
 

IEC TS 63297 
Edition 1.0 2021-03 

TECHNICAL 
SPECIFICATION 
 

Sensing devices for non-intrusive load monitoring (NILM) systems 

IE
C

 T
S 

63
29

7:
20

21
-0

3(
en

) 

  
  

® 
 

 

colour
inside

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

29
7:2

02
1

https://iecnorm.com/api/?name=70f3e8aeb844687d2070c524c9dd5100


 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2021 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 info@iec.ch 
CH-1211 Geneva 20 www.iec.ch 
Switzerland 

 
About the IEC 
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
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. Please make sure that you have the 
latest edition, a corrigendum or an amendment might have been published. 
 
IEC publications search - webstore.iec.ch/advsearchform 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee, …). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and once 
a month by email.  
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or need 
further assistance, please contact the Customer Service 
Centre: sales@iec.ch. 
 

IEC online collection - oc.iec.ch 
Discover our powerful search engine and read freely all the 
publications previews. With a subscription you will always have 
access to up to date content tailored to your needs. 
 
Electropedia - www.electropedia.org 
The world's leading online dictionary on electrotechnology, 
containing more than 22 000 terminological entries in English 
and French, with equivalent terms in 18 additional languages. 
Also known as the International Electrotechnical Vocabulary 
(IEV) online. 
 
 

 

 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

29
7:2

02
1

mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=70f3e8aeb844687d2070c524c9dd5100


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TS 63297 
Edition 1.0 2021-03 

TECHNICAL 
SPECIFICATION 
 

Sensing devices for non-intrusive load monitoring (NILM) systems 
 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 17.220.20 

 

ISBN 978-2-8322-9444-4 
 

  
  

® Registered trademark of the International Electrotechnical Commission 

® 
 

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

 

colour
inside

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

29
7:2

02
1

https://iecnorm.com/api/?name=70f3e8aeb844687d2070c524c9dd5100


 – 2 – IEC TS 63297:2021  IEC 2021  
 

 
 

 
 

 
 

 

CONTENTS 

FOREWORD ........................................................................................................................... 3 
INTRODUCTION ..................................................................................................................... 5 
1 Scope .............................................................................................................................. 6 
2 Normative references ...................................................................................................... 6 
3 Terms and definitions ...................................................................................................... 6 
4 Elements of a NILM system ............................................................................................. 8 

4.1 General ................................................................................................................... 8 
4.2 NILM sensing device ............................................................................................... 9 
4.3 NILM analytics ........................................................................................................ 9 

5 Classification of NILM sensing devices (NSD) ................................................................. 9 
5.1 General ................................................................................................................... 9 
5.2 Definition of NSD classes...................................................................................... 10 
5.3 Other NSD parameters .......................................................................................... 11 

6 Operation of NILM systems............................................................................................ 12 
Annex A (informative)  Introduction of NILM process ............................................................. 13 

A.1 Example of NILM process ..................................................................................... 13 
A.2 Data and techniques for NILM ............................................................................... 13 
A.3 Examples of NILM sensing devices (NSD) ............................................................ 14 

Annex B (informative)  Data bit rate ...................................................................................... 16 
Annex C (informative)  Measuring equipment compared to NILM sensing devices ................. 17 

C.1 General ................................................................................................................. 17 
C.2 Types of measuring equipment ............................................................................. 17 
C.3 Overview of requirements for measuring equipment .............................................. 17 
C.4 Relationship between NILM sensing devices and measuring equipment ................ 19 

Bibliography .......................................................................................................................... 20 
 
Figure 1 – Principle of non-intrusive load monitoring (NILM) ................................................... 5 
Figure 2 – Elements of a NILM system .................................................................................... 8 
Figure 3 – Component view of a NILM sensing device (NSD) .................................................. 9 
Figure 4 – Framework for NILM systems operation ............................................................... 12 
Figure A.1 – Example of NILM System implementation ......................................................... 13 
Figure A.2 – Example of NILM sensing device installed in a home panelboard ...................... 14 
Figure C.1 – Notion of accuracy class ................................................................................... 18 
 
Table 1 – Classification of NSDs according to the input sampling frequency ......................... 10 
Table 2 – Classification of NSDs according to output data rate ............................................. 10 
Table 3 – Classification of NSDs according to the data bit rate ............................................. 10 
Table A.1 – Example of data and techniques used in NILM systems ..................................... 14 
Table A.2 – Examples of NILM sensing devices and typical specification .............................. 15 
Table B.1 – Examples of data bit rate calculation .................................................................. 16 
Table C.1 – Overview of measuring equipment ..................................................................... 17 
  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

29
7:2

02
1

https://iecnorm.com/api/?name=70f3e8aeb844687d2070c524c9dd5100


IEC TS 63297:2021  IEC 2021 – 3 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SENSING DEVICES FOR NON-INTRUSIVE  

LOAD MONITORING (NILM) SYSTEMS 
 

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. 

IEC TS 63297 has been prepared by IEC technical committee 85: Measuring equipment for 
electrical and electromagnetic quantities. It is a Technical Specification. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

85/727/DTS 85/750/RVDTS 

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

The language used for the development of this Technical Specification is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 
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The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be 

• transformed into an International standard, 
• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

 

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 

Non-intrusive load monitoring (NILM), or non-intrusive appliance and load monitoring (NIALM), 
is a process for providing estimated energy usage, e.g. by type of use (heating, cooling, etc.) 
or type of appliance (microwave, etc.) based on load signatures at a single point in the 
installation. 

NILM systems can be used to survey the specific uses of electrical power in homes, buildings 
or industrial areas (see Figure 1).  

 

Figure 1 – Principle of non-intrusive load monitoring (NILM) 

At the moment, NILM systems are essentially used in AC distribution networks, but DC networks 
are not excluded. 
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SENSING DEVICES FOR NON-INTRUSIVE  
LOAD MONITORING (NILM) SYSTEMS 

 
 
 

1 Scope 

This Technical Specification is an attempt to provide classification of NILM sensing devices for 
use in NILM systems, according to the state of the art of NILM technologies.  

The classification of NILM analytics and NILM systems, as well as performance indicators for 
NILM systems, can be considered in the future. 

NILM systems produce estimated disaggregation into energy usages. When accurate 
measurement and analysis of energy consumption and/or other electrical parameters is needed 
(e.g. for monitoring the electrical installation), systems based on standardized measuring 
devices (e.g. PMD, PQI or meters) are used.  

NOTE Standardized measuring devices have guaranteed accuracy over a specified range and have limited 
deviations in presence of influence quantities (temperature, frequency deviations, etc.) in addition to safety and 
constructional requirements. See Annex C for more information. 

2 Normative references 

There are no normative references in this document. 

3 Terms and definitions  

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: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1  
electrical parameter 
electrical quantity to be measured or estimated 

EXAMPLE RMS value of current, RMS value of voltage, active power, reactive power, harmonics, power quality 
related parameters, etc. 

3.2  
estimated value 
value of an electrical parameter (e.g. current, power, energy related to a specific usage) 
produced by a NILM sensing device or a NILM system 

Note 1 to entry: Estimated values are typically less accurate than values measured with standardized measuring 
devices (e.g. PMD, PQI, meters). 

3.3  
measured value 
value of an electrical parameter (e.g. current, power, energy related to a specific usage) 
produced by a measuring device complying with an electrical measurement standard 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

29
7:2

02
1

http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=70f3e8aeb844687d2070c524c9dd5100


IEC TS 63297:2021  IEC 2021 – 7 –  

Note 1 to entry: Examples of measuring devices complying with an electrical measurement standard include PMD, 
PQI and meters. 

3.4  
load signature 
pattern in the data produced by a NILM sensing device that can be attributed to a specific type 
of load or energy usage 

3.5  
non-intrusive load monitoring 
NILM 
process for providing estimated categorization of energy usage based on load signatures 
obtained at a single point in the installation 

3.6  
NILM analytics 
process for analysing data produced by a NILM sensing device and providing information about 
energy usage 

Note 1 to entry: NILM analytics can be performed within the NILM sensing device and/or in the cloud. 

3.7  
NILM sensing device 
NSD 
device connected to the electrical installation and producing data to be used by NILM analytics  

3.8  
NILM system 
combination of a NILM sensing device and NILM analytics  

3.9  
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 

Note 1 to entry: Under the generic term “monitoring” are also included functions of recording, alarm management, 
etc. 

Note 2 to entry: PMDs have a known measurement uncertainty over a specified measurement range and are robust 
to influence quantities and industrial environments 

[SOURCE: IEC 61557-12:2018, 3.1.1, modified – Note 2 to entry has been modified and Note 
3 to entry has been deleted] 

3.10  
power quality instrument 
PQI 
instrument complying with IEC 62586-1 whose main function is to measure, record and possibly 
monitor power quality parameters in power supply systems, and whose measuring methods 
(class A or class S) are defined in IEC 61000-4-30 

Note 1 to entry: PQIs have a known measurement uncertainty over a specified measurement range and are robust 
to influence quantities and industrial environments. They often also have transient event detection and waveform 
capture capabilities. 

[SOURCE: IEC 62586-1:2017, 3.1.1, modified – A reference to IEC 62586-1 and Note 1 to entry 
have been added] 
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3.11  
gapless measurement 
measurement technique where the measurement is performed continuously without gap, that 
is, using contiguous measurement windows  

Note 1 to entry: For digital techniques and for a given sampling rate, no sample shall be missing in the measurement 
processing. 

Note 2 to entry: When gapless measurement techniques are used, no assumption is made regarding the stability of 
the signal, as opposed to non-gapless measurement techniques, where the signal is considered to be stable during 
the time where no measurement is done. 

4 Elements of a NILM system 

4.1 General 

A NILM system comprises (see Figure 2): 

– a NILM sensing device (NSD) connected to the electrical installation and producing data 
relevant for load signature identification; 

– NILM analytics using the data output from the NSD and producing information to the users 
about their energy usage.  

 

Figure 2 – Elements of a NILM system 

The performance of the NILM system depends on the characteristics of the NILM sensing device 
(NSD) and on the characteristics of the NILM analytics. There are a lot of differences between 
the NILM systems available today. For example: 

• NILM systems may use several types of NSD, e.g. 
a) meter;  
b) power metering and monitoring devices (PMD); 
c) power quality instrument (PQI); 
d) dedicated proprietary hardware; 

• Some NILM systems may produce energy usage information over one day, while others may 
show results on a much shorter time scale; 

• Some NILM systems may disaggregate into types of usage, others may disaggregate into 
types of current using equipment (e.g. appliances), while others may focus on providing 
behavioural analysis. 

NILM analytics may also use data produced by smart devices. Smart devices are devices 
producing information not related to electrical quantities, e.g. position sensors, motion sensors, 
temperature control equipment, etc. 
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4.2 NILM sensing device 

A NILM sensing device (NSD) is a device connected to the electrical installation. It produces 
data that can be used by NILM analytics. Examples of data that may be produced by an NSD 
include: 

– samples of current and/or voltage waveforms; 
– features characterizing the current and/or voltage waveforms; 
– features related to the high-frequency patterns in the electrical signals; 
– estimated values of electrical parameters; 
– measured values of electrical parameters. 

4.3 NILM analytics 

The value of NILM systems is essentially in the analytics and how well they are able to make 
use of the data produced by the NSD. 

NILM analytics are algorithms that analyse the data output by an NSD and produce estimated 
disaggregated information that can help stakeholders make decisions. 

Examples of information that may be produced by NILM analytics are:  

– estimated disaggregation of energy consumption into specific usages (heating, refrigeration, 
entertainment…); 

– estimated disaggregation of energy consumption into specific types of appliances (ovens, 
fridges, pumps…). 

NOTE NILM systems produce estimated disaggregation into energy usages. When accurate measurement and 
analysis of energy consumption and/or other electrical parameters is needed (e.g. for monitoring the electrical 
installation), systems based on standardized measuring devices (e.g. PMDs or meters) are used. 

5 Classification of NILM sensing devices (NSD) 

5.1 General 

A NILM sensing device (NSD) is a gateway between the physical electrical installation and the 
world of analytics. In order to operate efficiently, NILM algorithms need to know the type of data 
they are to process. The behaviour of the NSD depends on several characteristics (see Figure 
3). 

 

Figure 3 – Component view of a NILM sensing device (NSD) 

To facilitate the development of NILM analytics, it is useful to specify the characteristics of NILM 
sensing devices, for easier selection and comparison. 
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5.2 Definition of NSD classes 

NILM sensing devices should be classified according to a limited number of essential 
parameters, for example: 

– Input sampling frequency: the frequency at which the electrical signals are sampled by the 
NSD. This frequency typically varies from a couple of kHz to the MHz range. The sampling 
process may be gapless or not.  
This parameter is essential to characterize NSDs that produce samples of the electrical 
waveforms. It is less relevant for NSDs producing estimated or measured values; therefore 
a separate class is specified (class P as “parameters only”). 

– Output rate: the rate at which the NSD produces data that can be used by NILM analytics. 
This rate typically varies from one set of data per second to one set of data per  
30 minutes. 

– Data bit rate: the average bit-per-second (bps) over an hour at which the electrical signals 
are quantified by the NSD. This data bit rate typically varies from a few bps to the Mbps 
range.  

Table 1, Table 2 and Table 3 provide a classification of NILM sensing devices according to 
these three parameters.  

Table 1 – Classification of NSDs according to the input sampling frequency 

Input sampling 
frequency f 

Parameters 
only  < 5 kHz  5 kHz ≤ f < 8 

kHz 
 8 kHz ≤ f < 

100 kHz 
 100 kHz ≤ f 

< 1 MHz  ≥ 1 MHz 

Class P 1 2 3 4 5 

 

Table 2 – Classification of NSDs according to output data rate  

Output data 
rate d > 30 min 30 min≧ d >  

1 min 
1 min ≧ d >  

1 s 
1 s ≧ d > 0,1 s  ≤ 0,1 s 

Class E D C B A 

 

Table 3 – Classification of NSDs according to the data bit rate  

Data bit rate b  < 100 bps 100 bps ≤ b < 1 
kbps 

1 kbps ≤ b < 10 
kbps 

10 kbps ≤ b < 
100 kbps  ≥ 100 kbps 

Class L M H S X 

 

Class P in Table 1 is for NSDs that do not produce samples of the electrical waveforms. Instead, 
they produce measurements or estimates of electrical parameters (e.g. active power, reactive 
power, power factor, harmonic distortion, etc.). 

– Classical measuring instruments like power metering and monitoring devices (PMD) can be 
considered class-P NSDs as they produce measurements of electrical parameters.  

– Power quality instruments (PQI) also produce measurements of electrical parameters, but 
also often have waveform capture capabilities. They can therefore be considered as  
class-P NSDs and, typically, class 3 or 4 NSDs depending on their sampling properties. 

The classes from Table 1, Table 2 and Table 3 should be combined. For example,  

– a NILM sensing device sampling the electrical signals at 7 kHz and producing data for NILM 
analytics every second with an average data bit rate of 500 bps can be referred to as a class 
2BM NSD; 
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– a NILM sensing device sampling the electrical signals at 1 MHz and producing data for NILM 
analytics every 0,02 s (50 Hz) with a data bit rate of 1 Mbps can be referred to as a class 
5AX NSD; 

– a PMD producing active power measurements every second can be referred to as a class 
PBL NSD. 

In case an NSD is able to have several sampling frequencies, manufacturers should provide a 
class for each sampling frequency. 

In case an NSD is able to have several output data rates, manufacturers should provide a class 
for each output data rate. 

In case an NSD is able to have several data bit rates, manufacturers should provide a class for 
each data bit rate. 

For NSDs using information related to transient events, the data bit rate depends on the 
occurrence of the transient events, and the rate of occurrence used for classification shall be 
indicated. 

Annex A provides examples of NILM systems and examples of classification of NILM sensing 
devices. Annex B provides information about the calculation of the data bit rate. 

5.3 Other NSD parameters 

In addition to the class or classes, the manufacturer should provide the following important 
information: 

– list of produced estimated values, e.g. active power values, RMS current values, etc. with 
corresponding accuracy class, if any, for NSDs classified as P according to Table 1; 

– rated voltage; 
– rated current; 
– rated frequency; 
– performance (resolution, range, operating conditions, etc.) of the estimated data produced, 

as claimed by the NSD manufacturer; 
– number of phases (typically one or three); 
– number of acquisition channels; 
– starting current or power (threshold for operation); 
– network communication type, protocol and range (Wifi, 3G/4G/5G, PLC, Ethernet,  etc.); 
– memory storage capabilities in case of network failure; 
– data compression (lossless or lossy); 
– environmental conditions; 
– safety data; 
– EMC data; 
– behaviour with generating devices (PV, batteries, etc.). 

For safety and EMC aspects of NSDs, relevant references of EMC and safety standards should 
be provided, e.g. safety according to IEC 61010-1. See also Annex C for more information. 

NOTE For devices with radio features, local regulations can also apply. 
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6 Operation of NILM systems 

The operation of a NILM system may involve the following elements (see Figure 4): 

– NILM sensing device (NSD); 
– Network transmission: means of transmitting the data produced by the NSD to the NILM 

analytics, commonly to the cloud; 
– NILM analytics: processing the data through a set of algorithm calculations to estimate the 

breakdown of power consumption usage; 
– CRM: customer relations management to determine to which installation the data belongs; 
– NILM reporting: the results from the NILM analytics are typically reported via mobile phones, 

websites or paper reports. 

 

Figure 4 – Framework for NILM systems operation 
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Annex A 
(informative) 

 
Introduction of NILM process 

A.1 Example of NILM process 

An example of implementation of a NILM system is shown in Figure A.1. 

 

Figure A.1 – Example of NILM System implementation  

A.2 Data and techniques for NILM 

Table A.1 shows examples of data and techniques that may be used in NILM systems. 
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Table A.1 – Example of data and techniques used in NILM systems 

Operation step Purpose of operation step Typical implementation 

Analog measurement Sense electrical signals Sense current and voltage signals 

Digital processing Compute features for NILM 
analytics 

Compute basic electrical 
parameters: active power, other 
powers (reactive, apparent, 
fundamental), harmonic distortion, 
etc. 

Sample waveforms and/or compute 
specific waveform parameters or 
advanced parameters (e.g. high-
frequency content) 

Data transmission to analytics Transmit features to analytics Use GSM or HTTP network 

Disaggregation analytics Disaggregate power consumption Machine learning algorithms, 
supervised or unsupervised neutral 
networks, nearest neighbours, 
decision trees, etc. 

Post-processing of results Transform disaggregated 
consumption into valuable 
information for end user 

Compute averages, detect events, 
detect trends and abnormalities, 
derive advice for end user… 

Presentation to end user Present valuable information to end 
user for information and actions for 
energy savings, ambient assisted 
living, etc. 

Web pages, phone applications, 
specific alarms and notifications, 
etc. 

 

A.3 Examples of NILM sensing devices (NSD) 

Figure A.2 shows an example of a NSD installed in a home panel board. 

 

Figure A.2 – Example of NILM sensing device installed in a home panelboard 

Several types of devices can be considered as NILM sensing devices. Table A.2 shows several 
such devices with typical characteristics. 
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Table A.2 – Examples of NILM sensing devices and typical specification  

Type of NILM sensing 
device 

Input sampling 
frequency class 

Output date rate class Data bit rate class 

Smart meter 1/2 C/D/E L 

Smart meter with 
customized firmware 

2/3 B/C M/H 

Power metering and 
monitoring device (PMD) 

1/2/3 A/B/C L/M 

Power quality instrument 
(PQI) 

3/4/5 A/B/C M/X 

Proprietary 2/3/4/5 A/B/C M/S/H/X 
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Annex B 
(informative) 

 
Data bit rate 

The data bit rate is the average number of bits per second at which the electrical signals are 
quantified by the NILM sensing device. It depends on 

– the size of the dataset produced by the NSD and used by NILM analytics; 
– the number of channels considered by the device; 
– the rate at which data are produced to be used by NILM analytics; 
– the compression ratio, if a data compression algorithm is used 

as: 

 DBR = DS × DPH × CR / 3 600  

where 

DBR  is the data bit rate in bits per second; 
DS  is the size of the dataset used for NILM in bits;  
DPH  is the number of datasets produced per hour; 
CR  is the maximum compression ratio (CR = 1 for no compression).  

Table B.1 gives examples of data bit rate calculation and class according to Table 3 for a variety 
of NILM sensing devices. 

Table B.1 – Examples of data bit rate calculation  

NSD example DS DPH CR DBR DBR class 
Proprietary 2 688 

14 bit × 64 
sample × 3 

factors 
(voltage + 
current ×2) 

3 600 0,18 483 M 

Smart meter  
(single-phase 
application) a 

96 
Current, 

voltage, active 
power over 32 

bits 

6 1 0,16 L 

PMD-II 
(single-phase 
application) a 

96 
Current, 

voltage, active 
power over 32 

bits 

3 600 1 96 L 

PQI 
(single-phase 
application) a 

160 
Current, 

voltage, active 
and reactive 

power, harmonic 
distortion over 

32 bits 

18 000 1 800 M 

PQI with 
waveform 
capture every 
200 ms, 3-phase 
application 

12 288 
1 cycle × 128 
samples × 6 

channels × 16 
bits  

18 000 1 6 1440 X 

a  For three-phase applications, DPH, CR and DBR need to be multiplied by 3 (the DBR class may change). 
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Annex C 
(informative) 

 
Measuring equipment compared to NILM sensing devices 

C.1 General 

This annex provides information on the characteristics of measuring equipment for electrical 
quantities, and how they compare to NILM sensing devices. 

C.2 Types of measuring equipment  

There are different types of devices designed for measuring electrical quantities. An overview 
is presented in Table C.1. 

Table C.1 – Overview of measuring equipment 

Main reference product 
standard(s) 

Name of equipment Typical usage 

IEC 62053-21 

IEC 62053-22 

IEC 62053-23 

IEC 62053-24 

IEC 62054-21 

Static meter for active energy 

also called electricity meter  

 

Static meter for reactive energy 

Time switch 

Measure active (or reactive) power 
for the purpose of billing 

IEC 61557-12 Power metering and monitoring 
device (PMD) 

also called multifunction meters 

Measure powers and other 
electrical quantities (voltage and 
RMS, frequency, unbalance, 
harmonic distortion, etc.) for the 
purpose of energy management or 
cost allocation 

IEC 62586-1 Power quality instrument (PQI) Quantify the quality of the voltage 
waveform. 
Assess compliance of power supply 
to regional quality standards 

 

IEC TR 63213:2019 provides information on the various electricity measurement applications 
made in the grid (supply side) or in electrical installation (demand side), and on the related 
standards covering these applications. 

C.3 Overview of requirements for measuring equipment  

Although the exact requirements may differ from one type of device to the other, any measuring 
equipment listed in Table C.1 shall comply to a full set of requirements to ensure proper and 
safe operation in real-world conditions. 

Those requirements include, as applicable: 

– accuracy (limited uncertainty); 
– safety: protection against electric shock, mechanical stresses, spread of fire, resistance to 

heat, etc.; 
– environmental conditions (temperature, humidity, vibration, etc.); 
– mechanical construction; 
– electro-magnetic compatibility; 
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