special voltage which is fed into the
installation is not dealt with in this Technical Specification, since it onsidered a
responsibility of the manufacturer of the installation.

efficiency of a given system as well as enabling comparisons sily ent using the
same principle for processing of the workload.

Heat recovery aspects are dealt with hdtNimitee ture hanges, the specific heat
capacity characteristics, and the physical properties of the fluidic substance obtained
from the installation and employed foh enexg se/ Conversion into mechanical

methods are given.

A guideline is p
the particular test™ett

of the detailed electroheating efficiency tests for
different principles of electroheating for processing

a workload, and type e’given in Clause 1 of IEC 60519-1:2010.
If energy frg gases or liquids is used in addition to electric energy, the
measurement,_ and of the energy efficiency contribution of combustion in the

electric energ s\- n.other ways than in this Technical Specification.

NOTE The relevant standards in the ISO 13579 series are listed in the Bibliography [4 — 7].
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60519-1:2010, Safety in electroheating installations — Part 1: General requirements

3 Terms and definitions

For the purposes of this document, terms and definitions given in IEC 60519-1:2010 and the
following apply.
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NOTE General definitions are given in IEC 60050, International Electrotechnical Vocabulary [1]. Terms relating to
industrial electroheat are defined in IEC 60050-841.

31 General concepts

3.1.1

enthalpy increase

sum of energy added through heating of an object and the mechanical work of expansion of it
done in pushing against the ambient (atmospheric) pressure

Note 1 to entry: The energy of the mechanical work of expansion is stored in the surroundings and can be
recovered if the system collapses back to its initial state.

3.1.2

exergy
maximum fraction of energy in a system including a medium at an initia
can be converted into useful work during a process at the
temperature is T

Note 1 to entry: This is the theoretical quantity related to the endoreversi

3.1.3
heat engine

Note 1 to entry: In the context of this docu i ork is efther used directly with an external
generator to create electricity, or with a second external he gi atirig in the heating mode for increasing

3.1.4
energy recoverability
usefulness of a hot substa

Note 1 to entry: T@
the temperature of the i

Note 2 to entry:

ambient conditions
environmental conditions
characteristics of the environment which may affect performance of a device or system

EXAMPLE Pressure, temperature, humidity, radiation, vibration.

3.2.2
equipment capacity
measure of the production rate capability of equipment in normal operation

EXAMPLE Flow, mass or volume.

Note 1 to entry: The equipment capacity does not refer to the volume of the working space.
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3.2.3

equipment class

group within a type of equipment, using the same principle for processing of the workload and
the size of this as well as the equipment capacity

Note 1 to entry: An example of type is equipment for induction heating, and a class example is such equipment
for metal wire heating in a specified capacity interval, using medium frequency.

3.2.4

efficiency, <of an electroheating installation>
ratio of the usable enthalpy increase in the workload to the electric energy supplied to it at the
location of the equipment, during a cycle of batch operation or stationary operation during a
suitable time period for measurements

[SOURCE: IEC 60050-841:2004, 841-22-70, modified — Enthalpy increg
specified instead of useful energy, and measurement time limits hayé

yorkload is

3.2.5

performance, <of an electroheating installation>
degree to which the intended functions, including energy o v sumption and output as
well as the result of the treatment of the workload are a i

3.2.6
end product quality
degree to which a set of inherent cha

3.2.7

power factor
under periodic conditions,
power §

Note 1 to entry: This is app

[SOURCE: IEC/

3.2.8
cold start-up
process by w
including
operatio

Note 1 to entry:

h of operation applies to cases where there is a significant energy consumption needed
for obtaining a state o

equipment allowing the actual processing of the workload, see 6.1.

3.2.9

holding power

electric power consumption during which the workload is kept in the treatment chamber at a
specified temperature

Note 1 to entry: The temperature is typically maintained during a time intended to equalize the workload
temperature.

Note 2 to entry: This mode of operation is not applicable for certain types of electroheating equipment.

3.2.10
hot standby operation
mode of operation of the installation occurring immediately after normal operation

Note 1 to entry: This mode of operation of the equipment is with its hot state remaining, without workload, and
with the means of operation ready for prompt normal operation.
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3.2.11

normal operation

range of output settings with the normal workload in allowable working conditions of the
equipment, as specified in the manufacturer’'s documentation

3.2.12

normal workload

object being processed at nominal output power, as specified in the manufacturer’s
documentation

Note 1 to entry: The workload is called charge in some electroheating contexts.

Note 2 to entry: The workload includes any container, holder or other device necessar
which is directly or indirectly subjected to the output power. The processed object/mater
load.

he processing and
bch is also called

3.2.13
dummy workload
artificial item with known thermal properties, designed fo Dy increase

measurements by absorbing the available output power

3.2.14
performance test workload
artificial or partially artificial workload designed fo

Note 1 to entry: Examples of such results axe relqtive

unsatisfactorily processed material.

4 General aspects of energy eff ciew

4.1 General

Clause 4 deals with th
energy efficien
testing, Clause i

Clause 7 with the mé

a of class 2 or better. Other instrumentation shall allow
measurémen Scuracies of maximally 2 %, with the exception of measurements of
quantities i small influence on the overall power/energy data, and for workload
enthalpy increase.

It may be unavoidable to accept inaccuracies exceeding 2 % of the enthalpy increase under
conditions addressed in 4.4 and 4.5, as well as for large solid workloads. Specifications on
instrumentation and accuracy requirements on those quantities shall be stated in the test
method standard for the particular type of equipment.

4.3 Ambient conditions and initial temperature of the workload

Ambient conditions, in particular the temperature, will influence the energy efficiency, and
even more so the need for integrated or ancillary cooling or preheating equipment. The
energy recoverability is also affected.

Installations of the same type and class may thus be different depending on the specified
ambient conditions, in particular with regard to the limits of specified ambient temperature at
nominal power operation. Also the initial temperature of the workload is important in many
cases and its variations shall be considered. Satisfactory comparison of installations requires
specification and report of these variations and of the ambient conditions throughout the tests.



