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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed. Consensus
does not necessarily mean that there is unanimous agreement among every person participating in the
development of this document.

NEMA standards and guideline publications, of which the document contained herein is one, are
developed through a voluntary consensus standards development process. This process brings together
volunteers and/or seeks out the views of persons who have an interest in the topic covered by this
publication. While NEMA administers the process and establishes rules to promote fairness in the
development of consensus, it does not write the document and it does not independently test, evc'uate,
or verify the accuracy or completeness of any information or the soundness of any judgments ccntaiced
in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any natur> whatsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and mak=s no guaranty or
warranty, express or implied, as to the accuracy or completeness of any inforniatior»ublished herein,
and disclaims and makes no warranty that the information in this document will “ulfill 2ny f your particular
purposes or needs. NEMA does not undertake to guarantee the ericrmeaice of any individual
manufacturer or seller’s products or services by virtue of this standard or gu de.

In publishing and making this document available, NEMA is not ¢ncertaking to render professional or
other services for or on behalf of any person or entity, nor is NEM~.ur.'ertaking to perform any duty owed
by any person or entity to someone else. Anyone using this ¢ocuinent should rely on his or her own
independent judgment or, as appropriate, seek the advice of a con.petent professional in determining the
exercise of reasonable care in any given circumstances. li.orri.ation and other standards on the topic
covered by this publication may be available from othe! sources, which the user may wish to consult for
additional views or information not covered by this publicc‘in:.

NEMA has no power, nor does it undertake to policc. or enforce compliance with the contents of this
document. NEMA does not certify, test, or insp2ci droducts, designs, or installations for safety or health
purposes. Any certification or other statemci 't o ;ompliance with any health or safety—related information
in this document shall not be attributeble  ="NFIMA and is solely the responsibility of the certifier or maker
of the statement.
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Foreword

With increasing emphasis being placed on technical reports both in the European Community and
internationally, it is important to have an established mechanism for the registration of such
technical reports. This is particularly important in areas of developing technology that may
eventually be covered by International Standards but for which the only documentation currently
available is an International Technical Report.

Accredited Standards Developers develop technical reports that are useful in conjunction with
American National Standards. These are often informational or tutorial in nature, or give methods
for application of an American National Standard. Registration of such documents is undertaken
by the American National Standards Institute (ANSI) to encourage widespread use and
acceptance, not only of the Technical Report, but also of the related American National Standard.
All material contained in a Technical Report that has been registered with ANSI is informational 1
nature. Technical reports may include, for example, reports of technical research, tutorials fac.al
data obtained from a survey carried out among Standards Developers and/or National Bodie =. or
information on the "state of the art" in relation to standards of National or International & odies on
a particular subject. Technical reports may not to be used as a way to circumvent th=.re ular
consensus process for approval of an American National Standard.

Published by

National Electrical Manufacturers Association
1300 North 17th Street, Rosslyn, VA 22209

© Copyright 2011 by National Electrical Manufacturers Associction

All rights reserved including translation into other languages. reserved under the Universal Copyright
Convention, the Berne Convention for the Protection of Literary and Artistic Works, and the International
and Pan American Copyright Conventions.

No part of this publication may be reproduced in.an, fcrm, in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.

Printed in the United States of America
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Foreword (This Foreword is not part of Technical Report C12.24TR-2011.)

Publication of this Technical Report that has been registered with ANSI has been approved by the
Accredited Standards Developer (NEMA, 1300 North 17" Street, Suite 1752, Rosslyn, VA 22209). This
document is registered as a Technical Report according to the Procedures for the Registration of
Technical Reports with ANSI. This document is not an American National Standard and the material
contained herein is not normative in nature. Comments on the content of this document should be sent to:

National Electrical Manufacturers Association
Vice President, Technical Services
1300 North 17th Street, Suite 1752

Rosslyn, VA 22209

This Technical Report establishes definitions for calculations of VA, VAh, VAR, and VAR for noly nhase
electricity meters. It is intended to ease identification of algorithms used in electricity meter_ anc *4

facilitate accurate testing.
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AMERICAN NATIONAL STANDARD NEMA C12.24TR-2011

Definitions for Calculations of VA, VAh, VAR, and VARNh for Poly-Phase Electricity
Meters

1 Scope

This technical report establishes names and mathematical definitions for the Volt-Ampere (VA), Volt-
Ampere hours (VAh), Volt-Amperes Reactive (VAR), and Volt-Ampere Reactive hours (VARh) formulae
used by poly-phase electricity meters. The mathematical definitions assume static waveforms.

2 Abbreviations and Letter Symbols
2.1 Abbreviations

netVA  total meter Volt-Ampere

netVAR total meter Volt-Ampere reactive
netWatt total meter power

RMS root mean square

VA Volt-Ampere

VAh Volt-Ampere hours

VAR Volt-Ampere reactive

VARh  Volt-Ampere reactive hours

2.2 Letter Symbols

o =phase angle of the potential for harmonic order (1) of pi.ase |
Bmi =phase angle of the current for harmonic order (h) >f ~nase i
0 =phase angle between the fundamental potential and current of phase i, oy minus Boy;
T =start time of integration
® =fundamental angular frequency, 2xfy, *~hare fy is the fundamental frequency in Hertz
bV; =Blondel's theorem transformed vc tages:

bVl :Vl —V2

bV2 = O

bV3 =V3 —V2

. S =VARh and VAh integration interval measured in seconds
h =harmonic order (fundamental=1, second harmonic=2, etc.)
i =phase number in the poly-phase network
I =generalized current waveform of phase I (fundamental and all harmonics)
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