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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, evaluate, or verify the accuracy or 
completeness of any information or the soundness of any judgments contained in its standards and 
guideline publications. 
 
NEMA disclaims liability for any personal injury, property, or other damages of any nature 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 makes no guaranty or 
warranty, express or implied, as to the accuracy or completeness of any information published herein, and 
disclaims and makes no warranty that the information in this document will fulfill any of your particular 
purposes or needs. NEMA does not undertake to guarantee the performance of any individual manufacturer 
or seller’s products or services by virtue of this standard or guide. 
 
In publishing and making this document available, NEMA is not undertaking to render professional or other 
services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent 
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of 
reasonable care in any given circumstances. Information and other standards on the topic covered by this 
publication may be available from other sources, which the user may wish to consult for additional views or 
information not covered by this publication. 
 
NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this 
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health 
purposes. Any certification or other statement of compliance with any health or safety–related information 
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker 
of the statement. 
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Foreword 
 

Foreword (This Foreword is not part of Technical Report NEMA C12.24 TR-2022.) 
 
Publication of this Technical Report that has been registered with ANSI has been approved by the 
Accredited Standards Developer (NEMA, 1300 North 17th Street, Suite 900, 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 900  
Rosslyn, VA 22209  

 
Changes in technology and increasing computing power have resulted in a number of methods for 
determining reactive power and apparent power. In some cases, configuration of electrical service or 
connection metering elements introduces complications. This Technical Report documents methods that 
have been used, approximated, or conceived of, by the metering community.  
 
This revision of the Technical Report includes: 
 

• Edits to formulas and text for consistency and clarity. 
• The concept of measuring Source VA. 
• Two Annexes that show measurement results of different methods given different shapes of 

current and voltage waveforms. 
• An Annex to document harmonic content of a number of waveforms, including waveforms initially 

used by the National Research Council Canada in the 1980s. 
 
This Technical Report defines methods for calculations of VA, VAh, VAR, and VARh for electricity meters. 
It is intended to ease identification of algorithms used in electricity meters and to facilitate accurate 
testing. No evaluations of relative benefits or inconveniences of the methods are offered. 
 
This Technical Report was processed and approved for submittal to ANSI by Accredited Standards 
Committee for Electricity Metering, C12. At the time the committee approved this Technical Report, the 
C12 Committee had the following members:  
 

David Ellis, Chairperson ANS C12 SC24  
Tom Nelson, Chairperson ANS C12  
Paul Orr, Secretary 

 
ANS C12 Main Committee 

Organization Represented: Name of Representative: 
Aclara Curt Crittenden 
Baltimore Gas and Electric Company Sean Gorman 
Brooks Utility Products Robert Kiessling 
Duke Energy Kerry Barnette 
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EnerNex Aaron Snyder 
ERCOT Don Tucker 
Eurofins MET Labs Jim Reed 
Florida Power & Light Company Eduardo Sotolongo 
Future DOS R&D Inc. Avygdor Moise 
Greeneville Light & Power Ron Zook 
Honeywell Smart Energy Scott Holdsclaw 
Hydro Quebec Jean-Luc Sabourin 
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Note: The user’s attention is called to the possibility that compliance with this standard could 
require use of an invention covered by patent rights. 
 

By publication of this Technical Report, no position is taken with respect to the validity of any such 
claim(s) or of any patent rights in connection therewith. If a patent holder has filed a statement of 
willingness to grant a license under these rights on reasonable and non-discriminatory terms and 
conditions to applicants desiring to obtain such a license, then details may be obtained from the 
Secretary. 
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 NEMA C12.24 TR-2022 
 
Definitions for Calculations of VA, VAh, VAR, and VARh for 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 electricity meters. The mathematical definitions assume static waveforms.  
 
2 Abbreviations and Letter Symbols 
 
2.1 Abbreviations 
 
rms  root mean square 
VA   Volt-Ampere 
VAh  Volt-Ampere hours 
VAR  Volt-Ampere reactive 
VARh  Volt-Ampere reactive hours 
 
2.2 Letter Symbols 
 
𝛼𝛼(ℎ),𝑖𝑖  = phase angle of the voltage potential for harmonic order (h) of phase i, relative to a common 

reference phase angle, such as the phase angle of 𝑉𝑉(1),1 (i.e., 𝛼𝛼(1),1 = 0) 
𝛽𝛽(ℎ),𝑖𝑖  = phase angle of the current flow for harmonic order (h) of phase i, relative to a common 

reference phase angle, such as the phase angle of 𝛼𝛼(1),𝑖𝑖 
𝜃𝜃(1),𝑖𝑖 = phase angle between the fundamental components of 𝑉𝑉(1),𝑖𝑖 and 𝐼𝐼(1),𝑖𝑖 of phase i, equals to 

𝛼𝛼(1),𝑖𝑖 minus 𝛽𝛽(1),𝑖𝑖  

𝜃𝜃(ℎ),𝑖𝑖 = phase angle between the harmonic order (h) components of 𝑉𝑉(1),𝑖𝑖 and 𝐼𝐼(1),𝑖𝑖 of phase i (h 
harmonic order), equals to 𝛼𝛼(ℎ),𝑖𝑖 minus 𝛽𝛽(ℎ),𝑖𝑖 

τ  = start time of integration 
ω = fundamental angular frequency, 2πf0, where f0 is the fundamental frequency in hertz 

ibV   = Blondel’s theorem transformed voltages:  

      211 VVbV −=  
02 =bV  

233 VVbV −=  
 
 
 
 
 
 
 
 
 
 
 
 

∆t  = VARh and VAh integration interval measured in seconds 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-c1224-tr-2022-pdf/

